
Agents and Environments

Agents include humans, robots, softbots, thermostats

The agent function maps from percept histories to actions
abstract mathematical description

The agent program runs on the physical architecture to 
produce the agent function.

concrete implementation

?

agent

percepts

sensors

actions

environment

actuators



Vacuum-Cleaner World

Percepts
current location and contents

e.g., [A, dirty]

Actions
Left, Right, Suck, NoOp

A B



A Vacuum-Cleaner Agent
Agent Function

Can it be implemented in a small program?

Agent Program
What is the right program?



Mike’s House as an Agent
Percepts

motion detectors

light level sensors

door/window status

sound level

Actions
light intensity

furnace on/off

space heaters on/off

water heater on/off



Rationality
Fixed performance measure evaluates sequence of actions 
performed by agent in environment.

e.g., number of squares cleaned up by time T

e.g., number of squares cleaned up per time step

e.g., large penalty at time T if any dirty squares remain

A rational agent chooses the action that maximizes the 
expected value of the performance measure given the 
percept sequence and a priori knowledge

i.e., could not build a better agent with the same built-in knowledge

does not imply that the agent is omniscient, clairvoyant, or successful

does require exploration, learning, autonomy



Specifying the Task Environment
To design a rational agent, we must specify the task 
environment.

PEAS
performance measure

environment

actuators

sensors

E.g., automated taxi
performance measure: safety, speed, legality, comfort, profit

environment: US streets & freeways, traffic, pedestrians, weather variation

actuators: steering direction, accelerator, brake, horn, speaker/display

sensors: cameras, sonar, speedometer, accelerometer, GPS, engine status



Internet Shopping Agent
User provides agent with a specification of product

e.g., Treos 600 phone

e.g., cell phone under $400 with PDA functions

Agent finds lowest prices on web.

Agent bids on Ebay to get a lower price.

PEAS
performance?

environment?

actuators?

sensors?



Environment Types
aspects of 

environment Solitaire Back-
gammon

Internet 
Shopping Taxi

fully observable 
versus partially 

observable
next state of 

environment is 
deterministic versus 

stochastic
episodic or 

sequential task
static versus 

dynamic 
environment

discrete versus 
continuous (env., 
percepts, actions)
single or multiple 

agents



Environment Types
aspects of 

environment Solitaire Back-
gammon

Internet 
Shopping Taxi

fully observable 
versus partially 

observable
partially fully partially partially

next state of 
environment is 

deterministic versus 
stochastic

determi-
nistic stochastic

semi 
determi-

nistic
stochastic

episodic or 
sequential task sequential sequential sequential sequential

static versus 
dynamic 

environment
static static semi static dynamic

discrete versus 
continuous (env., 
percepts, actions)

discrete discrete discrete continuous

single or multiple 
agents single multiple multiple 

(auctions) multiple



Agent Types
Four basic types (in order of increasing generality)

simple reflex agents

reflex agents with state

goal-based agents

utility-based agents

Any of these can be made into a learning agent.



Simple Reflex Agents

Agent

E
n

viro
n

m
en

t

Sensors

What the world
is like now

What action I
should do nowCondition−action rules

Actuators



Reflex Agents With State

Agent

E
n

viro
n

m
en

t

Sensors

What the world
is like now

What action I
should do now

State

How the world evolves

What my actions do

Condition−action rules

Actuators



Goal-Based Agents

Agent

E
n

viro
n

m
en

t

Sensors

What it will be like
  if I do action A

What the world
is like now

What action I
should do now

State

How the world evolves

What my actions do

Goals

Actuators



Utility-Based Agents

Agent

E
n

viro
n

m
en

t

Sensors

What it will be like
  if I do action A

What the world
is like now

How happy I will be
   in such a state

What action I
should do now

State

How the world evolves

What my actions do

Utility

Actuators



Learning Agents

Performance standard

Agent
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m
en

t
Sensors

Performance
   element

changes

knowledge
learning
  goals

  Problem
 generator 

feedback

  Learning
   element

Critic

Actuators



Wumpus World

Cave consisting of rooms connected by passageways

Wumpus lurks in cave, eats anyone entering room

Agent can shoot wumpus

Some rooms contain botomless pits

One room contains pot of gold

Breeze Breeze

Breeze

Breeze
Breeze

Stench

Stench

Breeze
PIT

PIT

PIT1

2

3

4

START

Gold

Stench



Wumpus World
Performance measure

+1000 for picking up gold

-1000 for falling into a pit or being eaten by 
wumpus

-10 for shooting an arrow

-1 otherwise

Environment
4x4 grid of rooms

agent always starts at [1,1] facing right

gold and wumpus rooms chosen at random with all rooms other than [1,1] 
being equiprobable; gold and wumpus cannot be in the same room

each room has probability .2 of containing a pit (excluding [1,1] and room 
containing gold)

Breeze Breeze

Breeze

Breeze
Breeze

Stench

Stench

Breeze
PIT

PIT

PIT

1 2 3 4

1

2

3

4
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Wumpus World
Sensors

Is there a stench in the current room?

Is there a breeze in the current room?

Is there a glitter?

Did the agent perceive a bump (i.e., walked 
into a wall)?

Was a woeful scream heard (i.e., wumpus 
was killed)?

Actuators
move forward to adjacent room (but agent cannot walk off grid)

turn left 90 degrees

turn right 90 degrees

grab object in room (picks up gold if gold is in room)

fire an arrow in current direction (kills wumpus if in adjacent room)

Breeze Breeze

Breeze

Breeze
Breeze

Stench

Stench
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PIT
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1

2

3

4

START

Gold

Stench


	Agents and Environments
	Agents include humans, robots, softbots, thermostats
	The agent function maps from percept histories to actions
	abstract mathematical description

	The agent program runs on the physical architecture to produce the agent function.
	concrete implementation


	Vacuum-Cleaner World
	Percepts
	current location and contents
	e.g., [A, dirty]

	Actions
	Left, Right, Suck, NoOp


	A Vacuum-Cleaner Agent
	Agent Function
	Can it be implemented in a small program?

	Agent Program
	What is the right program?


	Mike’s House as an Agent
	Percepts
	motion detectors
	light level sensors
	door/window status
	sound level

	Actions
	light intensity
	furnace on/off
	space heaters on/off
	water heater on/off


	Rationality
	Fixed performance measure evaluates sequence of actions performed by agent in environment.
	e.g., number of squares cleaned up by time T
	e.g., number of squares cleaned up per time step
	e.g., large penalty at time T if any dirty squares remain

	A rational agent chooses the action that maximizes the expected value of the performance measure given the percept sequence and a priori knowledge
	i.e., could not build a better agent with the same built-in knowledge
	does not imply that the agent is omniscient, clairvoyant, or successful
	does require exploration, learning, autonomy


	Specifying the Task Environment
	To design a rational agent, we must specify the task environment.
	PEAS
	performance measure
	environment
	actuators
	sensors

	E.g., automated taxi
	performance measure: safety, speed, legality, comfort, profit
	environment: US streets & freeways, traffic, pedestrians, weather variation
	actuators: steering direction, accelerator, brake, horn, speaker/display
	sensors: cameras, sonar, speedometer, accelerometer, GPS, engine status


	Internet Shopping Agent
	User provides agent with a specification of product
	e.g., Treos 600 phone
	e.g., cell phone under $400 with PDA functions

	Agent finds lowest prices on web.
	Agent bids on Ebay to get a lower price.
	PEAS
	performance?
	environment?
	actuators?
	sensors?


	Environment Types
	Environment Types
	Agent Types
	Four basic types (in order of increasing generality)
	simple reflex agents
	reflex agents with state
	goal-based agents
	utility-based agents

	Any of these can be made into a learning agent.

	Simple Reflex Agents
	Reflex Agents With State
	Goal-Based Agents
	Utility-Based Agents
	Learning Agents
	Wumpus World
	Cave consisting of rooms connected by passageways
	Wumpus lurks in cave, eats anyone entering room
	Agent can shoot wumpus
	Some rooms contain botomless pits
	One room contains pot of gold

	Wumpus World
	Performance measure
	+1000 for picking up gold
	-1000 for falling into a pit or being eaten by wumpus
	-10 for shooting an arrow
	-1 otherwise

	Environment
	4x4 grid of rooms
	agent always starts at [1,1] facing right
	gold and wumpus rooms chosen at random with all rooms other than [1,1] being equiprobable; gold and wumpus cannot be in the same room
	each room has probability .2 of containing a pit (excluding [1,1] and room containing gold)


	Wumpus World
	Sensors
	Is there a stench in the current room?
	Is there a breeze in the current room?
	Is there a glitter?
	Did the agent perceive a bump (i.e., walked into a wall)?
	Was a woeful scream heard (i.e., wumpus was killed)?

	Actuators
	move forward to adjacent room (but agent cannot walk off grid)
	turn left 90 degrees
	turn right 90 degrees
	grab object in room (picks up gold if gold is in room)
	fire an arrow in current direction (kills wumpus if in adjacent room)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


