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In den beginne . . .

♦ >En �rq˜h| >˜hn å lìgo
, kaÈ å lìgo
 >˜hn prä
 tän jeìn, kaÈ jeä
 >˜hn ålìgo
.
♦ In het begin was het Woord, het Woord was bij God en het Woord wasGod.
♦ Het Evangelie volgens Johannes, Nieuwe Bijbel Vertaling

♦ �Logos� wordt hier vertaald als �Woord�.
♦ �Logos� kan ook op vele andere manieren worden vertaald.
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Logos en LogicaEnkele betekenissen van �Logos�:

♦ Getal via l�ego: oplezen, meetellen
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♦ De Geest

♦ Rede
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Robotica

♦ Robot.
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Robotica

♦ Robot. Komt uit het Tsje
his
h uit een toneelstuk van de Tsje
his
hes
hrijver Karel Capek in 1920. Hij gebruikt het woord voor kunstmatige arbeiders.In 1931 duikt het in het Nederlands op. (�àáîòà (rabota) �àáîòàòü (rabotat'))
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Symbolische Robotica

♦ Agents die een symbolis
he weergave van de werkelijkheid hanteren

♦ Redeneren van deze symbolis
he weergave ges
hiedt m.b.v. logi
a

♦ Niet-symbolis
h, of beter, sub-symbolis
h zijn b.v. Neurale Netwerken ofEle
tris
he Cir
uits

College 1 29



Logica en Symbolische RoboticaMissie: het bestuderen van het zuivere redeneren en implementaties en toepassingendaarvan

College 1 30



Logica en Symbolische RoboticaMissie: het bestuderen van het zuivere redeneren en implementaties en toepassingendaarvan
♦ Onze implementaties en toepassingen resulteren veelal in agents
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♦ Mark Haddon: ga naar het station (The 
urious in
ident of the dog in thenight-time)
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-based agents. Dit levert de
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Goede specificatie

♦ Kies een taal zonder dubbelzinnigheden (minifragment)

♦ Spe
i�
eer de taak goed (zonder ongewenste bije�e
ten (stofzuig-robot))

♦ PEAS (Performan
e, Environment, A
tuators, Sensors)
College 1 52



Logical agents: Knowledge bases

Inference engine

Knowledge base domain−specific content

domain−independent algorithms

Knowledge base = set of senten
es in a formal languageDe
larative approa
h to building an agent (or other system):Tell it what it needs to knowThen it 
an Ask itself what to do�answers should follow from the KBAgents 
an be viewed at the knowledge leveli.e., what they know, regardless of how implemented
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A simple knowledge-based agentfun
tion KB-Agent( per
ept) returns an a
tionstati
: KB, a knowledge baset, a 
ounter, initially 0, indi
ating timeTell(KB,Make-Per
ept-Senten
e( per
ept, t))a
tion←Ask(KB,Make-A
tion-Query(t))Tell(KB,Make-A
tion-Senten
e(a
tion, t))t← t + 1return a
tionThe agent must be able to:Represent states, a
tions, et
.In
orporate new per
eptsUpdate internal representations of the worldDedu
e hidden properties of the worldDedu
e appropriate a
tions
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Wumpus World PEAS descriptionPerforman
e measuregold +1000, death -1000-1 per step, -10 for using the arrowEnvironmentSquares adja
ent to wumpus are smellySquares adja
ent to pit are breezyGlitter i� gold is in the same squareShooting kills wumpus if you are fa
ing itShooting uses up the only arrowGrabbing pi
ks up gold if in same squareReleasing drops the gold in same square Breeze Breeze

Breeze

Breeze
Breeze

Stench

Stench

Breeze
PIT

PIT

PIT

1 2 3 4

1

2

3

4

START

Gold

Stench

A
tuators Left turn, Right turn,Forward, Grab, Release, ShootSensors Breeze, Glitter, Smell
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Tentamenregeling

♦ Het eind
ijfer wordt bepaald door een viertal onderdelen
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ollegeop vrijdag (de opgaven worden in den regel op maandag op gegeven)
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Tentamenregeling

♦ Het eind
ijfer wordt bepaald door een viertal onderdelenHuiswerk, 20 %Wekelijks in te leveren bij Brammert (mag via BB) voor het werk
ollegeop vrijdag (de opgaven worden in den regel op maandag op gegeven)Tussentoets, 25 %Na blok a wordt deze tussentoets gehouden.Eindtentamen, 55 %Aan het eind van Blok b. Gaat over de gehele stof.Bonus7-minutentoetsjespresentaties
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TentamenregelingHerkansingOver de gehele stof en voor 100 %. (De andere onderdelen vervallen.)
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TentamenregelingHerkansingOver de gehele stof en voor 100 %. (De andere onderdelen vervallen.)HuiswerkAan te raden, niet verpli
ht. Wel verpli
ht voor studenten die een onvoldoendevoor het Logi
a-onderdeel van de basiskundes hadden.
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TentamenregelingHerkansingOver de gehele stof en voor 100 %. (De andere onderdelen vervallen.)HuiswerkAan te raden, niet verpli
ht. Wel verpli
ht voor studenten die een onvoldoendevoor het Logi
a-onderdeel van de basiskundes hadden.TussentoetsMoet voldoende zijn.
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College opzetMaandag1h HC1h WG
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College opzetMaandag1h HC1h WGVrijdag1h WC (mogelijk in twee groepen)1h HC
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College opzetMaandag1h HC1h WGVrijdag1h WC (mogelijk in twee groepen)1h HCPra
ti
umNiet in Blok a, wel in Blok b.
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Nogmaals: Wumpus WorldPerforman
e measuregold +1000, death -1000-1 per step, -10 for using the arrowEnvironmentSquares adja
ent to wumpus are smellySquares adja
ent to pit are breezyGlitter i� gold is in the same squareShooting kills wumpus if you are fa
ing itShooting uses up the only arrowGrabbing pi
ks up gold if in same squareReleasing drops the gold in same square Breeze Breeze
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Stench
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1 2 3 4
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tuators Left turn, Right turn,Forward, Grab, Release, ShootSensors Breeze, Glitter, Smell
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Exploring a wumpus world
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Other tight spots

A

B OK

OK OK

A

B

A

P?

P?
P?

P?

Breeze in (1,2) and (2,1)

⇒ no safe a
tionsAssuming pits uniformly distributed,(2,2) has pit w/ prob 0.86, vs. 0.31

A

S

Smell in (1,1)
⇒ 
annot moveCan use a strategy of 
oer
ion (dwang):shoot straight aheadwumpus was there ⇒ dead ⇒ safewumpus wasn't there ⇒ safe
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Propsitional logic and the Knowledge BaseThere is no pit in [1,1℄
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Propsitional logic and the Knowledge BaseThere is no pit in [1,1℄Breezy pits B1,1 and B2,1
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Propsitional logic and the Knowledge BaseThere is no pit in [1,1℄Breezy pits B1,1 and B2,1Per
epts ¬B1,1, B2,1
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Propsitional logic and the Knowledge BaseThere is no pit in [1,1℄Breezy pits B1,1 and B2,1Per
epts ¬B1,1, B2,1Just one Wumpus (We don't need this yet.)
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EntailmentEntailment means that one thing follows from another:

KB |= αKnowledge base KB entails senten
e αif and only if
α is true in all worlds where KB is trueE.g., the KB 
ontaining �the Giants won� and �the Reds won�entails �Either the Giants won or the Reds won�E.g., x + y = 4 entails 4 = x + yEntailment is a relationship between senten
es (i.e., syntax)that is based on semanti
sNote: brains pro
ess syntax (of some sort)
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ModelsLogi
ians typi
ally think in terms of models, whi
h are formallystru
tured worlds with respe
t to whi
h truth 
an be evaluatedWe say m is a model of a senten
e α if α is true in m

M(α) is the set of all models of αThen KB |= α if and only if M(KB) ⊇M(α)E.g. KB = Giants won and Reds won
α = Giants won M(    )
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ModelsLogi
ians typi
ally think in terms of models, whi
h are formallystru
tured worlds with respe
t to whi
h truth 
an be evaluatedWe say m is a model of a senten
e α if α is true in m

M(α) is the set of all models of αThen KB |= α if and only if M(KB) ⊆M(α)E.g. KB = Giants won and Reds won
α = Giants won M(    )
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Entailment in the wumpus world
Situation after dete
ting nothing in [1,1℄,moving right, breeze in [2,1℄

Consider possible models for ?sonly taking pits into a

ount AA

B

?
?

?

3 Boolean 
hoi
es ⇒ 8 possible models
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Wumpus models
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Wumpus models
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KB = wumpus-world rules + observations
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Wumpus models
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KB = wumpus-world rules + observations
α1 = �[1,2℄ is safe�, KB |= α1, proved by model 
he
king College 1 87



Wumpus models
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Wumpus models
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KB = wumpus-world rules + observations
α2 = �[2,2℄ is safe�, KB 6|= α2 College 1 89



Truth tables for inference

B1,1 B2,1 P1,1 P1,2 P2,1 P2,2 P3,1 R1 R2 R3 R4 R5 KB

false false false false false false false true true true true false false

false false false false false false true true true false true false false... ... ... ... ... ... ... ... ... ... ... ... ...

false true false false false false false true true false true true false

false true false false false false true true true true true true true

false true false false false true false true true true true true true

false true false false false true true true true true true true true

false true false false true false false true false false true true false... ... ... ... ... ... ... ... ... ... ... ... ...

true true true true true true true false true true false true falseEnumerate rows (di�erent assignments to symbols),if KB is true in row, 
he
k that α is tooE.g. α1 = �[1,2℄ is safe� and α2 = �[2,2℄ is safe�
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Inference

KB ⊢i α = senten
e α 
an be derived from KB by pro
edure iConsequen
es of KB are a haysta
k; α is a needle.Entailment = needle in haysta
k; inferen
e = �nding itSoundness: i is sound ifwhenever KB ⊢i α, it is also true that KB |= αCompleteness: i is 
omplete ifwhenever KB |= α, it is also true that KB ⊢i α
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