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Overview

® How do agents agree on what to believe”?

® |n a court of law, barristers present a rationally justifiable
position based on the arguments put forward.

e [f all of the evidence and arguments were consistent, there would lbe no
disagreement

e But often, the positions are contradictory or inconsistent

® \\Ve need principled techniques for dealing with inconsistency

® Argumentation involves dealing with
iInconsistencies with beliefs of multiple agents

® Sometimes they are obvious

® | pbelieve p; but you believe —p

e Other times they are implicit

e | believe p, and p — ¢g. However, you believe —¢
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Argumentation

® Argumentation provides principled
techniques for resolving inconsistency.

® Or at least, sensible rules for deciding what to
pelieve In the face of inconsistency.

®|f we are presented with p and —p it Is
not clear what we should believe.

® [here can be many rational positions, so which Is
the best”

e |[f|believe p and you believe —p then @ is a rational position

e Or we could just accept one and discard the other (i.e. {p} or
{~p})
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® Argumenta
and agains

lypes of Argument

lon Involves putting forward arguments for
- propositions

® together wit

N justifications for these arguments

® Michael Gilbert suggested that there are four modes of
argument in human argumentation (see opposite)

e [ypically, law courts prohibit emotional and visceral modes of

argumentati

® But in other
permissible

®\/\/e focus I

argumentat

on

contexts (e.g. in families) emotional arguments may be

ere on two approaches to automated
jon

® Abstract argumentation, which examines how arguments co-exist

® Deductive argumentation, which exploits logical reasoning

4

Michael Gilbert (1994) identified 4
modes of argument

Logical mode — akin to a proof, and is
deductive in nature.

® “/f you accept that A and that A implies B, then
you must accept that B”.

Emotional mode — appeals to feelings and
attitudes.

® “How would you feel if it happened to you?”

Visceral mode — physical and social aspect
of human reasoning; e.g. stamping one’s
feet to indicate strength of feeling.

® “Cretin!”

Kisceral mode — appeals to the mystical or
religious

® “This is against Christian teaching!”
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Abstract Argumentation

® An apbstract argument system

e A collection of arguments together with a relation “—"~
saying what attacks what.

® Systems like this are called Dung-style (or Dungian) after their inventor.
® Arguments are presented as abstract symbols

® [he meaning of an argument is irrelevant

® |[f accepting one argument ¢ means rejecting
another argument p, we say that:

® ¢ attacks argument p
® g is a counterexample of p; or

® g is an attacker of p.

e [his can be written as (g, p) or alternatively g — p

® However, we are not actually concerned as to what p and g are.

5

If this seems too abstract, here are some
arguments we’ll be looking at.

® p :Since the weather today is sunny, I’'m
going to go out on my bike.

® g :Since today is a weekday and | have to
go to work, | can’t go out on my bike.

® r : Since today is a holiday, | don’t have to
go to work.

® s : Since | took the day off, | don’t have to
go to work.
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Dung’s Argumentation System

® A set of Dung-style arguments is represented as a

® p :Since the weather today is sunny, I'm going

’[uple <2, > to go out on my bike.
| | | | ® q :Since today is a weekday and | have to go
® X is a (possibly inconsistent) set of arguments to work, | can’t go out on my bike.
e > is a set of attacks between arguments in X ° T S"”/fe locay is a holiaay, I don't have to go
O WOTrK.
® (¢, y) € > denotes the relationship: ¢ attacks y ® s :Since | took the day off, | don’t have to go

to work.

e For example: {p, g, r, s}, {(r, 9), (S, 9), (@, P) O
® There are four arguments, p, q, r, S (see opposite) \

® [here are three attacks:

® rattacks g

Do

® s attacks g
® ( attacks p

® [he question is, given this, what should we believe?
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Conflict Free Positions

® A position S C X Is a set of arguments

® p :Since the weather today is sunny, I'm going

® A position can be inconsistent - it is just a selection of fo go out on my Dbike.
arguments ® q :Since today is a weekday and | have to go
to work, | can’t go out on my bike.
® r : Since today is a holiday, | don’t have to go
® A position S is conflict free if NO member of S fo work
attaCkS anOther member Of S ° ?O ."Azlzfe/z‘ook the day off, | don’t have to go

® |f an argument a Is attacked by another a’, then it is defended
oy a" If a'" attacks a’

® [he position is Internally consistent

. . . =)
® [ he conflict-free sets In the previous system are: /Q

® &, {o}, {al, {r}, {s}, {r, sh o, 1, o, s}, s, o
® [hus p Is defended by rand s
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MVutually Defensive Positions

® A position S is mutually defensive it every

® p :Since the weather today is sunny, I'm going

element of S that is attacked is defended by 0 go out on my bike
some element Of S ® q :Since today is a weekday and | have to go
| to work, | can’t go out on my bike.
® Self-defence Is allowed ® r : Since today is a holiday, | don’t have to go

to work.

® s : Sinceltook the day off, | don’t have to go
to work.

® [ hese positions are mutually defensive:
® &, i{r}, {s}, {r, st {p, r}, {p, st, {r, s, P}

® [he position {p, r} is defended, because if we have the case that
another argument g is added to the position {p, r}, then although

q attacks r, p defends r as it attacks g \
9 —=p)
e Note that {p}, {9} are not mutually defensive
® [he position {p} is not defended If another argument (e.g. Q) IS @

added to it

8 Copyright: M. J. Wooldridge, S. Parsons and T.R. Payne, Spring 2013. Updated 2018



Admissible Positions

® A position that Is conflict free and mutually

® p :Since the weather today is sunny, I'm going

defensive Is admissible. 0 go out on my bike.
® Recall that a position S is conflict free if no member of S attacks ® q . Since today is a weekaay and | have to go
another member of S. to work, | can’t go out on my bike.
o , o ® r : Since today is a holiday, | don’t have to go
® Also recall that a position S is mutually defensive it every element 0 Er%
of S that is attacked is defended by some element of S. o s : Since | took the day off. | don’t have to go

to work.

e All of the following positions are admissible:
® &, i}, ish . sk o, 1}, 1P, Sh AL S, P

e Admissibility Is a minimal notion of a reasonable q »@
position:

® |t is internally consistent and defends itself against all attackers

AL
O

® |t is a coherent, defendable position
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Preferred Extension

® A preferred extension is a maximal admissible set. e b : Since the weather today is sunny, 'm Going

to go out on my bike.

e Adding another argument will make it inadmissible.
® q :Since today is a weekday and | have to go

to work, | can’t go out on my bike.

‘A pOSit'Oﬂ S iS d preferred extension If S iS ® r : Since today is a holiday, | don’t have to go
admissible and no superset of S is admissible. to work.

. . , , ® s : Since | took the day off, | don’t have to go
e Thus, in our example, @ is not a preferred extension, because {p} is i v

admissible.

e Similarly, {o, r, s} iIs admissible because adding g would make it
iInadmissible.

Do

® A set of arguments always has a preferred extension

® [he empty set @ Is always an admissible position.

e |f there are no other admissible positions, then it will be the maximal
admissible set.

AL
O
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Preferred Extension

® [ he following examples are pathological cases

o@Bo

These two arguments are
mutually attacking.
As either could attack the other,
there are two preferred
extensions: {a} and {b}

With

arguments attacking in a cyclic

patte
CONSIS

In this case, a and b are mutually
attacking, and thus there will be at
least two preferred extensions. As
they both attack ¢, d is defended.

an odd number of

N, there can be no
ent state. Thus, the

prefe

Therefore, we have the two
extensions: {a,d} and {b,d}

rred extension IS @.
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Preferred Extension

e \Vith a larger set of arguments it is exponentially harder to find the preferred
extension.

® ;1 arguments have 2» possible positions.

(o ©
>@ @ o »®<
© (D

® [he set of arguments above has two preferred extensions: {a, b, d, f} and {c, e, g, h}

® Note that d and e mutually attack each other.

® [herefore we have two maximal admissible sets, depending on whether d attacks e, or e attacks d
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Preferred Extension

® [N contrast:

o ©
Coom(a) o
© @<@

® [he set of arguments above has only one preferred extension: {a, b, d, f}

e Both ¢ and e are now attacked by d and neither are defended

® [herefore neither can be within an admissible set
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Credulous and sceptical acceptance

® [0 Improve on preferred extensions we

can define:

® An argument is sceptically accepted if it is a
member of every preferred extension; anad

® An argument is credulously accepted if

member of at least one preferred extensi

1S a

On

® Clearly anything that is sceptically

accepted Is also credulously accepted.

® |n our original example:

® p,rands are all sceptically accepted

® ( is neither sceptically or credulously accepted

14

® p :Since the weather today is sunny, I'm going
to go out on my bike.

® q :Since today is a weekday and | have to go
to work, | can’t go out on my bike.

® r : Since today is a holiday, | don’t have to go
to WorkK.

® s : Sinceltook the day off, | don’t have to go
to work.

@
\
Do
@/@
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Grounded Extension

® A grounded extension is the least questionable set.
® Accept only the arguments that one cannot avoid to accept
® Reject only the arguments that one cannot avoid to reject

® Apbstain as much as possible.

® [his gives rise to the most skeptical (or least
committed) semantics

® Arguments are guaranteed to be acceptable if they aren’t attacked.

® [here is no reason to doubt them - they are IN

e Arguments attacked by those that are in are therefore unacceptable
® They are OUT — delete them from the graph.

e Continue until the graph doesn’t change.

® [ he grounded extension is the set of IN arguments

® The grounded extension for our example is {r, s, p}
15

® p :Since the weather today is sunny, I'm going
to go out on my bike.

® q :Since today is a weekday and | have to go
to work, | can’t go out on my bike.

® r : Since today is a holiday, | don’t have to go
to WorkK.

® s : Sinceltook the day off, | don’t have to go
to work.

@
N
o
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Grounded Extensions

® N IS

® NIS

10

N ano

N ano

attac

attac

® Consider computing the grounded
extension of the graph opposite.

e \/\Ve can say that:

® N s not attacked, so his IN.

e hisIN and attacks a, so ais OUT.

KS P, so p is OUT.

ks e, soeis OUT.
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Grounded Extensions

® Consider computing the grounded
extension of the graph opposite.

® NiIS

® NIS

® N IS

® gis

® gis

N ano

N ano

N ano

N and

N and

attac

attac

attac

i

i

tac

tac

e \/\Ve can say that:

® N s not attacked, so his IN.

ks a, soais OUT.

KS P, so p is OUT.

KsS e, soeis OUT.

® pis OUT and is the only attacker of g so g is IN.

® g is not attacked, so gis IN.

ks d, sodis OUT.

S P (which is also attacked by h) so p is OUT.

® B is no longer attacked, and so b is IN.

17
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Grounded Extensions

® Consider computing the grounded extension of
the graph opposite.

. m
/ ,/ ‘} ® \\Ve can say that:
K

® N s not attacked, so his IN.

e pis OUT and is the only attacker of g so q is IN.

® (is not attacked, so g is IN.

® B is no longer attacked, and so b is IN

® \\Ve can’t say anything about:

® m, K, | as they attack each other in a cycle
® C as the status of m is not known

® | | as they mutually attack each other

® N as the status of | or | is not definitively known

® fas the status of n Is unknown

e The grounded extension is {b, g, h, g
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-Full Example #1

e Conflict Free e Preferred Extensions:
e 2, (A, D}, {A E} {B, C) e (B,C)

® [hese are the only positions that
exist with no attack relations

® Credulously & Sceptically
Accepted:

e B C

e \utually Defensive
o &, (B, C}

e {A,D} is not mutually defensive,

because neither are defended from C ® GFOUﬂded EXteﬂSiOﬂ:

e {AE} is not mutually defensive, o 7
because A does not defend E from
an attack by D e [Every argument is attacked by at

least one other argument, so it is not
possible to determine any arguments

® Admissible: that are IN (and consequently other
' arguments that are out)
e 7, {B,C]

® [hese are the only positions that are
both conflict free and mutually
defensive
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N

()

Full Example #2

® Admissible:
e o, (b, d} {c, el {e, hl, {d f{dh} {bdf, {bd h} {ce,hl {dfh} {b d

()

NS

oo
hwi

\4

()

£, h

® Preferred Extensions:

e {b, d,f, h}
e {C, e, h}

® Credulous

® Sceptically Accepted:

® N

® Grounded
e

20

—xtension:

vy Accepted:

®eph c,de,f
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Deductive Argumentation

Stephen Toulmin

® Apstract argumentation models arguments as atomic,
iNndivisible entities

® However, arguments have a structure, which can be exploited when
reasoning

® |n deductive Argumentation, the arguments are
modelled using logical formulae

® Argumentation models defeasible reasoning

(S) Therefore  (Q) + (O)
Support | Qualifier  Claim
Since Because | Unless
w) —— W) (R)
Warrant Backing Rebuttal

® Conclusions can be rebutted, premises (and warrants)

can be challenged.
2

STEPHEN TOULMIN |

British philosopher who devoted his
work to the analysis of moral
reasoning. Throughout his writings,
he sought to develop practical
arguments which can be used
effectively in evaluating the ethics
behind moral issues. His works
were later found useful in the field
of rhetoric for analyzing rhetorical
arguments.
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Deductive Argumentation

e Claim (Conclusion)

(S) » Therefore, (Q) - (C)

Support | Qualifier  Claim ® A conclusion whose merit must be established.
- |
E&F}E Unless ]
Warrait o e Ground/Support (Fact, Evidence, Data)
a | ® A fact one appeals to as a foundation for the claim.
ecause
(=
Eai:bging

e Warrant (Rule, Axiom)

® A statement authorising movement from the ground to the claim.

Harry is a
British subject

in Bermuda

Harry was barn}__ _

—+So, presumably, {

|
Since Unless

|
A man blnrn in Both his parents were
Bermuda will  aliens/ he has become a
generally bea  naturalised American/ ...
British subject

On account of

The following statutes
and other legal provisions:

® Backing

® Credentials designed to certify the statement expressed in the warrant; backing must be
iIntroduced when the warrant itself is not convincing enough to the readers or the listeners.

® Rebuttal

® Statements recognising the restrictions which may legitimately be applied to the claim.

e Qualifier

® \/Vords or phrases expressing the speaker's degree of force or certainty concerning the claim.
Such words or phrases include "probably," "possible," "impossible," "certainly," etc
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Deductive Argumentation

® The basic form of deductive arguments is Example
2 (S, p) >

® > s a (possibly inconsistent) set of logical formulae;

1
——

human(Socrates)
human(Heracles)
father(Heracles, Zeus)
father(Apollo, Zeus)

® p IS a sentence or proposition; I.e. a logical formula

known as the conclusion: and divine(x) = ~ mortal(X)
human(X) = mortal(X)
o Vi e ical father(X, Zeus) — divine(X)
S'Is the grounds or support; i.e. a set of logica thor. Zous) —» oiet
formulae such that: \

o SCY
- Therefore, the following argument Arg+ holds:

® S+ pand Argi= ({human(Socrates), human(X) — mortal(X)},
mortal(Socrates))

e [hereisno S CSsuchthat §'—p

|.e.

S = {human(Socrates), human(X) = mortal(X)}
0 = mortal(Socrates)

e Often we just write the argument as (S, p)
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Deductive Argumentation

| | | | Example
® Argumentation takes into account the relationship =-
human(Heracles)
between argumeﬂts' father(Heracles, Zeus)
® Let (S, p1) and (Ss, p2) be arguments from some database X fatheriApolio, Zeus)
® Then (S;, pr) can be attacked in one of two ways: divine(X) — = mortal(X)
human(X) — mortal(X)

father(X, Zeus) — divine(X)
® Rebut } —~(father(X, Zeus) — divine(X)

® (52, p2) rebuts (S, p1) If p2 = p;.
(52.p2) (Srpnitp P Given the argument Argo:

® |.c. the conclusions attack or contradict each other Arge= ({human(Heracles), human(X) — mortal(X)},
mortal(Heracles))
® | IJndercut The argument Args rebuts Arge:

Args= ({father(Heracles, Zeus), father(X, Zeus) — divine(X),
divine(X) = = mortal(X)}, = mortal(Heracles))

® (52, p2) undercuts (S84, p1) If p2 = =g; for some g; € S..

| , . The argument Args undercuts Arga:
® |.c. the conclusion p; attacks some formulae g;in the support Arg4:g?{—u(faz‘her(><,gZeus) IR d/v/ne(X))g}J, (father(X. Zeus) —

for pi divine(X)))

R ———
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Attack and Defeat

® Deductive argumentation connects to the
abstract ideas we were just looking at.

® A rebuttal or undercut between two arguments
becomes the attack in a Dungian system.

® Note that a rebut Is symmetrical

® Causes problems with some kinds of extension.

® Once we have identified attacks, we can
look at preferred extensions or grounded
extensions to determine what arguments to
accept.
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ANnother Example

Argument x

Here is one deductive argument.

a denotes “We recycle”
b denotes “We save resources”
a — b denotes "I we recycle, then we save resources”

Formally we get: ({a, a — b}, b)

Argument y Argument 7

A second argument, that conflicts with the first: A third argument, that conflicts with the first:

¢ denotes "Recycled products are not used” d denotes “We create more desirable recycled products”
a A ¢ — —b denotes "If we recycle and recycled products are d — —c denotes “If we create more desirable recycled
not used then we don't save resources’ broducts then recycled products are used”

Formally we get: ({a, ¢, a A ¢ — —b}, —b) Formally we get: ({d, d — —c}, —c)

X and y rebut each other. Z undercuts y
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Different Dialogues

e \\Vith appropriate choice of language, can use
argumentation to capture all of these KiNds Of ) ™ gl
dialogue. By |

® /[nformation seeking (Personal Ignorance)

e Jell meif pis true.

® /nquiry (General Ignorance)

e (Can we prove p?

® Persuasion (Conflict of opinions)

® You're wrong to think p is true.

® Negotiation (Conflict of interest)

e How do we divide the pie?

® Deliberation (Need for Action)
® \Where shall we go for dinner”?
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Persuasion Dialogues

® \Ve have two agents, P and C, each with some knowledge base, Xp and XZc.

® [ach time one makes an assertion, it Is considered to be an addition to its commitment store,
CS(P) or CS(O).
® T[hus: P can build arguments from Xp U CS(C) ...
e ...and Ccanuse XcU CS(P).

e Commitment stores are information that the agent has made pubilic.

e \\Ve assume that dialogues start with P making the first move.

® [he outcomes, then, are:
® P generates an argument both classify as IN, or

® ( makes P argument OUT.

® Can use this for negotiation if the language allows you to express offers.
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Persuasion Dialogues

® A typical persuasion dialogue would proceed
as follows:

® P has an acceptable argument (S, p), built from Zp, and
wants C to accept p.

® P asserts p.

® C has an argument (S', —p).

® ( asserts —.

® P cannot accept —p and challenges It.
® (' responds by asserting §'.

® P has an argument (8", —g) where g € §’, and challenges
q.
° .
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Persuasion Dialogues

® [Nis process eventually terminates when

2p U CS(P) U CS(C)
and

2c U CS(C) U CS(P)

e cventually provide the same set of IN arguments and the
agents agree.

® Clearly here we are looking at grounded
extensions.
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Summary

Class Reading (Chapter 16):

® [ his chapter has looked at

argumentation as a means through o nodcton o argumentaton
Wthh ageﬂts cann reaCh ag reement and Massimiliano Giacomin, The Knowledge

Engineering Review, Volume 26 Issue 4,

. December 2011, pp 365-410
® Argumentation allows for more complex

interactions than the negotiation mechanisms we Y Y AT

looked at last chapter. notions of complete, grounded,

preferred, and stable semantics, as
well as sulbsequently proposed notions

® Argumentation can be used for a comantis, coreiderna bt e
range of tasks that include negotiation.  FEEEESEaEEEEEER

. . . , , their definitions.
® Also allows for inquiry, persuasion, deliberation.

,\'
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