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Outline 

p  Background:	  Dung’s	  abstract	  argumenta4on	  

p Why	  modularity	  is	  important?	  

p  Components:	  sub-‐framework/argumenta4on	  mul4pole	  	  

p  Incremental	  computa4on/argumenta4on	  dynamics	  based	  on	  	  
sub-‐framework	  	  

p  Seman4cs	  interchangeability	  based	  on	  argumenta4on	  mul4pole	  
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A:	  The	  sun	  is	  near	  to	  us	  at	  daybreak	  and	  far	  away	  at	  noon:	  	  when	  the	  sun	  
first	  appears,	  it	  is	  as	  big	  as	  the	  canopy	  of	  a	  carriage,	  but	  at	  noon	  it	  is	  only	  
the	  size	  of	  a	  plate	  or	  a	  bowl;	  isn't	  it	  true	  that	  objects	  farther	  away	  seem	  
smaller	  while	  those	  nearer	  seem	  bigger？ 

B:	  The	  sun	  is	  far	  away	  at	  dawn	  and	  nearby	  at	  
midday:	  when	  the	  sun	  comes	  out,	  it	  is	  very	  cool,	  
but	  at	  midday	  it	  is	  as	  hot	  as	  puYng	  your	  hands	  in	  
boiling	  water;	  isn't	  it	  true	  that	  what	  is	  nearer	  to	  
us	  is	  hoZer	  and	  what	  is	  farther	  off	  is	  cooler？ 
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The	  sun	  is	  near	  to	  us	  at	  
daybreak	  and	  far	  away	  at	  noon:	  	  
when	  the	  sun	  first	  appears,	  it	  is	  
as	  big	  as	  the	  canopy	  of	  a	  
carriage,	  but	  at	  noon	  it	  is	  only	  
the	  size	  of	  a	  plate	  or	  a	  bowl;	  
isn't	  it	  true	  that	  objects	  farther	  
away	  seem	  smaller	  while	  those	  
nearer	  seem	  bigger？ 

The	  sun	  is	  far	  away	  at	  dawn	  
and	  nearby	  at	  midday:	  when	  
the	  sun	  comes	  out,	  it	  is	  very	  
cool,	  but	  at	  midday	  it	  is	  as	  hot	  
as	  puYng	  your	  hands	  i	  boiling	  
water;	  isn't	  it	  true	  that	  what	  is	  
nearer	  to	  us	  is	  hoZer	  and	  what	  
is	  farther	  off	  is	  cooler？ 

A B 

Each	  argument	  is	  internally	  consistent.	   



AZack	  rela4on	  over	  a	  set	  of	  arguments 
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The	  sun	  is	  near	  to	  us	  at	  
daybreak	  and	  far	  away	  at	  noon:	  	  
when	  the	  sun	  first	  appears,	  it	  is	  
as	  big	  as	  the	  canopy	  of	  a	  
carriage,	  but	  at	  noon	  it	  is	  only	  
the	  size	  of	  a	  plate	  or	  a	  bowl;	  
isn't	  it	  true	  that	  objects	  farther	  
away	  seem	  smaller	  while	  those	  
nearer	  seem	  bigger？ 

The	  sun	  is	  far	  away	  at	  dawn	  
and	  nearby	  at	  midday:	  when	  
the	  sun	  comes	  out,	  it	  is	  very	  
cool,	  but	  at	  midday	  it	  is	  as	  hot	  
as	  puYng	  your	  hands	  i	  boiling	  
water;	  isn't	  it	  true	  that	  what	  is	  
nearer	  to	  us	  is	  hoZer	  and	  what	  
is	  farther	  off	  is	  cooler？ 

A B 

A	  rebuts	  B,	  and	  vice	  versa. 



Abstract	  argumenta4on	  framework 
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A B 

Arguments	  are	  treated	  as	  atomic	  en44es. 
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An	  abstract	  argumenta4on	  framework	  (or	  briefly,	  AF)	  is	  
defined	  as	  a	  tuple:	  [Dung	  1995] 

(Args,	  a'acks)	   Args	  is	  a	  set	  of	  arguments 

a'acks	  	  	  	  	  Args	  ×	  Args	  is	  a	  set	  of	  aZacks ⊆

Defeat	  graph 

Abstract	  argumenta4on	  framework 
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Argumenta4on	  seman4cs 
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Extension-‐based	  approach 

p  Given	  an	  AF,	  to	  iden4fy	  sets	  of	  arguments,	  called	  
extensions,	  that	  can	  be	  regarded	  as	  collec4vely	  
acceptable	  according	  to	  some	  criteria:	  

ü  Admissible	  extension	  

ü  Complete	  extension	  

ü  Preferred	  extension	  

ü  Grounded	  extension	  

ü  …	  
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Argumenta4on	  seman4cs 
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Extension-‐based	  approach	  -‐-‐-‐	  Admissible	  extensions 

p  Let	  (Args,	  a'acks)	  be	  an	  AF.	  A	  set	  of	  arguments	  E	  	  	  	  	  Args	  is	  
admissible	  iff	  E	  is	  conflict-‐free	  and	  each	  argument	  in	  E	  is	  defended	  
by	  E.	  

p  E	  is	  conflict-‐free	  iff	  there	  exist	  no	  arguments	  in	  E	  such	  that	  one	  is	  
aZacked	  by	  another.	  

p  A	  	  	  	  Args	  is	  defended	  by	  E	  iff	  for	  all	  C	  	  	  	  Args	  that	  aZacks	  A,	  there	  
exists	  an	  argument	  B	  in	  E	  such	  that	  B	  aZacks	  C.	  

	  

	  

⊆

∈ ∈

A B C 

E1	  =	  {	  } 

E2	  =	  {A} 

E3	  =	  {A,	  C} 

E4	  =	  {B} 

ALL	  ARGUMENTS	  IN	  THE	  
FRAMEWORK	  ARE	  
CONSIDERED	  
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Argumenta4on	  seman4cs 
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Extension-‐based	  approach	  -‐-‐-‐	  Complete	  extensions 

p  Let	  (Args,	  a'acks)	  be	  an	  AF.	  A	  set	  of	  arguments	  E	  	  	  	  	  Args	  is	  a	  
complete	  extension	  iff	  E	  is	  admissible	  and	  each	  argument	  A	  that	  is	  
defended	  by	  E	  is	  in	  E.	  

	  

	  

⊆

✔ 

✗

✔ 

✔ 

A B C 

A B C 

A B C 

A B C 

E1	  =	  {	  	  } 

E2	  =	  {A} 

E3	  =	  {A,	  C} 

E4	  =	  {B} 

Admissible Complete 

10	  
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Extension-‐based	  approach	  -‐-‐-‐	  Preferred	  extensions 

p  Let	  (Args,	  a'acks)	  be	  an	  AF.	  A	  set	  of	  arguments	  E	  	  	  	  	  Args	  is	  a	  
preferred	  extension	  iff	  E	  is	  a	  maximal	  complete	  extension	  (with	  
respect	  to	  set-‐inclusion).	  

	  

⊆

✔ 

✔ 

✗A B C E1	  =	  {	  	  } 

E3	  =	  {A,	  C} 

E4	  =	  {B} 

A B C 

A B C 

Complete Preferred 

A	  GLOBAL	  PROPERTY	  

11	  



Argumenta4on	  seman4cs 
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Extension-‐based	  approach	  -‐-‐-‐	  Grounded	  extension 

p  Let	  (Args,	  a'acks)	  be	  an	  AF.	  A	  set	  of	  arguments	  E	  	  	  	  	  Args	  is	  a	  
grounded	  extension	  iff	  E	  is	  the	  minimal	  complete	  extension	  (with	  
respect	  to	  set-‐inclusion).	  

	  

⊆

✔ 

✗

✗

A B C E1	  =	  {	  	  } 

E3	  =	  {A,	  C} 

E4	  =	  {B} 

A B C 

A B C 

Complete Grounded 

A	  GLOBAL	  PROPERTY	  
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Labelling-‐based	  approach	  [Caminada	  &	  Gabbay	  2009] 

p  Given	  an	  AF,	  to	  assign	  a	  label	  (IN,	  OUT,	  UNDEC)	  to	  
each	  argument,	  according	  to	  some	  criteria:	  

ü  Admissible	  labelling	  

ü  Complete	  labelling	  

ü  Preferred	  labelling	  

ü  Grounded	  labelling	  

ü  …	  
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Labelling-‐based	  approach	  -‐-‐-‐	  Admissible	  labellings 

p  Let	  (Args,	  a'acks)	  be	  an	  AF.	  A	  labelling	  L	  is	  defined	  as	  a	  total	  
func4on:	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  L:	  	  Args	  	  	  	  	  	  {IN,	  OUT,	  UNDEC}	  

p  An	  IN-‐labelled	  argument	  is	  legally	  IN,	  iff	  all	  its	  aZackers	  are	  
labelled	  OUT;	  an	  OUT-‐labelled	  argument	  is	  legally	  OUT,	  iff	  there	  
exists	  an	  aZacker	  that	  is	  labelled	  IN;	  an	  UNDEC-‐labelled	  argument	  
is	  legally	  UNDEC,	  iff	  (1)	  it	  is	  not	  the	  case	  that	  all	  its	  aZackers	  are	  
labelled	  OUT,	  and	  (2)	  there	  exists	  no	  aZacker	  that	  is	  labelled	  IN.	  

p  A	  labelling	  L	  is	  admissible,	  iff	  each	  IN-‐labelled	  argument	  is	  legally	  
IN,	  and	  each	  OUT-‐labelled	  argument	  is	  legally	  OUT.	  
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Labelling-‐based	  approach	  -‐-‐-‐	  Admissible	  labellings 

A B C 

A B C 

A B C 

A B C 

IN 

OUT 

UNDEC 

15	  
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Labelling-‐based	  approach	  -‐-‐-‐	  Complete	  labellings 

p  Let	  (Args,	  a'acks)	  be	  an	  AF.	  A	  labelling	  L	  is	  a	  complete	  labelling	  iff	  
L	  is	  an	  admissible	  labelling	  and	  each	  UNDEC-‐labelled	  argument	  is	  
legally	  UNDEC.	  

	  

	  
✔ 

✗

✔ 

✔ 

A B C 

A B C 

A B C 

A B C 

Admissible	  labellings Complete	  labellings 
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Labelling-‐based	  approach	  -‐-‐-‐	  Preferred	  labellings 

p  Let	  (Args,	  a'acks)	  be	  an	  AF.	  A	  labelling	  L	  is	  a	  preferred	  labelling	  iff	  
it	  is	  a	  complete	  labelling,	  and	  the	  set	  of	  IN-‐labelled	  arguments	  is	  
maximal	  (with	  respect	  to	  set-‐inclusion).	  

	  

✔ 

✔ 

✗A B C 

A B C 

A B C 

Complete	  labellings Preferred	  labellings 

A	  GLOBAL	  PROPERTY	  
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Labelling-‐based	  approach	  -‐-‐-‐	  Grounded	  labelling 

p  Let	  (Args,	  a'acks)	  be	  an	  AF.	  A	  labelling	  L	  is	  a	  grounded	  labelling	  iff	  
it	  is	  a	  complete	  labelling,	  and	  the	  set	  of	  IN-‐labelled	  arguments	  is	  
minimal	  (with	  respect	  to	  set-‐inclusion).	  

	  

A B C 

A B C 

A B C 

✔ 

✗

✗

Complete	  labellings Grounded	  labelling 

A	  GLOBAL	  PROPERTY	  

18	  



Outline 

p  Background:	  Dung’s	  abstract	  argumenta4on	  

p Why	  modularity	  is	  important?	  

p  Components:	  sub-‐framework/argumenta4on	  mul4pole	  

p  Incremental	  computa4on/argumenta4on	  dynamics	  based	  on	  
sub-‐framework	  	  

p  Seman4cs	  interchangeability	  based	  on	  argumenta4on	  mul4pole	  
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Why	  modularity	  is	  important	   
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p  Developing	  divide	  and	  conquer	  algorithms	  (efficiency)	  

p  Handling	  dynamics	  of	  argumenta4on	  (efficiency)	  

p  Replacement	  of	  some	  parts	  of	  system	  (interchangeability)	  

p …	  

	  

20	  



Divide	  and	  conquer	  algorithms 
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Divide	  and	  conquer	  algorithms 
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Dynamics:	  exogenous 
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Addi4on	  of	  new	  arguments	  and/or	  aZacks 
Removal	  of	  exis4ng	  arguments	  and/or	  aZacks 

A 
23	  



Dynamics:	  exogenous 
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Addi4on	  of	  new	  arguments	  and/or	  aZacks 
Removal	  of	  exis4ng	  arguments	  and/or	  aZacks 

A 

B 

C 

D 
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Dynamics:	  exogenous 
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Addi4on	  of	  new	  arguments	  and/or	  aZacks 
Removal	  of	  exis4ng	  arguments	  and/or	  aZacks 

affected 

unaffected 

A 

B 

C 

D 
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Dynamics:	  goal-‐driven 
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Enforce	  some	  arguments	  to	  be	  accepted	  or	  rejected 

accepted 

A 
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Dynamics:	  goal-‐driven 
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Enforce	  some	  arguments	  to	  be	  accepted	  or	  rejected 

accepted 

Relevant	  
arguments 

A 

B 
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Replacement	  of	  components 
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A 

B 

C 
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Replacement	  of	  components 
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A 

B 

C 

D 
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Outline 

p  Background:	  Dung’s	  abstract	  argumenta4on	  

p Why	  modularity	  is	  important?	  

p  Components:	  sub-‐framework/argumenta4on	  mul4pole	  	  

p  Incremental	  computa4on/argumenta4on	  dynamics	  based	  on	  
the	  no4on	  of	  sub-‐framework	  	  

p  Seman4cs	  interchangeability	  based	  on	  the	  no4on	  of	  
argumenta4on	  mul4pole	  
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Component:	  sub-‐framework	  [Liao	  2011]	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Argumenta4on	  mul4pole	  [Baroni	  et	  al	  2014] 
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B 
C E 

D 

sub-‐framework 

A 

C 
E B 

A 
D Condi4oning	  

argum
ents 

The	  set	  of	  condi4oning	  arguments	  can	  
be	  regarded	  as	  	  input,	  while	  output	  is	  
not	  explicitly	  represented. 

F 

Argumenta4on	  mul4pole 

C 
E B 

A 
D 

F 
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sub-‐frameworks	  [Liao	  2011] 
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p  Let	  (Args,a'acks)	  be	  an	  AF,	  and	  S	  be	  a	  subset	  of	  Args	  
p  S−	  =	  {A	  	  	  	  Args\S	  |	  	  	  B	  	  	  	  S	  	  ,	  s.t.	  (A,	  B)	  	  	  	  a'acks}	  denotes	  the	  set	  

of	  outside	  parents	  (called	  condi4oning	  arguments)	  of	  the	  
arguments	  in	  S	  

p  A	  sub-‐framework	  of	  (Args,a'acks)	  is	  then	  defined	  as:	  

	  	  	  	  	  	  	  	  (S	  	  	  	  S−,	  RS	  	  	  	  IS)	  where	  RS=	  a'acks	  	  	  	  (S	  ×	  S)	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IS=	  a'acks	  	  	  	  (S−	  ×	  S)	  

∈ ∃ ∈ ∈

     

 

S	  =	  {C,	  D,	  E} 

S−	  =	  {A,	  B} 
RS	  =	  {(C,	  D),	  (E,	  C)} 

IS	  =	  {(A,	  C),	  (B,	  C)} 

C 
E B 

A 
D Condi4oning	  

argum
ents 32	  
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Seman4cs	  of	  a	  sub-‐framework 
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p  Let	  (C,RC)	  be	  a	  sub-‐framework	  of	  (Args,	  a'acks)	  (called	  a	  
condi4oning	  sub-‐framework),	  s.t.	  S−	  ⊆	  C.	  According	  to	  
each	  labelling	  of	  (C,RC),	  (S∪S−,	  RS∪IS)	  is	  par4ally	  labelled,	  
and	  therefore	  called	  a	  par4ally	  labelled	  sub-‐framework	  
(or	  briefly,	  PLSF).	  	  
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Par4al	  labelled	  sub-‐framework 
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B C D A B A B B 

B C D A B A B B 

C D A B 
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Seman4cs	  of	  a	  sub-‐framework	  (Cont.) 
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p  The	  labellings	  of	  a	  par4ally	  labelled	  sub-‐framework	  are	  
then	  defined	  on	  the	  basis	  of	  the	  corresponding	  no4ons	  of	  
a	  standard	  argumenta4on	  framework.	  	  

 

The	  status	  of	  arguments	  is	  
evaluated	  locally. 
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Seman4cs	  of	  a	  sub-‐framework	  (Cont.) 
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A	  LOAL	  PROPERTY	  
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Seman4cs	  of	  a	  sub-‐framework	  (Exp.) 

B B C D D C B C D B 

B C D B D C 

C D 

B C D B D C 

Admissible	  labellings Admissible/complete/grounded/
preferred	  labelling 
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✔ 

✔ 

✔ 

Admissible	  labellings Complete	  labellings 

Seman4cs	  of	  a	  sub-‐framework	  (Cont.) 

B C D B 

B C D B D C 

C D 

B C D B D C 
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✔ 

✔ 

✗

Complete	  labellings Preferred	  labellings 

Seman4cs	  of	  a	  sub-‐framework	  (Cont.) 

B C D B 

B C D B D C 

C D 

B C D B D C 
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✗

✗

Grounded	  labelling 

Seman4cs	  of	  a	  sub-‐framework	  (Cont.) 

Complete	  labellings 

B C D B 

B C D B D C 

C D 

B C D B D C 
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Argumenta4on	  mul4pole	  [Baroni	  et	  al	  2014] 
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Outline 

p  Background:	  Dung’s	  abstract	  argumenta4on	  

p Why	  modularity	  is	  important?	  

p  Components:	  sub-‐framework	  vs	  argumenta4on	  mul4pole	  	  

p  Incremental	  computa4on/argumenta4on	  dynamics	  based	  on	  
sub-‐frameworks	  	  

p  Seman4cs	  interchanibility	  based	  on	  argumenta4on	  mul4pole	  
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Incremental	  computa4on	  (from	  local	  
seman4cs	  to	  global	  seman4cs) 
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B1	  =	  {a1,	  a2,	  a3,	  a4} 
B2	  =	  {a1,	  a2,	  a7} 
Int	  =	  {a1,	  a2} 

44	  



Incremental	  computa4on	  (from	  local	  
seman4cs	  to	  global	  seman4cs) 
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B	  =	  {a3,	  a4,	  a5,	  a6} 
C	  =	  {a1,	  a2} 45	  



Incremental	  computa4on	  (from	  local	  
seman4cs	  to	  global	  seman4cs) 
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An	  incremental	  computa4on	  approach	  [Liao	  2013] 
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An	  incremental	  computa4on	  approach	  [Liao	  2013] 
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Argumenta4on	  dynamics	  [Liao	  2011] 

affected 

unaffected 
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A1 A2 A3 A4 A5 A6 A7 A8 

A9 A10 

A11 A12 

When	  querying	  the	  status	  of	  arguments	  in	  {A9,	  A10},	  … 

The	  set	  of	  relevant	  arguments	  is	  {A9,	  A10,	  A1,	  A2},	  so	  we	  need	  only	  to	  compute	  
the	  seman4cs	  of	  the	  sub-‐framework	  induced	  by	  this	  set. 

Par4al	  seman4cs	  of	  argumenta4on	  [Liao	  2013] 
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Outline 

p  Background:	  Dung’s	  abstract	  argumenta4on	  

p Why	  modularity	  is	  important?	  

p  Components:	  sub-‐framework	  vs	  argumenta4on	  mul4pole	  	  

p  Incremental	  computa4on/argumenta4on	  dynamics	  based	  on	  	  
sub-‐framework	  	  

p  Seman4cs	  interchangeability	  based	  on	  argumenta4on	  mul4pole	  
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-‐	  Input/Output	  equivalence	  of	  argumenta4on	  mul4poles 
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Given	  a	  seman4cs	  S,	  two	  mul4poles	  wrt	  the	  same	  set	  E	  are	  	  
S-‐equivalent	  if	  for	  any	  labelling	  of	  E	  they	  have	  the	  same	  effect	  on	  E. 

Seman4cs	  interchangeability	  [Baroni	  et	  al	  2014]	   
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AF1 

A1 

A2 

A4 

A3 E 

AF2 

B1 B2 E 

AF1 

A1 

A2 

A4 

A3 E 

AF2 

B1 B2 E 
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AF1 

A1 

A2 

A4 

A3 E 

AF2 

B1 B2 E 
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Seman4cs	  interchangeability	  [Baroni	  et	  al	  2014]	   

-‐	  Input/Output	  equivalence	  of	  argumenta4on	  mul4poles	  
-‐	  Replacement	  within	  an	  AF 
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PR-‐legi4mate	  replacement 
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Conclusions	  and	  future	  work 
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p  As	  a	  methodology,	  modularity	  of	  argumenta4on	  facilitates	  
several	  lines	  of	  research:	  efficient	  computa4on,	  argumenta4on	  
dynamics,	  local	  proper4es	  of	  argumenta4on,	  replacement	  and	  
summariza4on,	  etc.	  

p  	  The	  exis4ng	  work	  is	  oriented	  to	  Dung’s	  abstrac4on	  
argumenta4on.	  It	  is	  possible	  to	  extend	  the	  exis4ng	  theories	  and	  
methods	  to	  some	  other	  sub-‐fields	  of	  argumenta4on	  (for	  
instance,	  structured	  argumenta4on,	  probabilis4c	  argumenta4on,	  
etc).	  
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Thanks! 
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