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In
h

eritan
ce

“Inheritance
” is the result of transitivity reasoning over

paths
•

for strict netw
orks, m

odus ponens in graphical form
•

does a
 inherit from

 b?
≡

 
is b in the transitive closure of IS

-A
 (or

subsum
ption) from

 a?

B
rachm

an
&

Levesque - ch.10, f.1

b

a
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P
fad

-b
asiertes S

ch
liessen

F
ocus just on
inheritance and

 transitivity
• m

any interesting considerations in
looking just at w

here inform
ation

com
es from

 in a netw
ork

representation
• abstract descriptions, and

 properties
into nodes in graphs, and just look at
reasoning w

ith paths and
 the

conclusions they lead us to

B
rachm

an
&

Levesque - ch.10, f.2

G
ray

E
lephant

C
lyde
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P
fad

-b
asiertes S

ch
liessen

 (co
n

t‘d
)

•
edges in the netw

ork:
C

lyde
—

E
lephant, E

lephant—
G

ray
•

paths included in
 this netw

ork:
{C

lyde
—

E
lephant—

G
ray},

plus edges
•

in general, a
 path is a sequence of 1

 or
m

ore edges

•
conclusions supported by the paths:
C

lyde →
 E

lephant; E
lephant →

 G
ray;

C
lyde →

 G
ray

B
rachm

an
&

Levesque - ch.10, f.2

G
ray

E
lephant

C
lyde
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V
ererb

u
n

g
sn

etze (1)

S
trict in

h
eritan

ce in
 trees

•
as in

 description logics
•

conclusions produced by
com

plete transitive
closure on all paths (any
traversal procedure w

ill
do);
all reachable nodes are
im

plied

B
rachm

an
&

Levesque - ch.10, f.3

G
ray

E
lephant

C
lyde

R
at

B
en
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V
ererb

u
n

g
sn

etze (2)

S
trict in

h
eritan

ce in
 D

A
G

s
•

as in D
L

’s w
ith m

ultiple A
N

D
 parents

•
sam

e as above: all conclusions you can reach by any
paths are supported

B
rachm

an
&

Levesque - ch.10, f.3

T
axpayer

E
m

ployee

E
rnest

S
tudent

G
eorge

S
alaried

A
cadem

ic
Illiterate

negative edge ≈ is-not-a
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S
ch

liessen
 in

 V
ererb

u
n

g
sn

etzen
:

 U
p

w
ard

 vs
. D

o
w

n
w

ard
 R

easo
n

in
g

W
as ist erschliessbar über:
•

A
cadem

ics
•

E
rnest

B
rachm

an
&

Levesque - ch.10, f.3

T
axpayer

E
m

ployee

E
rnest

S
tudent

G
eorge

S
alaried

A
cadem

ic
Illiterate

?
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D
efeasib

le in
h

eritan
ce (1)

•
inherited properties do

 not
alw

ays hold, and
 can be

overridden
 (defeated

)
•

conclusions determ
ined by

searching upw
ard from

“focus node
” and

 selecting
first version of property you
w

ant

•
defeasible
•

anfechtbar
•

annullierbar

B
rachm

an
&

Levesque - ch.10, f.4

G
ray

E
lephant

C
lyde

C
lyde is not

gray

•
„P

olarität“ von K
anten

•
positiv

is / is-a
•

negative
is-not / is-not-a
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D
efeasib

le in
h

eritan
ce (2): N

ixo
n

 D
iam

o
n

d

•
M

ehrere V
ererbungen

m
öglich, die sich aber

w
idersprechen können.

(am
bigous net)

•
W

elche E
igenschaft

soll hier zugesprochen
w

erden?

•
W

elche S
trategien für die

E
ntscheidung zw

ischen
den V

ererbungs-
m

öglichkeiten?

P
acifist

Q
uaker

N
ixon

R
epublican
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D
efeasib

le In
h

eritan
ce

K
o

n
zep

tsystem
 d

er
W

o
ch

en
tag

e etc.
•

W
erktage, S

am
stag,

S
onntag

•
S

onn- und F
eiertage

•
S

pezifische F
eiertage:

•
N

eujahr
•

K
arfreitag, O

stern
•

H
im

m
elfahrt

•
P

fingsten
•

3. O
ktober

•
W

eihnachten, S
ylvester

•
W

elche V
ererbungs-

N
etze?

•
W

elche S
trategien

für K
onflikte?

A
ufgabe zur 

N
achbereitung
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S
h

o
rtest P

ath
 H

eu
ristic

D
efeasible inheritance in
D

A
G

s
•

links have polarity
(positive

 or negative)
•

use shortest path
heuristic to determ

ine
w

hich polarity counts

�
Z

ugrundeliegende Idee:
B

erücksichtige das
spezifischste
subsum

ierende K
onzept.

G
ray

E
lephant

R
oyalE

lephant

F
atR

oyalE
lephant

C
lydeB

rachm
an

&
Levesque - ch.10, f.5
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S
h

o
rtest P

ath
 H

eu
ristic

G
ray

E
lephant

R
oyalE

lephant

F
atR

oyalE
lephant

C
lyde

A
quaticC

reature

M
am

m
al

W
hale

W
hiteW

hale

B
abyB

eluga

�
C

lyde ist nicht grau.
�

 B
abyB

eluga ist ein im
W

asser lebendes T
ier.

B
rachm

an
&

Levesque - ch.10, f.5
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S
h

o
rtest P

ath
 H

eu
ristic

P
fade im

 V
ererbungsnetzw

erk
•

fungieren als A
rgum

ente

•
stützen S

chlussfolgerungen

•
E

inige P
fade w

erden von
anderen verhindert (are
“preem

pted”)

•
A

ndere sind zulä
ssig (are

“adm
issible

”)

�
D

as V
ererbungsproblem

 ist
das P

roblem
, die zulässigen

P
fade zu bestim

m
en.
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P
fad

e u
n

d
 A

rg
u

m
en

tatio
n

en

P
fade

•
w

erden von einem
 K

noten
ausgehend konstruiert

•
sie repräsentieren A

rgum
entationen

G
ray

E
lephant

R
oyalE

lephant

F
atR

oyalE
lephant

C
lyde

D
ie letzte K

ante eines P
fades

korrespondiert zu einem
G

rund, eine bestehende
A

rgum
entation fortzusetzen.

V
erschiedene A

rgum
entationen

können gem
einsam

e A
nteile

haben.

ΓΓ ΓΓ
1
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P
ro

b
lem

e m
it d

er K
ü

rzeste-W
eg

e-H
eu

ristik

R
edundante K

anten
beeinflussen das E

rgebnis
,

z.B
. eine zusätzliche direkte

V
erbindung, etw

a durch einen
„gespeicherten S

chluss“

G
ray

E
lephant

R
oyalE

lephant

F
atR

oyalE
lephant

C
lyde

q

Irrelevante K
anten können

das E
rgebnis beeinflussen

,
z.B

. bei grosser P
fadlä

nge

n K
noten

n+
1 K

noten
n–

1
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d
l  =

 3

d
l  =

 2

In
feren

tial d
istan

ce

C
onsider “inferential

distance
”: not linear

distance, but
•

topologically based – a
node a is nearer to node
b than to node c
if there is a path from

 a
to c through b

�
idea: conclusions from

 b
preem

pt those from
 c

G
ray

E
lephant

R
oyalE

lephant

F
atR

oyalE
lephant

C
lyde

q
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In
h

eritan
ce H

ierarch
y

(F
o

rm
alizatio

n
 L

. A
. S

tein
, 1992)

A
n inheritance hierarchy Γ

 =
 <

V
,E

>
 is a directed, acyclic

graph w
ith

 
 intended to denote

depicted as

•
positive edges 

“(norm
ally) is-a” 

a —
 x

and•
negative edges, 

“(norm
ally) is not-a

” 
a —

 ¬
x

 
A

 sequence of edges is a path
:

•
a positive path is a sequence of positive edges
a —

…
 —

 x
•

a negative path
 is a sequence of positive edges follow

ed
by a single negative edge
a —

…
 —

v —
 ¬

x
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V
ererb

u
n

g
sp

fad
e

, A
rg

u
m

en
tatio

n
en

 &
 In

feren
zen

A
 path (or argum

ent) supports a
conclusion:
•

a –…
 – x

supports the conclusion
a→

x (a is an x)

•
a –…

 –v – ¬
x

supports the conclusion
a-/->

x (a is not an x)

N
ote:

A
 conclusion m

ay be supported by
m

any paths
D

ifferent paths can lead to conflicting
conclusions.

a→→ →→
x

a-/->
x

a-/->
x

a→→ →→
x
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S
u

p
p

o
rt

Γ
 =

 <
V

,E
>

 supports a path a –s
1 …

s
n –(¬¬ ¬¬

)x if the
corresponding set of edges {a

–s
1 ,…

, s
n –(¬¬ ¬¬

)x} is in E
,

and it is adm
issible.

 Γ
 �

 a –s
1 …

s
n –(¬¬ ¬¬

)x
•

T
he hierarchy ΓΓ ΓΓ

 supports a conclusion a →
 x (or a -/->

 x) if
it supports som

e corresponding path.
ΓΓ ΓΓ

    �
 a →

 x (or ΓΓ ΓΓ    �
 a -/->

 x)

A
 path is adm

issible if every edge in it is adm
issible.

�
Z

u klären ist:
W

elche P
fade sind zulässig

?
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S
p

ezifizität (sp
ecificity

):
E

n
tsch

eid
u

n
g

en
 zw

isch
en

 ko
n

flig
ieren

d
en

 P
fad

en

•
E

ntscheidung fällt auf der
B

asis von S
pezifizitä

t:
•

S
pezifischere Inform

ation
sollte m

ehr E
influss haben,

als w
eniger spezifische.

�
F

okusknoten B
abyB

eluga
•

W
hale ist spezifischer

als M
am

m
al

�
 W

hale
–A

quatC
r

ist relevanter als
M

am
m

al–¬
A

quatC
r

A
quaticC

reature

M
am

m
al

W
hale

W
hiteW

hale

B
abyB

eluga ΓΓ ΓΓ
2

W
issensreprä

sentation, S
oS

e 2004
C

h. H
abel / C

. E
schenbach / H

. S
chm

idtke
14 – 23

Z
u

lässig
keit vo

n
 P

fad
en

 (A
d

m
issib

ility
)

A
n edge v –(¬¬ ¬¬

)x is adm
issible

 in Γ
 =

 <
V

,E
>

 w
.r.t. a

 if there is a
positive path a –s

1 …
s

n  – v (n ≥0) in E
 and

1.
each edge in a –s

1 …
s

n  – v is adm
issible in Γ

 w
.r.t. a

(recursively);
2.

no edge in a –s
1 …

s
n  – v is redundant in Γ

 w
.r.t. a (see

below
);

3.
no interm

ediate node a,s
1 ,…

,s
n  is a preem

ptor of
v –(¬

)x w
.r.t. a (see below

).

x
a

v
s

i

H
ier darf nichts vorliegen, w

as die K
ante v –(¬¬ ¬¬

)x in ihrer
W

irkung
 innerhalb der A

rgum
entation behindert.
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P
reem

p
tio

n
 (V

erh
in

d
eru

n
g

)

A
 node y along path
a –...y...–v is a preem

ptor
of v–x (v– ¬¬ ¬¬

x ) w
.r.t a

if y–¬¬ ¬¬
x ∈

 E
 (y–x ∈

 E
)

A
quaticC

reature

M
am

m
al

W
hale

W
hiteW

hale

B
abyB

eluga

y xa

v

U
m

 die A
rgum

entation a–...y...–v
durch v–¬¬ ¬¬

x fortzusetzen bzw
.

abzuschliessen
, m

uss geprüft
w

erden
, ob ein K

noten von
a–...y...–v die  w

eitere
A

rgum
entation beeinflusst.

�
S

pezifizität
P

reem
ption

 w
ird durch B

edingung 3
Z

ulä
ssigkeitsdefinition ausgeschlossen

ΓΓ ΓΓ
2



W
issensreprä

sentation, S
oS

e 2004
C

h. H
abel / C

. E
schenbach / H

. S
chm

idtke
14 – 25

R
ed

u
n

d
an

z

A
 positive edge b—

w
 is redundant in Γ

w
.r.t. node a if

there is som
e positive path

b—
t1 …

tm —
w

 ∈
 E

 (m
≥1), for w

hich
1.

each edge in b—
t1 …

tm
 is adm

issible
in Γ

 w
.r.t. a;

2.
there are no c and i such that c—

¬
ti

is adm
issible in Γ

 w
.r.t. a;

3.
there is no c such that c—

¬
w

 is
adm

issible in Γ
 w

.r.t. a.

T
he definition for a negative edge

b—
¬¬ ¬¬

w
 is analogous

G
ray

R
oyalE

leph
.

F
_R

oyalE
leph

.

C
lyde

q


