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 d
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�
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p
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en
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n
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ip
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r th
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en

eralizatio
n
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 m
o
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en
eral�
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eralizatio
n
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m
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b
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c
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b
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 b
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c
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b
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b
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h
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 C
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w
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p
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n
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 b
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n
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e
n
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ra
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en
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A
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n
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p
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c
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e
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b
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g
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h
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em
b
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s
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h
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d
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b
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s
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b
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c
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T
h

e C
lassifier th

at m
ap

s to
 a G
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e
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n
S
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ay
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eith
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ecific n
o
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lassifier in
 an

y
 o

f th
e 

G
en
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s d
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 b
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 m
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an
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s su
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h
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 m
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b
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f th

e im
m

ed
iate an
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n
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 C
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c
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 b
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b
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b
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: c
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b
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h
e q
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es w
h
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ed
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en
t is v
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le in
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 d

efau
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le. It is 

o
n

ly
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h

en
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e arg
u

m
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m
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in
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w
n

ed
 b

y
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n
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p
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b
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T
h
e q

u
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n
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es tru
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at d
efin

es a ty
p

e th
at co

n
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s to
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o

th
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h
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sed
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r ex
am

p
le, 

in
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n
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n

atu
re co

n
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an

ce fo
r o

p
eratio
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C
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s
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c
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h
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efin
es h

o
w

 to
 in

h
erit a set o

f elem
en
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e o
p
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 to
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h

erit th
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d
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efin
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m
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h
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 b
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itio
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C
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e
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a
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n
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T
h

e q
u
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S

p
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e() d
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es w

h
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en
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n
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 classifiers o
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p
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y
 d

efau
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ecialize classifiers o
f th
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e o

r a m
o

re g
en

eral ty
p
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ten

d
ed
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red
efin

ed
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y
 classifiers th

at h
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e d
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n
 co

n
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ts.
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 : C
la

s
s
ifie
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o

o
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a
n
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m
a
y
S

p
e
c
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liz
e
T
y
p
e
 =
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e
lf.o

c
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K
in

d
O
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c
lT

y
p

e
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S
e

m
a

n
tic

s

A
 cla

ssifie
r is a

 cla
ssific

atio
n

 o
f in

sta
n

c
es ac

c
o

rd
in

g
 to

 th
e
ir fe

a
tu

res.

A
 C

la
ssifie

r m
a
y

 p
a
rtic

ip
a
te

 in
 g

e
n

e
ra

liz
a
tio

n
 re

la
tio

n
sh

ip
s w

ith
 o

th
e
r C

la
ssifie

rs. A
n

 in
sta

n
c
e
 o

f a
 sp

e
c
ific

 C
la

ssifie
r is 
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 an

 (in
d

ire
c
t) in

sta
n

ce
 o

f e
ac

h
 o

f th
e
 g

e
n

e
ral C

la
ssifiers. T

h
ere

fo
re

, fe
a
tu

res sp
e
cified

 fo
r in

stan
c
e
s o

f th
e
 g

en
e
ral 

c
la

ssifie
r a

re
 im

p
lic

itly
 sp

e
c
ifie

d
 fo

r in
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n
c
e
s o

f th
e
 sp

e
c
ific

 c
la

ssifie
r. A

n
y

 c
o

n
stra

in
t a

p
p

ly
in

g
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 in
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n
c
e
s o

f th
e
 

g
e
n

e
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l c
la

ssifie
r a

lso
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p
p
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c
e
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e
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 c
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ssifie
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e
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e
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e
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a
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 c
o
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f C
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c
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c
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a
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a
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s c
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 c
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r d
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a
b
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e
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a
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ssifier c

o
n

fo
rm

s 

to
 itse

lf a
n
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n

c
e
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e
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e
n

e
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liz
a
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h
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 c

lassifie
r c

an
 sp

ec
ify

 a
 g

en
e
ra

liz
a
tio

n
 h

ie
ra

rc
h

y
 b

y
 re

fe
re

n
cin

g
 its g

e
n

e
ra

l c
la

ssifie
rs.

A
 cla

ssifie
r is a

 red
e
fin

a
b

le e
le

m
en

t, m
e
an

in
g

 th
a
t it is p
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d
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e C
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is is d

eriv
ed

.

W
in
d
o
w

p
u

b
lic

  s
iz

e
: A

re
a
 =

 (1
0
0
, 1

0
0
)

  d
e
fa

u
ltS

iz
e
: R

e
c
ta

n
g
le

p
ro

te
c
te

d
  v

is
ib

ility
: B

o
o

le
a
n

 =
 tru

e
p
riv

a
te

  xW
in

: X
W

in
d
o
w

p
u

b
lic

  d
is

p
la

y
()

  h
id

e
()

p
riv

a
te

  a
tta

c
h
X

(xW
in

: X
W

in
d
o
w

)

U
M

L
 S

u
p
e

rs
tru

c
tu

re
 S

p
e
c
ific

a
tio

n
, v

2
.1

.2
       5

3

•
g
en

eralizatio
n

: G
en

eralizatio
n

[*
]

�

S
p

ecifies th
e G

en
eralizatio

n
 relatio

n
sh

ip
s fo

r th
is C

lassifier. T
h

ese G
en

eralizatio
n

s n
av

ig
ate to

 m
o
re g

en
eral�

classifiers in
 th

e g
en

eralizatio
n

 h
ierarch

y. S
u

b
sets E

le
m

e
n

t::o
w

n
e
d

E
le

m
e
n

t

•
/ in

h
erited

M
em

b
er: N

am
ed

E
lem

en
t[*

]
�

S
p

ecifies all elem
en

ts in
h

erited
 b

y
 th

is classifier fro
m

 th
e g

en
eral classifiers. S

u
b

sets N
a

m
e
sp

a
c
e
::m

e
m

b
e
r. T

h
is is

�

d
eriv

ed
.

•
red

efin
ed

C
lassifier: C

lassifier [*
]

�

R
eferen

ces th
e C

lassifiers th
at are red

efin
ed

 b
y

 th
is C

lassifier. S
u

b
sets R

ed
efin

a
b

leE
lem

e
n

t::re
d

efin
ed

E
lem

en
t

P
a
c
k
a
g

e
 D

e
p

e
n

d
e

n
c
ie

s
 

•
su

b
stitu

tio
n
 : S

u
b
stitu

tio
n

�

R
eferen

ces th
e su

b
stitu

tio
n

s th
at are o

w
n

ed
 b

y
 th

is C
lassifier. S

u
b

sets E
le

m
e
n

t::o
w

n
e
d

E
le

m
e
n

t an
d
�

N
a

m
ed

E
le

m
en

t::clien
tD

e
p

en
d

en
cy.)

P
a
c
k
a
g

e
 P

o
w

e
rT

y
p
e

s
 

•
p

o
w

erty
p

eE
x

ten
t : G

en
eralizatio

n
S

et
�

D
esig

n
ates th

e G
en

eralizatio
n

S
et o

f w
h

ich
 th

e asso
ciated

 C
lassifier is a p

o
w

er ty
p

e.

C
o

n
s

tra
in

ts

[1
]  T

h
e g

en
eral classifiers are th

e classifiers referen
ced

 b
y

 th
e g

en
eralizatio

n
 relatio

n
sh

ip
s.

g
e
n
e

ra
l =

 s
e
lf.p

a
re

n
ts

()

[2
]

G
en

eralizatio
n

 h
ierarch

ies m
u

st b
e d

irected
 an

d
 acy

clical. A
 classifier can

n
o
t b

e b
o

th
 a tran

sitiv
ely

 g
en

eral an
d
 

tran
sitiv

ely
 sp

ecific classifier o
f th

e sam
e classifier.

n
o

t s
e
lf.a

llP
a
re

n
ts

()->
in

c
lu

d
e
s
(s

e
lf)

[3
]

A
 classifier m

ay
 o

n
ly

 sp
ecialize classifiers o

f a v
alid

 ty
p

e.

s
e

lf.p
a

re
n
ts

()->
fo

rA
ll(c

 | s
e
lf.m

a
y
S

p
e
c
ia

liz
e
T
y
p

e
(c

))

[4
]

T
h

e in
h

erited
M

em
b

er asso
ciatio

n
 is d

eriv
ed

 b
y
 in

h
eritin

g
 th

e in
h

eritab
le m

em
b
ers o

f th
e p

aren
ts.

s
e

lf.in
h
e
rite

d
M

e
m

b
e
r->

in
c
lu

d
e
s
A

ll(s
e
lf.in

h
e
rit(s

e
lf.p

a
re

n
ts

()->
c
o
lle

c
t(p

 | p
.in

h
e
rita

b
le

M
e

m
b
e
rs

(s
e
lf)))

P
a
c
k
a
g

e
 P

o
w

e
rT

y
p
e

s
 

[5
]

T
h

e C
lassifier th

at m
ap

s to
 a G

en
e
ralizatio

n
S

et m
ay

 n
eith

er b
e a sp

ecific n
o
r a g

en
eral C

lassifier in
 an

y
 o

f th
e 

G
en

eralizatio
n

 relatio
n

sh
ip

s d
efin

ed
 fo

r th
at G

en
eralizatio

n
S

et. In
 o

th
er w

o
rd

s, a p
o

w
er ty

p
e m

ay
 n

o
t b

e an
 in

stan
ce o

f 

itself n
o
r m

ay
 its in

stan
ces also

 b
e its su

b
classes.

A
d

d
itio

n
a

l O
p

e
ra

tio
n

s

[1
]  T

h
e q

u
ery

 allF
eatu

res() g
iv

es all o
f th

e featu
res in

 th
e n

am
esp

ace o
f th

e classifier. In
 g

en
eral, th

ro
u

g
h

 m
ech

an
ism

s su
ch

 as 

in
h

eritan
ce, th

is w
ill b

e a larg
er set th

an
 featu

re.

C
la

s
s
ifie

r::a
llF

e
a

tu
re

s
(): S

e
t(F

e
a
tu

re
);

a
llF

e
a
tu

re
s
 =

 m
e
m

b
e

r->
s
e
le

c
t(o

c
lIs

K
in

d
O

f(F
e
a
tu

re
))

[2
]

T
h

e q
u
ery

 p
aren

ts() g
iv

es all o
f th

e im
m

ed
iate an

cesto
rs o

f a g
en

eralized
 C

lassifier.

C
la

s
s
ifie

r::p
a
re

n
ts

(): S
e
t(C

la
s
s
ifie

r);

p
a
re

n
ts

 =
 g

e
n

e
ra

liz
a

tio
n
.g

e
n

e
ra

l�
��

5
4

                U
M

L
 S

u
p
e

rs
tru

c
tu

re
 S

p
e
c
ific

a
tio

n
, v

2
.1

.2

[3
]

T
h

e q
u

ery
 allP

aren
ts() g

iv
es all o

f th
e d

irect an
d

 in
d

irect an
cesto

rs o
f a g

en
eralized

 C
lassifier.

C
la

s
s
ifie

r::a
llP

a
re

n
ts

(): S
e
t(C

la
s
s
ifie

r);

a
llP

a
re

n
ts

 =
 s

e
lf.p

a
re

n
ts

()->
u
n
io

n
(s

e
lf.p

a
re

n
ts

()->
c
o
lle

c
t(p

 | p
.a

llP
a
re

n
ts

())

[4
]

T
h

e q
u
ery

 in
h

eritab
leM

em
b

ers() g
iv

es all o
f th

e m
em

b
ers o

f a classifier th
at m

ay
 b

e in
h

erited
 in

 o
n

e o
f its d

escen
d

an
ts, 

su
b

ject to
 w

h
atev

er v
isib

ility
 restrictio

n
s ap

p
ly.

C
la

s
s
ifie

r::in
h

e
rita

b
le

M
e
m

b
e
rs

(c
: C

la
s
s
ifie

r): S
e
t(N

a
m

e
d

E
le

m
e
n
t);

p
re

: c
.a

llP
a
re

n
ts

()->
in

c
lu

d
e

s
(s

e
lf)

in
h

e
rita

b
le

M
e

m
b
e
rs

 =
 m

e
m

b
e
r->

s
e

le
c
t(m

 | c
.h

a
s
V

is
ib

ility
O

f(m
))

[5
]

T
h
e q

u
ery

 h
asV

isib
ility

O
f() d

eterm
in

es w
h
eth

er a n
am

ed
 elem

en
t is v

isib
le in

 th
e classifier. B

y
 d

efau
lt all are v

isib
le. It is 

o
n

ly
 called

 w
h

en
 th

e arg
u

m
en

t is so
m

eth
in

g
 o

w
n

ed
 b

y
 a p

aren
t.

C
la

s
s
ifie

r::h
asV

isib
ility

O
f(n

: N
a
m

e
d
E

le
m

e
n
t) : B

o
o
le

a
n
;

p
re

: s
e
lf.a

llP
a
re

n
ts

()->
c
o
lle

c
t(c

 | c
.m

e
m

b
e
r)->

in
c
lu

d
e
s
(n

)

if (s
e
lf.in

h
e

rite
d
M

e
m

b
e
r->

in
c
lu

d
e
s
(n

)) th
e
n
�

h
a

s
V

is
ib

ility
O

f =
 (n

.v
is

ib
ility

 <
>

 #
p

riv
a

te
)
�

e
ls

e

h
a
s
V

is
ib

ility
O

f =
 tru

e

[6
]

T
h
e q

u
ery

 co
n
fo

rm
sT

o
() g

iv
es tru

e fo
r a classifier th

at d
efin

es a ty
p

e th
at co

n
fo

rm
s to

 an
o

th
er. T

h
is is u

sed
, fo

r ex
am

p
le, 

in
 th

e sp
ecificatio

n
 o

f sig
n

atu
re co

n
fo

rm
an

ce fo
r o

p
eratio

n
s.

C
la

s
s
ifie

r::c
o
n
fo

rm
s
T
o
(o

th
e
r: C

la
s
s
ifie

r): B
o
o
le

a
n
;

c
o
n
fo

rm
s
T
o
 =

 (s
e
lf=

o
th

e
r) o

r (s
e
lf.a

llP
a
re

n
ts

()->
in

c
lu

d
e
s
(o

th
e
r))

[7
]

T
h

e q
u

ery
 in

h
erit() d

efin
es h

o
w

 to
 in

h
erit a set o

f elem
en

ts. H
ere th

e o
p

eratio
n

 is d
efin

ed
 to

 in
h

erit th
em

 all. It is in
ten

d
ed

 

to
 b

e red
efin

ed
 in

 circu
m

stan
ces w

h
ere in

h
eritan

ce is affected
 b

y
 red

efin
itio

n
.

C
la

s
s
ifie

r::in
h

e
rit(in

h
s
: S

e
t(N

a
m

e
d
E

le
m

e
n
t)): S

e
t(N

a
m

e
d
E

le
m

e
n
t);

in
h

e
rit =

 in
h
s

[8
]

T
h

e q
u

ery
 m

ay
S

p
ecializeT

y
p

e() d
eterm

in
es w

h
eth

er th
is classifier m

ay
 h

av
e a g

en
eralizatio

n
 relatio

n
sh

ip
 to

 classifiers o
f 

th
e sp

ecified
 ty

p
e. B

y
 d

efau
lt a classifier m

ay
 sp

ecialize classifiers o
f th

e sam
e o

r a m
o

re g
en

eral ty
p

e. It is in
ten

d
ed

 to
 b

e 

red
efin

ed
 b

y
 classifiers th

at h
av

e d
ifferen

t sp
ecializatio

n
 co

n
strain

ts.

C
la

s
s
ifie

r::m
a
y
S

p
e
c
ia

liz
e
T

y
p

e
(c

 : C
la

s
s
ifie

r) : B
o

o
le

a
n
;

m
a
y
S

p
e
c
ia

liz
e
T
y
p
e
 =

 s
e
lf.o

c
lIs

K
in

d
O

f(c
.o

c
lT

y
p

e
)

S
e

m
a

n
tic

s

A
 cla

ssifie
r is a

 cla
ssific

atio
n

 o
f in

sta
n

c
es ac

c
o

rd
in

g
 to

 th
e
ir fe

a
tu

res.

A
 C

la
ssifie

r m
a
y

 p
a
rtic

ip
a
te

 in
 g

e
n

e
ra

liz
a
tio

n
 re

la
tio

n
sh

ip
s w

ith
 o

th
e
r C

la
ssifie

rs. A
n

 in
sta

n
c
e
 o

f a
 sp

e
c
ific

 C
la

ssifie
r is 

also
 an

 (in
d

ire
c
t) in

sta
n

ce
 o

f e
ac

h
 o

f th
e
 g

e
n

e
ral C

la
ssifiers. T

h
ere

fo
re

, fe
a
tu

res sp
e
cified

 fo
r in

stan
c
e
s o

f th
e
 g

en
e
ral 

c
la

ssifie
r a

re
 im

p
lic

itly
 sp

e
c
ifie

d
 fo

r in
sta

n
c
e
s o

f th
e
 sp

e
c
ific

 c
la

ssifie
r. A

n
y

 c
o

n
stra

in
t a

p
p

ly
in

g
 to

 in
sta

n
c
e
s o

f th
e
 

g
e
n

e
ra

l c
la

ssifie
r a

lso
 a

p
p

lie
s to

 in
sta

n
c
e
s o

f th
e
 sp

e
c
ific

 c
la

ssifie
r.

T
h

e
 sp

e
c
ific

 se
m

an
tic

s o
f h

o
w

 g
e
n

e
ra

liz
a
tio

n
 a

ffe
c
ts e

a
c
h

 c
o

n
c
re

te
 su

b
ty

p
e
 o

f C
lassifie

r v
a
ries. A

ll in
sta

n
c
es o

f a 

c
la

ssifie
r h

a
v

e
 v

a
lu

e
s c

o
rre

sp
o

n
d

in
g

 to
 th

e
 c

la
ssifie

r’s a
ttrib

u
te

s. 

A
 C

la
ssifie

r d
e
fin

e
s a

 ty
p

e
. T

y
p

e
 c

o
n

fo
rm

a
n

c
e
 b

e
tw

e
e
n

 g
e
n

e
ra

liz
a
b

le
 C

la
ssifie

rs is d
e
fin

e
d

 so
 th

a
t a C

la
ssifier c

o
n

fo
rm

s 

to
 itse

lf a
n

d
 to

 a
ll o

f its a
n

c
e
sto

rs in
 th

e
 g

e
n

e
ra

liz
a
tio

n
 h

ie
ra

rc
h

y.

U
M

L
 S

u
p
e

rs
tru

c
tu

re
 S

p
e
c
ific

a
tio

n
, v

2
.1

.2
       5

5

P
a
c
k
a
g

e
 P

o
w

e
rT

y
p
e

s

T
h

e
 n

o
tio

n
 o

f p
o

w
e
r ty

p
e
 w

a
s in

sp
ire

d
 b

y
 th

e
 n

o
tio

n
 o

f p
o

w
e
r set. A

 p
o

w
e
r set is d

efin
e
d

 as a
 se

t w
h

o
se

 in
stan

c
e
s a

re
 

su
b

se
ts. In

 e
sse

n
ce

, th
e
n

, a p
o

w
e
r ty

p
e
 is a

 c
lass w

h
o

se in
sta

n
c
e
s a

re
 su

b
c
la

sse
s. T

h
e
 p

o
w

e
rty

p
e
E

x
te

n
t a

sso
c
ia

tio
n

 re
la

te
s 

a
 C

la
ssifie

r w
ith

 a
 se

t o
f g

e
n

e
ra

liz
a
tio

n
s th

a
t a

) h
a
v

e
 a

 c
o

m
m

o
n

 sp
e
c
ific

 C
la

ssifie
r, a

n
d

 b
) re

p
re

se
n

t a
 c

o
lle

c
tio

n
 o

f su
b

se
ts 

fo
r th

a
t c

la
ss. 

S
e
m

a
n

tic
 V

a
ria

tio
n

 P
o

in
ts

T
h

e
 p

re
c
ise

 life
c
y

c
le

 se
m

a
n

tic
s o

f a
g

g
re

g
a
tio

n
 is a

 se
m

an
tic

 v
a
ria

tio
n

 p
o

in
t.

N
o

ta
tio

n

C
la

ssifie
r is a

n
 a

b
stra

c
t m

o
d

e
l e

le
m

e
n

t, a
n

d
 so

 p
ro

p
e
rly

 sp
e
a
k

in
g

 h
a
s n

o
 n

o
ta

tio
n

. It is n
e
v

e
rth

e
le

ss c
o

n
v

e
n

ie
n

t to
 d

e
fin

e
 

in
 o

n
e
 p

la
c
e
 a

 d
e
fa

u
lt n

o
ta

tio
n

 a
v

a
ila

b
le

 fo
r a

n
y

 c
o

n
c
re

te
 su

b
c
la

ss o
f C

la
ssifie

r fo
r w

h
ic

h
 th

is n
o

ta
tio

n
 is su

ita
b

le
. T

h
e
 

d
e
fa

u
lt n

o
ta

tio
n

 fo
r a

 c
la

ssifie
r is a

 so
lid

-o
u

tlin
e
 re

c
ta

n
g

le
 c

o
n

ta
in

in
g

 th
e
 c

la
ssifie

r’s n
a
m

e
, a

n
d

 o
p

tio
n

a
lly

 w
ith

 

c
o

m
p

a
rtm

e
n

ts se
p

a
ra

te
d

 b
y

 h
o

riz
o

n
ta

l lin
e
s c

o
n

ta
in

in
g

 fe
a
tu

re
s o

r o
th

er m
em

b
ers o

f th
e c

la
ssifier. T

h
e
 sp

e
cific

 ty
p

e o
f 

c
la

ssifie
r c

a
n

 b
e
 sh

o
w

n
 in

 g
u

ille
m

e
ts a

b
o

v
e
 th

e
 n

a
m

e
. S

o
m

e sp
e
c
ia

liz
a
tio

n
s o

f C
la

ssifie
r h

a
v

e
 th

e
ir o

w
n

 d
istin

c
t n

o
ta

tio
n

s.

T
h

e
 n

a
m

e
 o

f a
n

 a
b

stra
c
t C

la
ssifie

r is sh
o

w
n

 in
 ita

lic
s.

A
n

 a
ttrib

u
te

 c
a
n

 b
e
 sh

o
w

n
 a

s a
 te

x
t strin

g
. T

h
e
 fo

rm
a
t o

f th
is strin

g
 is sp

e
c
ifie

d
 in

 th
e
 N

o
ta

tio
n

 su
b

 c
la

u
se

 o
f “

P
ro

p
e
rty

 

(fro
m

 K
e
rn

e
l, A

sso
c
ia

tio
n

C
la

sse
s)”

 o
n

 p
a
g

e
 1

2
3

.

P
re

s
e
n

ta
tio

n
 O

p
tio

n
s

A
n

y
 c

o
m

p
a
rtm

e
n

t m
a
y

 b
e
 su

p
p

resse
d

. A
 se

p
a
ra

to
r lin

e
 is n

o
t d

ra
w

n
 fo

r a
 su

p
p

re
sse

d
 c

o
m

p
a
rtm

e
n

t. If a
 c

o
m

p
a
rtm

e
n

t is 

su
p

p
re

sse
d

, n
o

 in
fe

re
n

c
e
 c

a
n

 b
e
 d

ra
w

n
 a

b
o

u
t th

e
 p

re
se

n
c
e
 o

r a
b

se
n

c
e
 o

f e
le

m
e
n

ts in
 it. C

o
m

p
a
rtm

e
n

t n
a
m

es c
a
n

 b
e
 u

se
d

 

to
 re

m
o

v
e
 a

m
b

ig
u

ity, if n
e
c
e
ssa

ry. 

A
n

 a
b

stra
c
t C

la
ssifie

r c
a
n

 b
e
 sh

o
w

n
 u

sin
g

 th
e
 k

e
y

w
o

rd
 {

a
b

stra
ct}

 a
fte

r o
r b

e
lo

w
 th

e
 n

a
m

e
 o

f th
e
 C

la
ssifie

r.

T
h

e
 ty

p
e
, v

isib
ility, d

e
fa

u
lt, m

u
ltip

lic
ity, p

ro
p

e
rty

 strin
g

 m
a
y

 b
e
 su

p
p

resse
d

 fro
m

 b
e
in

g
 d

isp
la

y
e
d

, e
v

e
n

 if th
e
re

 a
re

 v
a
lu

e
s 

in
 th

e
 m

o
d

e
l. 

T
h

e
 in

d
iv

id
u

a
l p

ro
p

e
rtie

s o
f a

n
 a

ttrib
u

te
 c

a
n

 b
e
 sh

o
w

n
 in

 c
o

lu
m

n
s ra

th
e
r th

a
n

 a
s a

 c
o

n
tin

u
o

u
s strin

g
.

S
ty

le
 G

u
id

e
lin

e
s

• 
A

ttrib
u

te n
am

es ty
p

ically
 b

eg
in

 w
ith

 a lo
w

ercase letter. M
u
lti-w

o
rd

 n
am

es are o
ften

 fo
rm

ed
 b

y
 co

n
caten

atin
g

 th
e w

o
rd

s 

an
d

 u
sin

g
 lo

w
ercase fo

r all letters ex
cep

t fo
r u

p
casin

g
 th

e first letter o
f each

 w
o

rd
 b

u
t th

e first.

• 
C

en
ter th

e n
am

e o
f th

e classifier in
 b

o
ld

face.

• 
C

en
ter k

ey
w

o
rd

 (in
clu

d
in

g
 stereo

ty
p

e n
am

es) in
 p

lain
 face w

ith
in

 g
u

illem
ets ab

o
v

e th
e classifier n

am
e.

• 
F

o
r th

o
se lan

g
u

ag
es th

at d
istin

g
u

ish
 b

etw
een

 u
p

p
ercase an

d
 lo

w
ercase ch

aracters, cap
italize n

am
es (i.e, b

eg
in

 th
em

 

w
ith

 an
 u

p
p
ercase ch

aracter). 

• 
L

eft ju
stify

 attrib
u

tes an
d

 o
p

eratio
n

s in
 p

lain
 face.

• 
B

eg
in

 attrib
u

te an
d

 o
p

eratio
n

 n
am

es w
ith

 a lo
w

ercase letter.

• 
S

h
o

w
 fu

ll attrib
u

tes an
d

 o
p

eratio
n

s w
h

en
 n

eed
ed

 an
d

 su
p

p
ress th

em
 in

 o
th

er co
n
tex

ts o
r referen

ces.

R
ea

d
in

g
th

e
S

ta
n

d
a

rd
C

o
n

t’d
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p
e
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a
tio
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F
ig

u
re
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.2

9
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la
s
s

 n
o

ta
tio

n
: a

ttrib
u

te
s

 a
n

d
 o

p
e

ra
tio

n
s
 g

ro
u

p
e
d

 a
c
c

o
rd

in
g

 to
 v

is
ib

ility

7
.3

.8
 

C
la

s
s
ifie

r (fro
m

 K
e

rn
e

l, D
e

p
e

n
d

e
n

c
ie

s
, P

o
w

e
rT

y
p

e
s

)

A
 cla

ssifie
r is a

 cla
ssific

atio
n

 o
f in

sta
n

c
es, it d

e
sc

rib
e
s a

 se
t o

f in
sta

n
c
e
s th

a
t h

a
v

e
 fe

a
tu

re
s in

 c
o

m
m

o
n

. 

G
e

n
e

ra
liz

a
tio

n
s

• 
“N

am
esp

ace (fro
m

 K
ern

el)” o
n

 p
ag

e 9
9

• 
“R

ed
efin

ab
leE

lem
en

t (fro
m

 K
ern

el)” o
n
 p

ag
e 1

3
0

• 
“T

y
p

e (fro
m

 K
ern

el)” o
n
 p

ag
e 1

3
5

D
e

s
c

rip
tio

n

A
 c

la
ssifie

r is a
 n

a
m

esp
a
c
e
 w

h
o

se
 m

em
b

e
rs c

a
n

 in
c
lu

d
e
 fe

a
tu

re
s. C

la
ssifie

r is a
n

 a
b

stra
c
t m

eta
c
la

ss.

A
 c

la
ssifie

r is a
 ty

p
e
 a

n
d

 c
a
n

 o
w

n
 g

e
n

era
liz

a
tio

n
s, th

e
re

b
y

 m
a
k

in
g

 it p
o

ssib
le

 to
 d

e
fin

e
 g

e
n

e
ra

liz
a
tio

n
 re

la
tio

n
sh

ip
s to

 

o
th

er c
la

ssifiers. A
 c

lassifie
r c

an
 sp

ec
ify

 a
 g

en
e
ra

liz
a
tio

n
 h

ie
ra

rc
h

y
 b

y
 re

fe
re

n
cin

g
 its g

e
n

e
ra

l c
la

ssifie
rs.

A
 cla

ssifie
r is a

 red
e
fin

a
b

le e
le

m
en

t, m
e
an

in
g

 th
a
t it is p

o
ssib

le to
 re

d
efin

e n
e
ste

d
 cla

ssifie
rs.

A
ttrib

u
te

s

•
isA

b
stract: B

o
o

lean
�

If tru
e, th

e C
lassifier d

o
es n

o
t p

ro
v

id
e a co

m
p

lete d
eclaratio

n
 an

d
 can

 ty
p

ically
 n

o
t b

e in
stan

tiated
. A

n
 ab

stract�

classifier is in
ten

d
ed

 to
 b

e u
sed

 b
y

 o
th

er classifiers (e.g
., as th

e targ
et o

f g
en

eral m
etarelatio

n
sh

ip
s o

r g
en

eralizatio
n
�

relatio
n

sh
ip

s). D
efau

lt v
alu

e is fa
lse. 

A
s

s
o

c
ia

tio
n

s

•
/attrib

u
te: P

ro
p

erty
 [*

]
�

R
efers to

 all o
f th

e P
ro

p
erties th

at are d
irect (i.e., n

o
t in

h
erited

 o
r im

p
o

rted
) attrib

u
tes o

f th
e classifier. S

u
b

sets
�

C
la

ssifier::fea
tu

re an
d

 is a d
eriv

ed
 u

n
io

n
.

•
/ featu

re : F
eatu

re [*
]

�

S
p

e
cifie

s ea
c
h

 fe
atu

re
 d

e
fin

e
d

 in
 th

e
 c

lassifie
r. S

u
b

sets N
a

m
e
sp

a
c
e
::m

e
m

b
e
r. T

h
is is a

 d
e
riv

e
d

 u
n

io
n

.

•
/ g

en
eral : C

lassifier[*
]

�

S
p

ecifies th
e g

en
eral C

lassifiers fo
r th

is C
lassifier. T

h
is is d

eriv
ed

.

W
in
d
o
w

p
u

b
lic

  s
iz

e
: A

re
a
 =

 (1
0
0
, 1

0
0
)

  d
e
fa

u
ltS

iz
e
: R

e
c
ta

n
g
le

p
ro

te
c
te

d
  v

is
ib

ility
: B

o
o

le
a
n

 =
 tru

e
p
riv

a
te

  xW
in

: X
W

in
d
o
w

p
u

b
lic

  d
is

p
la

y
()

  h
id

e
()

p
riv

a
te

  a
tta

c
h
X

(xW
in

: X
W

in
d
o
w

)

U
M

L
 S

u
p
e

rs
tru

c
tu

re
 S

p
e
c
ific

a
tio

n
, v

2
.1

.2
       5

3

•
g
en

eralizatio
n

: G
en

eralizatio
n

[*
]

�

S
p

ecifies th
e G

en
eralizatio

n
 relatio

n
sh

ip
s fo

r th
is C

lassifier. T
h

ese G
en

eralizatio
n

s n
av

ig
ate to

 m
o
re g

en
eral�

classifiers in
 th

e g
en

eralizatio
n

 h
ierarch

y. S
u

b
sets E

le
m

e
n

t::o
w

n
e
d

E
le

m
e
n

t

•
/ in

h
erited

M
em

b
er: N

am
ed

E
lem

en
t[*

]
�

S
p

ecifies all elem
en

ts in
h

erited
 b

y
 th

is classifier fro
m

 th
e g

en
eral classifiers. S

u
b

sets N
a

m
e
sp

a
c
e
::m

e
m

b
e
r. T

h
is is

�

d
eriv

ed
.

•
red

efin
ed

C
lassifier: C

lassifier [*
]

�

R
eferen

ces th
e C

lassifiers th
at are red

efin
ed

 b
y

 th
is C

lassifier. S
u

b
sets R

ed
efin

a
b

leE
lem

e
n

t::re
d

efin
ed

E
lem

en
t

P
a
c
k
a
g

e
 D

e
p

e
n

d
e

n
c
ie

s
 

•
su

b
stitu

tio
n
 : S

u
b
stitu

tio
n

�

R
eferen

ces th
e su

b
stitu

tio
n

s th
at are o

w
n

ed
 b

y
 th

is C
lassifier. S

u
b

sets E
le

m
e
n

t::o
w

n
e
d

E
le

m
e
n

t an
d
�

N
a

m
ed

E
le

m
en

t::clien
tD

e
p

en
d

en
cy.)

P
a
c
k
a
g

e
 P

o
w

e
rT

y
p
e

s
 

•
p

o
w

erty
p

eE
x

ten
t : G

en
eralizatio

n
S

et
�

D
esig

n
ates th

e G
en

eralizatio
n

S
et o

f w
h

ich
 th

e asso
ciated

 C
lassifier is a p

o
w

er ty
p

e.

C
o

n
s

tra
in

ts

[1
]  T

h
e g

en
eral classifiers are th

e classifiers referen
ced

 b
y

 th
e g

en
eralizatio

n
 relatio

n
sh

ip
s.

g
e
n
e

ra
l =

 s
e
lf.p

a
re

n
ts

()

[2
]

G
en

eralizatio
n

 h
ierarch

ies m
u

st b
e d

irected
 an

d
 acy

clical. A
 classifier can

n
o
t b

e b
o

th
 a tran

sitiv
ely

 g
en

eral an
d
 

tran
sitiv

ely
 sp

ecific classifier o
f th

e sam
e classifier.

n
o

t s
e
lf.a

llP
a
re

n
ts

()->
in

c
lu

d
e
s
(s

e
lf)

[3
]

A
 classifier m

ay
 o

n
ly

 sp
ecialize classifiers o

f a v
alid

 ty
p

e.

s
e

lf.p
a

re
n
ts

()->
fo

rA
ll(c

 | s
e
lf.m

a
y
S

p
e
c
ia

liz
e
T
y
p

e
(c

))

[4
]

T
h

e in
h

erited
M

em
b

er asso
ciatio

n
 is d

eriv
ed

 b
y
 in

h
eritin

g
 th

e in
h

eritab
le m

em
b
ers o

f th
e p

aren
ts.

s
e

lf.in
h
e
rite

d
M

e
m

b
e
r->

in
c
lu

d
e
s
A

ll(s
e
lf.in

h
e
rit(s

e
lf.p

a
re

n
ts

()->
c
o
lle

c
t(p

 | p
.in

h
e
rita

b
le

M
e

m
b
e
rs

(s
e
lf)))

P
a
c
k
a
g

e
 P

o
w

e
rT

y
p
e

s
 

[5
]

T
h

e C
lassifier th

at m
ap

s to
 a G

en
e
ralizatio

n
S

et m
ay

 n
eith

er b
e a sp

ecific n
o
r a g

en
eral C

lassifier in
 an

y
 o

f th
e 

G
en

eralizatio
n

 relatio
n

sh
ip

s d
efin

ed
 fo

r th
at G

en
eralizatio

n
S

et. In
 o

th
er w

o
rd

s, a p
o

w
er ty

p
e m

ay
 n

o
t b

e an
 in

stan
ce o

f 

itself n
o
r m

ay
 its in

stan
ces also

 b
e its su

b
classes.

A
d

d
itio

n
a

l O
p

e
ra

tio
n

s

[1
]  T

h
e q

u
ery

 allF
eatu

res() g
iv

es all o
f th

e featu
res in

 th
e n

am
esp

ace o
f th

e classifier. In
 g

en
eral, th

ro
u

g
h

 m
ech

an
ism

s su
ch

 as 

in
h

eritan
ce, th

is w
ill b

e a larg
er set th

an
 featu

re.

C
la

s
s
ifie

r::a
llF

e
a

tu
re

s
(): S

e
t(F

e
a
tu

re
);

a
llF

e
a
tu

re
s
 =

 m
e
m

b
e

r->
s
e
le

c
t(o

c
lIs

K
in

d
O

f(F
e
a
tu

re
))

[2
]

T
h

e q
u
ery

 p
aren

ts() g
iv

es all o
f th

e im
m

ed
iate an

cesto
rs o

f a g
en

eralized
 C

lassifier.

C
la

s
s
ifie

r::p
a
re

n
ts

(): S
e
t(C

la
s
s
ifie

r);

p
a
re

n
ts

 =
 g

e
n

e
ra

liz
a

tio
n
.g

e
n

e
ra

l�
��

5
4

                U
M

L
 S

u
p
e

rs
tru

c
tu

re
 S

p
e
c
ific

a
tio

n
, v

2
.1

.2

[3
]

T
h

e q
u

ery
 allP

aren
ts() g

iv
es all o

f th
e d

irect an
d

 in
d

irect an
cesto

rs o
f a g

en
eralized

 C
lassifier.

C
la

s
s
ifie

r::a
llP

a
re

n
ts

(): S
e
t(C

la
s
s
ifie

r);

a
llP

a
re

n
ts

 =
 s

e
lf.p

a
re

n
ts

()->
u
n
io

n
(s

e
lf.p

a
re

n
ts

()->
c
o
lle

c
t(p

 | p
.a

llP
a
re

n
ts

())

[4
]

T
h

e q
u
ery

 in
h

eritab
leM

em
b

ers() g
iv

es all o
f th

e m
em

b
ers o

f a classifier th
at m

ay
 b

e in
h

erited
 in

 o
n

e o
f its d

escen
d

an
ts, 

su
b

ject to
 w

h
atev

er v
isib

ility
 restrictio

n
s ap

p
ly.

C
la

s
s
ifie

r::in
h

e
rita

b
le

M
e
m

b
e
rs

(c
: C

la
s
s
ifie

r): S
e
t(N

a
m

e
d

E
le

m
e
n
t);

p
re

: c
.a

llP
a
re

n
ts

()->
in

c
lu

d
e

s
(s

e
lf)

in
h

e
rita

b
le

M
e

m
b
e
rs

 =
 m

e
m

b
e
r->

s
e

le
c
t(m

 | c
.h

a
s
V

is
ib

ility
O

f(m
))

[5
]

T
h
e q

u
ery

 h
asV

isib
ility

O
f() d

eterm
in

es w
h
eth

er a n
am

ed
 elem

en
t is v

isib
le in

 th
e classifier. B

y
 d

efau
lt all are v

isib
le. It is 

o
n

ly
 called

 w
h

en
 th

e arg
u

m
en

t is so
m

eth
in

g
 o

w
n

ed
 b

y
 a p

aren
t.

C
la

s
s
ifie

r::h
asV

isib
ility

O
f(n

: N
a
m

e
d
E

le
m

e
n
t) : B

o
o
le

a
n
;

p
re

: s
e
lf.a

llP
a
re

n
ts

()->
c
o
lle

c
t(c

 | c
.m

e
m

b
e
r)->

in
c
lu

d
e
s
(n

)

if (s
e
lf.in

h
e

rite
d
M

e
m

b
e
r->

in
c
lu

d
e
s
(n

)) th
e
n
�

h
a

s
V

is
ib

ility
O

f =
 (n

.v
is

ib
ility

 <
>

 #
p

riv
a

te
)
�

e
ls

e

h
a
s
V

is
ib

ility
O

f =
 tru

e

[6
]

T
h
e q

u
ery

 co
n
fo

rm
sT

o
() g

iv
es tru

e fo
r a classifier th

at d
efin

es a ty
p

e th
at co

n
fo

rm
s to

 an
o

th
er. T

h
is is u

sed
, fo

r ex
am

p
le, 

in
 th

e sp
ecificatio

n
 o

f sig
n

atu
re co

n
fo

rm
an

ce fo
r o

p
eratio

n
s.

C
la

s
s
ifie

r::c
o
n
fo

rm
s
T
o
(o

th
e
r: C

la
s
s
ifie

r): B
o
o
le

a
n
;

c
o
n
fo

rm
s
T
o
 =

 (s
e
lf=

o
th

e
r) o

r (s
e
lf.a

llP
a
re

n
ts

()->
in

c
lu

d
e
s
(o

th
e
r))

[7
]

T
h

e q
u

ery
 in

h
erit() d

efin
es h

o
w

 to
 in

h
erit a set o

f elem
en

ts. H
ere th

e o
p

eratio
n

 is d
efin

ed
 to

 in
h

erit th
em

 all. It is in
ten

d
ed

 

to
 b

e red
efin

ed
 in

 circu
m

stan
ces w

h
ere in

h
eritan

ce is affected
 b

y
 red

efin
itio

n
.

C
la

s
s
ifie

r::in
h

e
rit(in

h
s
: S

e
t(N

a
m

e
d
E

le
m

e
n
t)): S

e
t(N

a
m

e
d
E

le
m

e
n
t);

in
h

e
rit =

 in
h
s

[8
]

T
h

e q
u

ery
 m

ay
S

p
ecializeT

y
p

e() d
eterm

in
es w

h
eth

er th
is classifier m

ay
 h

av
e a g

en
eralizatio

n
 relatio

n
sh

ip
 to

 classifiers o
f 

th
e sp

ecified
 ty

p
e. B

y
 d

efau
lt a classifier m

ay
 sp

ecialize classifiers o
f th

e sam
e o

r a m
o
re g

en
eral ty

p
e. It is in

ten
d

ed
 to

 b
e 

red
efin

ed
 b

y
 classifiers th

at h
av

e d
ifferen

t sp
ecializatio

n
 co

n
strain

ts.

C
la

s
s
ifie

r::m
a
y
S

p
e
c
ia

liz
e
T

y
p

e
(c

 : C
la

s
s
ifie

r) : B
o

o
le

a
n
;

m
a
y
S

p
e
c
ia

liz
e
T
y
p
e
 =

 s
e
lf.o

c
lIs

K
in

d
O

f(c
.o

c
lT

y
p

e
)

S
e

m
a

n
tic

s

A
 cla

ssifie
r is a

 cla
ssific

atio
n

 o
f in

sta
n

c
es ac

c
o

rd
in

g
 to

 th
e
ir fe

a
tu

res.

A
 C

la
ssifie

r m
a
y

 p
a
rtic

ip
a
te

 in
 g

e
n

e
ra

liz
a
tio

n
 re

la
tio

n
sh

ip
s w

ith
 o

th
e
r C

la
ssifie

rs. A
n

 in
sta

n
c
e
 o

f a
 sp

e
c
ific

 C
la

ssifie
r is 

also
 an

 (in
d

ire
c
t) in

sta
n

ce
 o

f e
ac

h
 o

f th
e
 g

e
n

e
ral C

la
ssifiers. T

h
ere

fo
re

, fe
a
tu

res sp
e
cified

 fo
r in

stan
c
e
s o

f th
e
 g

en
e
ral 

c
la

ssifie
r a

re
 im

p
lic

itly
 sp

e
c
ifie

d
 fo

r in
sta

n
c
e
s o

f th
e
 sp

e
c
ific

 c
la

ssifie
r. A

n
y

 c
o

n
stra

in
t a

p
p

ly
in

g
 to

 in
sta

n
c
e
s o

f th
e
 

g
e
n

e
ra

l c
la

ssifie
r a

lso
 a

p
p

lie
s to

 in
sta

n
c
e
s o

f th
e
 sp

e
c
ific

 c
la

ssifie
r.

T
h

e
 sp

e
c
ific

 se
m

an
tic

s o
f h

o
w

 g
e
n

e
ra

liz
a
tio

n
 a

ffe
c
ts e

a
c
h

 c
o

n
c
re

te
 su

b
ty

p
e
 o

f C
lassifie

r v
a
ries. A

ll in
sta

n
c
es o

f a 

c
la

ssifie
r h

a
v

e
 v

a
lu

e
s c

o
rre

sp
o

n
d

in
g

 to
 th

e
 c

la
ssifie

r’s a
ttrib

u
te

s. 

A
 C

la
ssifie

r d
e
fin

e
s a

 ty
p

e
. T

y
p

e
 c

o
n

fo
rm

a
n

c
e
 b

e
tw

e
e
n

 g
e
n

e
ra

liz
a
b

le
 C

la
ssifie

rs is d
e
fin

e
d

 so
 th

a
t a C

la
ssifier c

o
n

fo
rm

s 

to
 itse

lf a
n

d
 to

 a
ll o

f its a
n

c
e
sto

rs in
 th

e
 g

e
n

e
ra

liz
a
tio

n
 h

ie
ra

rc
h

y.

U
M

L
 S

u
p
e

rs
tru

c
tu

re
 S

p
e
c
ific

a
tio

n
, v

2
.1

.2
       5

5

P
a
c
k
a
g

e
 P

o
w

e
rT

y
p
e

s

T
h

e
 n

o
tio

n
 o

f p
o

w
e
r ty

p
e
 w

a
s in

sp
ire

d
 b

y
 th

e
 n

o
tio

n
 o

f p
o

w
e
r set. A

 p
o

w
e
r set is d

efin
e
d

 as a
 se

t w
h

o
se

 in
stan

c
e
s a

re
 

su
b

se
ts. In

 e
sse

n
ce

, th
e
n

, a p
o

w
e
r ty

p
e
 is a

 c
lass w

h
o

se in
sta

n
c
e
s a

re
 su

b
c
la

sse
s. T

h
e
 p

o
w

e
rty

p
e
E

x
te

n
t a

sso
c
ia

tio
n

 re
la

te
s 

a
 C

la
ssifie

r w
ith

 a
 se

t o
f g

e
n

e
ra

liz
a
tio

n
s th

a
t a

) h
a
v

e
 a

 c
o

m
m

o
n

 sp
e
c
ific

 C
la

ssifie
r, a

n
d

 b
) re

p
re

se
n

t a
 c

o
lle

c
tio

n
 o

f su
b

se
ts 

fo
r th

a
t c

la
ss. 

S
e
m

a
n

tic
 V

a
ria

tio
n

 P
o

in
ts

T
h

e
 p

re
c
ise

 life
c
y

c
le

 se
m

a
n

tic
s o

f a
g

g
re

g
a
tio

n
 is a

 se
m

an
tic

 v
a
ria

tio
n

 p
o

in
t.

N
o

ta
tio

n

C
la

ssifie
r is a

n
 a

b
stra

c
t m

o
d

e
l e

le
m

e
n

t, a
n

d
 so

 p
ro

p
e
rly

 sp
e
a
k

in
g

 h
a
s n

o
 n

o
ta

tio
n

. It is n
e
v

e
rth

e
le

ss c
o

n
v

e
n

ie
n

t to
 d

e
fin

e
 

in
 o

n
e
 p

la
c
e
 a

 d
e
fa

u
lt n

o
ta

tio
n

 a
v

a
ila

b
le

 fo
r a

n
y

 c
o

n
c
re

te
 su

b
c
la

ss o
f C

la
ssifie

r fo
r w

h
ic

h
 th

is n
o

ta
tio

n
 is su

ita
b

le
. T

h
e
 

d
e
fa

u
lt n

o
ta

tio
n

 fo
r a

 c
la

ssifie
r is a

 so
lid

-o
u

tlin
e
 re

c
ta

n
g

le
 c

o
n

ta
in

in
g

 th
e
 c

la
ssifie

r’s n
a
m

e
, a

n
d

 o
p

tio
n

a
lly

 w
ith

 

c
o

m
p

a
rtm

e
n

ts se
p

a
ra

te
d

 b
y

 h
o

riz
o

n
ta

l lin
e
s c

o
n

ta
in

in
g

 fe
a
tu

re
s o

r o
th

er m
em

b
ers o

f th
e c

la
ssifier. T

h
e
 sp

e
cific

 ty
p

e o
f 

c
la

ssifie
r c

a
n

 b
e
 sh

o
w

n
 in

 g
u

ille
m

e
ts a

b
o

v
e
 th

e
 n

a
m

e
. S

o
m

e sp
e
c
ia

liz
a
tio

n
s o

f C
la

ssifie
r h

a
v

e
 th

e
ir o

w
n

 d
istin

c
t n

o
ta

tio
n

s.

T
h

e
 n

a
m

e
 o

f a
n

 a
b

stra
c
t C

la
ssifie

r is sh
o

w
n

 in
 ita

lic
s.

A
n

 a
ttrib

u
te

 c
a
n

 b
e
 sh

o
w

n
 a

s a
 te

x
t strin

g
. T

h
e
 fo

rm
a
t o

f th
is strin

g
 is sp

e
c
ifie

d
 in

 th
e
 N

o
ta

tio
n

 su
b

 c
la

u
se

 o
f “

P
ro

p
e
rty

 

(fro
m

 K
e
rn

e
l, A

sso
c
ia

tio
n

C
la

sse
s)”

 o
n

 p
a
g

e
 1

2
3

.

P
re

s
e
n

ta
tio

n
 O

p
tio

n
s

A
n

y
 c

o
m

p
a
rtm

e
n

t m
a
y

 b
e
 su

p
p

resse
d

. A
 se

p
a
ra

to
r lin

e
 is n

o
t d

ra
w

n
 fo

r a
 su

p
p

re
sse

d
 c

o
m

p
a
rtm

e
n

t. If a
 c

o
m

p
a
rtm

e
n

t is 

su
p

p
re

sse
d

, n
o

 in
fe

re
n

c
e
 c

a
n

 b
e
 d

ra
w

n
 a

b
o

u
t th

e
 p

re
se

n
c
e
 o

r a
b

se
n

c
e
 o

f e
le

m
e
n

ts in
 it. C

o
m

p
a
rtm

e
n

t n
a
m

es c
a
n

 b
e
 u

se
d

 

to
 re

m
o

v
e
 a

m
b

ig
u

ity, if n
e
c
e
ssa

ry. 

A
n

 a
b

stra
c
t C

la
ssifie

r c
a
n

 b
e
 sh

o
w

n
 u

sin
g

 th
e
 k

e
y

w
o

rd
 {

a
b

stra
ct}

 a
fte

r o
r b

e
lo

w
 th

e
 n

a
m

e
 o

f th
e
 C

la
ssifie

r.

T
h

e
 ty

p
e
, v

isib
ility, d

e
fa

u
lt, m

u
ltip

lic
ity, p

ro
p

e
rty

 strin
g

 m
a
y

 b
e
 su

p
p

resse
d

 fro
m

 b
e
in

g
 d

isp
la

y
e
d

, e
v

e
n

 if th
e
re

 a
re

 v
a
lu

e
s 

in
 th

e
 m

o
d

e
l. 

T
h

e
 in

d
iv

id
u

a
l p

ro
p

e
rtie

s o
f a

n
 a

ttrib
u

te
 c

a
n

 b
e
 sh

o
w

n
 in

 c
o

lu
m

n
s ra

th
e
r th

a
n

 a
s a

 c
o

n
tin

u
o

u
s strin

g
.

S
ty

le
 G

u
id

e
lin

e
s

• 
A

ttrib
u

te n
am

es ty
p

ically
 b

eg
in

 w
ith

 a lo
w

ercase letter. M
u
lti-w

o
rd

 n
am

es are o
ften

 fo
rm

ed
 b

y
 co

n
caten

atin
g

 th
e w

o
rd

s 

an
d

 u
sin

g
 lo

w
ercase fo

r all letters ex
cep

t fo
r u

p
casin

g
 th

e first letter o
f each

 w
o

rd
 b

u
t th

e first.

• 
C

en
ter th

e n
am

e o
f th

e classifier in
 b

o
ld

face.

• 
C

en
ter k

ey
w

o
rd

 (in
clu

d
in

g
 stereo

ty
p

e n
am

es) in
 p

lain
 face w

ith
in

 g
u

illem
ets ab

o
v

e th
e classifier n

am
e.

• 
F

o
r th

o
se lan

g
u

ag
es th

at d
istin

g
u

ish
 b

etw
een

 u
p

p
ercase an

d
 lo

w
ercase ch

aracters, cap
italize n

am
es (i.e, b

eg
in

 th
em

 

w
ith

 an
 u

p
p
ercase ch

aracter). 

• 
L

eft ju
stify

 attrib
u

tes an
d

 o
p

eratio
n

s in
 p

lain
 face.

• 
B

eg
in

 attrib
u

te an
d

 o
p

eratio
n

 n
am

es w
ith

 a lo
w

ercase letter.

• 
S

h
o

w
 fu

ll attrib
u

tes an
d

 o
p

eratio
n

s w
h

en
 n

eed
ed

 an
d

 su
p

p
ress th

em
 in

 o
th

er co
n
tex

ts o
r referen

ces.
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M

L
 S

u
p
e

rs
tru

c
tu

re
 S

p
e
c
ific

a
tio

n
, v

2
.1

.2

E
x

a
m

p
le

s

F
ig

u
re

 7
.3

0
 - E

x
a
m

p
le

s
 o

f a
ttrib

u
te

s

T
h

e attrib
u

tes in
 F

ig
u

re 7
.3

0
 are ex

p
lain

ed
 b

elo
w

.

• 
C

lassA
::n

am
e is an

 attrib
u

te w
ith

 ty
p

e S
trin

g
.

• 
C

lassA
::sh

ap
e is an

 attrib
u

te w
ith

 ty
p

e R
ectan

g
le.

• 
C

lassA
::size is a p

u
b

lic attrib
u

te o
f ty

p
e In

teg
er w

ith
 m

u
ltip

licity
 0

..1
.

• 
C

lassA
::area is a d

eriv
ed

 attrib
u

te w
ith

 ty
p

e In
teg

er. It is m
ark

ed
 as read

-o
n

ly.

• 
C

lassA
::h

eig
h

t is an
 attrib

u
te o

f ty
p

e In
teg

er w
ith

 a d
efau

lt in
itial v

alu
e o

f 5
.

• 
C

lassA
::w

id
th

 is an
 attrib

u
te o

f ty
p

e In
teg

er.

• 
C

lassB
::id

 is an
 attrib

u
te th

at red
efin

es C
lassA

::n
am

e.

• 
C

lassB
::sh

ap
e is an

 attrib
u

te th
at red

efin
es C

lassA
::sh

ap
e. It h

as ty
p

e S
q

u
are, a sp

ecializatio
n

 o
f R

ectan
g

le.

• 
C

lassB
::h

eig
h

t is an
 attrib

u
te th

at red
efin

es C
lassA

::h
eig

h
t. It h

as a d
efau

lt o
f 7

 fo
r C

lassB
 in

stan
ces th

at o
v

errid
es th

e 

C
lassA

 d
efau

lt o
f 5

.

• 
C

lassB
::w

id
th

 is a d
eriv

ed
 attrib

u
te th

at red
efin

es C
lassA

::w
id

th
, w

h
ich

 is n
o

t d
eriv

ed
.

A
n

 a
ttrib

u
te

 m
a
y

 a
lso

 b
e
 sh

o
w

n
 u

sin
g

 a
sso

c
ia

tio
n

 n
o

ta
tio

n
, w

ith
 n

o
 a

d
o

rn
m

e
n

ts a
t th

e
 ta

il o
f th

e
 a

rro
w

 a
s sh

o
w

n
 in

 F
ig

u
re

 

7
.3

1
.

F
ig

u
re

 7
.3

1
 - A

s
s

o
c
ia

tio
n

-lik
e
 n

o
ta

tio
n

 fo
r a

ttrib
u

te

C
la

s
s
B

id
 {re

d
e
fin

e
s
 n

a
m

e
}

s
h
a
p
e
: S

q
u
a
re

h
e
ig

h
t =

 7
/ w

id
th

C
la

s
s
A

n
a
m

e
: S

trin
g

s
h
a
p
e
: R

e
c
ta

n
g
le

+
 s

iz
e
: In

te
g
e
r [0

..1
]

/ a
re

a
: In

te
g
e
r {re

a
d
O

n
ly

}
h
e
ig

h
t: In

te
g
e
r=

 5
w

id
th

: In
te

g
e
r

W
in

d
o

w
A

re
a

s
iz

e

1
W

in
d
o

w
A

re
a

s
iz

e

1

R
ea

d
in

g
th

e
S

ta
n

d
a

rd
C

o
n

t’d

– 22 – 2017-02-07 – Sreading –

3
0

/
4

1

5
2

                U
M

L
 S

u
p
e

rs
tru

c
tu

re
 S

p
e
c
ific

a
tio

n
, v

2
.1

.2

F
ig

u
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9
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la
s
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 n
o

ta
tio

n
: a

ttrib
u

te
s

 a
n

d
 o

p
e
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tio

n
s
 g

ro
u
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e
d
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c
c

o
rd
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g
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7
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C
la

s
s
ifie

r (fro
m

 K
e

rn
e

l, D
e

p
e

n
d

e
n

c
ie

s
, P

o
w

e
rT

y
p

e
s

)

A
 cla

ssifie
r is a

 cla
ssific

atio
n

 o
f in

sta
n

c
es, it d

e
sc

rib
e
s a

 se
t o

f in
sta

n
c
e
s th

a
t h

a
v

e
 fe

a
tu

re
s in

 c
o

m
m

o
n

. 

G
e

n
e

ra
liz

a
tio

n
s

• 
“N

am
esp

ace (fro
m

 K
ern

el)” o
n

 p
ag

e 9
9

• 
“R

ed
efin

ab
leE

lem
en

t (fro
m

 K
ern

el)” o
n
 p

ag
e 1

3
0

• 
“T

y
p

e (fro
m

 K
ern

el)” o
n
 p

ag
e 1

3
5

D
e

s
c

rip
tio

n

A
 c

la
ssifie

r is a
 n

a
m

esp
a
c
e
 w

h
o

se
 m

em
b

e
rs c

a
n

 in
c
lu

d
e
 fe

a
tu

re
s. C

la
ssifie

r is a
n

 a
b

stra
c
t m

eta
c
la

ss.

A
 c

la
ssifie

r is a
 ty

p
e
 a

n
d

 c
a
n

 o
w

n
 g

e
n

era
liz

a
tio

n
s, th

e
re

b
y

 m
a
k

in
g

 it p
o

ssib
le

 to
 d

e
fin

e
 g

e
n

e
ra

liz
a
tio

n
 re

la
tio

n
sh

ip
s to

 

o
th

er c
la

ssifiers. A
 c

lassifie
r c

an
 sp

ec
ify

 a
 g

en
e
ra

liz
a
tio

n
 h

ie
ra

rc
h

y
 b

y
 re

fe
re

n
cin

g
 its g

e
n

e
ra

l c
la

ssifie
rs.

A
 cla

ssifie
r is a

 red
e
fin

a
b

le e
le

m
en

t, m
e
an

in
g

 th
a
t it is p

o
ssib

le to
 re

d
efin

e n
e
ste

d
 cla

ssifie
rs.

A
ttrib

u
te

s

•
isA

b
stract: B

o
o

lean
�

If tru
e, th

e C
lassifier d

o
es n

o
t p

ro
v

id
e a co

m
p

lete d
eclaratio

n
 an

d
 can

 ty
p

ically
 n

o
t b

e in
stan

tiated
. A

n
 ab

stract�

classifier is in
ten

d
ed

 to
 b

e u
sed

 b
y

 o
th

er classifiers (e.g
., as th

e targ
et o

f g
en

eral m
etarelatio

n
sh

ip
s o

r g
en

eralizatio
n
�

relatio
n

sh
ip

s). D
efau

lt v
alu

e is fa
lse. 

A
s

s
o

c
ia

tio
n

s

•
/attrib

u
te: P

ro
p

erty
 [*

]
�

R
efers to

 all o
f th

e P
ro

p
erties th

at are d
irect (i.e., n

o
t in

h
erited

 o
r im

p
o

rted
) attrib

u
tes o

f th
e classifier. S

u
b

sets
�

C
la

ssifier::fea
tu

re an
d

 is a d
eriv

ed
 u

n
io

n
.

•
/ featu

re : F
eatu

re [*
]

�

S
p

e
cifie

s ea
c
h

 fe
atu

re
 d

e
fin

e
d

 in
 th

e
 c

lassifie
r. S

u
b

sets N
a

m
e
sp

a
c
e
::m

e
m

b
e
r. T

h
is is a

 d
e
riv

e
d

 u
n

io
n

.

•
/ g

en
eral : C

lassifier[*
]

�

S
p

ecifies th
e g

en
eral C

lassifiers fo
r th

is C
lassifier. T

h
is is d

eriv
ed

.

W
in
d
o
w

p
u

b
lic

  s
iz

e
: A

re
a
 =

 (1
0
0
, 1

0
0
)

  d
e
fa

u
ltS

iz
e
: R

e
c
ta

n
g
le

p
ro

te
c
te

d
  v

is
ib

ility
: B

o
o

le
a
n

 =
 tru

e
p
riv

a
te

  xW
in

: X
W

in
d
o
w

p
u

b
lic

  d
is

p
la

y
()

  h
id

e
()

p
riv

a
te

  a
tta

c
h
X

(xW
in

: X
W

in
d
o
w

)

U
M

L
 S

u
p
e

rs
tru

c
tu

re
 S

p
e
c
ific

a
tio

n
, v

2
.1

.2
       5

3

•
g
en

eralizatio
n

: G
en

eralizatio
n

[*
]

�

S
p

ecifies th
e G

en
eralizatio

n
 relatio

n
sh

ip
s fo

r th
is C

lassifier. T
h

ese G
en

eralizatio
n

s n
av

ig
ate to

 m
o
re g

en
eral�

classifiers in
 th

e g
en

eralizatio
n

 h
ierarch

y. S
u

b
sets E

le
m

e
n

t::o
w

n
e
d

E
le

m
e
n

t

•
/ in

h
erited

M
em

b
er: N

am
ed

E
lem

en
t[*

]
�

S
p

ecifies all elem
en

ts in
h

erited
 b

y
 th

is classifier fro
m

 th
e g

en
eral classifiers. S

u
b

sets N
a

m
e
sp

a
c
e
::m

e
m

b
e
r. T

h
is is

�

d
eriv

ed
.

•
red

efin
ed

C
lassifier: C

lassifier [*
]

�

R
eferen

ces th
e C

lassifiers th
at are red

efin
ed

 b
y

 th
is C

lassifier. S
u

b
sets R

ed
efin

a
b

leE
lem

e
n

t::re
d

efin
ed

E
lem

en
t

P
a
c
k
a
g

e
 D

e
p

e
n

d
e

n
c
ie

s
 

•
su

b
stitu

tio
n
 : S

u
b
stitu

tio
n

�

R
eferen

ces th
e su

b
stitu

tio
n

s th
at are o

w
n

ed
 b

y
 th

is C
lassifier. S

u
b

sets E
le

m
e
n

t::o
w

n
e
d

E
le

m
e
n

t an
d
�

N
a

m
ed

E
le

m
en

t::clien
tD

e
p

en
d

en
cy.)

P
a
c
k
a
g

e
 P

o
w

e
rT

y
p
e

s
 

•
p

o
w

erty
p

eE
x

ten
t : G

en
eralizatio

n
S

et
�

D
esig

n
ates th

e G
en

eralizatio
n

S
et o

f w
h

ich
 th

e asso
ciated

 C
lassifier is a p

o
w

er ty
p

e.

C
o

n
s

tra
in

ts

[1
]  T

h
e g

en
eral classifiers are th

e classifiers referen
ced

 b
y

 th
e g

en
eralizatio

n
 relatio

n
sh

ip
s.

g
e
n
e

ra
l =

 s
e
lf.p

a
re

n
ts

()

[2
]

G
en

eralizatio
n

 h
ierarch

ies m
u

st b
e d

irected
 an

d
 acy

clical. A
 classifier can

n
o
t b

e b
o

th
 a tran

sitiv
ely

 g
en

eral an
d
 

tran
sitiv

ely
 sp

ecific classifier o
f th

e sam
e classifier.

n
o

t s
e
lf.a

llP
a
re

n
ts

()->
in

c
lu

d
e
s
(s

e
lf)

[3
]

A
 classifier m

ay
 o

n
ly

 sp
ecialize classifiers o

f a v
alid

 ty
p

e.

s
e

lf.p
a

re
n
ts

()->
fo

rA
ll(c

 | s
e
lf.m

a
y
S

p
e
c
ia

liz
e
T
y
p

e
(c

))

[4
]

T
h

e in
h

erited
M

em
b

er asso
ciatio

n
 is d

eriv
ed

 b
y
 in

h
eritin

g
 th

e in
h

eritab
le m

em
b
ers o

f th
e p

aren
ts.

s
e

lf.in
h
e
rite

d
M

e
m

b
e
r->

in
c
lu

d
e
s
A

ll(s
e
lf.in

h
e
rit(s

e
lf.p

a
re

n
ts

()->
c
o
lle

c
t(p

 | p
.in

h
e
rita

b
le

M
e

m
b
e
rs

(s
e
lf)))

P
a
c
k
a
g

e
 P

o
w

e
rT

y
p
e

s
 

[5
]

T
h

e C
lassifier th

at m
ap

s to
 a G

en
e
ralizatio

n
S

et m
ay

 n
eith

er b
e a sp

ecific n
o
r a g

en
eral C

lassifier in
 an

y
 o

f th
e 

G
en

eralizatio
n

 relatio
n

sh
ip

s d
efin

ed
 fo

r th
at G

en
eralizatio

n
S

et. In
 o

th
er w

o
rd

s, a p
o

w
er ty

p
e m

ay
 n

o
t b

e an
 in

stan
ce o

f 

itself n
o
r m

ay
 its in

stan
ces also

 b
e its su

b
classes.

A
d

d
itio

n
a

l O
p

e
ra

tio
n

s

[1
]  T

h
e q

u
ery

 allF
eatu

res() g
iv

es all o
f th

e featu
res in

 th
e n

am
esp

ace o
f th

e classifier. In
 g

en
eral, th

ro
u

g
h

 m
ech

an
ism

s su
ch

 as 

in
h

eritan
ce, th

is w
ill b

e a larg
er set th

an
 featu

re.

C
la

s
s
ifie

r::a
llF

e
a

tu
re

s
(): S

e
t(F

e
a
tu

re
);

a
llF

e
a
tu

re
s
 =

 m
e
m

b
e

r->
s
e
le

c
t(o

c
lIs

K
in

d
O

f(F
e
a
tu

re
))

[2
]

T
h

e q
u
ery

 p
aren

ts() g
iv

es all o
f th

e im
m

ed
iate an

cesto
rs o

f a g
en

eralized
 C

lassifier.

C
la

s
s
ifie

r::p
a
re

n
ts

(): S
e
t(C

la
s
s
ifie

r);

p
a
re

n
ts

 =
 g

e
n

e
ra

liz
a

tio
n
.g

e
n

e
ra

l�
��

5
4

                U
M

L
 S

u
p
e

rs
tru

c
tu

re
 S

p
e
c
ific

a
tio

n
, v

2
.1

.2

[3
]

T
h

e q
u

ery
 allP

aren
ts() g

iv
es all o

f th
e d

irect an
d

 in
d

irect an
cesto

rs o
f a g

en
eralized

 C
lassifier.

C
la

s
s
ifie

r::a
llP

a
re

n
ts

(): S
e
t(C

la
s
s
ifie

r);

a
llP

a
re

n
ts

 =
 s

e
lf.p

a
re

n
ts

()->
u
n
io

n
(s

e
lf.p

a
re

n
ts

()->
c
o
lle

c
t(p

 | p
.a

llP
a
re

n
ts

())

[4
]

T
h

e q
u
ery

 in
h

eritab
leM

em
b

ers() g
iv

es all o
f th

e m
em

b
ers o

f a classifier th
at m

ay
 b

e in
h

erited
 in

 o
n

e o
f its d

escen
d

an
ts, 

su
b

ject to
 w

h
atev

er v
isib

ility
 restrictio

n
s ap

p
ly.

C
la

s
s
ifie

r::in
h

e
rita

b
le

M
e
m

b
e
rs

(c
: C

la
s
s
ifie

r): S
e
t(N

a
m

e
d

E
le

m
e
n
t);

p
re

: c
.a

llP
a
re

n
ts

()->
in

c
lu

d
e

s
(s

e
lf)

in
h

e
rita

b
le

M
e

m
b
e
rs

 =
 m

e
m

b
e
r->

s
e

le
c
t(m

 | c
.h

a
s
V

is
ib

ility
O

f(m
))

[5
]

T
h
e q

u
ery

 h
asV

isib
ility

O
f() d

eterm
in

es w
h
eth

er a n
am

ed
 elem

en
t is v

isib
le in

 th
e classifier. B

y
 d

efau
lt all are v

isib
le. It is 

o
n

ly
 called

 w
h

en
 th

e arg
u

m
en

t is so
m

eth
in

g
 o

w
n

ed
 b

y
 a p

aren
t.

C
la

s
s
ifie

r::h
asV

isib
ility

O
f(n

: N
a
m

e
d
E

le
m

e
n
t) : B

o
o
le

a
n
;

p
re

: s
e
lf.a

llP
a
re

n
ts

()->
c
o
lle

c
t(c

 | c
.m

e
m

b
e
r)->

in
c
lu

d
e
s
(n

)

if (s
e
lf.in

h
e

rite
d
M

e
m

b
e
r->

in
c
lu

d
e
s
(n

)) th
e
n
�

h
a

s
V

is
ib

ility
O

f =
 (n

.v
is

ib
ility

 <
>

 #
p

riv
a

te
)
�

e
ls

e

h
a
s
V

is
ib

ility
O

f =
 tru

e

[6
]

T
h
e q

u
ery

 co
n
fo

rm
sT

o
() g

iv
es tru

e fo
r a classifier th

at d
efin

es a ty
p

e th
at co

n
fo

rm
s to

 an
o

th
er. T

h
is is u

sed
, fo

r ex
am

p
le, 

in
 th

e sp
ecificatio

n
 o

f sig
n

atu
re co

n
fo

rm
an

ce fo
r o

p
eratio

n
s.

C
la

s
s
ifie

r::c
o
n
fo

rm
s
T
o
(o

th
e
r: C

la
s
s
ifie

r): B
o
o
le

a
n
;

c
o
n
fo

rm
s
T
o
 =

 (s
e
lf=

o
th

e
r) o

r (s
e
lf.a

llP
a
re

n
ts

()->
in

c
lu

d
e
s
(o

th
e
r))

[7
]

T
h

e q
u

ery
 in

h
erit() d

efin
es h

o
w

 to
 in

h
erit a set o

f elem
en

ts. H
ere th

e o
p

eratio
n

 is d
efin

ed
 to

 in
h

erit th
em

 all. It is in
ten

d
ed

 

to
 b

e red
efin

ed
 in

 circu
m

stan
ces w

h
ere in

h
eritan

ce is affected
 b

y
 red

efin
itio

n
.

C
la

s
s
ifie

r::in
h

e
rit(in

h
s
: S

e
t(N

a
m

e
d
E

le
m

e
n
t)): S

e
t(N

a
m

e
d
E

le
m

e
n
t);

in
h

e
rit =

 in
h
s

[8
]

T
h

e q
u

ery
 m

ay
S

p
ecializeT

y
p

e() d
eterm

in
es w

h
eth

er th
is classifier m

ay
 h

av
e a g

en
eralizatio

n
 relatio

n
sh

ip
 to

 classifiers o
f 

th
e sp

ecified
 ty

p
e. B

y
 d

efau
lt a classifier m

ay
 sp

ecialize classifiers o
f th

e sam
e o

r a m
o

re g
en

eral ty
p

e. It is in
ten

d
ed

 to
 b

e 

red
efin

ed
 b

y
 classifiers th

at h
av

e d
ifferen

t sp
ecializatio

n
 co

n
strain

ts.

C
la

s
s
ifie

r::m
a
y
S

p
e
c
ia

liz
e
T

y
p

e
(c

 : C
la

s
s
ifie

r) : B
o

o
le

a
n
;

m
a
y
S

p
e
c
ia

liz
e
T
y
p
e
 =

 s
e
lf.o

c
lIs

K
in

d
O

f(c
.o

c
lT

y
p

e
)

S
e

m
a

n
tic

s

A
 cla

ssifie
r is a

 cla
ssific

atio
n

 o
f in

sta
n

c
es ac

c
o

rd
in

g
 to

 th
e
ir fe

a
tu

res.

A
 C

la
ssifie

r m
a
y

 p
a
rtic

ip
a
te

 in
 g

e
n

e
ra

liz
a
tio

n
 re

la
tio

n
sh

ip
s w

ith
 o

th
e
r C

la
ssifie

rs. A
n

 in
sta

n
c
e
 o

f a
 sp

e
c
ific

 C
la

ssifie
r is 

also
 an

 (in
d

ire
c
t) in

sta
n

ce
 o

f e
ac

h
 o

f th
e
 g

e
n

e
ral C

la
ssifiers. T

h
ere

fo
re

, fe
a
tu

res sp
e
cified

 fo
r in

stan
c
e
s o

f th
e
 g

en
e
ral 

c
la

ssifie
r a

re
 im

p
lic

itly
 sp

e
c
ifie

d
 fo

r in
sta

n
c
e
s o

f th
e
 sp

e
c
ific

 c
la

ssifie
r. A

n
y

 c
o

n
stra

in
t a

p
p

ly
in

g
 to

 in
sta

n
c
e
s o

f th
e
 

g
e
n

e
ra

l c
la

ssifie
r a

lso
 a

p
p

lie
s to

 in
sta

n
c
e
s o

f th
e
 sp

e
c
ific

 c
la

ssifie
r.

T
h

e
 sp

e
c
ific

 se
m

an
tic

s o
f h

o
w

 g
e
n

e
ra

liz
a
tio

n
 a

ffe
c
ts e

a
c
h

 c
o

n
c
re

te
 su

b
ty

p
e
 o

f C
lassifie

r v
a
ries. A

ll in
sta

n
c
es o

f a 

c
la

ssifie
r h

a
v

e
 v

a
lu

e
s c

o
rre

sp
o

n
d

in
g

 to
 th

e
 c

la
ssifie

r’s a
ttrib

u
te

s. 

A
 C

la
ssifie

r d
e
fin

e
s a

 ty
p

e
. T

y
p

e
 c

o
n

fo
rm

a
n

c
e
 b

e
tw

e
e
n

 g
e
n

e
ra

liz
a
b

le
 C

la
ssifie

rs is d
e
fin

e
d

 so
 th

a
t a C

la
ssifier c

o
n

fo
rm

s 

to
 itse

lf a
n

d
 to

 a
ll o

f its a
n

c
e
sto

rs in
 th

e
 g

e
n

e
ra

liz
a
tio

n
 h

ie
ra

rc
h

y.

U
M

L
 S

u
p
e

rs
tru

c
tu

re
 S

p
e
c
ific

a
tio

n
, v

2
.1

.2
       5

5

P
a
c
k
a
g

e
 P

o
w

e
rT

y
p
e

s

T
h

e
 n

o
tio

n
 o

f p
o

w
e
r ty

p
e
 w

a
s in

sp
ire

d
 b

y
 th

e
 n

o
tio

n
 o

f p
o

w
e
r set. A

 p
o

w
e
r set is d

efin
e
d

 as a
 se

t w
h

o
se

 in
stan

c
e
s a

re
 

su
b

se
ts. In

 e
sse

n
ce

, th
e
n

, a p
o

w
e
r ty

p
e
 is a

 c
lass w

h
o

se in
sta

n
c
e
s a

re
 su

b
c
la

sse
s. T

h
e
 p

o
w

e
rty

p
e
E

x
te

n
t a

sso
c
ia

tio
n

 re
la

te
s 

a
 C

la
ssifie

r w
ith

 a
 se

t o
f g

e
n

e
ra

liz
a
tio

n
s th

a
t a

) h
a
v

e
 a

 c
o

m
m

o
n

 sp
e
c
ific

 C
la

ssifie
r, a

n
d

 b
) re

p
re

se
n

t a
 c

o
lle

c
tio

n
 o

f su
b

se
ts 

fo
r th

a
t c

la
ss. 

S
e
m

a
n

tic
 V

a
ria

tio
n

 P
o

in
ts

T
h

e
 p

re
c
ise

 life
c
y

c
le

 se
m

a
n

tic
s o

f a
g

g
re

g
a
tio

n
 is a

 se
m

an
tic

 v
a
ria

tio
n

 p
o

in
t.

N
o

ta
tio

n

C
la

ssifie
r is a

n
 a

b
stra

c
t m

o
d

e
l e

le
m

e
n

t, a
n

d
 so

 p
ro

p
e
rly

 sp
e
a
k

in
g

 h
a
s n

o
 n

o
ta

tio
n

. It is n
e
v

e
rth

e
le

ss c
o

n
v

e
n

ie
n

t to
 d

e
fin

e
 

in
 o

n
e
 p

la
c
e
 a

 d
e
fa

u
lt n

o
ta

tio
n

 a
v

a
ila

b
le

 fo
r a

n
y

 c
o

n
c
re

te
 su

b
c
la

ss o
f C

la
ssifie

r fo
r w

h
ic

h
 th

is n
o

ta
tio

n
 is su

ita
b

le
. T

h
e
 

d
e
fa

u
lt n

o
ta

tio
n

 fo
r a

 c
la

ssifie
r is a

 so
lid

-o
u

tlin
e
 re

c
ta

n
g

le
 c

o
n

ta
in

in
g

 th
e
 c

la
ssifie

r’s n
a
m

e
, a

n
d

 o
p

tio
n

a
lly

 w
ith

 

c
o

m
p

a
rtm

e
n

ts se
p

a
ra

te
d

 b
y

 h
o

riz
o

n
ta

l lin
e
s c

o
n

ta
in

in
g

 fe
a
tu

re
s o

r o
th

er m
em

b
ers o

f th
e c

la
ssifier. T

h
e
 sp

e
cific

 ty
p

e o
f 

c
la

ssifie
r c

a
n

 b
e
 sh

o
w

n
 in

 g
u

ille
m

e
ts a

b
o

v
e
 th

e
 n

a
m

e
. S

o
m

e sp
e
c
ia

liz
a
tio

n
s o

f C
la

ssifie
r h

a
v

e
 th

e
ir o

w
n

 d
istin

c
t n

o
ta

tio
n

s.

T
h

e
 n

a
m

e
 o

f a
n

 a
b

stra
c
t C

la
ssifie

r is sh
o

w
n

 in
 ita

lic
s.

A
n

 a
ttrib

u
te

 c
a
n

 b
e
 sh

o
w

n
 a

s a
 te

x
t strin

g
. T

h
e
 fo

rm
a
t o

f th
is strin

g
 is sp

e
c
ifie

d
 in

 th
e
 N

o
ta

tio
n

 su
b

 c
la

u
se

 o
f “

P
ro

p
e
rty

 

(fro
m

 K
e
rn

e
l, A

sso
c
ia

tio
n

C
la

sse
s)”

 o
n

 p
a
g

e
 1

2
3

.

P
re

s
e
n

ta
tio

n
 O

p
tio

n
s

A
n

y
 c

o
m

p
a
rtm

e
n

t m
a
y

 b
e
 su

p
p

resse
d

. A
 se

p
a
ra

to
r lin

e
 is n

o
t d

ra
w

n
 fo

r a
 su

p
p

re
sse

d
 c

o
m
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ü
ch

i
A
u
to
m
a
ta

•
L
a
n
g
u
a
g
e
o
f
a
U
M
L
M
o
d
el

•
C
u
ts

T
h
is

L
e
c
tu
re
:

•
E
d
u
c
a
tio

n
a
l
O
b
je
c
tiv

e
s:

C
ap
ab
ilities

for
follow

in
g
tasks/q

u
estion

s.

•
H
o
w

is
th
e
sem

a
n
tics

o
f
L
S
C
s
co

n
stru

cted
?

•
W

h
a
t
is

a
cu

t,
fi
red

-set,
etc.?

•
C
o
n
stru

ct
th
e
T
B
A

fo
r
th
is

L
S
C
.

•
G
ive

o
n
e
exa

m
p
le

w
h
ich

(n
o
n
-)trivia

lly
sa
tisfi

es
th
is

L
S
C
.

•
C
o
n
te
n
t:

•
C
u
t
E
xa

m
p
les,

F
ired

set

•
A
u
to
m
a
to
n
co

n
stru

ctio
n

•
T
ra
n
sitio

n
a
n
n
o
ta
tio

n
s

•
F
o
rb
id
d
en

scen
ario

s

C
o

n
ten

ts
&

G
o

a
ls

– 20 – 2016-02-04 – Sprelim –

2
/
3
0

L
a
st

L
e
c
tu
re
:

•
F
ired

set,
C
u
t

•
A
u
to
m
a
to
n
co

n
stru

ctio
n

•
T
ra
n
sitio

n
a
n
n
o
ta
tio

n
s

T
h
is

L
e
c
tu
re
:

•
E
d
u
c
a
tio

n
a
l
O
b
je
c
tiv

e
s:

C
ap
ab
ilities

for
follow

in
g
tasks/q

u
estion

s.

•
W

h
a
t’s

th
e
L
isko

v
S
u
b
stitu

tio
n
P
rin

cip
le?

•
W

h
a
t
is

la
te/

early
b
in
d
in
g
?

•
W

h
a
t
is

th
e
su
b
set

/
u
p
lin

k
sem

a
n
tics

o
f
in
h
erita

n
ce?

•
W

h
a
t’s

th
e
eff

ect
o
f
in
h
erita

n
ce

o
n
L
S
C
s,

S
ta
te

M
a
ch

in
es,

S
ystem

S
ta
tes?

•
C
o
n
te
n
t:

•
In
h
erita

n
ce

in
U
M
L
:
co

n
crete

syn
ta
x

•
L
isko

v
S
u
b
stitu

tio
n
P
rin

cip
le

—
d
esired

sem
a
n
tics

•
T
w
o
a
p
p
ro
a
ch

es
to

o
b
ta
in

d
esired

sem
a
n
tics

C
o

n
ten

ts
&

G
o

a
ls

– 20 – 2016-02-04 – Sprelim –

2
/
3
0

L
a
st

L
e
c
tu
re
:

•
F
ired

set,
C
u
t

•
A
u
to
m
a
to
n
co

n
stru

ctio
n

•
T
ra
n
sitio

n
a
n
n
o
ta
tio

n
s

T
h
is

L
e
c
tu
re
:

•
E
d
u
c
a
tio

n
a
l
O
b
je
c
tiv

e
s:

C
ap
ab
ilities

for
follow

in
g
tasks/q

u
estion

s.

•
W

h
a
t’s

th
e
L
isko

v
S
u
b
stitu

tio
n
P
rin

cip
le?

•
W

h
a
t
is

la
te/

early
b
in
d
in
g
?

•
W

h
a
t
is

th
e
su
b
set

/
u
p
lin

k
sem

a
n
tics

o
f
in
h
erita

n
ce?

•
W

h
a
t’s

th
e
eff

ect
o
f
in
h
erita

n
ce

o
n
L
S
C
s,

S
ta
te

M
a
ch

in
es,

S
ystem

S
ta
tes?

•
C
o
n
te
n
t:

•
In
h
erita

n
ce

in
U
M
L
:
co

n
crete

syn
ta
x

•
L
isko

v
S
u
b
stitu

tio
n
P
rin

cip
le

—
d
esired

sem
a
n
tics

•
T
w
o
a
p
p
ro
a
ch

es
to

o
b
ta
in

d
esired

sem
a
n
tics

C
o

n
ten

ts
&

G
o

a
ls

– 21 – 2016-02-11 – Sprelim –

2
/
3
1

L
a
st

L
e
c
tu
re
:

•
L
isko

v
S
u
b
stitu

tio
n
P
rin

cip
le

•
In
h
eritan

ce:
D
o
m
ain

In
clu

sio
n
S
em

an
tics

T
h
is

L
e
c
tu
re
:

•
E
d
u
c
a
tio

n
a
l
O
b
je
c
tiv

e
s:

C
ap
ab
ilities

for
follow

in
g
tasks/q

u
estion

s.

•
W
h
at

is
th
e
id
ea

o
f
m
eta-m

o
d
ellin

g
?

•
H
ow

d
o
es

m
eta-m

o
d
ellin

g
relate

to
U
M
L
?

•
C
o
n
te
n
t:

•
T
h
e
U
M
L
M
eta

M
o
d
el

•
W
rap

u
p
&

Q
u
estio

n
s

•
Le

ctu
re

2
:S

e
m

an
ticalM

o
d

e
l

•
Le

ctu
re

3
:O

b
je

ct
C

o
n

strain
t

L
an

gu
age

(O
C

L
)

•
Le

ctu
re

4
:O

C
L

S
e

m
an

tics

•
Le

ctu
re

5
:O

b
je

ct
D

iagram
s

•
Le

ctu
re

6
:C

lass
D

iagram
s

I

•
Le

ctu
re

7
:C

lass
D

iagram
s

II

•
Le

ctu
re

8
:C

lass
D

iagram
s

III

•
Le

ctu
re

9
:C

lass
D

iagram
s

IV

•
Le

ctu
re

10
:S

tate
M

ach
in

e
s

O
ve

rvie
w

•
Le

ctu
re

11:C
o

re
S

tate
M

ach
in

e
s

I

•
Le

ctu
re

12
:C

o
re

S
tate

M
ach

in
e

s
II

•
Le

ctu
re

13
:C

o
re

S
tate

M
ach

in
e

s
III

•
Le

ctu
re

14
:H

ie
rarch

icalS
tate

M
ach

in
e

s
I

•
Le

ctu
re

15
:H

ie
rarch

icalS
tate

M
ach

in
e

s
II

•
Le

ctu
re

16
:H

ie
rarch

icalS
tate

M
ach

in
e

s
III

•
Le

ctu
re

17
:L

ive
S

e
q

u
e

n
ce

C
h

arts
I

•
Le

ctu
re

18
:L

ive
S

e
q

u
e

n
ce

C
h

arts
II

•
Le

ctu
re

19
:L

ive
S

e
q

u
e

n
ce

C
h

arts
III

•
Le

ctu
re

2
0

:L
ive

S
e

q
u

e
n

ce
C

h
arts

IV

•
Le

ctu
re

2
1:M

B
S

E
&

In
h

e
ritan

ce

•
Le

ctu
re

2
2

:M
e

ta-M
o

d
e

llin
g

R
eferen

ces

– 22 – 2017-02-07 – main –

4
0

/
4

1

R
eferen

ces

– 22 – 2017-02-07 – main –

4
1/

4
1

F
isch

e
r,C

.an
d

W
e

h
rh

e
im

,H
.(2

0
0

0
).

B
e

h
avio

u
ralsu

b
ty

p
in

g
re

latio
n

s
fo

r
o

b
je

ct-o
rie

n
te

d
fo

rm
alism

s.
In

R
u

s,T.,
e

d
ito

r,A
M

A
S

T
,n

u
m

b
e

r
18

16
in

Le
ctu

re
N

o
te

s
in

C
o

m
p

u
te

r
S

cie
n

ce
.S

p
rin

ge
r-V

e
rlag.

L
isko

v,B
.(19

8
8

).
D

ata
ab

stractio
n

an
d

h
ie

rarch
y.

S
IG

P
LA

N
N

o
t.,2

3
(5

):17–
3

4
.

L
isko

v,B
.H

.an
d

W
in

g,J.M
.(19

9
4

).
A

b
e

h
avio

raln
o

tio
n

o
f

su
b

ty
p

in
g.

A
C

M
Tra

n
sa

ctio
n

s
o

n
P

ro
gra

m
m

in
g

La
n

gua
ges

a
n

d
S

ystem
s

(T
O

P
LA

S
),16

(6
):18

11–
18

4
1.

O
M

G
(2

0
0

3
).

U
m

l2
.0

p
ro

p
o

salo
f

th
e

2
U

gro
u

p
,ve

rsio
n

0
.2

,h
t
t
p
:
/
/
w
w
w
.
2
u
w
o
r
k
s
.
o
r
g
/
u
m
l
2
s
u
b
m
i
s
s
i
o
n

.

O
M

G
(2

0
0

7a).
U

n
ifie

d
m

o
d

e
lin

g
lan

gu
age

:In
frastru

ctu
re

,ve
rsio

n
2

.1.2
.

Te
ch

n
icalR

e
p

o
rt

fo
rm

al/
0

7-11-0
4

.

O
M

G
(2

0
0

7
b

).
U

n
ifie

d
m

o
d

e
lin

g
lan

gu
age

:S
u

p
e

rstru
ctu

re
,ve

rsio
n

2
.1.2

.
Te

ch
n

icalR
e

p
o

rt
fo

rm
al/

0
7-11-0

2
.

O
M

G
(2

0
11a).

U
n

ifie
d

m
o

d
e

lin
g

lan
gu

age
:In

frastru
ctu

re
,ve

rsio
n

2
.4

.1.
Te

ch
n

icalR
e

p
o

rt
fo

rm
al/

2
0

11-0
8

-0
5

.

O
M

G
(2

0
11b

).
U

n
ifie

d
m

o
d

e
lin

g
lan

gu
age

:S
u

p
e

rstru
ctu

re
,ve

rsio
n

2
.4

.1.
Te

ch
n

icalR
e

p
o

rt
fo

rm
al/

2
0

11-0
8

-0
6

.


