
∗

†

≥ �

∗

†







1



e 〈126,e〉



〈126,e〉 〈126,〈e,t〉〉

2

application →

⎡
⎢⎢⎢⎣
type 2

functor type

[
in 1

out 2

]
arg type 1

⎤
⎥⎥⎥⎦

equation →

⎡
⎣type truth

arg1 type 1

arg2 type 1

⎤
⎦

〈e, t〉 〈e〉
〈t〉

3



⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

sign

phonology phonological structure

synsem

⎡
⎢⎢⎢⎢⎢⎢⎢⎣
local

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

category (local) syntactic structure

content

⎡
⎢⎢⎢⎢⎢⎣

content

index

⎡
⎣ext-index

var me

phi index

⎤
⎦

main me

⎤
⎥⎥⎥⎥⎥⎦

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

lf

⎡
⎢⎢⎢⎣
lrs

excont me

incont me

parts list(me)

⎤
⎥⎥⎥⎦

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦



4

5

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

phon
〈
john

〉

ss loc

⎡
⎢⎢⎢⎣
cat

[
head noun

subcat
〈〉

]

cont

[
index var 1 john′

main 1 john′

]
⎤
⎥⎥⎥⎦

lf

⎡
⎢⎣excont me

incont 1 john′

parts
〈

1 john′
〉
⎤
⎥⎦

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

phon
〈
laughs

〉

ss loc

⎡
⎢⎣cat

[
head verb

subcat
〈
NP 1

〉]

cont main 2a laugh′

⎤
⎥⎦

lf

⎡
⎢⎣excont me

incont 2 laugh′( 1 )

parts
〈

2 laugh′( 1 ), 2a laugh′
〉
⎤
⎥⎦

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦



⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

phon
〈
always

〉

ss loc

⎡
⎢⎢⎢⎣cat

⎡
⎢⎣head

[
adv

mod V[loc cont main 2a ]

]
subcat elist

⎤
⎥⎦

cont main 5a always′

⎤
⎥⎥⎥⎦

lf

⎡
⎢⎣excont me

incont 5 always′( 3 )

parts
〈

5 always′( 3 ), 5a always′
〉
⎤
⎥⎦

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

& 2a � 3

6

7



8

〈e, t〉

lrs →

⎛
⎝

⎡
⎣excont 1

incont 2

parts 3

⎤
⎦∧ member( 2 , 3 ) ∧ 2 � 1

⎞
⎠

phrase →

( [
nh-dtr lf

[
excont 1

parts 2

]]
∧ member( 1 , 2 )

)



u-sign →

∀ 1 ∀ 2 ∀ 3 ∀ 4

⎛
⎜⎜⎝

([
lf

[
excont 1

parts 2

]]
∧ 3 � 1 ∧ member( 4 , 2 )

)
→

(member( 3 , 2 ) ∧ 4 � 1 )

⎞
⎟⎟⎠

phrase →
[
lf excont 1

h-dtr lf excont 1

]

phrase →
[
lf incont 1

h-dtr lf incont 1

]

phrase →

⎛
⎝

⎡
⎣lf parts 1

h-dtr lf parts 2

nh-dtr lf parts 3

⎤
⎦ ∧ append( 2 , 3 , 1 )

⎞
⎠



NP⎡
⎣exc 1

inc 1

pts 〈 1 john′〉

⎤
⎦

John

A⎡
⎢⎢⎣
ss l c hd mod V:[main 2a ]

lf

⎡
⎣exc 5

inc 5 always′( 3 )
parts 〈 5 , 5a always′〉

⎤
⎦

⎤
⎥⎥⎦

& 2a � 3

always

V⎡
⎣exc 4

inc 2 laugh′( 1 )
pts 〈 2 , 2a laugh′〉

⎤
⎦

laughs

adj head

VP⎡
⎣exc 4

inc 2

pts 〈 2 , 2a , 5 , 5a 〉

⎤
⎦

& 5 � 4

comp head

S⎡
⎣exc 4 always′(laugh′(john′))

inc 2

pts 〈 2 , 2a , 5 , 5a , 1 〉

⎤
⎦
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x ≥ y x y

1 e s
〈s, t〉 9

′

′ l1
l1

l1
4

4

l1 : ′( 1 )

⎡
⎢⎢⎣

[ [ ]]
[ [ ][

l1
]
]
⎤
⎥⎥⎦



sem

tb
bindings

vare e var〈s,t〉
vars s

10

⊥

0 , 1 , . . .

a(u)



( ( ( 0 ))) = 1∧
( ( ( 0 ))) = 4∧
( ( ( 0 ))) = l1

⎡
⎢⎢⎣

[ [ ]]
[ [ ][

l1
]
]
⎤
⎥⎥⎦

γ1 . . .
[
p
[

. . .
]]

p

γ2 . . .
[
r
[

. . .
]]

γ1 . . .

[
p

[
. . .

. . .

]]
p

γ2 . . .

[
r
[

. . .
]

f
[

. . .
]
]

γ1 γ2 p

• p γ1

γ2 γ1 p γ2 r r

• γ2

γ2 p γ1 γ1 p
γ2 f f γ2

γ p γ
γ p

γ p

′(x)



l1 : ′( 1 )⎡
⎢⎢⎢⎣

[ [ ]]
[ [ ]

[
l1

]
]
⎤
⎥⎥⎥⎦

l3 : ′(x) l2 : ′( 6 ) 6 ≥ 7[ [ [ ][
x
]
]] ⎡

⎢⎢⎢⎢⎣
r

[ [ ][
l2

]
]

f

[ [ ][ ]
]
⎤
⎥⎥⎥⎥⎦

x 11

6 7

l2

1 = x

f

7 = l1
r

4 = l2

δ
δ δ

c1, c2 δ 
 c1 = c2 c1 c2 δ
g

g



• n c δ 
 n = c
g( n ) = c

• n1 c δ 
 n1 = c
n2 δ 
 n1 = n2

g( n1 ) = n2

l1 : ′(x), l2 : ′( 6 ), l3 : ′(x) 6 ≥ l1

6 → l1 6 l2
6 l2 6 l3

6 l1
6 ≥ l1

′(x) ∧ ′( ′(x))

l1, l2, l3, . . .

O(n6)

x ≥ y





∃1x( ′(x) ∧ ) ∀x( ′(y) → )

′(x, y)

∃ > ∀,∀ > ∃

∀ > ∃ > two

seem > ∀,∀ > seem

three > likely, likely > three

12

x y
y x



l1 : ′( 1 )
2 ≥ 3

l2 : ′(x, 4 , 5 )
l3 : ′(x)
4 ≥ l3
6 ≥ 5 5 ≥ 7

⎡
⎢⎣

[
l1

]
[ [ ]]

⎤
⎥⎦

⎡
⎢⎣

[
x
]

[ [ ]]
⎤
⎥⎦

13

= 2 = l1

′ l1
2 14

′15

4 5 ′(x)
4 ≥ l3

2

q q(x, p1, p2) q(λx.p1, λx.p2)
q 〈〈e, 〈s, t〉〉, 〈〈e, 〈s, t〉〉, 〈s, t〉〉〉



[ ] l4 : ′( 3 )

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

[ ]
⎡
⎢⎣

[ ]
[

l4
]

⎤
⎥⎦

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

∗

l3 : ′(x, 6 , 7 )
6 ≥ 10

8 ≥ 7 7 ≥ 9

⎡
⎢⎢⎣

⎡
⎢⎣

[
x

]
[ ]

⎤
⎥⎦
⎤
⎥⎥⎦

5 6 7 6 ≥ 5 5 ≥ 7

2 ≥ 5 , 5 ≥ l1
1 → x, 6 → 2 , 7 → l1

l1 : ′(x)
l2 : ′(x, 4 , 5 ) l3 : ′(x)
2 ≥ l1
4 ≥ l3, 2 ≥ 5 , 5 ≥ l1

2 → l2 4 → l3, 5 → l1

′(x, ′(x), ′(x))

8 9

4

5

l4



∗

1 2

l1
l2

> > ∗ > >

2

3 ≥ 2 l1

1 → x, 2 → l2, 6 → 3 , 7 → l1, 9 → l1



l1 : ′( 1 )
3 ≥ 2

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

[
l1

]
[ [ ]]
[ [ ]]
[ [ ][

l1
]
]

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

l3 : ′(x, 4 , 5 ) l4 : ′(x)
4 ≥ l4 6 ≥ 5 5 ≥ 7

l2 : ′( 8 ) 8 ≥ 9⎡
⎢⎣

[
x
]

[ [ ]]
⎤
⎥⎦

⎡
⎢⎣ 1

[ [
l2
]]

2

[ [ ]]
⎤
⎥⎦

l1 : ′(x)
l3 : ′(x, 4 , 5 ) l4 : ′(x)
l2 : ′( 8 )
3 ≥ l2
4 ≥ l4 3 ≥ 5 5 ≥ l1
8 ≥ l1

3 → l3, 5 → l2, 8 → l1, 4 → l4
l3 : ′(x, l4 : ′(x), l2 : ′(l1 : ′(x)))

3 → l2, 8 → l3, 5 → l1, 4 → l4
l2 : ′(l3 : ′(x, l4 : ′(x), l1 : ′(x)))



⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

phon
〈
everybody

〉

ss loc

⎡
⎢⎢⎢⎣
cat

[
head noun

subcat
〈〉

]

cont

[
index var x

main every(x, α, β)

]
⎤
⎥⎥⎥⎦

lf

⎡
⎢⎣excont me

incont 2 person′(x)

parts
〈
x, 2 , 2a person′, 4 every(x, α, β)

〉
⎤
⎥⎦

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

& 2 � α & x � α & x � β

16

(x, ρ, ν)
ρ

[
nh-dtr ss loc

[
cat head det

cont main gen-quantifier

]]
→

⎛
⎜⎜⎜⎜⎝

⎡
⎢⎢⎢⎣
h-dtr lf

[
excont 1

incont 2

]

nh-dtr lf

[
incont 1

[
gen-quantifier

restr 3

]]
⎤
⎥⎥⎥⎦∧ 2 � 3

⎞
⎟⎟⎟⎟⎠

(x, ρ, ν)
ν



∀ 1

⎛
⎜⎜⎜⎜⎝

⎡
⎢⎢⎢⎢⎣nh-dtr

⎡
⎢⎢⎢⎣
ss loc cat

[
head noun

subcat
〈〉

]

lf excont

[
gen-quantifier

scope 1

]
⎤
⎥⎥⎥⎦

⎤
⎥⎥⎥⎥⎦→ ∃ 2

( [
h-dtr lf incont 2

]
∧ 2 � 1

)⎞
⎟⎟⎟⎟⎠

4 � 6

1 � β

NP⎡
⎣exc 4 every(x, α, β)
inc 2 person′(x)

pts 〈 2 , 2a person′, 2b x , 4 〉

⎤
⎦

& 2 � α

Everybody

VP⎡
⎣exc 6

inc 1 laugh′(x)

pts 〈 1 , 1a laugh′〉

⎤
⎦

laughs

comp head

S⎡
⎣exc 6 every(x, person′(x), laugh′(x))

inc 1

pts 〈 1 , 1a , 2 , 2a , 2b , 4 〉

⎤
⎦

& 1 � β & 4 � 6

2 � α 1 � β 4 � 6



⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

phon
〈
three

〉

ss loc

⎡
⎢⎢⎢⎣
cat

[
head det

subcat
〈〉

]

cont

[
index var 4a x

main 4 three(x, α, β)

]
⎤
⎥⎥⎥⎦

lf

⎡
⎢⎣excont me

incont 4 three(x, α, β)

parts
〈

4 , 4a
〉

⎤
⎥⎦

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

& x � α & x � β

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

phon
〈
girls

〉

ss loc

⎡
⎢⎢⎢⎢⎣
cat

[
head noun

subcat
〈
DetP 4a

〉]

cont

[
index var 4a

main girl′

]
⎤
⎥⎥⎥⎥⎦

lf

⎡
⎢⎢⎢⎣
excont

[
gen-quantifier

var 4a

]
incont 2 girl′( 4a )

parts
〈

2 girl′( 4a ), 2a girl′
〉

⎤
⎥⎥⎥⎦

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

x

α



Det⎡
⎣exc 4

inc 4 three(x, γ, δ)

ps 〈 4 , 4a x 〉

⎤
⎦

three

N⎡
⎣exc 4

inc 3 girl′(x)

ps 〈 3 , 3a girl′〉

⎤
⎦

girls

comp head

NP⎡
⎣exc 4 three(x, γ, δ)

inc 3

ps 〈 4 , 4a , 3 , 3a 〉

⎤
⎦

& 3 � γ

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

phon
〈
likely

〉

ss loc

⎡
⎢⎢⎢⎢⎣
cat

⎡
⎢⎣
head adj

subcat

〈[
loc

[
cat head verb

cont main 1b

]]〉
⎤
⎥⎦

cont
[
main 2a likely′

]

⎤
⎥⎥⎥⎥⎦

lf

⎡
⎢⎣excont me

incont 1

parts
〈

1 , 2 likely′(α), 2a
〉
⎤
⎥⎦

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

& 1 � α & 1b � 1

= x ′ x ′ ′ x

= ′ x ′ x ′ x

s



NP⎡
⎣exc 4 three(x, γ, δ)
inc 3 girl′( 4a x)

ps 〈 4 , 4a , 3 , 3a 〉

⎤
⎦

& 3 � γ

Three girls
V⎡

⎣exc 5

inc 1

ps
〈

1
〉
⎤
⎦

are

A⎡
⎣exc 2

inc 1

ps 〈 1 , 2 likely′(α), 2a 〉

⎤
⎦

& 1 � α

likely

VP⎡
⎣exc 1

inc 1 come′(x)
ps 〈 1 , 1a 〉

⎤
⎦

to come

head comp

AP⎡
⎣exc 2

inc 1

ps 〈 2 , 2a , 1 , 1a 〉

⎤
⎦

head comp

VP[
inc 1

ps 〈 2 , 2a , 1 , 1a 〉

]
comp head

S⎡
⎣exc 5

inc 1 come′(x)
ps 〈 4 , 4a , 3 , 3a , 2 , 2a , 1 , 1a 〉

⎤
⎦

& 1 � δ

s

� α
� δ

x
x � γ

17

18

=



19
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⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

word

phon 〈nikt〉

ss loc cont

[
index var 3b x

main 5 some(x, γ, δ)

]

lf

⎡
⎢⎢⎢⎣
lrs

excont 5 some(x, γ, δ)

incont 3 person′( 3b x)

parts 〈 3 , 3a person′, 3b , 4¬β, 5 〉

⎤
⎥⎥⎥⎦

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

& 5 � β & 3 � γ & x � γ & x � δ

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

word

phon 〈nie przyszed�l〉

ss loc

[
cat subcat

〈[
loc cont index var 3b

]〉
cont main come′

]

lf

⎡
⎢⎢⎢⎣
lrs

excont 0

incont 1 come′( 3b )

parts 〈 1 , 1a come′, 2¬α, 〉

⎤
⎥⎥⎥⎦

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

& 1 � α & 2 � 0



= (= )

� β � δ

NP⎡
⎣excont 5 some(x, γ, δ)
incont 3 person′( 3b x)

parts 〈 3 , 3a person′, 3b , 4¬β, 5 〉

⎤
⎦

& 5 � β & 3 � γ

Nikt

V⎡
⎣excont 0

incont 1 come′( 3b x)

parts 〈 1 , 1a come′, 2¬α〉

⎤
⎦

& 1 � α & 2 � 0

nie przyszed�l

S⎡
⎣excont 0 ¬ some(x, person′(x), come′(x))

incont 1

parts 〈 1 , 1a , 2 , 3 , 3a , 3b , 4 , 5 〉

⎤
⎦

& 1 � δ



yes
no

no
3

yes = yes yes
3

9 1 = 9

9 ≥ 10

yes
7 ≥ 6

1 = 7

∗

l2 : ′( 2 )
4 ≥ l2

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎡
⎢⎣ l2

⎤
⎥⎦

[ [ ]]
[ [ ][ ]

]

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

l3 : ′(x, 5 , 6 ) l4 : ′(x)
5 ≥ l4 7 ≥ 6 6 ≥ 8

l1 : ¬ 9

9 ≥ 10⎡
⎢⎢⎣

[ ]
[ [ ]]

⎤
⎥⎥⎦

⎡
⎢⎣

⎡
⎢⎣

[ ]
[ ]

⎤
⎥⎦
⎤
⎥⎦



l2 : ′(x) l3 : ′(x, 5 , 6 ) l4 : ′(x) l1 : ¬ 1

4 ≥ l2 5 ≥ l4 1 ≥ 6 6 ≥ l2 1 ≥ l2



•

•

•

• N F

• S ∈ N

• P A → f(A1, . . . , An)
n ≥ 0, f ∈ F A,A1, . . . , An ∈ N

• A ⇒ f() A → f()

• A
∗
⇒ f(t1, . . . , tn) A → f(A1, . . . , An)

Ai
∗
⇒ ti 1 ≤ i ≤ n

γ
γ γ

γ
γ

γ → fγ:p1,...,pn(γ1, . . . , γn) γ, γ1, . . . , γn



p1, . . . , pn γ γ1, . . . , γn

γ p1, . . . , pn

20

21

fαl:1,2,22(fαj
(), fβ:ε(fβ()), fαm())

αj αm

αl

β

∗
NA

αj → fαj
() αj

αm → fαm() αm

β → fβ() β
β → fβ:ε(β) β β
αl → fαl:1,22(αj , αm) αj αm αl

αl → fαl:1,22(αj , αj)
αl → fαl:1,22(αm, αj)
αl → fαl:1,22(αm, αm)
αl → fαl:1,2,22(αj , β, αm) αj β αm αl

αl → fαl:1,2,22(αj , β, αj)
αl → fαl:1,2,22(αm, β, αj)
αl → fαl:1,2,22(αm, β, αm)

αl

αj β αm

ε

β

fαl:1,2,22

fαj
fβ:ε fαm

fβ

G

• G

• γ 22

fγ

γ → fγ()

ε j
p p · j



• γ p1, . . . , pn γ
γ1, . . . , γn

p1, . . . , pn n fγ:p1,...pn

γ → fγ:p1,...pn(γ1, . . . , γn)

• γ → fγ() [[fγ()]]syn := γ

• γ → fγ:p1,...pn(γ1, . . . , γn)
[[fγ:p1,...pn(t1, . . . , tn)]]syn := γ[p1, [[t1]]syn] . . . [pn, [[tn]]syn] 23

[[fαj
()]]syn = αj [[fαm()]]syn = αm [[fβ()]]syn = β

[[fβ:ε(X)]]syn = β[ε, [[X]]syn]
[[fαl:1,22(X,Y )]]syn = αl[1, [[X]]syn][22, [[Y ]]syn]
[[fαl:1,2,22(X,Y,Z)]]syn = αl[1, [[X]]syn][2, [[Y ]]syn][22, [[Z]]syn]

[[fαl:1,2,22(fαj
(), fβ:ε(fβ()), fαm())]]syn = αl[1, αj ][2, β[ε, β]][22, αm ]

αl[1, αj ][2, β[ε, β]][22, αm ]
αl 1

t1 t2 2
22 t3 t1, t2, t3 t1 αj

t3 αm

t2 β[ε, β]
β ε

β

σ
σ

γ
σ σ(γ)

γ[p, γ′] γ′ p γ
γ[p, γ′] γ′ γ p

γ′ p γ
γ[p, γ′] γ′ γ p γ[p, γ′]



σ(αj) = 〈σαj
, δαj

〉 := 〈 〉′(x)

[
ε

[ [
x
]]]

σ(αm) = 〈σαm , δαm 〉 := 〈 〉′(y)

[
ε

[ [
y
]]]

σ(αl) = 〈σαl
, δαl

〉 := 〈 〉l1 : ′( 2 , 3 )

⎡
⎢⎢⎢⎢⎢⎢⎣

[ [ ]]
[ [ ]]
[ [ ][

l1
]
]

⎤
⎥⎥⎥⎥⎥⎥⎦

σ(β) = 〈σβ , δβ〉 := 〈 〉
l2 : ′( 6 )
6 ≥ 7

⎡
⎢⎣ε

[ [
l2

]]
[ [ ]]

⎤
⎥⎦

σ

fγ...
24

δ
top(δ)

top(δαj
) = 0 , top(δαm) = 1 . . .

〈σγ , δ′γ , top(δγ)〉

〈σ, δ〉 σ σ
δ

[[fαj
()]]sem := 〈σαj

, δ′αj
, top(δαj

)〉

δ′αj
= δαj

∧
{ (p(top(δαj

))) = (p(top(δαj
))) | p αj}

αj

δαj
δαj

δαj
σαj

fαm() fβ()



[[fβ:ε(X)]]sem := 〈σβ ∪ σX , δ′, top(δβ)〉 [[X]]sem = 〈σX , δX , topX〉

δ′ = δβ ∧ δX

∧ (ε(top(δβ))) = (ε(topX)) ∧ (ε(top(δβ))) = (fX(topX))∧
{ (p(top(δβ))) = (p(top(δβ))) | p �= ε, p β}

fX γ X
fγ...(. . .)

ε β
ε β

β

• γ → fγ() 〈σγ , δγ〉
σ(γ)

[[fγ()]]sem := 〈σγ , δ′γ , top(δγ)〉

δ′γ = δγ

∧
{ (p(top(δγ))) = (p(top(δγ))) | p γ}

• γ → fγ:p1,...pn(γ1, . . . , γn)
p1, . . . , pk 0 ≤ k ≤ n

p1, . . . pn

〈σγ , δγ〉 σ(γ)

[[fγ:p1,...pn(X1, . . . ,Xn)]]sem := 〈σγ ∪ σX1
∪ · · · ∪ σXn , δ′, top(δγ)〉

δ′ = δγ ∧ δX1
∧ . . . δXn∧n

i=1 (pi(top(δγ))) = (ε(topXi
))∧n

i=k+1 (pi(top(δγ))) = (fXi
(topXi

))∧
{ (p(top(δγ))) = (p(top(δγ))) | p /∈ {p1, . . . , pn},

p γ}

fαl:1,2,22(fαj
(), fβ:ε(fβ()), fαm())

G
G



[[fβ()]]sem = 〈σ1

β, δ1

β

′
, 11 〉

σ1

β = l3 : ′( 9 ) 9 ≥ 10

δ1

β

′
= ( (ε( 11 ))) = l3 ∧ ( ( ( 11 ))) = 10

∧ (ε( 11 )) = (ε( 11 )) ∧ ( ( 11 )) = ( ( 11 ))

[[fβ:ε(fβ())]]sem = 〈σ2

β, δ2

β

′
, 8 〉

σ2

β = l2 : ′( 6 ) l3 : ′( 9 ) 6 ≥ 7 9 ≥ l2

δ2

β

′
= ( (ε( 8 ))) = l2 ∧ ( ( ( 8 ))) = 7

∧δ1

β

′

∧ (ε( 8 )) = (ε( 11 )) ∧ (ε( 8 )) = ( ( 11 ))
∧ ( ( 8 )) = ( ( 8 ))

[[fαj
()]]sem = 〈σαj

, δ′αj
, 0 〉

σαj
= ′(x)

δ′αj
= ( (ε( 0 ))) = x

∧ (ε( 0 )) = (ε( 0 ))

[[fαm ()]]sem = 〈σαm , δ′αm
, 1 〉

σαm = ′(y)

δ′αm
= ( (ε( 1 ))) = y

∧ (ε( 1 )) = (ε( 1 ))

[[fαl :1,2,22(fαj
(), fβ:ε(fβ()), fαm ())]]sem = 〈σαl

, δαl

′, 4 〉

σαl
=

′(x) ′(y) l1 : ′(x, y)
l2 : ′( 6 ) l3 : ′( 9 )
6 ≥ l1 9 ≥ l2

δ′αl
= ( ( ( 4 ))) = 2 ∧ ( ( ( 4 ))) = 3

∧ ( ( ( 4 ))) = 5 ∧ ( ( ( 4 ))) = l1

∧δ′αj
∧ δ2

β

′
∧ δ′αm

∧ (ε( 0 )) = ( ( 4 ))
∧ (ε( 1 )) = ( ( 4 ))
∧ ( ( 4 )) = (ε( 8 )) ∧ ( ( 4 )) = ( ( 8 ))
∧ (ε( 4 )) = (ε( 4 )) ∧ ( ( 4 )) = ( ( 4 ))



b f()
b(f()) := [[f()]]sem

rf f
[[f(γ1, . . . , γn)]]sem [[γ1]]sem, . . . [[γn]]sem

t t

G
μ

25

f(t1, . . . , tn)
f t1, . . . , tn

≥ �
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