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G
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S
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M
B

A
S

E,a
K

now
ledge

B
ase

ofM
ath.

T
heories

T
his

has
been

attem
pted

before!
(P

rincipia
M

ath.,B
ourbaki,...)

T
his

tim
e

stress
the

infrastructure
aspect

(O
pen

S
ource

M
odel)

–
enable

easy
and

pow
erfulbrow

sing
(personalization,

M
A

T
H

M
L

)

–
high-level(sem

antic)
search

(com
m

utativity:
)

–
distributed

Internetsupport:
(e.g.

localw
orking

K
B

vs.
archive

K
B

)

–
version

m
anagem

entand
concurrentaccess(like

C
V

S
for

cooperation)

–
offer

added-value
inference

services
(enlist

M
A

T
H

W
E

B)

–
large-scale

structure
for

navigation
&

reuse( theory
graph,inheritance)

M
B

A
S

E
as

a
M

A
T

H
W

E
B

com
ponent.

(notonly
for

hum
an

consum
ption)

–
situated

vs.
stateless

com
m

unication
ofm

athem
aticalservices
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T
he

M
IZ

A
R

M
athem

aticalLibrary
Large

body
ofm

achine-checked
m

athem
aticalknow

ledge.

F
irst-order

form
alization

(based
on

settheory)

U
nder

developm
entfor

about30
years.

N
um

bers:
750

articles,
33000

theorem
s,

6200
definitions

S
yntax:

H
um

an-oriented
textrepresentation

(
60

M
B

)

fo
r

B
1

b
e

in
g

se
t

h
o

ld
s

B
1

is
fin

ite

iff

e
x

B
2

b
e

in
g

R
e

la
tio

n
-like

F
u

n
ctio

n
-like

se
t

st
(rn

g
B

2
=

B
1

&
d

o
m

B
2

in
o

m
e

g
a

)

W
hata

w
onderfulC

orpus
to

test
M

B
A

S
E

on.
(need

O
M

D
O

C
form

at)
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O
M

D
O

C
in

a
N

utshell(three
levels

ofm
odeling)

F
orm

ula
level:

O
P

E
N

M
A

T
H

/C
-M

A
T

H
M

L

O
bjects

as
logicalform

ulae

sem
antics

by
ref.

to
theory

level

<
O

M
A>

<
O

M
S

cd
=

"
a

rith
1

"
n

a
m

e
=

"
p

lu
s

"/>
<

O
M

S
cd

=
"

n
a

t
"

n
a

m
e

=
"
ze

ro
"/>

<
O

M
V

n
a

m
e

=
"
N

"/>
<

/
O

M
A>

S
tatem

entlevel:

D
efinition,T

heorem
,P

roof,E
xam

ple

sem
antics

explicitform
s

and
refs.

<
d

e
fn

fo
r=

"
p

lu
s

"
typ

e
=

"
re

c
">

<
C

M
P>

re
c.

e
q

.
fo

r
p

lu
s<

/
C

M
P>

<
F

M
P>

X
+

0
=

0
<

/
F

M
P>

<
F

M
P>

X
+

s(Y
)

=
s(X

+
Y

)
<

/
F

M
P>

<
/

d
e

fn
>

T
heory

level:
D

evelopm
entG

raph

inheritance
via

sym
bol-m

apping

theory-inclusion
by

proof-obligations

local(one-step)
vs.

globallinks
theory−inclusion

��
���
��
��� 	

���
�

N
at−

List
List

A
ctualization

im
ports

im
ports

im
ports

N
at

0, s, N
at, <

, 
cons, nil

cons, nil
E

lem
, <

0, s, N
at, <

P
aram

E
lem

, <
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S
ituating

C
ontentM

arkup:
K

now
ledge

M
anagem

ent

C
A

S

solving

C
hecking

M
odel

m
odel

com
p.

specification
structured C

A
S

E
−T

ools

(content)
O

M
D

oc

w
ants this

H
oly

G
rail

N
obody

C
overage

machine support

A
T

P

P
roof

search
H

O
L/LF

/C
IC

...
(sem

antics)

M
ath/C

S
V

ernacular hum
an

interaction

checking
proof

M
K

M

5
c

:M
ichaelK

ohlhase
C

arnegie
M

ellon



Translating
M

IZ
A

R:
a

briefhistory
[JF

M
]

H
TM

L
/L ATE X

presentations
for

the
JournalofF

orm
alized

M
athem

atics
(inform

al:
hum

an-oriented)

[V
arious

]H
and

translations
for

benchm
ark

exam
ples

(by
various

people)

[B
ylinski

&
D

ahn
1997/8

]Translations
into

P
R

O
LO

G
syntax

(unfinished)

[U
rban

2003
]Translations

into
F

O
L

for
AT

P.
( V

erify
M

IZ
A

R
w

ith
AT

P
)

standard
relativization

for
types

(standard
F

O
L,butloses

structure)

N
o

M
IZ

A
R

schem
es

and
Fränkeloperators.

(H
igher-O

rder)

[B
ancerek

2002
]

M
M

L
Q

U
E

R
Y

data
(Inform

ation
R

etrievalfor
M

K
M

)

structure-preserving
(no

relativization)

no
proofs

(under
construction)

(deem
ed

irrelevantfor
IR

)
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G
eneralIssues

in
the

Translation
P

attern-levelvs.
C

onstructor-level
([U

rban
’03])

–
M

IZ
A

R
allow

s
synonym

s
for

and
overloading

ofsym
bols

–
P

attern-level:
H

um
an-oriented

rich
language

–
C

onstructor-level:
U

nique
m

achine
representation

(B
ancerek:

“strict
M

IZ
A

R”)
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T
he

Translation
M

M
L

Q
U

E
R

Y
D

ata
to

O
M

D
O

C

Idea
Inform

ation
R

etrieval
A

rrangem
ent

Translation

C
oncretely

M
M

L
Q

U
E

R
Y

O
M

D
O

C
tem

plates
O

M
D

O
C

S
am

ple
Tem

plate:
<

sym
b

o
l

id
=

"
<

m
m

lq
typ

e
=

"kin
d

"/>
<

m
m

lq
typ

e
=

"n
u

m
b

e
r"/>

">
<

co
m

m
o

n
n

a
m

e
><

m
m

lq
typ

e
=

"va
lu

e
"

o
p

e
ra

tio
n

=
"[firstn

o
t

|sy
m

b
ol]"

/>
<

/co
m

m
o

nn
a

m
e

>
<

typ
e

syste
m

=
"m

iza
r">

<
O

M
O

B
J><

m
m

lq
typ

e
=

"fm
p

"/>
<

/O
M

O
B

J>
<

/typ
e

>
<

/sym
b

o
l>

S
am

ple
R

esult:
<

sym
b

o
l

id
=

"
p

re
d

1
">

<
co

m
m

o
n

n
a

m
e

>=
<

/co
m

m
o

n
n

a
m

e
>

<
typ

e
syste

m
=

"m
iza

r">
<

O
M

O
B

J>
<

O
M

A
>

<
O

M
Scd

=
"m

iza
r"

n
a

m
e

=
"p

re
d

-typ
e

"/>
<

O
M

S
cd

=
"h

id
d

e
n

"
n

a
m

e
=

"m
o

d
e

1
"/>

<
O

M
S

cd
=

"h
id

d
e

n
"

n
a

m
e

=
"m

o
d

e
1

"/>
<

/O
M

A
>

<
/O

M
O

B
J>

<
/typ

e
>

<
/sym

b
o

l>
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A
standardized

H
ierarchy

oflogicallanguages
Idea:

P
rovide

a
standardized,w

ell-docum
ented

setof“nam
es”

for
logicallanguages

tru
th

va
l

p
l0

skl0

in
d

p
l1

u
n

d
e

f

skl1
p

a
rtia

l1

su
b

st

la
m

b
d

a
-ca

lc

sim
p

le
-typ

e
s

d
e

p
-typ

e
s

stlc

sth
o

l

re
co

rd
s

IM
P

S
P

V
S

O
M

E
G

A
M

IZ
A

R

M
IZ

A
R

typ
e

s

T
his

hierarchy
is

based
on

literalinclusion
(can

w
e

do
better?)

M
B

A
S

E:
C

onservative
E

xtension
P

rinciple
w

ith
Logic

M
orphism

s
(E

xtend
the

H
ierarchy

w
ith

a
levelofproofs.)
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T
he

“M
IZ

A
R-types”

theory
for

the
M

IZ
A

R
language

typ
e

T
he

type
attribute.

Itrelates
an

objectto
its

type
in

an
attribuition.

fu
n

c-typ
e

T
he

function
type

constructor
ittakes

n
argum

ents.
T

he
last

child
is

the
range

type
and

the
firstn-1

ones
are

the
dom

ain
types.

p
re

d
-typ

e
T

he
predicate

type
constructor

ittakes
n

argum
ents

thatare
the

dom
ain

types
ofthe

relation.

typ
e

-e
xp

re
ssio

n
T

he
type

expression
constructor.

T
he

firstargum
entis

a
radix

type
and

the
restis

a
listofadjectives

thatm
odify

it.

a
d

je
ctive

-clu
ste

r
T

he
adjective

com
position

operator.
Itm

akes
an

adjective
cluster

outofa
sequence

ofsim
pler

ones.
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T
he

“M
IZ

A
R”

theory
for

the
M

IZ
A

R
language

(I)
typ

e
-e

xp
re

ssio
n

-n
o

n
e

m
p

ty
T

he
operator

thatexpresses
the

factthata
type

is
legal,since

itis
non-em

pty.

a
d

je
ctive

-in
clu

sio
n

T
he

operator
thatexpresses

the
factthatan

adjective
includes

another
on

a
radix

type.
T

he
firstargum

entis
the

radix
type,the

nexttw
o

are
adjective

clusters,the
firstcluster

entails
the

second
one

on
the

radix.

is
T

he
”is

oftype”
operator

in
m

izar.
Itexpresses

thatits
firstargum

enthas
the

type
thatis

expressed
as

its
second

argum
ent.

p
o

sse
sse

s
T

he
operator

the
expresses

thata
term

possesses
certain

properties.
Its

firstargum
entis

the
term

and
the

restare
adjectives

that
express

the
properties.

a
d

je
ctive

-h
o

ld
s

T
he

operator
thatexpresses

the
factthatan

adjective
alw

ays
holds

on
a

radix
type.

T
he

firstargum
entis

the
radix

type,the
second

one
is

an
adjective

cluster.
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T
he

“M
IZ

A
R”

theory
for

the
M

IZ
A

R
language

(II)
fra

e
n

ke
l-b

in
d

T
he

finding
partofthe

FraenkelO
perator

fra
e

n
ke

l-se
t

T
he

setpartofthe
FraenkelO

perator.
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S
tatus

ofthe
Translation

structure
preserving

translation
ofallstatem

ent-levelinform
ation

(exceptproofs)

–
produces

valid
O

M
D

O
C,transform

s
to

TE X
,

M
A

T
H

M
L

...

w
ork

in
progress

(needed
for

com
pleteness,fullconfidence)

–
theory

hierarchy,notation
definitions,proofs

–
back-translation:

O
M

D
O

C
strict

M
IZ

A
R

fullM
IZ

A
R

F
uture

w
ork

(this
is

w
hatm

otivates
the

w
ork)

–
integrate

M
IZ

A
R

theory
w

ith
existing

ones
via

“logic
m

orphism
s”

(defines
M

IZ
A

R
language,ensures

translation)

–
re-grouping

ofknow
ledge

base
by

topology/clustering

–
E

xtended
pattern

search/M
M

L
Q

U
E

R
Y

in
M

B
A

S
E.
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