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R
ealtim

e
tem

porallogic
O

ded
M

aler

Tech
n

icalC
o

n
ten

t

N
o

new
originaltechnicalresults

(the
im

portance
of

“results”
is

exaggerated
in

certain
circles)

S
im

ple
proofs

oftw
o

folk
theorem

s
aboutthe

real-tim
e

tem
porallogic

M
IT

L:

1)
A

ll
languages

specified
by

P
ast

M
IT

L
form

ulae
are

accepted
by

determ
inistic

tim
ed

autom
ata

2)
S

om
e

languages
specified

by
F

uture
M

IT
L

form
ulae

are
not

accepted
by

any
determ

inistic
tim

ed
autom

aton.

A
n

explanation
ofw

hy
this

is
the

case

1



R
ealtim

e
tem

porallogic
O

ded
M

aler

U
n

tim
ed

C
ase:

S
u

m
m

ary

F
uture

LT
L

denotes
star-free

(aperiodic)
-regular

sets
(infinite

w
ords)

From
to

a
non-determ

inistic
B

uchi
autom

aton
(N

B
A

),
either

directly
by

tableau
or

indirectly
via

A
FA

and
-determ

inization

From
N

B
A

apply
N

cN
aughton-S

afra
to

obtain
a

determ
inistic

R
abin

autom
aton

P
astLT

L
denotes

star-free
(aperiodic)

regular
sets

over
finite

w
ords

A
dm

its
a

directconstruction
from

a
form

ula
to

a
determ

inistic
autom

aton

E
very

future
LT

L
form

ula
can

be
w

ritten
as

B
oolean

com
bination

of

��

w
here

is
a

pastform
ula

(norm
alform

)
[LichtensteinP

nueliZ
uck85]

A
n

algorithm
to

translate
any

counter-free
autom

aton
(or

-autom
aton)

into
a

pastLT
L

(or
norm

alform
)

form
ula

[M
alerP

nueli90]

2



R
ealtim

e
tem

porallogic
O

ded
M

aler

D
en

se/M
etric

T
im

e

M
achine:

tim
ed

autom
aton

[A
lurD

ill],T
P

N
,event-recording

autom
aton,event-

clock
autom

aton,

T
im

ed
regular

expressions
[A

sarinC
aspiM

aler97]

Logics:
m

any
w

ere
developed

80-90s

M
odal:

[P
nueli,M

anna,A
lur,H

enzinger,...]
F

irst/second
order:

[W
ilke,...

,R
abinovich,H

irshfeld,...
Lam

port]

M
IT

L
[A

lurF
ederH

enzinger96],
a

restriction
of

M
T

L
[K

oym
ans90]

to
interval

m
odalities

�
�������

:
w

illhold
w

ithin
tim

e
from

now

M
IT

L
is

equivalent
to

event-clock
logic

[R
askinS

chobbensH
enzinger98].

M
IT

L
is

decidable
and

adm
its

a
hierarchy

based
on

alternation
of

past
and

future
[A

lurH
enzinger92]

3



R
ealtim

e
tem

porallogic
O

ded
M

aler

D
eterm

in
ism

W
hy

the
obsession

w
ith

determ
inistic

autom
ata?

C
lassicaluntim

ed
autom

ata
theory

is
very

determ
inistic

E
very

regular
setadm

its
a

determ
inistic

finite
acceptor

T
his

acceptor
is

canonicalfor
the

language
(M

yhill-N
erode)

T
he

theory
of

tim
ed

languages
is

still
unclean

com
pared

to
the

classical
theory

[Trakhtenbrot95,A
sarin03]

T
here

is
no

agreem
enton

w
hatthe

analogue
ofregular/rationallanguages

is

O
ur

recent
attem

pt:
recognizable

languages
[M

alerP
nueli04]

a
kind

of
algebraic

characterization
that

coincides
w

ith
languages

accepted
by

input-
determ

inistic
tim

ed
autom

ata

4



R
ealtim

e
tem

porallogic
O

ded
M

aler

M
o

tivatio
n

an
d

co
n

cise
h

isto
ry

fo
r

th
is

w
o

rk

M
otivation:

find
a

syntactic
characterization

ofthe
recognizable/determ

inistic
tim

ed
languages.

S
em

i
practical

m
otivation:

determ
inistic

form
alism

are
easier

to
m

onitor

1)
F

inding
a

proofofthe
determ

inism
ofP

astM
IT

L
(source

ofoptim
ism

)

2)
P

roving
thatthis

does
nothold

for
future

M
IT

L
(blow

to
optim

ism
)

3)
S

eeing
thatthis

does
nothold

also
for

star-free
tim

ed
regular

expressions
(totaldespair)

4)
U

nderstanding
w

hy
(som

e
com

fort)

5



R
ealtim

e
tem

porallogic
O

ded
M

aler

F
in

itary
In

terp
retatio

n
o

f
LT

L
/M

IT
L

R
em

ove
the

asym
m

etry
betw

een
finite

pastand
infinite

future
so

thatw
e

can
focus

on
differences

due
to

direction
ofm

odalities

W
e

interpret
future

tem
porallogic

over
finite

w
ords/signals

and
get

rid
of

all
the

-com
plications

F
initary

interpretation
have

recently
becom

e
popular

due
to

runtim
e

verification/m
onitoring/testing:

decide
w

hether
a

given
satisfies

a
property

N
oteasy

(for
m

ortals,com
puters

included)
to

observe
infinite

inputs..

F
initary

interpretations
ofLT

L
proposed

by
[E

isnerF
ism

an
etal03]:

“truncated
paths”,“w

eak”
interpretation

M
ain

issue
is

how
to

define
propositional

satisfaction
at

w
here

is
outside

the
scope

of
.

C
an

be
solved

this
w

ay
or

another
–

w
e

restrict
to

bounded
m

odalities

6



R
ealtim

e
tem

porallogic
O

ded
M

aler

T
h

e
L

o
g

ic
Interpreted

over
finite

signals

	

defined
over

an
interval

S
tandard

tem
porallogic

definitions
...

P
astm

odality:
S

ince



���� ��
�

�

and




F
uture

m
odality:

U
ntil



���� ��
�

�

and




D
erived

operators:
som

etim
e/alw

ays
in

the
past,

eventually/alw
ays

in
the

future

�

, �

, �-

�-
S

atisfaction
ofa

form
ula

by
a

signal
is

defined
as

forw
ard

from
zero

for
future

form
ulae

backw
ard

from
the

end
for

pastform
ulae

7



R
ealtim

e
tem

porallogic
O

ded
M

aler

T
h

e
A

u
to

m
ata

V
ariation

on
“standard”

tim
ed

autom
ata:

R
eads

m
ulti-dim

ensional
dense-tim

e
B

oolean
signals.

A
lphabet

letters
are

associated
w

ith
states

rather
than

w
ith

transitions

A
cceptance

conditions
include

constraints
on

clock
values

C
lock

values
m

ay
include

the
special

sym
bol

indicating
that

the
clock

is
currently

inactive

Transitions
can

be
labeled

by
the

usualresets
ofthe

form
or

as
w

ellas
by

copy
assignm

ents
ofthe

form
�


D

eterm
inism

:
tw

o
states

associated
w

ith
the

sam
e

input
letters

have
disjoint

staying
conditions.

E
very

signaladm
its

a
unique

run

8



R
ealtim

e
tem

porallogic
O

ded
M

aler

F
ro

m
P

ast
M

IT
L

to
D

TA

A
utom

ata
are

builtcom
positionally

like
in

[P
nueli03]for

future
LT

L

T
he

autom
aton

for
a

form
ula

observes
the

states
of

the
autom

ata
that

correspond
to

its
im

m
ediate

sub-form
ulae

T
he

autom
aton

for
a

past
form

ula
is

in
an

accepting
state

at
tim

e
exactly

w
hen

the
inputsignalread

until
satisfies

T
he

essence
of

the
construction

is
the

autom
aton

for

� -� �����

,
the

even
t

reco
rd

er

T
he

event
recorder

for
observes

the
value

of
and

outputs
true

exactly
at

every
such

that
w

as
true

in

9



R
ealtim

e
tem

porallogic
O

ded
M

aler

T
h

e
B

asic
Id

ea
I

W
hen

becom
e

true
in

the

��

tim
e

w
e

reseta
clock

� and
w

hen
itbecom

es
false

w
e

reset
clock

� .
F

orm
ula

�-�������

is
true

w
henever

�

�

for
som

e

�

��
��

��
��

�� ����
�� � �
�� �� �
�� � �

� -� �� �� �

H
ow

to
reduce

the
num

ber
ofclocks?

W
hen




w
e

can
killboth




and




and
“shift”

allclocks
(

�

�� 
 ,

�

�� 
 )
N

ow




represents
the

oldesteventstill“alive”
in

the
system

N
otsufficientbecause

can
change

unboundedly
until



10



R
ealtim

e
tem

porallogic
O

ded
M

aler

T
h

e
B

asic
Id

ea
II

If
is

false
for

less
than

tim
e

then







�

�

iff




�

W
e

can
kill




and

�

w
hich

is
like

ignoring/forgetting
the

shortfalse
episode

��

��

A
tm

ost
true-episodes

should
be

recorded
before


 reaches
and

clocks
suffice

to
m

em
orize

their
tim

ing

11



R
ealtim

e
tem

porallogic
O

ded
M

aler

T
h

e
E

ven
t

R
eco

rd
er

��
��! "
#

�� $ ���%#�#

#�
�� $ ���%

#�#�
�� � �

�� � �

�� $ ���%

#�#�#
�� � �

#�#�#�
�� � �

��&
�� � �
'�

��&
�� $ �
'�� ��  "
#

��&
�� � �
'�

� &
�� $ �
'�� �(  "
#

)��
��  "
#

)��
��  "
#

)�)� )�

***
+ #�,.-
#

�� � �
)�

#

���

A
cceptance:�� ��
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R
ealtim

e
tem

porallogic
O

ded
M

aler

A
u

to
m

ato
n

fo
r

/10
2�34

F
orm

ula
is

like
�-

and
holds

continuously
since

then

T
he

autom
aton

for

�������
is

an
eventrecorder

for
w

ith
an

additionalstate
for

)�

)�
�

5

eventrecorder

� 6

6
7

C
orollary:

w
e

can
build

a
determ

inistic
tim

ed
autom

aton
for

any
past

M
IT

L
form

ula

13



R
ealtim

e
tem

porallogic
O

ded
M

aler

A
n

d
n

ow
to

th
e

S
ad

P
art

W
e

dem
onstrate

a
tim

ed
language

,
definable

in
future

M
IT

L,
not

accepted
by

any
determ

inistic
autom

aton.
C

onsider
the

form
ula

�
��8� ��

�
���� ��

Let
consistofall

-signals
oflength

thatsatisfy
,thatis,m

aintain
som

e
relation

betw
een

the
tim

es
holds

in
and

tim
es

w
hen

holds
in

9:

�

�; �

6

T
he

autom
aton

reads
firstthe

partand
m

em
orizes

w
hatis

required
in

order
to

determ
ine

w
hether

the
partis

accepted

14



R
ealtim

e
tem

porallogic
O

ded
M

aler

H
ow

to
P

rove
N

o
n

-D
etrm

in
izab

ility

T
he

syntactic
(N

erode)
right-congruence

associated
w

ith
a

language
is:

iff

Tw
o

prefixes
are

equivalentifthey
“accept”

the
sam

e
suffixes

F
or

untim
ed

languages,
regularity

(and
acceptance

by
a

determ
inistic

finite
autom

aton)
is

equivalentto
having

a
finite

index

F
or

tim
ed

languages
[M

alerP
nueli04]

replace
finiteness

by
som

e
kind

of
boundedness

w
hich

im
plies:

If
a

tim
ed

language
is

determ
inistic

then
there

is
som

e
such

that
every

signalw
ith

changes
is

-equivalentto
a

signalw
ith

less
than

changes

15



R
ealtim

e
tem

porallogic
O

ded
M

aler

D
em

o
n

stratio
n

W
e

show
that

does
nothave

thatproperty
and

every
tw

o
different

-signals
are

notN
erode-equivalent

Let
and

be
tw

o
different

-signals
and

assum
e

is
true

on
in

and
false

in

W
e

constructa
-signal

such
that

and

<

=

>
>; ?

>; �

>; �
; ?

@

=

>
>; ?

>; �

>; �
; ?

9:

9:

F
or

this
form

ula
you

need
to

rem
em

ber
everything

16



R
ealtim

e
tem

porallogic
O

ded
M

aler

W
hy?

W
hy

a
pastform

ula
can

forgetshortepisodes
and

a
future

form
ula

cannot?

C
onsider

first
a

“punctual”
version

of
the

bad
form

ula,
w

here
should

follow
exactly

tim
e

after
,and

its
past“dual”

�
� 8� ��

��

�-��8� ��

�-�

9

>BA'�

>

:

>; �

>BA

17



R
ealtim

e
tem

porallogic
O

ded
M

aler

R
elaxin

g
P

u
n

ctu
ality

W
hen

w
e

use
intervalm

odalities
w

e
create

an
asym

m
etry:

F
uture

M
IT

L:a
sm

all-duration
eventin

the
pastcreates

obligations
for

a
large

tim
e

intervalin
the

future

P
ast

LT
L:

a
sm

all-duration
event

in
the

future
is

im
plied

by
som

ething
that

happened
som

ew
here

inside
a

large
pastinterval

>CA'�

>

:

>; �

>BA

>; �

>CA'�

9

18



R
ealtim

e
tem

porallogic
O

ded
M

aler

L
o

g
ically

S
p

eakin
g

T
he

“equivalent”
pastform

ula

�-� 8� ��

�-�������

=

C
annotdistinguish

betw
een



w

ith
a

shortpositive
episode

and

�

w
ithout

:

9D
>BA'�

>BA'�
>BA

:

97
>BA'�

>BA'�
>BA

A
nd

that’s
it

19



R
ealtim

e
tem

porallogic
O

ded
M

aler

C
o

n
clu

sio
n

s
(an

d
F

u
tu

re)

W
e

hopefully
explained

an
intriguing

phenom
enon

w
hich

turns
out

to
be

a
resultofa

syntacticalaccident

Itis
w

orth
m

entioning
the

inertialdelay
operator

used
in

hardw
are

tim
ing,and

form
alized

using
tim

ed
autom

ata
by

[M
alerP

nueli95]

T
his

operator
also

“filters”
sm

allfluctuations
in

the
signal

W
e

can
require

events
that

im
ply

tow
ard

the
future

to
persist

som
e

m
inim

al
duration

T
he

follow
ing

“inertial”
version

ofthe
bad

form
ula,is

determ
inistic

�
��8� ��
�

��8� �
��

�
���� ��

20



R
ealtim

e
tem

porallogic
O

ded
M

aler

B
o

n
u

s:
R

esu
lts

o
n

S
tar-free

T
im

ed
R

eg
u

lar
E

xp
ressio

n
s

T
heorem

:
som

e
(butunfortunately

notall)
tim

ed
languages

denoted
by

tim
ed

star-free
expressions

are
determ

inistic

T
he

future
language:

�������

T
he

pastlanguage:

���� ��

is
a

specialsym
boldenoting

the
universaltim

ed
language
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