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We use MLTL (Mission-time Linear Temporal Logic) — an integer-
bounded variant of LTL over finite traces.
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“Every file that opens is eventually closed”

Vf.open(f) — Q[O,M](CZOSE(]C))
)

We use MLTL (Mission-time Linear Temporal Logic) — an integer-
bounded variant of LTL over finite traces.

MLTL monitors provide tight memory and computation time bounds.
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“Every file that opens is eventuall

(3 .
open(f) = O M](close@)
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s s (&
0] O ==

Default for Linux: 1024
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openg = open(f3)
closeg = close(f3)
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“Every file that opens Is eventual
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openg = open(f)

closeg = close(f3)

openg = open(f,)
CZOS652 = close( fz)
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“Every file that opens is eventual

3 0.
Open — Q[O,M](close®)

openg = open(fs)

closeg = close(fs

)
)

openg = open(f,
c10seS2 = close( f,)
openg = false 'Fz 3(1, coe

closeg = false
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“Every file that opens is eventuall

9 Q.
. 0pen® - O M](clase@)

openg = open(f;)

closeg = close(f3)

Atomic openg, = open(f)

Propositions [ <25 = cloself)
openg, = false

closeg, = false
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“Every file that opens is eventu
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9 L T

- O, m(clase@)

opens,  closeg S,
true  false
true  false

false true
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“Every file that opens is eventuall

3 0.
Open — Q[O,M](clase®)

opens,  closeg S,
Incorrect behavior, but monitor

true  false .
won't catch it! ’(7’
openg — O[O’M](CZOSGSQ true  false

false  true

40




“Every file that opens is eventu

Pe Y
nNo caan 9¢
ncS2 open52

3 0.
apen — Q[O,M](clase®)

closeg,

S,

[rue  true
openg — O[O,M](CZOSQSQ) false  true

true  false
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“Every file that opens is eventu

Pe 3
nNo chan 9e
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9 LT
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closeg,

S,

true true  false

opens, — Opoun(closes,) rue  false

true false
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“Every file that opens is event:

3 2 JUP S
Opgn — Q[OQM](clase@)

Me ®
nNo chan e
ncg ~ opens,  closeg S,

true true  false
openg, T}O[O’M](CZOS €s,) frue - jalse
\
opens, = ((ncy))% g p(ncy A closes)) — trye  false  true
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“Every file that opens IS even!

9 0.
. 0pen® - O M](Clase@)

openg — O[O’M](CZOSGSI) A openg — ((nc)% o pn(ncy A closeg)) A

openg — <>[(), M](Clasesz) A openg — (ncy) U o pp(ncy A clasesz)) A

openg — Qpoanlcloseg) openg — ((nc,)% o p(nc, A closey ))
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“Every file that opens is e
openg — ((nc) U o pp(nc; A clmesl)) A

openg — ((nc)) Uy pp(ncy A closeg )) A

openg — ((nc,)U y\n(nc, A closeg ))




“Every file that opens is ever
openg — ((nc))U o pn(nc; A closeg )) A

openg — ((nc)) Uy pp(ncy A closeg )) A
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“Every file that opens is eventu
openg — ((nc))U o pn(nc; A closeg )) A

openg — ((nc)) Uy pp(ncy A closeg )) A

openg — ((nc,)U y\n(nc, A closeg ))

(Not quantifier elimination...)
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“Every file that opens is eventually

STRUCT
File: { open, close: bool};

INPUT
openl, closel, .., openn, closen : bool;

DEFINE
fl := File(openl, closel);
fn := File(openn, closen);
FSet := {fl1, .., fn};
FTSPEC

foreach(f : FSet) (f.open -> F[O0,M] (f.close));
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“At least k files that open are eventually clos

o@ .open(f) — Q(close(f))




Now that we can monitor these specifications
with guarantees, how can we reduce their

encoding sizes?
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Now that we can monitor these specifications
with guarantees, how can we reduce their

encoding sizes?

Rewrite Rules!

52




How much space does this require to monitor?
Q[l1au1](p A <>[12,u2]w
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O[ZIaul]qg A <>[lz,u2]vj

/ N\

<>[llaul]¢ O[lzauz]l/j

@ '4
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How much space does this require to monitor?

<>[2,3]P A 4.919

/ N\

<>[2,3]P <>[4,9]61

P q
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Worst-case Propagation Delay (WPD)
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How much space does this require to monitor?
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How much space does this require to monitor?
No siblings -> No buffer

QP A Quod I:I:I:I:I:I:I:I:D
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D[lpul] @ N D[lzauz]w




D[llaul] @ N D[lzauz]w

D[l3,l/l3] (D[ll—l3,u1—u3](p /\ D[lz—l3,bl2—u3]l/j)

l3 — min(ll, 12)
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D[lpul] @ N D[lzauz]w

“Factor out” the smallest
shared time window

D[l3,l/l3] (D[ll—l3,l/t1—u3]¢ /\ D[lz—l3,u2—u3]l/j)

l3 — min(ll, lz)
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D[llaul] @ N D[lzauz]w

“Factor out’” the smallest
shared time window
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’
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D[llaul] @ N D[lzauz]w

’

“Factor out’” the smallest
shared time window
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A| P___Ai_.—\
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D[llaul] @ N D[lzauz]w

’

“Factor out” the smallest
shared time window

D[ZB,M3] (D[ll—l3,u1—u3](p /\ D[lz—l3,1/l2—u3]W)

Uy = I3 + mm@@

) _Q_A?_

A| L —— |
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D[llaul] @ N D[lzauz]w

’

“Factor out’” the smallest
shared time window

D[ZB,M3] (D[ll—l3,u1—u3](p /\ D[lz—l3,1/l2—u3]W)

I/l3 —_ l3 + mln(ul — ll’ uz — lz)

A| P___Ai_.—\
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D[llaul] @ N D[lzauz]w

’

“Factor out” the smallest
shared time window

D[ZB,M3] (D[ll—l3,u1—u3](p /\ D[lz—l3,1/l2—u3]W)

I/l3 —_ l3 + mln(ul — ll’ uz — lz)

A \—-—#——\

Q’l M3 '4-1 \L l M‘L
Z& (Q4+5,) .




|:|[13,u3] (I:I[ll—l3,u1—u3]¢ /\ I:I[lz—l3,u2—u3]l//)

l3 — min(ll, l2) I/l3 — 13 + mln(ul — ll’ uz — 12)

D[lpuﬂ @ N D[lzauz]l/j
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|:|[13,u3] (I:I[ll—l3,u1—u3]¢ /\ I:I[lz—l3,u2—u3]l//)

l3 — min(ll, l2) I/l3 —_ 13 + mln(ul — ll’ uz — 12)

D[lpuﬂ @ N D[lzauz]l/j

N\
/ N\
D[l‘laul] D[l‘zauz]

% '4

85




D[lpuﬂ @ N D[lzauz]l/j

N\
/ N\
D[l‘laul] D[l‘zauz]

% '4

|:|[13,u3] (I:I[ll—l3,u1—u3]¢ /\ I:I[lz—l3,u2—u3]l//)

|:|U3a”3]
|

/ /\\
D[ll—l3,u1—u3] D[lz—l3,u2—u3]

| |
¢ '4

l3 — min(ll, l2)
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D[l3,l/l3] (D[ll—l:;,l/tl—l/l:;]q” /\ I:I[lz—l3,u2—u3]W)

I, = min(ly, 1) U = L+ min(u; — [, u, — 1)
|:| [13,1/!3]
U r‘f 2 |
N\
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D[l3,l/l3] (D[ll—l:;,l/tl—l/l:;]qﬂ /\ I:I[lz—l3,u2—u3]l//)

l3 — min(ll, lz) I/l3 —_ l3 + mln(ul — ll’ uz — 12)

|:|[Z3,u3]

L memy,

D[lpuﬂ @ N D[lzauz]l//
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D[lpuﬂ @ N D[lzauz]l//

A4

D[l3,l/l3] (D[ll—l:;,l/tl—l/l:;]q” /\ I:I[lz—l3,u2—u3]l//)

l3 — min(ll, l2) I/l3 —_ l3 + mln(l/tl — ll’ uz — 12)
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D[lpuﬂ @ N D[lzauz]l//

2N
D[lp’h] D[lzauz]
\

% '4

A4

2 (u,~Up)- (U2

D[l3,l/l3] (D[ll—l:;,l/tl—l/l:;]q” /\ I:I[lz—l3,u2—u3]l//)

l3 — min(ll, l2) I/l3 —_ l3 + mln(l/tl — ll’ uz — 12)

|:|[l3,u3]

) 'm

| |
¢ '4
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D[l3,l/l3] (D[ll—l:;,l/tl—l/l:;]qﬂ /\ I:I[lz—l3,u2—u3]l//)

l3 — min(ll, l2) I/l3 —_ l3 + mln(l/tl — ll’ uz — 12)
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D[l3,l/l3] (D[ll—l:;,l/tl—l/l:;]qﬂ /\ I:I[lz—l3,u2—u3]l//)

l3 — min(ll, l2) u3 —_ l3 + mln(ul — ll’ uz — 12)

N\ &i_{} Z (u B UD - (’(fﬁB\ Q?L\ g
/ J
No

boffer'
D[llaul] D[lzauz] /

f‘p W N e 'M

| |
¢ '4

D[lpuﬂ @ N D[lzauz]l//
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Most rules were inspired by LTL equivalences....




Most rules were inspired by LTL equivalences....

D[llsul] @ N I:I[lzauz]w

= inspired by o ALy
[3,143] ( (1~ L3, uy—us] P A [12—13,u2—u3]l//)

[1(p A w)
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Most rules were inspired by LTL equivalences....

I:I[lpuﬂ P N I:I[lzauz]l/j
= inspired by Lo Ay =0 (@ Ay)
[£3,u3] ( [l —Lyuy—u3] P A [12—13,u2—u3]':”)
:I[lpuﬂ un) P = L by 4u) 9P inSpired by p=Llg
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Most rules were inspired by LTL equivalences....

I:I[lpuﬂ P N I:I[lzauz]l//
= inspired by Lo Ay =0 (@ Ay)
[£3,143] ( [l =Ly uy—u51P A [12—13#2—”3]'7”)
:I[lpuﬂ [ Luy] ¥ = [+ by +uy] P inspired by p=L]g
(@1 (1,4,192) N (@3 (11,192) . . (01U @y) N (p3U @)
— inspired by —

(01 AN @)U 9 (1 A p3)U @,
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Most rules were inspired by LTL equivalences....

D[llsul] @ N I:I[lzauz]w

= inspired by Lo Ay =0 (@ Ay)
[£3,u3] ( [l =Ly —u3]P A [12—13,u2—u3]l//)
:I[lpuﬂ :[129u2] P = |:[11+12,M1+M2] 4 inspired by e =0e
(@1 (1,4,192) N (@3 (11,192) . . (01U @y) N (32U @)
— inspired by —
(01 AN @)U 9 (1 A p3)U @,

Does every LTL equiv. have a corollary in MLTL?
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Does every LTL equiv. have a corollary in MLTL?
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Does every LTL equiv. have a corollary in MLTL?
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Does every LTL equiv. have a corollary in MLTL?

?
O[o,z](P%[o,ﬂC]) — O[z,z]q
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Does every LTL equiv. have a corollary in MLTL?
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Does every LTL equiv. have a corollary in MLTL?
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Our work presents:

« Encodings for “intractable” specifications using implied domain
constraints in MLTL, providing memory and time guarantees.

- Set of MLTL rewrite rules, proofs of correctness, and proofs of encoding
size reduction for each.

Future Work:

» More rewrite rules, tighter derivation of memory savings.
 Algorithm for finding minimal-sized MLTL encoding
« Quantifier-elimination

Special thanks to the NASA Lunar Gateway Vehicle System Manager team for valuable insight.

https://r2u2.temporallogic.or
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