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| ECe, id) 30| gps [20] gps | 20| wi [30] wifi | [10] wifi |
(' 25 Wifi 20 | bluetooth




* simplified

What Should A Monitor Compute?

1. OK @ = INVAR ¢ [] (1init ¢)
2. INVAR ¢ p st = step db st = (out, st') —
INVAR ¢ (p-db) st' A out = verdicts (p-db) ¢ \ verdicts p ¢

| ONCE[60,120] ECe,id) |

70 100 170 230 300

| ECe, id) 30| gps [20] gps | 20| wi [30] wifi | [10] wifi |
(' 25 Wifi 20 | bluetooth
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The Evolution of Ver Mon

EXxpressiveness
Ver Mon
Schneider, Basin, Krstic, T.

RV 2019

o = p(t, .., t) —atomic
| NOT ¢ | @ OR ¢ | @ AND ¢ —Boolean
| Vx. ¢ | IX. ¢ —quantifiers
| NEXT I @ | ¢ UNTIL I ¢ —future temporal operators
| PREVI o | ¢ SINCE I ¢ — past temporal operators

I = [N, Nu {w}] —intervals

t=D | V —terms



The Evolution of Ver Mon

EXxpressiveness

PREV_ I ol o SINCE I o —past temporal operators
| ' L, i —aggregations

= p(t, .. —atomic

| NOT o | —Boolean

| Vx. ¢ | 3IX. ¢ —quantifiers

| NEXT I @ | ¢ UNTIL I ¢ —future temporal operators
|

o

—aggregation operators

—intervals ‘ MONPOLY

—terms Basin, Klaedtke,
Miiller, Zalinescu
J. ACM 2015




The Evolution of Ver Mon

Expressiveness

Ver Mon Ver Mon"

Basin, Dardinier, Heimes,
Schneider, Basin, Krstic, T. Krsti¢, Raszyk, Schneider, T.

RV 2019 |[JCAR 2020
o =p(t, ., DI t<tl t=t —atomic
| NOT ¢ | @ OR ¢ | @ AND ¢ —Boolean
| Vx. ¢ | IX. ¢ —quantifiers
| NEXT I @ | ¢ UNTIL I ¢ —future temporal operators
| PREV.I ¢ | @ SINCE I ¢ — past temporal operators
| wx; yl, .., yn ¢ —aggregations
w = AVG | SUM | CNT | MIN | MAX | MED —aggregation operators
I = [N, Nu {w}] —intervals MONPOLY
t=DI|I VI t+t]l . —terms Basin, Klaedtke,

Muller, Zalinescu
J. ACM 2015



The Evolution of Ver Mon

Expressiveness

i %
Ver Mon Ver Mon'

Basin, Dardinier, Heimes,
Schneider, Basin, Krstic, T. Krsti¢, Raszyk, Schneider, T.

RV 2019 IJCAR 2020
o =pCt, .., ) I t<tl t=t —atomic
NOT ¢ | ¢ OR ¢ | @ AND ¢ —Boolean

- romeeems —Quantifiers
NEXT I ¢ | @ UNTIL I ¢ ;I MATCHF I § —future temporal operators
PREV.I ¢ | ¢ SINCE I o {l MATCHP I r§ —pasttemporal operators

wx; yl, .., yn ¢ —aggregations

I
| Vx. @ | Ix. @
I
I
I

LI U —regular expressions
W = AVG | SUM | CNT 1 MIN | MAX | MED —aggregation operators

I = [N, Nu {«}] —intervals MONPOLY

t=D | VI t++t | .. —terms Basin, Klaedtke,
Muller, Zalinescu
J. ACM 2015



The Evolution of Ver Mon

Expressiveness
Ver Mon Ver Mon® Ver'Mon'*
Basin, Dardinier, Heimes, Zingg, Krstic,
Schneider, Basin, Krsti¢, T. Krsti¢, Raszyk, Schneider, T. Raszyk, Schneider, T.
RV 2019 IJCAR 2020 TACAS 2022
o =p(t, ., DI t<tl t=t —atomic
NOT ¢ | ¢ OR ¢ | @ AND ¢ —Boolean
Vx. ¢ | Ix. ¢ —quantifiers
NEXT I ¢ | @ UNTIL I ¢ | MATCHF I —future temporal operators
PREVI ¢ | @ SINCE I ¢ | MATCHP I — past temporal operators

-~ wX <

1, ., yneo —aggregations

I
I
I
I
—(non-recursive) let operator
I

—past-recursive let operator

= @7 | + | | r* —regular expressions
w = AVG | SUM | CNT | MIN | MAX | MED —aggregation operators
I = [N, Nu {w}] —intervals MONPOLY
t=DI|I VI t+t]l . —terms

Basin, Klaedtke,
Muller, Zalinescu
J. ACM 2015
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DEMO

https://traytel.bitbucket.io/verimon
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Take Home Message

Formally verified systems
can be used as trustworthy oracles
to find bugs In unverified ones.

But verified systems are easier to
maintain, extend, optimize.

Instead of continuing to build, break,
and fix unverified systems, we should
subsume them with verified ones.
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