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ParamMONAA Demo

Log (length: 25,137)

® © build — ~/C/m/buile

Pattern in file

gggg 24 ~/Codes/monaa/build — ~/Clin/build — bash e
St bash-5.0$ ./pmonaa -s parametric -f /tmp/accel.dot < /tmp/Experiment3
9994.24 _AT-10000.tsv

oL 25%A + 25%B >= 6682, -25%C >= -6714, -25%A > -6509, 25%A >= 6464, 25%
9994.76 CENG682

9994.8 [N

0005.04 [ ittt

gggg%g S5*A + 5xB >= 2937, -C >= -598, 25*A >= 14461, -5*A > -2903, 5xC > 293
9995.56 arameter

o 5%xA + 5%B >= 3228] [5%*C > 3228, —25%C >= -16143] [25*%A >= 15964, -25*A
9996. 2 > -16009

9997.04 _ .

9997.16 T e T e e T T e T T T T T r1r1r1TrTr—r—t1r—r>"

9097 .52 25%A + 25%B >= 24166, —C ? ?1 14 862, 25%C
9998 > 24166 . o

9998'16 Chn S G G G GG SN GH GED GHS G GEE GED GED GER GED SED GEN GED GEN | - - -

9998, 28 g

9998. 4 25%A + 25%B >= 39622, 25*% [ = 640 FYreu.
10000 E+A > —70A7 [+p= 645.6

Result (Intervals +

parameter valuations)
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Parametric Timed Pattern Matching

Input

* Time-series data
e System log (event + timestamp)

withdraw withdraw withdraw withdraw withdraw
Peg — : —
10 40 60 120 180 !

e Parametric Real-time spec.

* Spec. to be monitored

* e.g., Duration between a pair of two withdrawals is < p min.

Output
* All the intervals + param. val., s.t. the log satisfies the spec.
* e.g., (Bmin-100min, p = 20), (50mMin-190min, p = 60), ...

* Infinitely many
— Symbolic representation by convex polyhedra

27
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Input

* Time-series data
e System log (event + timestamp)

withdraw withdraw withdraw withdraw withdraw
R e : —
10 40 60 120 180
* Parameftric Real-time spbec,
| p (= 20)
withdraw Withdraw Withldraw Withcljraw> i
10 40 60 120 180 !
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Parametric Timed Pattern Matching

Input

* Time-series data
e System log (event + timestamp)

withdraw withdraw withdraw withdraw withdraw
Peg — : —
10 40 60 120 180 !

* Parametiric Real-time spec,
p (= 60)

wit vvithc?raw vvith(flravv withdraw witNdraw withdraw
I I I
t

10 40 60 120 180

0] E—
* All the interv;)s + param. val., s.t. tM log satisfies the spec.

* e.g., (Bmin-100min, p = 20), (50mMin-190min, p = 60), ...

* Infinitely many
— Symbolic representation by convex polyhedra

27



SymbolicREEIC LD
INGX Y G EREINT -y FU T
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Detail of Skipping




Idea of Skipping from String
Matching

 For each length n € N, check if

Over—approx. of the read N | n-shift + accepted timed words | = @
timed word

before the matching trials.
* Empty = no need to try n-shift

* Over-approx. using location [ € L (finite)

* In PTA, we also use param. val. v: P = R
- Infinite but represented by convex polyhedra
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Skipping from Non-
Parametric to Parametric

Skipping for TA [Waga+ FORMATS'1 7]

Foreachle L,ne N, if |£

Over-approx. of the read n-shift + accepted timed words
timed word

| |
=

(Parametric) Skipping for PTA
Foreachle L, v:IP=> RneN,ifthereisv": P = R s.t.

L(v(A)) - TENNTHE) » L (A)]=0

Over-approx. of the read timed n-shift + accepted timed words
word for the given param. val. v for some param. val. v’
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Skipping from Non-
Parametric to Parametric

Skipping for TA [Waga+ FORMATS'1 7]

Foreachle L,ne N, if |£

Over-approx. of the read n-shift + accepted timed words
timed word

| |
=

(Parametric) Skipping for PTA
Foreachle L, v:IP=> RneN,ifthereisv": P = R s.t.

ontme NE@(A)) - TR N[F(E) - L' (A)]= ¢

Over-appro}/. of the read timed n-shift + accepted timed words
word for the given param. val. v for some param. val. v’
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Skipping with Less Overhead

(Parametric) Skipping for PTA

More overhead
better approx.

Foreachle L, v: P2 RneN,ifthereisv’: P = R s.t.

=

[Trade off!!

(%)« L' (A)
Over-approxtof the read timed
word for the given param. val. v

(Non-Parametric) Skipping for PTA

Foreachle L, n e N, ifthereisv, v": P = R s.t.

Less overhead
n-shift + accepted timed words
for some param. val. v’

Worse approx.
33

Over-approx. of the read timed
word for some param. val. v




Other Experiments



Environment of Experiment

- Amazon EC2 c4.large instance

- 2.9 GHz Intel Xeon E5-2666 v3, 2 vCPUs, 3.75 GiB RAM
-+ Ubuntu 18.04 LTS (64 bit)

GCC 7.3.0 with optimization flag -O3
-+ Used 4 benchmarks

- Automotive: Accel, Gear

. Performance for
- Toy: Blowup, OnlyTiming

M. Waga (Kyoto U.)




Comparison with IMITATOR

Table 3: Execution time for ACCEL |s

Table 2: Execution time for GEAR |s

200x
faster

Nonsi?pram' IMITATOR | |w| fNo Skip Nonsi?;am' Pgi?;n IMITATO

0.05 1.781 2559 I 0.03 0.0515 | 0.06 § 2.332

0.0805 3.319 4894 | 0.0605 | 0.0605 |0.07050 4.663

0.13 5.512 7799 § 0.1005 | 0.071 0.08 | 7.532

0.156 7.132 | 100450 0.13 0.08 0.09 | 9.731

0.193 8.909 | 125310 0.161 0.09 0.1 12.503

60x 0.2315 10.768 0153750 0.1985 | 0.1005 | 0.113 8 15.583
faster 0.269 127778 | 17688 0.2265 | 0.1095 | 0.1215§ 17.754

0.301 14.724 | 202990 0.261 0.115 |0.1325

3T 0.3245 16.453 | 226910 0.288 0.121 3.044
0.361 18.319 § 251370 0.3205 | 0.1315 | 0.159§ 25.815

Non-Param.
Skip

Table 5: Execution time for ONLYTIMING [s]

Non-Param.
Skip

IMITATOR

68.0125

4000 || 267.795

271.642

0.1305

1.690

6000 [§601.335

611.782

8000 [f1081.42

1081.25

10000 § 1678.15

1688.22

0.23 3.918
0.3265 5.499
0.426 7.396

0.5225

9.122

0.6235

20X
faster




Comparison among ours
(Accel & Gear)

Accel Gear
04 I \ 035 \ .
No Skip No Skip
— 0.35 Parametric Skip - — 03 Parametric Skip -
— 0.3 | Non-Parametric Ski — Non-Parametric Ski
<> v 0.25 b .
2025 | =
- - 0.2 | i
g 0.2 L -
S S 0.15 t -
= 0.15 =
3 0.1 L 3 0.1 L —
< ’ )y 4 .
=005 | ¢ 1E 005 L eF ]
0 | | | | | | | 0 | | | | |
0 20 40 60 80 100 120 140 160 0 50 100 150 200 250 300
Number of Events [x 100] Number of Events [x 100]

* No Skip has the steepest slope = worst scalability

* Parametric Skip is slower than Non-Parametric Skip due
to the overheaad
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Comparison among ours
(Blowup & OnlyTiming)

Blowup OnlyTiming
1800 \ \ \ : \ \ 0.7 \ \ p— \
1600 | No Skip —e— A No Skip —e—
— Parametric Skip ‘A7/ — 0.6 |- Parametric Skip ——4
Y 1400 - Non-Parametric Skip Ve = 05 Non-Parametric Skip ;
= 1200 | S BT ]
= 1000 |- ) ] = 04
g 800 | / 2 03|
= 600 L z =
2
S 400 | / . : !
£3 200 L = | Mo 0.1
0 % \ \ \ \ \ \ \ 0 \ \ \ \
20 30 40 50 60 70 80 90 100 10 20 30 40 50 60
Number of Events [x100] Number of Events [x100]

* Blowup: Skipping does not help much
e Exponential blowup vs. constant speed up by skipping
 OnlyTiming: No Skip has the steepest slope = worst scalability

Parametric Skip is the fastest due to the better over-approx.
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