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Challenge: Big Data
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The Goal
Scalable online monitoring in the face ofhigh-velocity event streams

J. Schneider et al., RV 2018, Limassol, Cyprus 4



The Goal
Scalable online monitoring in the face ofhigh-velocity event streams

velocity = event rate = #eventstime

J. Schneider et al., RV 2018, Limassol, Cyprus 4



The Goal
Scalable online monitoring in the face ofhigh-velocity event streams

K number of processors
K throughput
L peak latency
L memory used per processor

velocity = event rate = #eventstime
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Related Work
Online Scalable

Expressive (MFOTL)

Stream Processing Enginesno precise semantics!our contribution
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Slicing the Event Stream
Reuse existing monitoring algorithm (MonPoly)

Split event stream into slices

MonitorEvents Verdicts

Monitor
Monitor
Monitor...
Monitor

Slicer

Slicer

Log

Log

Strategy Verdicts
Verdicts
Verdicts

Verdicts
(Basin et al. 2016)MapReduce

SlicerStream ⋃ Verdicts

Strategy
Optim.

Statistics

J. Schneider et al., RV 2018, Limassol, Cyprus 6



Slicing the Event Stream
Reuse existing monitoring algorithm (MonPoly)
Split event stream into slices

MonitorEvents Verdicts

Monitor
Monitor
Monitor...
Monitor

Slicer

Slicer

Log

Log

Strategy Verdicts
Verdicts
Verdicts

Verdicts
(Basin et al. 2016)MapReduce

SlicerStream ⋃ Verdicts

Strategy
Optim.

Statistics

J. Schneider et al., RV 2018, Limassol, Cyprus 6



Slicing the Event Stream
Reuse existing monitoring algorithm (MonPoly)
Split event stream into slices

MonitorEvents Verdicts

Monitor
Monitor
Monitor...
Monitor

Slicer

Slicer

Log

Log

Strategy Verdicts
Verdicts
Verdicts

Verdicts
(Basin et al. 2016)MapReduce

SlicerStream ⋃ Verdicts

Strategy

Optim.
Statistics

J. Schneider et al., RV 2018, Limassol, Cyprus 6



Slicing the Event Stream
Reuse existing monitoring algorithm (MonPoly)
Split event stream into slices

MonitorEvents Verdicts

Monitor
Monitor
Monitor...
Monitor

Slicer

Slicer

Log

Log

Strategy Verdicts
Verdicts
Verdicts

Verdicts
(Basin et al. 2016)MapReduce

SlicerStream ⋃ Verdicts

Strategy

Optim.
Statistics

J. Schneider et al., RV 2018, Limassol, Cyprus 6



Prior Work: O�ine Slicing(Basin et al. 2016)
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Example
“A report must be published only if it has been approved in thepast seven days.”
publish(r) → �[0,7d) approve(r)

days

0 3 6 9 12
publish(100)

r = 100

approve(102)
approve(103)

approve(101) publish(101)
publish(102)

r = 102

> 7d
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Data Slicer
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Problem 1: Too Much Data Duplication
“IDs of published reports must increase over time.”
(�publish(x))∧ publish(y) → x ≤ y

x ∈ {101}

x ∈ {102}

days0 3 6 9 12
publish(102)

publish(101)

x = 102, y = 101

publish(102)
publish(101)

INCOMP
LETE

Completeness: all violations are detectedSoundness: all detected violations are true
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Problem 2: How to Slice?
Complex formulas:

delete(u,db1,dt)∧ dt 6≈ unknown→�
�[0,1s)◊[0,30h) ∃u′.delete(u′,db2,dt)�∨�
(◊[0,1s)�[0,30h) ∃u′. insert(u′,db1,dt))∧

(�[0,30h)�[0,30h)¬∃u′. insert(u′,db2,dt))�

Many possible choices:
slice u

{1} {2} N \ {1,2}
slice dt

< 1000
slice u

{0,2, . . .} {1,3, . . .}

≥ 1000 . . .
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slice u

{1} {2} N \ {1,2}
slice dt

< 1000
slice u

{0,2, . . .} {1,3, . . .}

≥ 1000 . . .Which one is better? Best?
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Our Solution
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Solution 1: Joint Data Slicer
A(x, y) ∧ (�B(y, z)) → �C(x, z)

B(2, 3) B(2, 4)
C(1, 3)

A(1, 2)

x =∗y = 2z = 3
x =∗y = 2z = 4

x = 1y =∗z = 3
x = 1y = 2z =∗

sound & complete if and are each sent to the same slice
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Key Observation
A slicing strategy for an MFOTL formula like
A(x, y)∧ (�B(y, z))→ �C(x, z)
is sound & complete

if it is sound & complete for the conjunction of all atoms
A(x, y)∧ B(y, z)∧ C(x, z).
This problem has been studied by the database community!
Hypercube algorithm (Afrati and Ullman 2011, and others)

Condition is only su�cient, not necessary
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Solution 2: Hypercube
A(x, y) ∧(�B(y, z)) → �C(x, z)
Free variables x, y, zn monitors

Shares nx, ny, nzn = nx · ny · nz

A(23, 57)

x = 23y = 57z =∗

nx

nz

ny

fx(23)
fy(57)

optimized using event frequency statistics
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Our Current Implementation

JointData Slicer

MonPoly

MonPoly

MonPoly...
MonPoly

⋃Events Verdicts

Statistics
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Evaluation (1)
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Stream acceleration

Max. latency [s] – lower is better
“Nokia” data excerpt, insert formula, with fault-tolerance

J. Schneider et al., RV 2018, Limassol, Cyprus 17



Evaluation (1)

500 1000 1500 2000 2500 3000 3500 4000
0
2
4
6
8
10
12

1 monitor

2 monitors
4 monitors

acceleration 3000
⇒ up to 470k events/s

Stream acceleration
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Evaluation (2)

2 4 6 8 10 12
0
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4
6
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1 monitor 4 monitors

8 monitors16 monitors

Event rate [1000/s]

Max. latency [s] – lower is better
Random data, triangle formula, with fault-tolerance & statistics
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Future Work & Conclusion
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Adapting to Changing Statistics
Event stream

Approximate detection

Controller Dynamic reconfigurationState migration

Ø donein progress
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Scalable Online First-Order Monitoring
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