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Model Sizes

* Models = graphs with 100M-1B elements
ocarindusty AAUTOSAR

o Avionics
o Software analysis

o Cyber-physical systems
Validation may take hours
application model

software models 108
sensor data 10°
geo-spatial models 1012

Source: Markus Scheidgen, Automated and Transparent
Model Fragmentation for Persisting Large Models, 2012
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Benchmark criteria

Early 1990s:
,benchmark wars”

Jim Gray, Benchmark Handbook, 1993
Criteria for domain-specific benchmarks:
= Relevant

= Scalable

= Portable

= Simple
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Railway model

= Synthetic model
= Customizable model generator

Semaphore

Current
Switch position Switch position
Ig Segment =&> of the Switch (™ of the Route Exit

JL, J

Entry
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Instance model generation

= Randomly generated with increasing sizes
ol,2,4,..
" Violations are inserted during generation

= Multiple formats:
o EMF
o property graph
o RDF
o SQL




EMF model

segment: Segment switch: Switch

id =1 - > id = 2
length = 120 connectsio | -yrrentPosition = DIVERGING




Property graph

@ connectsTo @

:Segment, :TrackElement :Switch, :TrackElement
length = 120 currentPosition = "DIVERGING"




RDF with metamodel

g subClassOf rdfs:sub

rdf:type rdf:type
1 :connectsTo o
:length :currentPosition

120 :POSITION_DIVERGING




RDF with inferred tuples

‘connectsTo
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Validation and transformation

= Well-formedness constraints
= Queries are looking for error patterns
o Lots of filtering, joins, etc.

" Transformations

o Fault injections

o Quick fix-like repair operations




Queries

sw: Switch
monitoredBy NEG
segment: Segment T.FS
segment.length < 0 sensor. sensor

(a) (b)

follows

route: Route >| swP: SwitchPosition
requires NEG l target
- monitoredBy -
sensor: Sensor |< sw: Switch

(c)




Queries

monitoredBy

segment1: Segment

connectsTo
monitoredB ¥
y segment2: Segment
connectsTo
monitoredBy X
segment3: Segment
| g g
sensor: Sensor connectsTo

T !

monitoredBy segment4: Segment

connectsTo
N
segment5: Segment

monitoredBy

connectsTo

W
segment6: Segment

monitoredBy

(e)




Queries

>I semaphore: Semaphore |<—

exit entry NEG
route1: Route routeZ: Route
requires requires
k4 W
sensor1: Sensor sensor?: Sensor
)[ monitoredBy monitoredBy )[

te2: TrackElement

te1: TrackElement

connectsTo )l

route1 # route?2

()




Transformation

swP: SwitchPosition

follows
route: Route >|

requires
{(ﬁEW)} J, NEG l tarQEt
I( monitoredBy

sw: Switch

sensor: Sensor




Transformation

monitoredBy

monitoredBy
adel»

monitoredBy

segment1: Segment

connectsTo '

connectsTo |
wdel» W

Lol

Sensor: Sensor

.ll..ll.T

segment3: Segment

connectsTo

b

monitoredBy

segmentd: Segment

l connecisTo

monitoredBy

segmentd: Segment

l connecisTo

monitoredBy

segmentt: Segment

connectsTo
«New»
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Threats to validity

= Operating system: caching, scheduled jobs

" Cloud noise from the environment

= Parallel processes & multithreaded execution
= Managed runtime environments

o Java Virtual Machine
o .NET CLR
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Memory consumption [MB]

Batch scenario, memory consumption
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Lessons learnt

= Contact tool authors for assistance

= Very hard to tell the actual memory consumption
o Manual calls to the garbage collector — not enough
o Profiler — still not enough
o Setting a hard limit is the best approach
= Difficult to get relevant results
o Lots of factors can add noise to the results

o Nothing works on the first try
= Visualization helps a lot

o Automate with R/Python script
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Train Benchmark summary

= Scalable model generator M i [ P
= 4 representation formats " e
= Realistic workload = A
= 6 validation queries T
= 12 transformations E: : ;pri = E ilﬁﬂ o
* Implemented for 12+ tools §H ffffff . |
= Visualization and reporting “ == H =
- A g; 2R P R ¥ ‘P; cos
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