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Execution traces

logstalgia.googlecode.com
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Trace checking
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Large execution traces

logstalgia.googlecode.com
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Complex Specifications
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Complex Specifications

Timing information
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Complex Specifications

Timing information Aggregate operations
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Specification
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SpecificatiOn Language fOr
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SOLOIST

propositional

metric temporal logic

additional aggregating modalities
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Service Provisioning Patterns
290 Academic requirements

specification
625 Industrial requirements

specification
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Service Provisioning Patterns
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Service Provisioning Patterns

Counting the number of events
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Counting Modality



20

Counting Modality 
Semantics



21

Counting Modality 
Semantics



22

Counting Modality 
Semantics



23

Counting Modality 
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Counting Modality Example

“If operation A or operation B executed 
exactly 4 times in the past 5 minutes, 
than operations C and D must be executed 

simultaneously within 32 seconds.”
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Terminology
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Terminology

Syntax tree
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Terminology

Atomic propositions
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Terminology

Subformulae
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Terminology

Direct subformulae
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Terminology

Direct superformula
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Terminology

4

Height
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MapReduce
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Sequential Juice Algorithm

Cut
Orange Slices

Blend
Juice
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Benefits

●A lot of fruit
●Different types of fruit
●Create different juice
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Abstract cutting

(map             (        )) => (                    )

(map             (        )) => (                    )

(map             (        )) => (                    )
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Abstract blending

(reduce             (                   ))=> (               )

(reduce             (                   ))=> (               )

(reduce             (                   ))=> (               )
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Parallel Juice Algorithm
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Parallel Juice Algorithm

Input key/value
pairs
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Parallel Juice Algorithm

Input key/value
pairs

Intermediate key/value
pairs
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Parallel Juice Algorithm

Input key/value
pairs

Intermediate key/value
pairs

Output key/value
pairs
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Algorithm
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Assumptions on Traces

Execution
trace

Distributed
File System
Interface

(i,     , (a1, …, an))
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Formula to Evaluate
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Formula to Evaluate

4

Height
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Algorithm
Iteration 1
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Input Reader

(a1, i )

Input
Reader

(i,     , (a1, …, an)) ...
(an, i )

(a2, i )

1

2

... ...

i
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Input Reader
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Input Reader
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Input Reader
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Input Reader
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Input Reader
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Input Reader
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Mapper

(    , i ) (    ,    , i )Mapper

is direct subformula of
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Mapper
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Shuffle & Sort
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Reducer

(    , k1 )

Reducer

Formula       holds at positions (k1, k2, … , km)

(    ,    , i1 )
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Reducer

Reducer
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Reducer

Reducer (     ,7)
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Algorithm
Iteration 2
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Reducer
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Iterations
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Remarks
●Exploits structure of the formula to obtain 
parallelization
●Handles traces that cannot fit into the operating 
memory
●Checks complex formal specifications that 
include timing information and aggregate metrics
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Evaluation
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Related Work

Benjamin Barre, Mathieu Klein, Maxime Soucy-Boivin, Pierre-Antoine Ollivier, Sylvain Hallé: 
MapReduce for Parallel Trace Validation of LTL Properties
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Implementation

●Algorithm implemented in Java + Hadoop 
framework
●Executed on Windows Azure cloud-based 
infrastructure
●10 VMs with 1 CPU core and 1.75GB of RAM
●100 Mappers and 9 Reducers
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Evaluation Setting

●Randomly generated traces
~ 350,000 time instants
~ 100 proposition per time instant
~ time span 578.7 days on average
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Evaluation Setting
●Scalability
Formulae:
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Scalability
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Evaluation Setting
●Comparison with LTL algorithm*
Formulae:

*Benjamin Barre, Mathieu Klein, Maxime Soucy-Boivin, Pierre-Antoine Ollivier, Sylvain Hallé: 
MapReduce for Parallel Trace Validation of LTL Properties
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Comparison with LTL 
Algorithm*

Property 1 Property 2 Property 3 Property 4

LTL SOLOIST LTL SOLOIST LTL SOLOIST LTL SOLOIST
Number 
of tuples

55K 16K 120K 24K 599K 215K 4.9M 1.7M

Time per 
event (μs)

19 1.2 21 1.9 14 3.7 30 7.2

*Benjamin Barre, Mathieu Klein, Maxime Soucy-Boivin, Pierre-Antoine Ollivier, Sylvain Hallé: 
MapReduce for Parallel Trace Validation of LTL Properties
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Wrapping up
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Future Work
●Distributed timestamp management
●Splitting the tuples received by reducers



84

Trace checking of Metric Temporal 
Logic with Aggregating Modalities 

using MapReduce
Srđan Krstić

with

Domenico Bianculli and Carlo Ghezzi


