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"““Introduction

e Stream Processing Applications [1] [2]

ﬁ:ral Systems

» Seismic monitoring
* Wildfire management Law Enforcement
* Water management * Real-time multimodal surveillance

{
~
X Transportation y ~

i « Intelligent traffic Fraud prevention
S management * Detecting multi-party fraud
* Real time fraud prevention

» Stock market

* Impact of weather on &
securities prices
¢ Analyze market data at v

ultra-low latencies \

Manufacturing
* Process control for

@ microchip fabrication < $
Health & Life Sciences
Telecom

3 g * Neonatal ICU monitoring
* Epidemic early warning system * Processing of Call Detail records
* Real-time services, billing, advertizing

* Remote healthcare monitoring
* Business intelligence
| ¢ Churn Analysis, Fraud Detection

Radio Astronomy
* Detection of transient event
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Introduction

e Challenges

O  Parallel Programming complexities
o  Productivity
o Programming and system architecture expertises
e High-level parallel programming frameworks
o Intel Threading Building Blocks (TBB)
o FastFlow
o Streamlt
e DSL (Domain-Specific Language)
o SPar
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OVG rV I eW Of S Pa r Stream . Parallelism

e SPar-aDSL for Stream Parallelism [7]  [attribute specifier sequence(since c++11)

[ [ spar:: ToS tream] ] while ( true) { Introduces implementation-defined attributes for types, objects, code, etc.

[[attr]] [Lattrl, attr2, attr3(args)11 [[namespace: : attr(args) 11 alignas_specifier
Formally, the syntax is

item = read();

[[ attribute-list 1] (since C++11)

[ [spar: :Stage,spar: :Input(item) ,spar: :Output(item),bspar: :Replicate(N)]] {
ID

item = filter (item);

AUX
}

[ [spar: :Stage,spar: :Input(item)]] {

write (item) ;
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Overview of SPar Qr

Stream . Parallelism

e SPar-a DSL for Stream Parallelism [10]

[ [spar: :ToStream]] while (true) {
item = read();
[ [spar: :Stage,spar: :Input(item) ,spar: :Output(item), spar:
item = filter (item);

}
[ [spar: :Stage,spar: :Input(item)]]{

write (item) ;

:Replicate (N)/]11]{
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) Overview of SPar

e Self-adaptive parallelism in SPar [2,3]
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Target Throughput

—»— Throughput

- Add Replicas
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% Problem

Lane Detection — Average Throughput
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Ta rgets

e Goals:
o Improve existing abstractions
o Reduce self-adaptation overhead
o Improve applications performance

e Contributions:
o A new optimized strategy for self-adapting the parallelism when the programmer/user sets a

target performance.
o A comprehensive validation of our solution for parallel programming abstractions

17
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~Related Work

Work Library/System Environment Objective

De Sensi et al. [4] NORNIR Multi-core Manage throughput and power
consumption

De Matteis et al. [5] FastFlow Multi-core Latency and energy efficiency

Gedik et al. [6] SPL Multi-core High throughput without wasting
computational resources

Selva et al. [8] Streamlt Multi-core Throughput

This work SPar Multi-core Improve self-adaptation for

parallelism abstractions

18
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Solution
e Increase

o Stability

o Performance
e Reduce:

o Setting times
e Avoid:

o overshooting

19
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Solution

Sleep for a
time interval

YES ) T‘hroughput NO
significantly lower
than target?
Y
YES Three previous
R ++(D1) throughputs higher
than target?

R-- (D2) R=R (D3)

rﬁ%—
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Solution

Sleep fora

time interval

YES

Throughput

significantly lower

than target?

NO

YES

R -- (D2)

Three previous
throughputs higher
than target?

Decision 1 (D1) increases the number of
replicas.
e Adaptive number of replicas, several
replicas may be added in one step;
e The difference between actual and the
target performance;
e The relation between the performance
gap and the amount of resources
available

R=R(D3)
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Solution

Sleep for a
—>
time interval
YES Throughput NO
significantly lower
than target?
Y
YES Three previous
R ++(D1) throughputs higher
than target?

R-- (D2) R=R (D3)

fﬁﬁ_
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Solution

Sleep for a

time interval

YES

R ++ (D1)

Throughput
significantly lower
than target?

NO

YES

Three previous
throughputs higher
than target?

R=R (D3)
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Characterization - Lane Detection
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Performance Evaluation

Multi-core machine

32 GB-2133 MHz

Dual-socket Intel(R) Xeon(R) CPU 2.40GHz (12 cores-24 threads).
Ubuntu Server 16.04 OS

G++ V. 5.4.0 -03 flag

o Ondemand scheduling

Tested with two applications w.r.t. performance and memory consumption
Self-adaptivity compared to static executions (fixed number of replicas)

o O O O

28
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Lane Detection - Input 1 Average Throughput
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Pbzip2 — Average Throughput
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Memory consumption

Lane Detection — Input 1 Average Memory Usage
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Conclusion

e Implications
o  Self-adaptivity with a competitive performance
o Low or no overhead of adaptivity
e Limitations
o Performance may vary
o Performance vs resources
e Future Work:

o Extend this work to consider applications with a more complex structure
o Use proactive approaches

33
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