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Motivation

= Distributed stream processing systems are the backbone of many Big Data
implementations and can reach a considerable size in terms of cores /
workers

= CPU efficiency becomes increasingly important from both, an
environmental as well as a cost perspective

= Most streaming systems allow for flexibility regarding their scaling
direction

= Most DevOps do not know what scaling actually means in terms of CPU

efficiency?
Scale-Up
(vertically) @ @

Scale-Out
(horizontally) —> —>
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Example — Azure Hosting

Which Architecture would you choose as a manager?

= 2x Instance “A4 v2” (4 cores, 8GB RAM, 0.286%/h)

Scale-Out

= 1x Instance “A8 v2” (8 cores, 16GB RAM, 0.600 $/h)

Scale-Up

» Scale-Out architecture 4.66% cheaper

417.56 $
per month

438.00 $
per month
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Example — CPU Efficiency

Which Architecture would you choose as a manager?

= Example: Yahoo Streaming Benchmark with Apache Flink
= Workload: 600k events/s

AVERAGE CORES UTILIZED

25.0
20.0
15.0
10.0

5.0

0.0
1x Worker (48 vCPU) 2x Worker (24 vCPU)

»Scale-Up architecture 26.79% more efficient
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Paper Topic

Question: How efficient are 3, 4, 5 ... N workers?
Performing and comparing N measurments is not efficient

Idea: Performance Simulation of different cluster sizes (with PCM)

Assumption: We have a fixed number of cores and want to simulate how many
workers we should distribute them to (e.g. 2x C6 or 1x C12)

PCM Design Requirement: Accurate approach that is quick&simple to implement

= No automation is in place that allows an easy PCM generation!

= One manually created PCM model that allows to predict different cluster sizes,
without changing the model

» No changes in the ResourceEnvironment, Allocation or System Model
» Cluster size is specified as an input parameter of the Usage model

= Despite the quick&simple approach, the results should provide sufficient
accuracy

Lehrstuhl fiir

|
S © Prof. Dr. H. Krcmar Wirtschaftsinformatikll—




Technische Universitat Minchen

PCM Design Requirement

Simulation Example:
= Workload = 600k events/s
= Workers =4 (each 12vCPU)

<<lsageScenario> >
ﬂ UsageScenario

<<OpenWorkload> >

3} Interarrival Time: 0.0016666666666666668

t‘f <<5cenarioBehaviour>>

ScenarioBehaviour

< <EntryLevelSystemCall > >
}D EntryLevelSystemCall1
|Bench.bench

InputVariableUsageCompartment

OutputVariableUsageCompartment

quick&simple

12x IBM Power9 CPU cores (4.2 GHz)
Simultaneous Multithreading 4 (SMT4) ) 48 vCPU

<Allocation Model>

<Resource Environment Model>

< <ResourceContainer> >

|-
== ClusterResources

<<ResourceContainer>>

L /)
== ClusterResources

__ <<Allocation> >
|
=]

= Allocation_Assembly_Loaddistribution

A CPU

Scheduling: ProcessorSharing

Number of Replicas: 48

< <Allocation>>

~ Allocation_Assembly_Workers

Processing Rate: 4200000
MTTR: 0.0
MTTF: 0.0

<System Model>

IBenchProvidedRole

O

Loaddistributr ench.OperationProvidedRole1

_ <<System>>
SPS

- < <AssemblyContext>>
= Assembly_Loaddistribution

/J‘\ Loaddistribution.IBench.OperationRequiredRole1

Workers.|Bench.OperationProvidedRole1

<<AssemblyContext>>
Assembly_Workers

© Prof. Dr. H. Krcmar

Lehrstuhl fiir | I""
Wirtschaftsinformatik. —




Technische Universitat Minchen m

quick&simple

Dynamic Resource Demands

AVERAGE CORES UTILIZED

= We know that the Resource Demands change in
dependence of the number of workers

=
&
;E‘ .
&

o <<Interface>>
IBench < <BasicComponents>
<<Provides £l Workers i
void benchiint load, int workers) Workers.Bench.
= Usually we would need to model each cluster
F7 IBenchbench
i i i i eReaures < <Provides> > PassiveResourcesCompartme
configuration as a separate combination ssssmmonis. [ p
OperationRequiredRole1 OperationProvidedRole1
H < <BasicComponent>> ComponentParameterCompa
Allocation+ResourceEnv+System Model 8
SEFFCompartment Resourcel RequiredRoles
&]’ IBench bench

PassiveResources Compartment

ComponentParameterCompar..

» Instead we model the Resource Demand in
dependence of the received events (the more events
a node receives the more efficient it works)

. 91259 *Iload_per_node,l InputVariableUsageCompartment

) -
VALUE + 326.7 <CP .. -
» Therefore, we need a virtual load balancer that

divides the total load through the number of workers e i vl

<<ExternalCallAction>>
DistributeToWorkers
Loaddistribution.IBench.OperationRequiredRole1.bench

Lehrstuhl fiir | I"“
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Task-Level Performance Modelling accurate

= The probably simplest approach would be to measure the total CPU utilization for a few
cluster configurations and to perform a regression analysis

regressmn | ‘ ‘ | ‘ ‘ ‘

@@@@ P @

= However, looking only at the total utilization is not accurate enough (abstraction level <\\§
too high)
— Each streaming task has its own efficiency curve that can either grow linear, logarithmic,
polynomial or exponential to the workload.
— The PCM Resource Effect Specification will model each task as an internal action with its own
ResourceDemand

Lehrstuhl fiir
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Task-level Performance Modelling

how many events do we send AND
receive during re-distribution?

/

Each worker sends
(Toad_per_node/workers) * (workers-1) events to
other workers

and receives (1oad_per_node/worker)* (worker " -
1) from the other workers

<Benchmark

@

DistributeToWarkers

Loaddistribution.IBench.OperationRequiredRole1.bench

<<ExtemalCallaction>> <KSEFF LoadDistr.>

InputVariableUsageCompartment

+ Kafka

<SEFF Workers>

—>

ResourceDemand

+ <<InternalAction> >

+ < <InternalAction> >

+ < <InternalAction> >

(- 0.1668*
load_per_node.

IRT

JSON_Deserialize Filter_Projection_Join Enrich
ResourceDemand ResourceDemand ResourceDemand
30.806 * 17.461* 45348 *

[ L, load_per_node.

[y load_per_node.

iy load_per_node.

o

+ <<InternalAction> >

+ <<|InternalAction>>

+ < <InternalAction> >
RecordDeSerialization

[ )

+ <<InternalAction>>
Netty_keyby

ResourceDemand

ResourceDemand /

i load_per_node.

Other <=1 T Window_Sink
ResourceDemand ResourceDemand
-0.0392* 9.1259 *

[y load_per_node.

19.444 *
i load_per_node.

aana

-0.0471*
redistributed_event

» How to get the parametrization in dependence of the workers / load?
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Task-level Measurment

Our toolchain proposed in (Rank, et al. 2020) profiles applications with
BPF and combines the results with PMU measurments’

Identify
Process Scope

Scope

</> Analyzer.sh

process

trees.json

Sa®
o®

@
@)

> (2_9 SPS Stack 3 _|

-trace sampling

stack_
count.bt

PMC

2)
Measurement

</>| perf stat -p

=l

Stackfold & $_
FlameGraph

</>] stack_fold.bt &

pmc Y—

cpu.data ]

N
(2'_1) Workload i

—

Identification

socket \z_—_ﬁ
load.dataf=—

workload_
</>| trace.bt

FlameGraph.pl
g stack_folded.data
P —

¢ Result i

Generation

</>| results.sh

flame
graph.svg

Absolute Demand

Stream
Engine

133.5 bn Instr

App/

. |
Serial 50.5 bn Instr

App/
Join

60 bn Instr

output

accurate

Instruction per Byte Demand

60 ins/b

GieD

300 ins/b

360 ins/b 450 ins/b 370 ins/b

» This way we get the consumed CPU cycles for each streaming task

1 Rank, J., et al. (2020). "A Dynamic Resource Demand Analysis Approach for Stream Processing Systems." Softwaretechnik-Trends 40(3): 40-42.
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JL accurate
Task-level Parametrization Approach
= Qur approach requires to measure three cluster configurations
cpU > lowest (1 worker), highest (12 workers) and one in between (we chose )
\' - —
| » N=workers, C=phys_cores_per_worker -> N1_C12, N2_C6 and N12_C1
Kafka JSON Deser. Filter+Projection Enrich KeyBy Net. (De-)Serial. | Windowing * Sink Other
o %51 3.0 1.7 +Joi 0.6 4.0 1.9 1.5 6.0
10 28 o 0.4 20 1.8 1.0 0
gt 7 e —— b — [
13 26 15 0.2 1.7 05 0.0
S| 3 15 1.0
g 0 2.4 1.4 0.0 0.0 1.6 0.0 0.0
R o A e ¢ e O A o o e ¢ & @ ¢ & e ¢
&7 é"/ ‘\’\r}'/ &7 \Q’/ ,A'\j’/ N é‘l'/ A‘\- g &7 &/ ,A'\- g & é‘l'/ é’\‘}/ & &/ ,A'\:L/ ‘Q'/ &/‘\0/ o7 é\'/ A’\r}/
v Stepl: Calculate CPU consumption per task and worker (divide by number of workers)
+s0 3.0 2.0 0.6 0.6 2.0 1.0 B.0
6.0 2.0 15 0.4 0.4 1 n
@ |80 1.0 1.0 0.5
S |20 1.0 05 0.2 0.2 05 n
g 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -
Fofal | FTafa? | Faflul | TPl | FTaf0? | Falul | FTofel | &80
v \S\r/ §\ \i\/ é\r/ \\‘ $’\r \\\'/ % Q’\‘ é\'/ é \i\' é\r/ \\ é\r $'\,/ $ é\’ e'\// $ é\r é\,/ ‘\"L/ ‘\’Q’/
Step2: Calculate CPU cycles per event by multiplying core consumption with the processingrate (4.2 GHz) and dividing by the load (600k). The x-axis becomes the number of
processed events on a single node for the respective cluster configuration (e.g. 600 for N1 C12, 50 = N12 C1). For KeyBy use the number of redistributed eventsinstead.
A
60K 1k 1y =17.461x+ 4.0k o K yl= 10,444 b POk
: 3.0k STY=E 0k [+244.01 5k 15k -
8| -0.1668x* o S0k | 400471+ | BK aK 10k e
f’;‘ S0k +192.47x 5k 7 26617+ | SF B ) 05?35: ¥
o -2403.5 1.0k 5.2509 | 7k 1K ° e
ok ok 0.0k & 0k 0k 0k -344,74
[= I e I e I o i = B o] o =] =] o] o o Q Qo Q [== I o T oo B o i oo B n ]
[Ta B o I R I T | Ta] o (T3] No N g oWn n O n Q wn
 J — M o 0 M~ i (2] =<t — M o O M~ — m < O M~
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Experlment Prediction
= “quick&simple” w0
v" PCM Model . I .
v" Required model changes to simulate i i
different cluster sizes g 2 ' T
v" 3x Measurements for parametrization = . Y
o Profiling approach (fully automated) " . peut
17
« " B o 1 2 3 4 5 6 7 AvEMELT
= “accurate
= Does the task-level prediction perform RVISE Regression
better? 2 W
= Baseline: More accurate than asimple  * 50
regression approach (that only looks at NENS RN
the total CPU consumption) based on — | k)
the same number of measurments : “ iI gl - ) v=3.0asint) + 16,645
= Predict N3, N4, N5 : N3_C4 N4_C3 N6_C2 S s 4 e s 10 b o

B TCUT W LCUT mPCUT
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Conclusion and Limitation
= Fast and easy PCM based prediction approach
= Achieves highly accurate results

= (Can be applied to running systems (no instrumentation) required

o For the experiment we assumed a constant load (600k events/s). We did not
test how accurate the prediction works for different load levels

o We only scaled our cluster from 1 to 12 worker nodes. We did not test how
accurate the prediction works for even bigger cluster sizes

Lehrstuhl fiir |I"‘"
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Thank you for your attention!

Questions?

mail: johannes.rank@tum.de
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Azure Hosting
B s e
DHE@

- Virtuelle Computer (@) 1 A8 v2 (8 vCPUs, 16 GB RAM) x 730 Stunden (Nutz... 0] Vorauszahlung: 0,00 $ Monatlich: 438,00 §

Virtuelle Computer

Region: Betriebssystem: Typ: Tarif:

‘ West US V‘ ‘ Windows V‘ ‘ (Nur Betriebssystem) V‘ ‘ Standard v
Kategorie: Instanzreihe: INSTANZ:

‘ All v‘ ‘ All v‘ £ ABv2: 8 Kerne, 16 GB RAM, 80 GB temporérer Speicher, 0,600 $/Stunde

Virtuelle Maschinen

| T

Stunden V‘

x ‘ 73072

Einsparungsméglichkeiten

Weitere Informationen

https://azure.microsoft.com/de-de/pricing/calculator/

‘ Erkunden Sie Preismodelle, um Ihre Azure-Kosten zu optimieren.

(04.11.2022)
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Azure Hosting

& e prn—

- Virtuelle Computer (6] 2 A4 v2 (4 vCPUs, 8 GB RAM) x 730 Stunden (Nutzu... 0} Vorauszahlung: 0,00 § Monatlich: 417,56 §

Virtuelle Computer

Region; Betriebssystem: Typ: Tarif:

‘ West US V‘ ‘ Windows V‘ ‘ (Nur Betriebssystem) v ‘ ‘ Standard V‘
Kategorie: Instanzreihe: INSTANZ:

‘ All v‘ ‘ All v‘ ‘ 2O Adv2: 4 Kerne, 8 GB RAM, 40 GB temporgrer Speicher, 0,286 $/Stunde ‘

Virtuelle Maschinen

| 2z

x ‘ 730 <

Stunden V‘

Einsparungsmdglichkeiten

Weitere Informationen

‘ Erkunden Sie Preismodelle, um lhre Azure-Kosten zu optimieren.

https://azure.microsoft.com/de-de/pricing/calculator/

(04.11.2022)
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