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The Steps of the Method

from performance requirements to cheapest VMs
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RAM and CPU, only WfMS no DBMS, workload dependent
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applying the method for the Camunda WfMS
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realistic, mix of 5 models with different complexity
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realistic, mix of 5 models with different complexity
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realistic, mix of 5 models with different complexity
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realistic, mix of 5 models with different complexity
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realistic for different sized companies
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“Unbounded” (U) Configuration:
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4. Run Experiments
the BenchFlow framework
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5. Analyse Results

define (determine) the wanted performance
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define (determine) the wanted performance

wavg(D) avg(N) avg(T) wavg(RT)
Users A . wavg(REQ/s
ms]  [bpi]  [bpi/s] “VEREQS) Ty
50| 8’238.13 30'623+22| 44.454+0.13 48.85 22.97
U| 500| 97148.13(272°910+6’024(395.90-£8.47 434.14 152.18
1°000| 64°023.83(323’783+5’643|329.81+2.73 512.71 946.27
Three Runs to Improve Results Reliability
Users WIMS CPUWfMS RAM DB CPU DB RAM
U|50, 500, 1’000 64 Cores 128 GB| 64 Cores| 128 GB
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determine the right amount of needed resources

5. Analyse Results

=o—Experiment execution time =#=Throughput BPI duration
e - — —m
el —0— = o
—_— A — S o ~ - -
/ max(CPU)
99% 96% 95% 90% 89% 84% 88% 82% 84% 37%
10 12 14 16 18 20 22 24 26 64

Normalised performance over hnumber of CPU cores with 500 Users
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5. Analyse Results

determine the right amount of needed resources

Users WIfMS CPUWfMS RAM DB CPUDB RAM

50 6 Cores 1 GB 6 Cores 2 GB

B 500 16 Cores 2 GB| 16 Cores 10 GB
1’000 24 Cores 2 GB| 24 Cores 12 GB

U (50, 500, 1’000 64 Cores 128 GB| 64 Cores 128 GB

Normalised performance over hnumber of CPU cores with 500 Users
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5. Analyse Results

validate the performance results

wavg(D) avg(N) avg(T) wavg(RT)
Users . : wavg(REQ/s
ms]  [bpi]  [bpi/s] WVEWREQS) g
50| 8’337.41 30°590+43| 44.38+0.18 48.84 24.53
B| 500 9°079.07|273’1164+3’063(396.21+4.79 435.27 149.21
1’000 65°772.55| 32824842268 (329.80+3.83 519.14 921.57

Unbound vs Bound Performance Results
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5. Analyse Results

validate the performance results

wavg(D) avg(N) avg(T) wavg(RT)

Users . . wavg(REQ /s

[ms] [bpi] bpi/s] WAVBREQ/S) Ty

50| 8’238.13 30°623+22| 44.45+0.13 48.85 22.97
Ul 500 9'148.13|272°9104+6’024|395.9048.47 434.14 152.18
1°000| 64°023.83|323’783+5’643|329.81+2.73 512.71 946.27
50| 8’337.41 30°590+43| 44.38+0.18 48.84 24.53
B| 500| 9079.07(273’116+3’063|396.21+4+4.79 435.27 149.21
1°000| 65°772.55| 328°248+2’268|329.80+3.83 519.14 021.57

Unbound vs Bound Performance Results
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match resource requirements with Cloud offers

gl Microsoft
Bl Azure

‘. T Google Cloud Platform

rEramazon

47 webservices

CPU + RAM Bound

Users WIMS CPU WfMS RAM

50 6 Cores 1 GB
B 500 16 Cores 2 GB
1’000 24 Cores 2 GB

19

@ Vincenzo Ferme



della

Svizzera
italiana

Universita Faculty
of Informatics

6. Cloud Offers

match resource requirements with Cloud offers

Cloud Provider Instance type CPU Memory (GB) Price (USD/hr)

Required resources - 6 Cores 1 -
&|Amazon (Am) Compute Optimised - c4.2xlarge 8 Cores 15 0.419
@ Azure (Az) General purpose - basic tier - A4 8 Cores 14 0.376
2 Google Predefined (Gp) High-CPU - nl-highcpu-8 8 Cores 7.2 0.232
0| Google Custom (Gc) - 6 Cores 5.4 0.25827
QiSprings.io (S) i 12 GHz 1 0.107
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match resource requirements with Cloud offers

| Cloud Provider Instance type CPU Memory (GB) Price (USD/hr)|
a Required resources - 16 Cores 2 -
5 Amazon (Am) Compute Optimised - c4.4xlarge 16 Cores 30 0.838
5| Azure (Az) Compute Optimised - D5 v2 16 Cores 56 1.17
o|Google Predefined (Gp) High-CPU - nl-highcpu-16 16 Cores 14.4 0.464
R|Google Custom (Gc) - 16 Cores 14.4 0.68872
| |Springs.io (S) - - - -
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6. Cloud Offers

match resource requirements with Cloud offers

| Cloud Provider Instance type CPU Memory (GB) Price (USD/hr)|
«/Required resources - 24 Cores 2 -
§ Amazon (Am) Compute Optimised - c4.8xlarge 36 Cores 60 1.675
| Azure (Az) Performance optimized compute - G5 32 Cores 448 8.69
S Google Predefined (Gp) High-CPU - nl-highcpu-32 32 Cores 28.8 0.928
S|Google Custom (Ge) - 24 Cores 21.6 1.03308

Springs.io (S) - - - -
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7. VMs Selection

select the set of suitable VMs, and identify the cheapest ones
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select the set of suitable VMs, and identify the cheapest ones
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Limitations and Future Work
approximation of the actual performance on the Cloud

Performance on the Cloud has more Variance
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Limitations and Future Work
measure on the Cloud, validate the approach
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approximation of the actual performance on the Cloud

Performance on the Cloud has more Variance
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Our results show that containers result in equal or better
performance than VMs in almost all cases.

‘¢ :
Although containers themselves have almost no overhead,

Docker is not without performance gotchas. Docker
volumes have noticeably better performance than files stored In
AUFS. Dockers NAT also introduces overhead for workloads

with high packet rates. These features represent a tradeoff
between ease of management and performance and should
be considered on a case-by-case basis.”

BenchFlow Configures Docker for Performance by Default
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Call for Collaboration
WfMSs, process models, process logs

Wi{MSs

* WWe want to add more and more W1MSs to the benchmark

e Contact us for collaboration, and BenchFlow framework support

Process Models
* We want to characterise the Workload Mix using Real-World process models

e Share your executable BPMN 2.0 process models, even anonymised

Execution Logs

* We want to characterise the Load Functions using Real-VWorld behaviours

e Share your execution logs, even anonymised
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State of the Art of WfMSs in the Cloud

Cloud WfMSs, business process optimisations, capacity planning

e Cloud WfMSs: emerging market
e BPaaS: started to be evaluated

* Business Process Execution Optimisations

e Cost-aware W{MSs
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State of the Art of WfMSs in the Cloud

Cloud WfMSs, business process optimisations, capacity planning

e Cloud WfMSs: emerging market
e BPaaS: started to be evaluated

* Business Process Execution Optimisations

e Cost-aware W{MSs

We Focus on Capacity Planning
with a Widely Used W{MSs
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BenchFlow Framework
system under test

[ )[ ]Containers

37

@ Vincenzo Ferme



Faculty
of Informatics

BenchFlow Framework
system under test

Docker Engine
[ ][ ]Containers
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BenchFlow Framework
system under test

Docker Swarm
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A& Servers
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Docker Engine
[ ][ )Containers
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BenchFlow Framework

Docker Compose

system under test

Docker Swarm

e
Q&fzﬁo Servers

Docker Engine
[ ][ )Containers
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BenchFlow Framework
system under test

Docker Swarm

e
Docker Compose y Servers
SUT’s Deployment Conf. |

Docker Engine
[ ][ )Containers
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Server-side Data and Metrics Collection
asynchronous execution of workflows

Start Workflow 38
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Server-side Data and Metrics Collection
asynchronous execution of workflows

L oad Driver

Service

Application Server

Instance
Database

DBMS
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Server-side Data and Metrics Collection
asynchronous execution of workflows

L oad Driver

Service

Application Server
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Database
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Server-side Data and Metrics Collection
monitors

:H Servers D Containers ya

g { Web ]]
e Service
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Faban Drivers (Ej DBMS)
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Server-side Data and Metrics Collection
monitors

Web
Service
A b

Test Execution

"~ harness

Faban Drivers
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Server-side Data and Metrics Collection

monitors
@ Servers D Containers c
S Web
g SeArvil_ge
S —Ari
L>Ij Y
b7 WIMS
“ | F
"> harness
‘( 7—;’.: :.:.
Faban Drivers (@ DBMS) I:l
Monitors’ Characteristics: Examples of Monitors:
- RESTful services - CPU usage
- Lightweight (written in Go) - Database state

- As less invasive on the SUT as possible
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Server-side Data and Metrics Collection

monitors
ﬂ Servers D Containers z
S Web
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Monitors’ Characteristics: Examples of Monitors:
- RESTful services - CPU usage
- Lightweight (written in Go) - Database state

- As less invasive on the SUT as possible
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Server-side Data and Metrics Collection
collect data

Servers D Containers ya

g [ Web ]]
2 Service
3 AN
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F harness
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Faban Drivers (@
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Server-side Data and Metrics Collection
collect data

Servers D Containers ya ]]

Web
Service

Test Execution

'~ harness

V=] \
Faban Drivers (@ DBMS}
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Server-side Data and Metrics Collection
collect data

Servers D Containers 2
S [ Web ]]
= Service
0 >
X [—*
L
g WFMS J
1| . harness
Faban Drivers (Ej DBMS) |
Collectors’ Characteristics: Examples of Collectors:
-+ RESTful services - Container’s Stats (e.g., CPU usage)
- Lightweight (written in Go) - Database dump
- Two types: online and offline - Applications Logs

- Buffer data locally

42

@ Vincenzo Ferme



Universita Faculty

della of Informatics
Svizzera

italiana

Server-side Data and Metrics Collection
collect data
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Collectors’ Characteristics: Examples of Collectors:
-+ RESTful services - Container’s Stats (e.g., CPU usage)
- Lightweight (written in Go) - Database dump
- Two types: online and offline - Applications Logs

- Buffer data locally
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