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The Rapid Growth of Big Data .%

O Software market rapidly shifting to Big data
" 27% compound annual growth rate through 2017 (IDC)

= Popular technologies such as Spark, Hadoop, and NoSQL
boost Big Data adoption and revenues from new services

29 7 Hadoop & NoSQL Software/Services Revenue Projection, 2013-2017
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Source: IDC Source: Wikibon

Business issue: 65% of Big data projects still fail (CapGemini)
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What problems EU SMEs face?

An example from our consortium .g

= Customers with legacy
eI _ = data now ask for Big

Traditional market = Data technologles

Legacy software systems &

/VETFECTWE

Learning curves @

Initial prototype o = Spa

Growth in sight, but ...
Risk of failure o

e
LD 4
ﬁé

cassandra (+ others...)

Fast-paced market
ol
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DICE: DevOps for DIAs

8
Mission: support SMEs in developing high-quality
cloud-based data-intensive applications (DIAs)

" Horizon 2020 research project (4M€, 2015-18)
" 9 partners (Academia & SMEs), 7 EU countries

Imperial College QHLABI
London mer s

E- Universidad N_,ETFECTIVE

A0l Zaragoza Creative Technslsgy
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©DICE 01/16/2018




DICE: Quality-Aware DevOps for Big Data .%
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How to support DIA development? .%

Characterize Data Properties Big Data
Technologies

NoSQL
Hadoop

Volume

Velocity

Variety Spark

Kafka

Privacy Storm

Location

UML
Integration

Delivery 9):\ Development
DevOps Methods & Tools
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What do we mean by Quality? .%

o Reliabilit = Availability
ellaplll
Y = Fault-tolerance

Cost model (fix—cost : operation—cost = 3:7)

o = Performance
O Efficiency -

Normalized cost
o o o o

= Costs

J 1

5 .
Performance per core System utilization

O Correctness L_ ™ Privacy & security
=" Temporal metrics
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DICE Framework

S eclipse
DICE IDE o |
UML— MODELING
s = b Netizenv: @ ATC
MDE
Methodology PrﬂDEVE‘_op
Integracién de tecnologias
Plugins
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Data Intensive Application (DIA) joﬂ;
Feedback & Big Data Technologies
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CLOUD SOFTWARE
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DICE Framework
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DICE Workflow - Dev .%

' “Will the DIA

i meet SLAs and costs?”

DICE Eclipse IDE Enhance

\ / “
L | want to

‘ design for Big data”

. Design Transform Simulate & Verify
to Formal Models

Optimize

Parallel LS .

@) Fork Join
N ® Optimize
DICE-Profiled T e primizer )
UmML M2M (OVTo) PMML | | RE | : =
DPIM Model | <% | File Nl O ) i
DICE-Profiled

UML L
OTSM Model '
DICE-Profiled
ML M2T (Acceleo)
DDsSM Model
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DICE Workflow - Ops .%

“I want to quickly deploy
and tune the DIA”

Z . Enhance
o)
(2 o “I want an integrated
/p
‘%‘4/ “ DevOps toolchain”

Fault Configuration

ality Testin . T
Quality Testing injection Optimization
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DICE Workflow: Unified Toolchain .%

Following the DevOps paradigm, DICE delivers a
unified toolchain for the enterprise team

Enhance
Fault Configuration
Deploy Quality Testing injection Optimization
Design Transform Simulate & Verify Optimize

to Formal Models

X3
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DICE Approach, Tools, Architecture
and Methodology
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Ingredients of technical approach .%

vV Ops Dev Ops

O Model-Driven Engineering
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DICE incremental modeling and analysis .%

DICE Platform Independent Model (DPIM) «——>{ Analysis

lis implemented by

DICE Technology Specific Model (DTSM) «——>| Analysis

lis deployed onto

DICE Deployment Specific Model (DDSM) «———

Analysis &
Optimization

ASojopoyis|A 3D1Q

M2T transformation ‘

TOSCA
blueprint
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DICE deployment, monitoring and testing .%

1 5
@) =
TOSCA ¢ \ 2 = | Jg> S
blueprint 2 o Q 3 o
5 @ = B
_ ) oQ P < @ O
l Configuration = o)
optimization m
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J =
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Deployment <= Monitoring 8'
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Running Running Quality <
CDIA DIA Testing
omp Comp
MW
oy Fault Injection
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S5 >

Modeling in the IDE

& DICE Platform File Edit ~? Navigate Search Papyrus Project Run DICE-LWDG Deployment Service DICE Tools Window Help Ven 12:15PM  Q, =

- -

@] @ workspace - DICE - DICE-WikiStats/model/wikistats.di - DICE Platform
B EHR DO @ M@ B e i) —v | B |HBir ole Bage Er e v v | % F e P N e S—— wy s

AR |
B |G
= ~J “wikistats.di 52 ] Pprope & Conso @ SVMNR 5] Git Re \_E.El Invec [ Cheat 52 | J Model [ Proble = =
= || gr—— B <ig
oI} Wikistats DPIM

A o E

= o b Apply MARTE and DICE profiles to the model @
%_ B b Create 2 diagrams to the model

E usedRasources =clusteri _ IF=5]

respT=5.45 ¢ Complete the Deployment diagram ikd

& + Complete the Activity diagram ==|

rep=1 _

O— prob=1 The Activity diagram should be completed adding scme elements L"J_]

o= hostDemand=[2.0]
Add an "Initial Node" element inside the Activity J
I

]
[

Add an "Activity Partition® element inside the Activity. Open the Properties view, and select
! the UML tab and set the property "Represents” to the Artifact created in the previous step.
start B Use the "3 peoints® button and browse the tree model until you found the desired element

«GaWorkloadEvents
Add an "Opaque Actien” element inside the Activity Partition

Add an "Activity Final Node" element inside the Activity. This element is placed in the same
entry of the Initial Nede in the Palette

amivaliate=5.0

Add a "Control flow" link between the “Initial Node® and the "Opague Action”

Add a "Centrel flow” link between the "Opague Acticn® and the "Activity Final Node®

b Stereotype the Deployment elements
b Stereotype the Activity elements
4
b

Configure the launching
See the results of the launching

\ ' i GaScenario
{Structured

3, I’m defining the DPIM model for my application - .
[ MARTE/GCM <

JEM Ea DOPIM Class Diagram h DPIM Activity Diagram 53
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DPIM-level simulation i>

Mame: |Wikistats-1 |

E| Main :=::> Filters | ()= Parameters | [2-| Advanced | [C] Common

Model te Analyse A tWO VM S
platform:/resource/modelForReliability Test/wikistatsscreenshots/wikistats.uml Browse f' H H I I

| contiguration wi
Active scenario

o} < <StormScenarioTopology, GafnalysisContext>> «<Activity> WikistatsTepology n Ot be dacce pta b I e
g <<StormScenarioTopology=> <Class> WikistatsStormTopology . . .

ot < <DpimScenario, GaAnalysisContext>> <Activity> WikistatsDPIM fo r t h Is a p pl Icat I O n

b« «HadoopScenario, GaAnalysisContext> > <Activity> WikistatsBatchlob

MFP to calculate
(® Performance
(O Reliability
9d02fh7d-4660-4bd0-bf42-b67feb3d6224

respT (s)

numVyMs

Run Close
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The verification step

= 2000 @ - N e P cah
[75 Project Explorer 83 <P wikistats.di 52
» (= ATC_DICE
¥ [ ATC_DICE_MOD
» E Teststorm
> (BunsaT
¥ (o > wikistats-models [Wikistats-Models master]

» ~Rwikistats

eCe Run Configurations

Create, manage, and run configurations

[[EX BI-

3 Name: |WikiStats
[ main . [ common
€ ATL Transformat Model:

il

5 DICE Simulation
¥ (&) DICE Verification
@atc
DICE-LWDG Launchy
£ Eclipse Applicatit
[EG] Java Applet
[ Java Application

B Model Explorer 32

P B=1 RootElement

» E% «ModeiLibrary, EPackages DAM_Library

» B0 «Modellibrary» MARTE_Library

» I’_A.‘ «EPackage, ModelLibrary» DICE_Library

» B% «EPackage, Modellibrary» UML Primitive Type

platform:fresource/wikistats-models/wikistats.um!

Intermediate files:

| Save intermediate files in the workspace:

Ju Junit X

35 Junit Plug-in Teg || Time Bound
[B]Mwe workflow 0 |2
Mwe2 Launch

OCL Expression Zot Plugin

Operational QVT Intg

& 0SGI Framework D ae2sbvzot recommended]
" ae2bvzot

) ae2zot

Monitored Balts:

S
o= Outline &3 Bolt

-~ Monitored
== 1 CategoriesPerPageC.. [ No
CategoriesSplitBalt [ No
CategoryAgarBolt [ ves
CategoryExtractBolt [ No
d LinkCounterBolt [" No

D-VerT Server connection settings:

Host Address: http://localhost

= j Filter matcned 16 of 16

Close

79 1 item selected
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s
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D
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./ Communication...

[ rmraREes
(= MARTE[Time <

[ Clock

SRS Eint

[ MARTE[Alloc
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Diagram

kupuslcl es Invocations Registry Problems &) Error Log | ]

Value

| want to check
if critical bolts could create
problems at runtime
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演示者
演示文稿备注
From the project explorer view, right click on the model, select Run as -> Run configurations… 
Create new launch configuration of type DICE Verification 
The launch configuration allows the user to define a set of parameters that will be given to the tool in order to run the verification task. As depicted in the figure below, the first parameter is the DICE-profiled UML model, that can be selected by browsing the workspace. It is possible to store some intermediate files in the workspace, such as the JSON file containing a compact representation of the data-intensive application. This can be done by simply selecting the checkbox and the location where to save the files. Next, the user can select the time bound against which run the verification, the Zot plugin to be used and the bolts that will be monitored to detect possible unwanted behaviors.
Once all the parameters are valued, it is possible to run the verification task by selecting the Run button.



The optimization step

workspace-latest - Java - Wikistats/wikistats@medium.di - Eclipse

[# Package Explorer 52

Wil J

= o) far)
it

& -

8 | ~» wikistats@medium.di 2
~(=wikistats

&) model.uml
wiki

pology

m.di

2 wikistats@medium.notation
#] wikistats@medium.uml
~pwikistats@small.di

[2 wikistats@small.notation
&) wikistats@small.uml

Partition 1

«StormSpouts|
\WikiArticleSp...

«StormBolt>
LinkCounter...

\@ Final

Class page

Select page parameters and alternatives

Choose a vm configuration

Amazon-medium
Amazon-xlarge

WE -0~ R~ H# G~ OD S~

Quick Access

ESRC S

= [l Task List 53 = 8

& % x e @ v

v All ¥ Activate...

= Activity
Partition

» @ Initial node

{7 Local
Precondition
Constraint

» 8-+ Qutput Pin

@ Fyrmncinn
& Edges @
/" Control Flow

=a Exception
Handler

+m Object Flow
7, Link
= MARTE/P...

/" PaCommst...
(Control
Flow)

& MARTE/G... ®
# GaCommst...

5= Outline 52

<

Amazon-2xlarge
Cineca-5xlarge

fh“

Load DDSM for this class...

Refresh vm configurations

Location Type

Max>> Everything seems to be

<Back Next >

(N |

for Amazon reserved instances
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~ ok. Let’s focus on optimization...

Let’s identify the optimal configuration

(Control
Flow)

@ Gascenario
(Structured
Activity
Node)

5 GaAnalysi

Ieitioil

S...
-

(wWaiting for Focus) Eclipse Error Reporting

Welcome to the Eclipse Error Reporting Service.
Do you want to help Eclipse?
With your permission Eclipse
logged inside the IDE and inf
about the issues you experie

out by enabling Error Reportj

ny errors
ted projects
ant to help



演示者
演示文稿备注
From the top bar it is possible to open the optimization wizard.
Here the user should define the relevant framework, the number of application classes, whether to solve for a private or public cloud,
and possibly provide information about applicable long term contracts, e.g., Amazon EC2 reserved instances.
Afterwards, the user should choose candidate VMs to compare during the optimization process, associating them to the
relevant DTSMs, and provide the DDSM where the result will be written.



Deployment step— creating the

[ ] [ ] Run Configurations

Create, manage, and run configurations ;% 1

| l
= {!
2R B - Mame: Generate TOSCA blueprint
I
| DICER-SERVICE launch tab |=_=| Commaon l
|| e s e s
| {E ddsm2tosca dicer-service host:ip http:localhost:81 76 [
| have gOt i € ddsmprofile2tosca /Users/michele/D s/workspace/testDiceProfiles/DICEWiKi I
i Select input model file sers/michele/Documents/workspace/testDiceProfiles ikistats.um
[ » " ATL Transformation
all I need to create | oeetwos Launcrer - - a
¥DICER Launcher Select output model file fUsers/michele/Documents/workspace/testDiceProfiles/DICEWikistats toscalyml ‘

t h e b I U e p ri nt ! 1 Genarate TOSCA blusprint Check server [

& Eclipse Application
1 4 Eclipse Data Tools
| H Generic Server
E Generic Server(External Launc

| ,.Grum
! mGulp
E HTTP Preview
{5 J2EE Preview
] Java Applet
¥ [7] Java Application {
[T] CassandraDriver
[7] Cassandralnitializer
[T Dicer
[T LegGreator
Ju JUnit
| joﬁ JUnit Plug-in Test
m2 Maven Build
M Node.is Aoolication Revert Apply
Filter matched 33 of 33 items

| Send TOSCA to Deploy-service 7

deploy-service hestip

e
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Deployment step — sending the TOSCA

YAML to the de

... and now let’s
deploy!

loyment service

eC @

Create, manage, and run configurations

I €3 Invalid resources path.

X O -

" ATL Transformation
¥ i DICE Deploy
Wl New_configuration
Wl New_configuration (1)
‘g DICE Simulaticn
(©) DICE Verification
FDICE-LWDG Launcher
& Eclipse Application
4] Java Applet
[T Java Application
Ju JUnit
Ju JUnit Plug-in Test
[ | MWE Workflow
Mwez Launch
OCL Expression
Operational QVT Interpreter
":B' OS5Gi Framework

Filter matched 19 of 19 items

@

Name: | wikistats|

B Deployment details

Blueprint
Main blueprint file:

Resources folder:

Deployment Service

Deployment Service:

Container:

Run Configurations

E Commeon

fUsers/elisabettadinitto/Documents/DICEWorkspace/DICE-WikiStats/model/

foo (hitp//109.231.122.184/)

WikiStats {e65e69ab-fb28-d4ac2-bB08E-6¢725fb08DST)

Revert

Close

S5 >
]
S |

Browse

Browse
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Monitoring and detecting anomalies

Actors {end-users / other tools)

; Maonitoring Monitoring
lurnberack
it @ Mngmt API (‘) Query AP CP

SEar : DICE - Monitoring Platform \

O)
Everything
1 |is fine today!
lumberjack
»
REST Maenitoring

Logstash O O ElasticSearch
() AP - e AP T Query AP

DA Element
{DFIM Metamodel)

HOFS

YARN

Spark

Kafka Broker
Oryx 2 Serving
elc.

HOFS

YARN

Kafka Broker
Oryx 2 Batch
etc.

HOFS

YARN

Spark

Hafka Broker
Oryx 2 Speed
elc,

4

Traceﬁiedmg Performance
REST ! _ﬁ;' ) AP

DICE - Anomaly Detection and Trace Servicla

lumberiack

O

I
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Quality testing

Features:

* Load generation for stream processing systems

* Load replay

e Load scaling (via Hidden Markov Model representation)

C

Load injection
into the DIA

QT Tool workflow:

1. Max & Ophra add QT tool as a spout, provide

(initial) load & deploys DIA

— — — — — — — — — — — — — — —

( DICE IDE P
I — - Txt/ISON/

o — "“‘—|—|_ '~ MongoDB/...

Deployment

e mccount nems for i woe

4. Test results in DMon

01/16/2018
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Load file

\
I
I
I

/

Let’s stress our
DIA!

2. QT tool starts simultaneously with DIA

(

3. Injects load |

| Makes load an input
\ to custom spout




Fault injection

= C' @ Secure https://cp.sd1.flexiant.net/#page=/admin/saue

3% flexiant”

Cloud Orchestrator

- reprew

:’f: Clusters
il Nodes

_% Networks

I DICE FIT High CPU

IP Address * | 109.231.122.23

Discover

N

DICE Fault Injection Tool

Username * ubuntu

Password * ssssssscsse

CPUcount * 4

Visualize

Dashboard

Settings

Time *

W1 Load
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40

20

16:52:00

16:53:00

16:54:00

16:55:00

16:56:00

16:57.00

16:58:00 16:59:00 17:00:00 17:01:00 17:02:00 17:03:00 17:04:00
@timestamp per 30 seconds

~

17:06:00

17:06:00

(@ Last 15 minutes

&S

> @ Average longterm
@ Average midterm
@ Average shortterm



B
Enhancement tool .%

O Objective: designed for iteratively enhancing the DIA quality
O Functions:

0 Providing a performance and reliability analysis  let’s consider the
proposed

improvements! i

\ 4

O Updating UML models with analysis results L

O Anti-patterns Detection

O Refactoring the design model

e T . 77 APR g \
' MODULE ! MODULE Anti-Patterns g .

Decisions

¢ ¢ Updated
&Reliability UML Models M2M Anti-Patterns Architecture Architecture Modil'
Parameters Updating Transformation Detection Refactoring

|
|
|
|
Performance :
|
|
|
|
|

Estimation
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演示者
演示文稿备注
The Enhancement Tools are the main tool to close the loop between runtime (monitoring data) and design time (models and tools). They feature the correlation between monitoring data to find the existence of different abstractions between design concepts and runtime measurements. They also provide the initial parameters for the Simulation tools and optimization tools from monitoring data and detect the anti-patterns in the application design.

Provide statistical estimation algorithms to infer resource consumption of an application. Provide fitting algorithms to match monitoring data to parametric statistical distributions.


Summing up .%

Following the DevOps paradigm, DICE delivers a
unified toolchain for the enterprise team

Enhance
Fault Configuration
Deploy Quality Testing injection Optimization
@ ® ® ©
Design Transform Simulate & Verify Optimize

to Formal Models

'K Il
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Demonstrators

ATHENS TECHNOLOGY CENTER

|
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%E»'
™

News Asset

|

News&Media
Market
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News analysis demonstrator

Streaming AFI

REST API
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NewsAsset platform

El | Storm clusterI
Focused Crawler s

Redis Pub/Sub
topology
Stream Manager a _,-\j (&
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MongoDB

5 Trending Topic Detector
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Configuring a Big data system <ﬁ

: "-Xmx768m"

i | Aok
: org.apache.storm.security.auth.DefaultHttpCredentialsPliigi
: "drpc-auth-acl.yaml"
: false

: "/transactional"”
: null
: null

: "org.apache.storm.blobstore.NimbusBlobStore"
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DICE configuration optimization .%

&5 Topoloéy
- - Partition1
{ -
j;‘;"':ﬁ;‘fn‘ {parallelism=$n0
" & e hostDemand =
it {expr=$sp_1
statQ:meTn. unit=ms,statQ=mean, | (numTuples=$nS6,
rce= )} H _ \ N . N - - . o o -
s source=est)) grouping=all} [T Properties [ Console [[j) SYN Repositories [.:,31 Git Repositories @ Invocations Registry | @ DICE Configuration View 2

Plugin Config | Parameter Selection | Service Config | Experiment Config | App Config | Experiments

a

{parallelism=8n4;

! «StormStreamStepy”” hostDemand= storm v
StormStreamSteps / (expr=$b_1,
- — unit=ms, Parameter Description

topology.error.throttle.interval.secs

(numTuples=$nS1 ]\ statQ=mean,

grouping =shuffle) ¥ ".._ it topology trident.batch.emit.interval.millis
N/ {(numTuples=$nS5, topology.disruptor.wait.timeout.millis

grouping =all} topology.disruptor.batch.size

topology.disruptor.batch.timeout.millis

Partition2 topology.disable.loadaware. messaging

S

topology state.checkpoint.interval.ms

3 BM1

[ . «StormSpouts|  <StormStreamSteps — «Storm\SrreamS topology.max.spout.pending
spout2 | H bolt_2 ¥ topology.acker.executors

T

(numTuples=$nS2,
grouping =shuffle}

{numTupl topology tick.tuple.freq.secs
grouping=

(parallelism=
$n2;
hostDemand=

{parallelism=
$n1
hostDemand=

Add Parameters

(expr=8sp_2, (expr=$b_2 Parameter Type Min Max Step Options
unit=ms, unit=ms, - .
=i statQ=mean, topology.executor.receive buffer.size Integer 1024 2048 1
statQ= b
pinan S source=ect)) topology.min.replication.count Integer 1 10 1
topology.worker.shared.thread.pool.size Integer 1 20 1
[ topology.max.task.parallelism Integer 1 50 1
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DICE configuration optimization .%

configuration

parameters

domains

v

Configuration
Optimizer

: L

T

©DICE
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experiment time

7

v

Target
Configuration

performance

repository

topology deployment y

performance monitoring

2232) APACHE
STORM
Distributed - Resilient - Real-time



DICE configuration optimization .%

. _ 5000 ¢
Applying Bayesian
Optimization to DevOps 4500 ¢ Default configuration
24000}
23500 :
T 3000t Configuration
o recommended
) A by expert
w2500 g CO after
= 2000 + 100 iterations
<C
1500
1000 + Sl Ry Rl
° o® ®o l o
500 . : .
0 500 1000 1500

Throughput (ops/sec)
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