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Vast and Complex surrounding infrastructure

Configuration

Data Collection

Machine
Resource
Management

Feature
Extraction

Analysis Tools

Process
Management Tools

Serving
Infrastructure

* ML code is just a small box in the middle
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» ... with a lot of plumbing around it
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Data Management ()

Get(name = ‘John’)

Data Processing

Physical Structure :
(B-tree/LSM-tree/HashMap) AbSt raction

(Relation/Dataframe/Matrix)
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Data Management (ll)

Data management refers to the functionalities a DBMS must provide:
= [ngestion: means provided to insert /upload data
= E.g., ORACLE SQL*Loader
= Storage: format/structures used to persist data
= E.g., hash, B-tree, heap file
= Modelling: arrangement of data within the available structures
= E.g., normalization, partitioning
= Processing: means provided to manipulate data
= E.g., PL/SQL
= Querying/fetching: means provided to allow users to retrieve data
= E.g., SQL, Relational Algebra

In Big Data settings, they are the same concepts but assuming NOSQL underneath
1. Typically, a distributed system
2. Possibly with an alternative data model to the Relational one
3. Implementing ad-hoc architectural solutions
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Big Data Architectures

» Question the main principles of traditional DB architectures
« Data can grow beyond limits requiring scale out (a.k.a. Volume)
« Data is not necessarily persisted (a.k.a. Velocity)
« Data structure is neither known a priori, nor fixed (a.k.a. Variety and Variability)

« Use new trendy technological features

« Primary indexes to implement the global catalog
* Distributed Tree
* Dynamic Hashing
* In-memory processing
« Columnar block iteration: vertical fragmentation + fixed-size values + RLE compression
* Heavily exploited by column-oriented databases
* Good for read-only workloads
» Sequential reads for large workloads
 Take the most out of databases by boosting sequential reads

Enables pre-fetching
+ Option to maximize the effective read ratio (by a good DB design)
Key design
* Implement from scratch the whole stack
* Ingestion, Storage, Modeling, Processing, and Querying
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The Multi-Project Approach

* The DBMS tasks are spread over different systems
* Independent
* Heterogeneous

« Hadoop is a paradigmatic case:
« Storage: HDFS + Hbase
« Modeling: HCatalog
* Ingestion: Sqoop
» Processing: Spark
« Querying: Spark SQL
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Big Data Landscape
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Spaghetti architecture

Apps and Services

Apps and Services

Apps and Services

Monitoring
Relational
Splunk MQ Databases
:
i Cache

4 I

OLTP Queries

Poll For Changes
RN

App App

Caches &
Derived Stores
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Key-value
gftfgé’gs's ftps hpos pa Log Aggregation
v
CSV Dump ﬂ
rsync
oDsS Hadoop | oad NFS
App
Relational Transforms
WarDeilc?use ETL

Transforms
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Specific data engineering tasks
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Register new data source

L&

(%

$ef  Automatic
o activity

L&

-
B, User-assisted
activity

\.

p
(¥ Manual
activity

J

Y
X

Flow
Merging / Branching
Gateway
[Y] + [decision guards]
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|

-—
Metadata
artifact
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Domain Expert

Register New Data Source

source specific
metadata

Source
Schema

<
*

Extract

Wrapper

Update global
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Explore data

Data Analyst

O
|

Explore Data

QUEW

@

Rules

Extend Data Flow?

Resolve query

Flow

Extend Data

Query Result

[Yes]

Execute Flow

Continue

Interpret
exploration?

results

SLAs Materialize

Results?

.
L

________________ Data sources

Analysis-ready
data

e
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Extend data flow

v
@a Pre-

processing

&

Error/Violation
Detection
Error/Violation

p Detected? .

&
Data

Repairing

Data Analyst
Extend Data Flow

Type of
Analysis
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Explore data

O
|

Resolve query

@

Query

Data Analyst
Explore Data

Rules

Extend Data Flow?

Flow

Extend Data

Query Result

Execute Flow Interpret

results

[Yes]

Continue
exploration?

Analysis-ready
data
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Deploy data flow

Data Steward

Deploy Data Flow

Consolidate
Data Flows

Optimize Data Flow?

SLAs

shesscnnmn

[Yes]

&

Select
Execution
Engine

eDIFs
(Executable)

Analysis-ready
data

e
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New Storage Architectural
Pattern

From data warehousing to data lakes
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The Data Lake

 |dea: Load-First, Model-Later

» Modelling at load time restricts the
potential analysis that can be done
later (Big Analytics)

» Store raw data and create on-
demand views to handle with
precise analysis needs
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Model-First (Load-Later)

-

Product
* Popularity
* Top feature
* Bottom feature

Is part of

Feature
* Avg(sentiment)

* Avg (sentiment)
* Keen: Avg(landing time)/#visits

Interested In

~

MD analysis

Assesses User

P
<«

\_

* Avgrating
* List of preferences

W

L/

Sentiment Analysis (e.g.,
Text Mining)

Product homogenization
(e.g., Duplicate Detection

Log Analysis (e.g., Process
) Mining)

* Product

* User
* Tweet

Twitter API

@ (JSON)

* Product features

* Date
* Location

USER FEEDBACK In-house DB

(PostgreSQL)
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PRODUCT INFO

e U i

V| webloss [ £

* Llandingtime (Logs)

* Visitsts USER WEB
BEHAVIOUR
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Drawbacks of Model-First (Load-Later)

/

* Popularity
H * Top feature * Avg (sentiment)
FIXEd Target * Bottom feature * Keen: Avg(landing time)/#visits
Schema
T Interested In
Is part of
Feature  Assesses N User
: - ¢ Avgrating
Permanent Avg(sentiment) « List of prefere
transformations
- Sy €8 Product homogenization Log Analysis J‘w
Text Mining) (e.g., duplicate detection) Mining) ~ High Entry
. User . Barriers
Twitter API | - user ~ » Product + Prodiict Web Logs V.
(JSON) 'I[')\f;/teeet S * Product features l\'/?;td;:f time (LOgS)
* Location USER WEB
PRODUCT INFO
USER FEEDBACK T —— BEHAVIOUR
(PostgreSQL)
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Load-First (Model-Later)

Data repository

/?0 _

( A
‘—1 \ . POEEEg:/Ct Interested In User MDa v
> __ USER WEB « Top feature ‘T v (sentl ) . A.vg rating
—T &SE}TA‘I;EIEDBACK BEHAVIOUR » * Bottom feature . K:elgn:seAr:/gIZ]aennding Lt of preferences ﬁ
witter time)/#visit
(JSON) Web Logs . T J) Analyst 1 w
(Logs)
' User
‘:ﬁﬂ PRODUCT INFO g /ﬁ
= List of preferences —
In-h DB Product Is part of -
n-nouse * Popularity
\ (Relational) \: sotomone | |- e tenimeny [* Assessesj o~ i
nalyst W
' < > : Data Views
FOj USER FEEDBACK 2l prODUCT INFO ,ﬂf USER WEB
T & BEHAVIOUR
Twitter API Web Logs
(JSON) In-house DB (Logs)
(Relational)
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Drawbacks of Load-First (Model-Later)

Data Swamp

Complex
Transformations

Stonebraker (2014)
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Towards semantic-awareness

SPatantipesitaneg data repository

(9

ﬂ/letadata catalog

File 1 File 2
e User
* Product
* Tweet
*  Product
e Date
features

* Location

USER FEEDBACK PRODUCT INFO

In-house DB
(PostgreSQL)

File 3

e User

¢ Product

¢ Llanding
time
* Visitsts

USER WEB
BEHAVIOUR

Twitter API
\K (JSON)

Web Logs
(Logs) /
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Product
* Popularity
* Top feature
* Bottom feature

Interested In

* Avg (sentiment)

* Keen: Avg(landing

* Avgrating
* List of preferences

User

time)/#visits

\~

Product
* Popularity
e Top feature

Is part of

User
* Avgrating
e List of preferences

- Feature

\ * Bottom feature

- Avg (sentiment)

Assesses

@

Analyst 1

J

Data Views

» Metadata provides semantics

 Source schemata, mappings to views, parsing
information, .

» Automation of the integration processes

&

Analyst 2

MD analysis

Data Mining

ck/w

MD analysis

Data Mining

/m
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From IT-Centered to User-Centered

Semantic-aware data repository

-

7 }-

Product
Popularity
Top feature
Bottom feature

Interested In

* Avg (sentiment) .

* Keen: Avg(landing

User

- * Avgrating
List of preferences

File 1

User
* Tweet

Date
Location

USER FEEDBACK

Twitter API
K (JSON)

ﬂ/letadata catalog

File 2

* Product
Product
features

PRODUCT INFO

In-house DB
(PostgreSQL)

time)/#visits

User
Product
Landing

Product
Popularity
Top feature
Bottom feature

Is part of

User
* Avgrating
e List of preferences

- Feature

- Avg (sentiment)

time

Assesses

/
T

&

Analyst 1

J

Visits ts

USER WEB

Analyst 2

Ch

)

MD an. 3Ivsns

Data Mining

e

MD analysis

Data Mining

BEHAVIOUR
Web Logs
(Logs)

Data Views ‘

AUTOMATIC DATA GOVERNANCE
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The Missing Link: Metadata

AMETADATA
\

MACHINE PROCESSABLE

Sources }

End-user Re7;..iiement E??’ﬁ L
- Integrated Schema

' Data Flows }
O !

SUPERVISION
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New Processing Architectural
Patterns
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A-Architecture

Idea: Accommodate volume and velocity
Batch processing vs. Real time

Precise vs. Approximate results
N. Marz and J. Warren
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Data-centered architecture

Right time!

=‘

4 1

UNIVERSITAT POLITECNICA Qﬁl
DE CATALUNYA DTI -
BARCELONATECH 28 www.essi.upc.edu/dtim



K-architecture

Kafka Cluster Storm Serving DB(s)
A processing_job N
i i d_table
input_topic speed_ .
7\” < Hadoop queries>{ App
batch_table
processing_job

* Data is all considered to be a never-ending stream

Stream Processing
Kafka Cluster System

K input_topic <]

Serving DB

queries

job_version_n »| output_table_n

| App
\“ job_version_n+1

output_table_n+1

Jay Kreps and O’Reilley
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Big Database Management
System components view

Tools/Roles and their connections
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Centralized DBMS Architecture

e
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File
system

-

Query Manager
View Security Constraint Query
Manager Manager Checker Optimizer

Execution Manager
Scheduler

f Recovery Data Manager\
Manager

Operating \b
system Buffer Buffer pool

Manager (Memory)
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Centralized DBMS Architecture

Querying

Processing

Storage
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Distributed DBMS Architecture

e
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One coordinator

Many workers

J

ClobelOuenyMeneger °{ { External
A\ \V4 Schema
View Security e Constraint Query Ve N
Manager Manager Checker Optimizer Global
A Conceptual
! Schema

Global Execution Manager

Global Scheduler

__tozoz===ERT Fragment
&-- T Schema

Allocation

Schema
"/
&

/

501VLVI V4019

N

Operating
system

File

system

Local Query Manager é-

Local Execution Manager <<

/

Local
Conceptual
Schema

—-——a_

/ Recovery Data Manager\
Manager

\!

N\

Buffer
Manager

L

Buffer pool
(Memory)

_/
:

SO1VLVI V201
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Distributed DBMS Architecture I

Querying |

Processin '
9 | Metadata

Storage
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Bolster

Batch Layer
S g] — =]

Batch Data Lake =] Batch View

Ingestion - »
e Batch Processing
( Storage ) :

£] a &)

Batch 4 ® Batch View
B

Metadata Manag_emenf

C Metadata Repository )

! Legend ;

- - Eﬂ - Rem4nne Eﬂ‘ E Eﬂ Cmmmnmﬁ i
s _ View { () patastorage |
' " Ingestion ] : L = : nterface !
—— : Stream Processing —— :_CO_ Require-Provide |
. Dispateher Real-time =] : Interface ]

Event o P ; View i . !

el Sliding Window ) : «—> DataTransfer !

i : !____! External Element -‘E

e s
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Bolster

e

e
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Batch

Ingestion

Batch
Ingestion

Batch Layer

]

Dispatcher

Metadata Repository

Batch Vie_w@

Batch View 2]

View

Real-time =]

Provide-Require
'_@— Interface i

i —» DataTransfer

!
!
I
I
1
I
I
I
0
]
g
I
!
Co_ Require-Provide |
¢ Interface ]
!
!
!
!
I
i)
|
I
I
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Bolster

e
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Batch
Source

Storage

Batch
Source

Metadata _
Querying

Stream
Sourc

Ingestion Processing

Stream
Source
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Bolster Instantiation

Small

e analytics
&7 " - @
BN Y & N HBFS =] ECLES, ‘
w PF'BicéEEA spQrK PostgreSQL QlikView
“ &

@ neoyj
ont
oo ©

b poolparty Sive®
37na.GraphDB Spark’SOL

Bi
8 SAHIE analygtics

s graphite m Ifl QW

Spa
Streaming
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Big DataBase Management
System In use

Configuration and data/metadata governance
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Data Management

e
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Batch
Source

Storage

Batch
Source

Metadata _
Querying

Stream
Sourc

Ingestion Processing

Stream
Source
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Data Management backbone

Raw Data Systematic
organized by storage and

Syntactic Project- SaEiie bd repository)

Data Ingestion homogeneization independent homogeneization

source, keeps metadata (canonical : g .
versions extraction model) cleaning and integration
Data Sources External Tools
(Commm———— e / OLAPand Q&R \
Temporal Landing / Persistent Landing \ F P e, ’
&% resTan ) — o = — < s s
[ — ol ..;;,.@
i D : - — R Y
Filesystem 4 | Wrapper | O . I 3  Nofebooks
LA ) [ Dataframes
P key: dataSource$.. Stimestamp -
- A P metadata: {schema} E il I i | N -
N A J . | . Ji A 1l \ J
mEesse s 1 PN : {4 : : : Tensors
! : i T L L E—— ‘!‘ ............. 1Y v I tegend ..
, : ; — : z I : i) e >
i . i ! ; ! : Metadata
: e

B BAlso giofilifg, téacesbiltyd. B @ = -

2o Data Quality Targets  Day-by-day External
Registry tormations) Elements Instances Hiilas instances Vocabulary
ta artefact Sch f imtemal’ - Gonnector
Automate (metada a artetac 3) Monitor flow Automate Monitor flow Monitor flow chéma o Module

transformations
and processes
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Data Analysis

Batch
Source /

Storage

Batch
Source

Metadata _
Querying

Stream
Source

Ingestion Processing

Stream
Source
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Data Analysis Backbone

e

Generated in the data
management backbone

-
g
-
e
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Subsets of
relevant
elements

Feature
engineering
and labeling

Machine
learning
algorithms run
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/ \ N\
Dvaemarameters |
| |
Relations | ah g
’ // /F""”"o »,
4~ — : l
Training '
r s | 1L Q0
Dataframes 1 Op model
) '
: o | - i
' —>
4 T e
(Y ' * '
i | Vo :
r 3 ! 3 \_  datasets : y 3 ./
Tensors P — | i| Model Validation
P WO i v v ; '
E _ — ——]
j > ta Preparatio S . ace
Dg:gﬁf,}vs (tr| Rules -
0 0 : 0 2ceab allidads
Data Governance (me hetween zone ode

Deployment
in
production

Data
Flow

! Functional
Component

..........................

E Module

DTIM

www.essi.upc.edu/dtim

I \
i (]

-



Metadata Managent

e

UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH

Batch
Source

Storage

Batch
Source

Metadata _
Querying

Stream
Sourc

Ingestion Processing

Stream
Source

S. Nadal et al. DTIM

www.essi.upc.edu/dtim

-




e

Metadata Manager

UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH

J
“

Integration
Manager

=]
g

v

O

o

Data sources

-

“ “

<«Q--

L ® 6@

Flow lelztlfty Query Execution Storage _
Engines Systems
Manager Manager Manager g y
)
- v -
[ ) L-l'n L_..
E > B ; ; 4
v : v oo v :
Metadata Repository @ - >
Legend:
External ‘ 8 ....... —_—
@ Metadata Data ‘a e I,‘
Intemal  Functional Storage Pluggable  Flow Fiow R s ==y
niemal ~ \iodule Module Module Domain  Data Data
Module

Expert Steward  Analyst

ST

P Jovanovic et al.

DTIM™

45 www.essi.upc.edu/dtim



Metadata Manager (Integration)
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Metadata Manager (Querying)
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Metadata Manager (Data Quality)
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Metadata Manager (Data flows)
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Conclusions

» Data engineering tasks in Big Data environments have some specificities

 New architectural solutions are needed
e Data Lake
« Lambda and Kappa

* There is a need for metadata

* Reference architectures have a clear correspondence with that of a DBMS
* Bolster (to map components)
« Quarry (to map metadata management and governance tools)
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