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2.10X0I EITN\646;

* 2TOYOI:
— Katavonon kal YAOTroinon mmpoxXxwpnuEvwyY
EVVOIWV TTOU O@QOPOUV TNV ECWTEPIKN AEITOUPYIO
MIOC OXEOIOKNG BAONG OEOONEVWVY
— 'ExkBeon o€ MNpoxwpnuéva Kal Avepxopeva

OfpaTta o1o TTEdIO TV BAoewyv dedoUEVWY (Web,
cloud, sensor, spatio-temporal, indoor, KTA.)

— Na emTPEWEI OTOUGC POITNTEC VA ATTOKTAOOUV £Va
Io0XUpPO uttoadpo oTic Baoeigc AcdouEvwy
KABIOTWVTAC TOUG IKAVOUG VA a&IOTTOINCOUYV TIC
YVWOEIC TOUC o€ AAAa TTedia TNS MNANPoPopIKNC.
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ENA646: Eicaywyn
(X0Eg, 2Nuepa, Aupio)

Bdaon Asdopévwy (Database): ZuAAoyry aTro evorroinuéva —
Integrated - dedopéva).
DBMS (Database Management System)
— 'Eva AoyIOMIKO TTAKETO TO OTTOIO £XEI OXEDIOOTEI YIA VO ATTOONKEUEI KAl
va dlaxeipifeTal BAceIC OEQOUEVWV
R(elational)DBMS: 2xeoiakr) DBMS (dedopéva avatrapioTwyvTtal OTO

OXEOIOKO HOVTEAO)
— 2€ aUuTO TO UovTéAo, Ta dedouEva avaTTapIoTwVTal OE TTIVAKES +
meplopiopoi Tou diac@aliovral arro To DBMS.
— To povréAo TPOKAAEDE uia EmMavaocTaocn oTo XwWEo TwV BAcEwv

5550u£vwv AOyw TN amAoTnrag kai Tou ualnuarikou Tou umroBabpou:.

1969: To 2xeoiakd MovréAo uAorroisitar arré 1 Bdon IBM System R
1970: H IBM oénuioupyei tnv SEQUEL (rrporrourté tng SQL)

1981: O Codd mraipver To Turing Award otn mAnpopopIkn E. Codd

1985: H IBM «kaver tnv SQL lMarévra (US Pat. 4,506,326). . l
. X e

X0é¢: To 2xeaiakd MovréAo uAorroigital armo TIC TTEPICOOTEPES OUYXPOVES BAoei¢ dedouévwy .-‘~ ‘

arroreAwvrag 1o uTToBaBpo Twv ETIXEIPNOEWVY )enterprise environments)

Znuepa: Evrovn avaykn yia UETGBACT O VEES APXITEKTOVIKES OI OTTOIES UTTOOTNPICOUV TTEQITTOTE b
Agiroupyies (Unxavikn pabnon, avaiuon dedouévwy & TapakoAoubnon powv) Kai TpooEELOUV L 1
ueyaAurepn KAluakwaoiuornra.
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EMNA646: Eicaywyn o
(X0Eg, 2nuepa, Auplo) [

RDBMS w¢ uttofabpo Twv ETTiXeipnUaTikwy
E@pappoywyv (Enterprise Applications)
ORACLE |

Consulting
Services

Applications




EMNA646: Eicaywyn
(X0Eg, 2nuepa, Auplo)
DRACI_E' The Information Company (37.1B$/ 12)

Today: 3rd largest after Microsoft, Alphabet

Server and Storage
Systems

Sun Servers
' | Storage and Tape

Exadata Database Machine
SPARC SuperCluster T4-4
Database Appliance
Exalogic Elastic Cloud

Oracle Solaris
' Oracle Linux

Enterprise Manager
Ops Center

More Servers and Storage »

Database

Real Application
Clusters

Data Warehousing
Database Security

| Exadata Database -;
'Machlna I

Database Appliance
Big Data

Enterprise Manager for
Database

Embedded
High Availability

More Database «

Middleware

WebLogic Server

Exalogic Elastic Cloud
Exalytics In-Memory Machine
SOA | BPM

Social Network

WebCenter

Content | Portal

Business Analytics

dentity Management

Enterprise Manager for
Middleware

Data Integration
More Middleware

Applications

Oracle Fusion Applications
QOracle E-Business Suite
Human Capital Management

Oracle CRM On Demand
JD Edwards EnterpriseOne
JD Edwards World
Hyperion

Primavera

Application Integration
More Applications

Industries

Communications
Financial Services
Healthcare

High Technology
Insurance

Life Sciences
Public Sector




Voo,
>

T1 KOAUTITEI TO EI'I/\646; ) ¢

' EPL342 — DBs (Modeling, SQL, Normalization) EPL646 - PART B
: ' (Distributed/Web/Cloud DBSs)
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2.UJBOAaio MaBnuaTocg

Emitredo: MeTamtuxiako
— EmAoyn yia 0Aeg TiIc KateuBuvaoeig

MiocTwon: 8 povadeg ECTS

MpoatraiToupeva:
— ENA342: Bdoeig Acdopévwy () avrioToixo) - (ER Modeling, SQL,
DB Programming, Normalization)
MEBodo1 AiIdaoKaAiag
— Al0A€Celg (3 wpeg eBOouadIaiwg)
— ®povTiotiplo (Mapouciacn / Zulritnon ApBpwyv - Néa Qpa)
— EpyaoTtnpio (2 wpes fOouadIaing)
Ymopadpo
— ETtapkn yvwon oe cuotiiuara Linux (EMNMA421) kai

TTPOYPAUMATIONOC o€ YAwooeg C/C++/JAVA (EMNA232) 1.7



2 UJBOAaio MaBnuaTocg

* ACloAoynon
—50% TeAikn Ecetaon (1)
—20% Evdiaueon Ecetaon (1)

 MpokaTapTikN Hugpounvia:
Tpitn, 11 MapTiou 2025 (8" Boopada)!

—30% Aoknoeig
* [TpoypAUMATIOTIKEC/OewPNTIKEC ACKNOEIC
* [lapouaiaocelic ApBpwv
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2nNueiwoelic Mabnuarog kal EtiAeypévn ApBpoypagia
Database System Concepts, 7th Edition, by Abraham Silberschatz, Henry

Korth, S. Sudarshan, McGraw Hill; 7th edition, 1376 pages, ISBN-10 :
0078022150, 2019.

Fundamentals of Database Systems, 7/E Ramez Elmasri, Shamkant B.
Navathe, ISBN-10: 0133970779, ISBN-13: 9780133970, 2016

Web Data Management, Serge Abiteboul, loana Manolescu, Philippe
Rigaux, Marie-Christine Rousset, Pierre Senellart; ISBN-10: 1107012430,
ISBN-13: 978-110701243, Cambridge University Press, 450 pages, (available
online), 2011.

Principles of Distributed Database Systems, Ozsu, M. Tamer, Valduriez,
Patrick, 3rd Edition, 846 p., Springer Press, 2011.

Database Management Systems, 3rd Edition Ramakrishnan, & Johannes
Gehrke, 1104 pp. McGraw-Hill Publisher, ISBN 0-07-123057-2, 2003.

Database S ystem Concepts g i . : Web Data
: g | Management

Pizfi)les
of Distributed
Database

Systems

I
Ly Do, mat B AZpe g 4 Thind.
i e

) Speinger
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[TAnpo@opieC OXETIKA UE TO HABNaQ:
http://www.cs.ucy.ac.cy/~dzeina/courses/epl646

A | University
of Cyprus

EPL646 News Schedule Labs Readings Assignments Moodle TA Q

Zeinalipour > Courses > EPLB46

EPL646: Advanced Topics in Databases

Instructor: Demetris Zeinalipour [

Type: Postgraduate (All Directions)
Prerequisite: =FL342 - DR | (or equivalent)
When: Tue., 18:00-21:00 in ©EEOT-202
Recitation: Tue., 271:00-22:00 in ©@EF01-202
Laboratory: \Wed., 19:00-21:00 in ©@EE01-201
Assistant: Christophoros Panayiotou [

Overview

The main ohjective of this graduate-level course is to provide an in-depth understanding of advanced concepts and research
directions in the field of databases. The course is organized in three parts: (i) Fundamentals of Database Systems Implementation;
(i) Distributed, Web and Cloud Databases; (jii) Spatio-temporal Data Management, Sensor Data Management, other selected and
advanced topics from the recent scientific literature.
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['1a TIG EKTTAIOEUTIKEG OPAOCTNPIOTNTEG TOU OB UATOC

WWW

(uTTOBOAN €pyaciwy, GOPOU AVOKOIVWOEWY,
epwTNUATOAOYIA, BaBuoAoyiec epyaciwy, KTA) Ba

XxpnoiuotroinBei To Moodle. http://moodle.cs.ucy.ac.cy

EPL646 - Advanced Topics in Databases

Site pages

Current

Course administ

==
-—

—y

—
—_-_
_--———__——_

_——-

rolment options

Enrolment options

EPL646 - Advanced

Instructor: D z
TA: Constantir

in Databases

The main objectives of this graduate-level course are to provide an
n-depth understanding of advanced concepts and
directions in the fieid of databases. The course is ort
parts: (j Fundamentals of Database

Management, Sensor Data Management, other se
advanced topics from the recent scientific literature.

Qutline: () Fundamentals of medern Dat
Systems (DBM
n processing. concurrency and recovery. (ii)
Fundamentals of Di b Databases and Cioud
Databases (NoSQL / NewSQL}: Semi-structured data management
(XML/JSON, XPath and XQuery), Document data-stores (i.e.,
CouchDB, MongoDB, RavenDS), Key-Value data-stores (e.0.

transact

Cassandra), Graph databases (e.g.. Twitters FlockDE) and
Overview of NewSCL (Google's Spanner and Google's F1). (i)
Spatio-temporal data management (trajectories, privacy, a
and index structures (e.g., R-Trees, Grid Files) as well as other
ncluding: Embeedad Databases

data management, Fiash storage, Stream Data
Management, etc. The last part of the course willfeature both
nvited talks from external invited speakers and the presentations of
students.

Course Website:

Self enroiment (Student)

Enrolment key

Unmask
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ENA646: EvoTnTa A
EowTtepikN /\alToupyla EVOC RDBI\/IS

' EPL342 — DBs (Modeling, SQL, Normalization) | EPL646 - PART B
’ | (Distributed/Web/Cloud DBs)

Programmers / Users

SQOL

EPL646 - PART A

(RDBMS Internals) B L :
B EPL646 - PART C |

i (Other DB Research)
IEF | DB2. :

PostgreSQll_

____________________________________________________________________________

______________________________________________________



‘Evvoleg
AoocoAnyiwv Kai
TexVIKEG EAEyYOL

TauTtoxpoviag
Aoun Eupetnpiwv
AguTtepelouoag
Mvnung (Hash,
B+)

ATT00nKEUQ
AedouEVWV
MeTa-TTAnpoQQ

ENA646: EvoTnTa A
EcwTtepikn AsiToupyia evog RDBI\/IS

ATtreipol XpNoTEG

Unsophisticated users

(customers, travel agents, efc

"EPTTEIPOI XPNOTEG
Sophisticated users, application
programmers, DB ||m|n| trators

[

Web Forms

] [.\|'r|'.\l|-ﬁ|l|un Front ]fl]d\] [ SQL Interface

g -

Kal

pIWV

Index Files 4—\

System Catalog

Data Files 4—/

shows references

DATABASE

. | T - -
SQL (_‘U}I_\I.\_\'I).‘# wws command flow
v
Plan Executor Parser shows interadlion A)\Yople “OI
Ouery BeATioToTTOiNONG
crator Evaluator imizer Evaluatio
Operator Evaluator Optimizer E]\];ii;h n E'ITﬁpr rl,o.ng
TEXVIKEG
e Files and Access Methods
Manager 'AVO‘KO‘ULIJ’HC (o€
* Recovery
Lo Buffer Manager Manager TrapITrT(’L)O-slg
Maﬁzgcr O'(PG)\U GTwV)
Concurrency Disk Space Manager
Control DBMS. Evéé “Vr]“r]
e S ———— 1
it — Alaxeipion

AedOUEVWV

ENA646
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ElMNA646. EvoTnTa A
((Disk-based) Index Structures)

AoyIKN

| 4
4 \
AvaTapdoToon J— ~
Eupetnpiou J7 J,
[§\ , [ ¢\ / 3\
3377738 | 7|44 °°7|46 |7 |59 777|617 6977799
N
59 Mike 3.14
duoIKn . :
Avarrapaotaon  Physical Layout (on Disk)
Eupetnpiou otn | e 38« - 44 Empty Pages
Agutepevouoa & .
MVTI]HF] 99‘—’69 - Index Entry
61 / Data Entry

33 \ 59 H46 ———- Data Pages
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EINA646: EvotnTta A
(BeATioTOTrOiNON ETTEpWTACEWYV)

AvaAuTng (Parser): AvaAuel Ta SQL MAGvo A: 1T
ETTEPWTANATA TOU XPNOTN KOI TA UETAPEPEI AkpIBO! STame
oTov BeATioTOoTTOINTA = A

.. bid=100, rating >5
BeAtiototrointAg (Optimizer): Kavel xpnon |

METO-TTANPOQPOPIWY OTOV KATAAOYO —
OUOTAMATOC (System catalog) yia va s
yvwpilel Ta dlIaBEoiua EUPETRPIA, TOV APIBUO Reserves Sailors

TWV TTAEIGOWYV O€ £va TTiVAKA.

OAa autd yia va Bpel To KAAUTEPO (YPryopo)

, , i On-the-fl
TTAGVO eKTEAEDTC! snamf )

i . NMAdavo B: ‘
EkteAeoTng MAavou (Plan Executor): KaAUTEPO!
EUpeon kai ekTéAeon @ONVOTEPOU TTAGVOU aTTé 'T;sid(so”"\/'erge Join)
OAa Ta DEVOPA OXECIOKWYV TEAETWIV. Scan R Sean
SELECT S.sname rite 10,9 pid=100 O-ra ing > 5 Write (i
FROM Reserves R, Sailors S temptPl) ‘ tempt?Z)
WHERE R.sid=S.sid AND Reserves  Sailors
R.bid=100 AND S.rating>5




ElNA646: EvotnTta A
(AoocoAnwiec)

 AoocoAnwia (transaction), yia atouikn (atomic, énA. all-
or-nothing) akoAouBia atrd read / write otn Baon.

— Transaction Example in MySQL
START TRANSACTION;
SELECT @A:=SUM(salary) FROM tablel WHERE type=1,;
UPDATE table2 SET summary=@A WHERE type=1,
UPDATE table3 SET summary=@A WHERE type=1;
COMMIT;

o KaBe doocoAnyia, TTou OAOKANPWVETAI, TTPETTEI VO AP VEI
TNV DB o€ ouvetr) Kataotaon (consistent state).

- O1 kavéveg akepaldTNTOG (integrity constraints), 1.x., Primary
Key, Foreign Key, Check, Not Null, Unique, emBaAAovTal
autouaTa atrd pia Baon.

— A0 eKkei kal TEpa, N RDBMS dev yvwpilel Toug
EMYEIPNOIAKOUG KAVOVEC aKEPAIOTNTAG (TTOU opilovTal JECW
Twv SocoAnwiwy). Autd diaa@alileTal aTrd Ta transactions, 1-16




EINA646: Evotnta A
(EAeyxoc TauTtoxpoviacg)

 H mTapdaAAnAn eKTEAEON TV DOCOANWIWYV Eival
armrapaiTnTn yia va £xel éva DBMS KaAn gtridoon
— AuTO 0101 n TrpoéoBaon oTtn dsutepeuovoca pviun (Oioko) cival
OUXVI], KOl OXETIKA apyn, CUVETTWG €ival ONUAVTIKO VA KPATAME
TOV ETTECEPYAOTH) ATTACXOANUEVO!
 MapepyBaArovTag (Interleaving) 1iI¢c doooANWIWYV UTTOPEI
Va TTPOKAAECEI AOUVETTEIA (INnconsistency): .., Yia
ETTITAYN ATTOTTANPWVETAI £VW UTTOAOYICETaI TO I00CUYIO TOU
Aoyaplaguou.... TO aTTOTEAECUA TOU I00fuyiou gival

AavBaouevo!

« To DBMS diao@aAilel 011 TETOIO TTPORARUATO OE Oa
TTpokuwouV: O1 XpNOTeC EXOUV TNV EVTUTTWON OTI Ol
doooANWieC ToUuC EKTEAOUVTAI O¢cIpIaKa!

1-17



ENA646: EvoTnTa A
(EAeyxoc¢ Tautoxpoviag)

Deposit (amount, account#) {
X = read(accounts[account#]);
write(accounts[account#]|, amount + X);

}
EkréAcon 1 EkréAeon 2
OewpnoTe: T1 T2 T1 T2
Account[7] = €100
: - Readl Readl
T1. Depos!t1(100, 7) Writel Read?
T2: Deposit2(50, 7) Read?2 Writel
Write?2 Write?2
150€ ®)!

v 250€ (Correct) WRONE



ElMNA646: EvoTnta A

(TexvikéCc Avakauwnc)

 Mia DBMS diac@aAilel TNV AOTOMIKOTNTA -
atomicity (all-or-nothing) akoun kai eav 10
oUoTnNua KaTappeUuoel oTn EON plag doooAnwiac.

* |0€a: Na dlatnpeital éva log (history) atro OAeC TIC
TTPACEIC TTOU eKTEAEI N DBMS KaBwc ekTeAEl Eva
OUVOAO O0COANYIWV:

— [lpoTtou otroladntrote aAAayn yivel otnv DB, 10
avTioTOIXO l0og entry eyypa@eTal o€ AOPAAEC OnNEio.
(WAL protocol)

- MeTd TNV KATAPPEUON, Ol ETTIOPACEIC TWV ATEAEIWTWYV
doooANYWIWYV akupwvovTal (undone) e TN Xprjon Tou log
(edv Oev amrobnkeuTnke 10 log entry TOTE N aAAayry dev
epapuooTnke otn DBY)




EIMNA646: EvoTnta A
(Minibase)

H Minibase €ival éva cuoTnua dlaxeipiong 0EO0PEVWY TO
OTTOIO TTPOOPICETAI YIA EKTTAIOEUTIKI XPNon.

[epiAauPavel éva AvaAurn Emrepwrnoswy (Parser), éva
BeAriororrointny Emrepwrnoswy (Query Optimizer),
Aiaxesipiorn Evoiausonc Mvnunc (Buffer Pool

Manager), Mnxaviououg¢ Amrolnksuoncg (heap files,
secondary indexes based on B+ Trees), Kai Alaxslplarn

Mayvnrikou Aiokou (Disk Space Manager).

EmitoErrer oro (ponnm va TTPoYPaUUQTIOE! CUCTATIKA UIAC
Baong pe xpnon g C++.

Avarmrrux0nke mapaAAnAa ues éva amo ra BiBAia rou
pabnuaroc uacg.

XONOIUOTToIEITAl oAV EITAYWYIKO EPYAAEIO EKTTAIOEUTNC

TOU TTPOOWITIKOU ATTO ETAINEIEC KATAOKEUNC BATEWV
dedousvwy (1.x., oracle) mroiv dieilcducouv o€ TTIo

ITEPITTAOKO KWOIKa (17.X., postgres). 1.20



EINA646: EvoTnTa A
(Minibase Architecture)

MiniBase Structure

EukoAo &
AVOIKTO

Query Evaluation Engine

Parser

l

Optimizer

l

Planner

AoyICHIKO

Heap Files & Access Methods

Buffer pool

management

Disk space management
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ElMNA646. EvoTtnTta A 5 4
( MySQL Server Architecture

-. _ Connectors ) I-I ap ITrAO Ko
Native C API, JDBC, ODBC, .NET, PHP, Perl, Python, Ruby, Coboal & AVO [ KTO
OYIOHIKO

Sorvices & Authentication, Thread Reuse, Connection Limits, Check Memory, Caches 'f
Utilities
SOL Imterface Parser Optimizer Caches & Buffers
Backup & DML, DDL, Dwery Translation, Acocess Paths, Global end Engine
Recovary, Securky, Stored Procedurss Object Privilege Statistics Specific Caches &

Replication, Clusier,

Adminisiration Views, Triggers, stc. Buffers

Defa It Comliguration, _ a
R
\ Pluggable Storage Engines / chosen
Mamony, Index & Etl:lr-agﬂ Mﬂﬂﬂgﬂmgﬁt Storage
i| [ ] | i| | i] [ |-|- engine

An:hl'm Federated HHI‘HDF]" Partner l:n::n-:n-:unlt:.r Custom

File system Flles & Logs .,.E 2
‘_;,..J MNTF3S, ufs, ext23 Aedo, Undo, Data, Index, Binary, J
MFE, SAM, NAS Error, Query and Show

1-22



ElNA646: EvoTnTa A

(The Oracle Architecture)

Client
Thread

Oracle Instance

Shadow
Thread

| Memaory

System Global Area
Structures

5 Library Cache
Data Dictionary Cache

Redo Log
Buffer

Database
Buffer Cache

Y Y Y Y A
' i : ] Oracle Process
Recoverer | f;"rst,am D‘::ra.base F,;,lmciss \Checkpaint: Vb-qg Achiver | Threads
ERECO:I H omitor nter onior L (CKPT} B nter U:\.RCOJ [background
| (smony || (oBwOy || (PmON) | ‘| (LGwR)
! [ ) | procasses)
/--—'_‘—--,_\ e e D e T
~_ A ! Oracle Database :
Parameter | :
— [
~ ] - Archived
H Log Files
Password : Datafiles
File ;
\-"'--___--"/

MepitrAOKO
& KAgloTo
AOYIOUIKO
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ENA646: EvoTnTta B
Distributed/Web/Cloud DBs/Dstores

' EPL342 — DBs (Modeling, SQL, Normalization) | EPL646 - PART B
: | (Distributed/Web/Cloud DBs)
Programmers / Users Google
SoL amazon

EPL646 - PART A

(RDBMS Internals) e !
Lo EPL646 - PART C |

(Other DB Research)

__________________________________________________________________________________________________________________________________



ENA646: EvoTnTta B
Distributed/Web/Cloud DBs/Dstores

* Distributed Database (DDB)

— a collection of multiple logically related (Aoyika
ouoXeTiI(OMeveG) databases distributed over a computer

network.

» Distributed Database Management
System (DDBMS)

— a generic software system that manages a distributed
database while making the distribution transparent

(dlagavrc) to the user.
* Applications:
— Operational Scalability: OLTP Workloads
— Analytics (Business Intel.): OLAP Workloads

« All major vendors offer DDBMS extensions but there was neve#aa
common <tandard hrinaina vendors toaether



EINA646: EvoTnTta B
Distributed/Web/Cloud DBs/Dstores

"Big Data"

« "Collection of data sets so large and complex that it
becomes awkward to work with using on-hand
database management tools." (wikipedia.org)

« Examples
« Facebook handles over 40 billion photos with HBase

 Google's Bigtable is designed to scale into the petabyte range
across "hundreds or thousands of machines, ...easy to add
more machines ... without any reconfiguration”.

« CERNSs Large Hadron Collider (LHC) produced 13 petabytes
of data in 2010
« Walmart handles more than 1 million customer transactions

every hour (more than 2.5 petabytes of data = 167 times the
Info contained in all the books in the US Library of Congress.) 1-26



EINA646: EvoTnTta B &
Distributed/Web/Cloud DBs/Dstores

Google's Datacenter in Oregon

Microsoft's 224,000 Servers Only Take
Four People To Set Up

* There are 2000 in that container. And
there are 112 such containers in Microsoft’'s
$US500 million Chicago data centre

(http:/Iwww.gizmodo.com.au/2009/10/micro
softs-224000-servers-only-take-four-people-
to-set-up/)

1-27



EINA646: EvoTnTta B
Distributed/Web/Cloud DBs/Dstores

« [ari o RDBMS AEN eival kataAAnAec yia Big-data;
— WYnAé Kdéortog
« Oracle Standard Edition (per CPU): 5,900%
» Oracle Enterprise Edition (per CPU): 47,500%
« IBM DB2 v9.7 Enterprise: 25,000$

« SQL Server 2008 Enterprise: 25,000$

« Ta o mavw AEN tmrepiAaudavouv KOGTOG ayopdg UAIKOU (server),
AEITOUPYIKOU CUCTHUATOG, training, KTA.!

— WnAR NMoAutrAokoéTnta
« O1 2xeolakEG BA €xouv TTepITTAOKN E0WTEPIKN dOMN (triggers,

transactions, indexes, views, KTA.) TTou Ogv gival XpNOIKA YIA TIG
EQAPMOYEC OTA VEQ QUTA TTEPIBAAAOVTA.

— Agv Tapéxouv Emrektraociuotnra / EAAOTIKOTNTA;
 Pay as you go?

1-28



ElNMNA646: EvoTnTa B
Distributed/Web/Cloud DBs/Dstores

NewSQL-as-a-Service
To Amazon RDS* (Relational Database Service)

Fay by the hour your DB Instance runs,

US — N. Virginia US — N. California EU - Ireland APAC — Singapore
DB Instance Class Price Per Hour
small DB Instance 963$ / year $0.11
Large DB Instance F0, <44
Extra Large DB Instance $0.88
Double Extra Large DB Instance %1.55
Qs s e 1 arne R etance 27,165 $ / year

(*essentially MySQL running on Amazon EC2 —
Amazon RDS currently supports five OB Instance Classes: E|aStIC Computlng Cloud)

Small DB Instance: 1.7 GB memory, 1 ECU {1 virtual core with 1 ECLY, &4-bit platform, Moderate IO Capadcity

Large DB Instance: 7.5 GB memory, 4 EClUs (2 virtual cores with 2 ECUs =ach), &4-bit platform, High LAG
Capacity

Extra Large OB Instance: 15 GB of memory, 8 EClUs {4 virtual cores with 2 EClUs each), &<4-bit platform, High
I/ Capacity

Double Extra Large OB Instance: 34 GB of memory, 12 ECUs (4 virtual cores with 3,25 ECUs =ach), &4-bit
platform, High IAi2 Capacity

Quadruple Extra Large DB Instance: 68 GB of memory, 26 ECUs (8 virtual cores with 3.25 ECUs each), 64-bit
platform, High IAi2 Capacity

For each DB Instance class, RDS provides you with the ability to select from SGB to 1TE of associated storage capacity.
One ECU provides the equivalent CRU capacity of a 1.0-1.2 GHz 2007 Opteron or 2007 HXeon processor, 1-29
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EMNA646: EvoTnTa B (NoSQL)

A broad class of DBMSs that Don't follow the

relational model (i.e., not using tables), thus those a\
DBMSs are usually also not using SQL either. a‘

« Characteristics

* NoSQL, Distributed, Fault-tolerantmgures

Less Consistency Guarantees, High Performance
and High Scalability!

(] EX am p | eS Column-Family Key-Valiis

=
« Store/Analyze Google Maps (BT — /m@
data from Facebook (Cassandrz

accounting data at Akamai (HB:
(DynamoDB)




EINA646: EvoTnTta B
Distributed/Web/Cloud DBs/Dstores

NewSQL
OLTP (Online Transaction Processing): facilitate & : "

manage transaction-oriented applications (order
something, withdraw money, cash a check, etc.)

New OLTP: Consider new Web-based appllcatlons
such as multi-player games, social networ tes
and online gambling networks.

« The aggregate number of interactian
skyrocketing!.

New SQL: An alternative to NéQL or Old SQL for New
OLTP applications.

Examples: Clustrix, NimbusDB, and VoltDB.

* Michael Stonebraker, June 16, 2011, http://tinyurl.com/9fok4kt 1-32



TimeSeries Databases

* 0T, DevOps monitoring, analytics.

— LSM-based (Data Compaction): Superfast &
efficient data ingestion
!

Users

J

Ingest
Router

send data to
an Ingester

Query
Router

send quary o

| get result back
ar

Y

{ Object Storage

E read’save \
H meta data I\CataIOg/l
Ingester1 | =
: save
! dala files A
e i /
! /
[ owaL )| y
e AT /
— | S
/
read/save read/save
meta data data files /
.-/ ¢
Compactori

InfluxDB Architecture

| (Data) |

y /
,->\*--__ e
4

Querier

Garbage Collector

[0 include secondary database models

Rank
May Apr May DBEMS
2022 2022 2021
1; 1; 1. InfluxDB g3
2. 2, 2. Kdb+
3. 3! 3. Prometheus
4. 4, 4. Graphite
5. 5, 5. TimescaleDB (3
6. 6. 6. Apache Druid
7. 7, 7. RRDtool
8. 8 8. OpenTSDB
9. 9. #+11.  DolphinDB
10. 10, 9. Fauna
11, 11 10, ~Omm
12, 12, 416 B-Tree v.s. LSM-Tree
LSM-Tree
Level 0
key11 11 keyi1
[[key12 |
key13 13 key14
merge merge
Level 1
eyl 14
key12 15
key13 13
keyld 16
lastosaich cassandra SingleStore
scv‘:fm RocksDB influx

39 systems in ranking, May 2022

Score

Database Model May Apr
2022 2022

Time Series, Multi-model | 29.55 -0.47
Time Series, Multi-model |5 8.98 +0.21
Time Series 6.13 -0.18
Time Series 5.46 +0.10
Time Series, Multi-model @ 4,70 +0.14
Multi-model | 3.00 -0.a7
Time Series 2.50 -0.08
Time Series 1.84 +0.02
Time Series, Multi-model [ 1.65 +0.03
1.36 -0.05

Multi-model @

B-Tree

Vs

DR ) s
N
)
onldes ] <

ENGINES

May
2021

+2.38
+0.72
+0.37
+0,90
+1.80
+0.33

+0.75
0.12

blog.bytebytego.com
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TimeSeries Databases

Big-data Example: Akamal Content Distribution Network

Qo g g com net
‘ . Root
10128 g (InterNIC)

Xyz.com's

nameserver
a212.g.akamai.net

15.15.125.6

1() g.akamai net
_

e e s

5] Big Data Akamai Jobs - Bos 1 Careers Center - More info
C f & https://jobs-akamal.icims.com/jobs /6493 /senior-system-software-engineer/job i::? 2
Location: oo A Posted Date: 8/23/2012
* Cambridge -
Cost Center: 215 Category: Engineering
ID: 6493

Apply for this job:

Your application choices are:

o Apply for this job online

1255 1 Akamai High-Level DNS Servers \ If you would like to include a cover letter, please be sure combine your
12 M2 0 skamaing | cover letter and resume into one document.
o e LTI, T e e
/

3030.123513.  AkamaiLow-Level DNS Servers
End User Local Name
Server

( 31

15,000 Sites!}

2
_’g Bio

More information about this job:

Overview: -———— T T T T = —-a

- -

/’ N\
~

AbBUt the Job N

» Be a Big Data software engineer. Extract statistics to provide insight into =\
usage logs collected by Akamai‘s edge services. You will use our extensible
distributed processing cluster to parse, aggregate and generate reports
from logfiles with volume of more than Peta-Byte per day. You will work
with the QA team to ensure that the resulting data products are highly
accurate and available to all consumers.

~
\\ ’/
-
~~~ ”
‘——_————_—



Vector Databases [

Unstructured data Embedding modal Vector data I;ESE Large Language Models

P — - . = -

* D pEnA I i it UCY stands for **University of Cyprus**. It is located in **Nicosia, Cyprus**.
» ; : ‘ ® 4, Bard

L | Hugging Face -
OpenAl
ﬂ © g redis d

‘. C'Dh erpg m M Stamford
A eta Alpaica
| 5 Pinecone ®
N — i
1 Ask questions Creata Get relevant Construct prompts ) 7 "0
;,-. Embeddings il documentsfromdt DR Query LLM and get answers
Long term
.2‘ Liser query J—. L
- Create fimbad histy W_= Gat response - Py
Embeddings - -- _S_l::l:!-ln_l-;{-:'r— Query LLM and get answers
.3' .I.i.sk questions = Chche bodkup % Construct prompts, if notin cachg . Dedicated vector databases : Databases that support vector search -
L1 Embeddings [y i — . Result: store in Cache ¢ @ chroma -
Check Cache for | ) ':g e 0 i % opensearCh ClickHouse
Served bylLM \ / “gimilar queries Ranswrars” — § s ‘ vespa .
————— Served by Vecter db < S ‘drant
g3 mLanceho PostgreSQL -
g ©) M iIVUS . cassandra
https://medium.com/@akriti.upadhyay/unve : .
o ;oms elasticsearch d
. . - 28 redis
iling-the-dynamics-of-vector-databases-in- G Weaviate g
o E
i ¢ s o ROCKSET
ai-landscape-0784ea0f2f50 55 @Pinecone [ és, <t
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Polars

.
= I Vite .III- PN
: g4 0N

Data warehouses

Doto lakes

.I ' | Z || %\Lt_.\

DuckDB KazuDB LonceDB
> B «

Analyt"iCQI
OLAP

session_id timestamp source_ip
R 1331246660 3/8/2012 2:44PM  99.155.155.225
1331246351 3/8/2012 2:38PM 6587165114
1331244570 3/8/2012 209PM  71.10.106.181
1331261196 3/8/2012 6:46PM  76.102.156.138

I OS Intexface I

Traditional Memory Buffer Arrow Memory Buffer SELECT * FROM clickstream

WHERE session_id = 1331246351
1331246660

3/8/2012 2:44PM

99.155.155.225
/ O LTP 1331246351

3/8/2012 2:38PM

65.87.165.114
1331244570

1331246660
1331246351
1331244570
1331261196

session_id

m

Intel CPU

3/8/2012 2:44PM

: 3/8/2012 2:38PM
timestamp

3/8/2012 2:09PM
3/8/2012 6:46PM
99.155.155.225

3/8/2012 2:09PM
71.10.106.181

1331261196 65.87.165.114

source_ip
71.10.106.181

3/8/2012 6:46PM
76.102.156.138

76.102.156.138
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IEEE ICDE - International Conference on
Data Engineering

Al for Database Systems

Benchmarking, Performance Modeling, Tuning, and Testing

Cloud Data Management

Crowdsourcing https://ieee-icde.org/2025/
Data Mining and Knowledge Discovery

Data Models, Semantics, Query languages

Data Stream Systems and Edge Computing

Data Visualization and Interactive Data Exploration
Database Security and Privacy

Database technology for Al

Database technology for Blockchains

Distributed, Parallel and P2P Data Management
Explainability, Fairness, and Trust in Data Systems and Analysis
Graphs, Networks, and Semistructured Data

Information Integration and Data Quality

loT Data Management

Modern Hardware and In-Memory Database Systems

41st IEEE International Conference
on Data Engineering

— HONG KONG SAR, CHINA | MAY 19 - 283, 2025 —

Query Processing, Indexing, and Optimization IEEE
Spatial Databases and Temporal Databases COM PUTE R
Text, Semi-Structured Data, IR, Image, and Multimedia databases SOC| ETY

Uncertain, Probabilistic, and Approximate Databases
Very Large Data Science Applications/pipelines
Workflows, Scientific Data Management 1-38



Data Privacy and Security

VLDB - INTERNATIONAL CONFERENCE ON ¢ .

VERY LARG

E DATA BASES ) ¢
https://vidb.org/

Information Integration and Data Quality

«  Blockchain *  Heterogeneous and federated DBMS, metadata management
«  Access control and privacy ’ ga;a cleanmtg,hc.lata(g)rfp.artatlont.
. . . . chema matching, data integration Specialized and Domain-
Data Mining and Analytics . Knowledge graphs and knowledge management P oy
. . . ) Specific Data Management
+  Mining/analysis of different types of data «  Web data management and Semantic Web . Ethical data
(e.g., scientific/business, social networks, . Source discovery management
streams, text, yveb, graphs, rules, patterns, «Graph and Network Data . Crowdsourcing
logs, and spatio-temporal) «  Hierarchical, non-relational, and other modern data models . Image and
. Data warehousing, OLAP, parallel and *  Graph data management multimedia
distributed data mining *  Social networks databases
Distributed Database Systems *Machine Learning, Al, and Databases - Fuzzy,
- Data networking and content delivery . Data_ management issues and support for ML and Al probabilistic,
«  Applied ML and Al for data management and
. Cloud data management, resource -Languages .
management, database as a service ) approximate
o _ «  Schema management and design data
° Distributed transactions . Data models and query |anguages . Spatlal and
«  Distributed analytics *Provenance and Workflows temporal
Database Engines *  Process mining databases
- Currency control, recovery, and transactions Debugging , *  Scientific and
A hod ° Provenance analythS medical data
CC?SS methods . . Profile-based and context-aware data management management
. MulU-corg processing and hardware Novel Database Architectures .User Interfaces
acceleration «  Embedded and mobile databases «  Database
*  Memory and storage management «  Data management on novel hardware support for
. Views, indexing, and search . Real-time databases, sensors and |loT, stream databases visual analytics
«  Query processing and optimization *  Energy-efficient data systems Data exploration
. Administration and manageability . Video management and analytics systems tools
9 _ Text and Semi-Structured Data «  Database
. Database Performance and Manageability . Information retrieval usability
. Tuning, benchmarking, and performance . Data extraction
measurement +  Textin databases 1-39

Semi-stryctured data-management, RDF



ACM SIGMOD - International Conference :
on Management of Data

Data Management Systems

— Cloud, Embeeded, Storage, Indexing
— OLAP, OLTP, IoT, Parallel & Distri

Models and Languages

— Semantics, Ontologies

— Multimedia, Uncertain, Streams,

— Spatial, Temporal

Human-Centric Data Management
— NLP, Visualization, Crowdsourcing, ..

Data Governance
— Workfows, Privacy, Cleaning, Quality,
— Information Extraction

Data-Driven Applications
Data-intensive (DI) applications

Data eriance (D ninealinac

https://2025.sigmod.org/

Hosts yearly the
SIGMOD
Programming
Competition!

)
[
%

[

1-40



IEEE MDM - IEEE International Conference
on Mobile Data Management

https://mdm2024.github.io/

Mobile Data Management
- Indexing, Search, loT, Security & Privacy, Data Quality

Mobile Computing and Systems

Machine Learning and Analytics for Mobile Data

Applications and Emerging Technologies

- Connected Cars, Intelligent Transportation Systems,
Smart Spaces, Routing, Personalized Routing, Eco-

Routing, Routing for Electrical Vehicles

The 25" IEEE International Conference on Mobile Data Management
June 24 - June 27, 2024, Brussels, Belgium

IEEE
COM PUTER Dﬁ/ﬂ! Cgfggwce on 24

SOCIETY Mobile Data Management

1-41
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