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1. Terminology and overview

dolejulo]zgt Yool A8 Attolth HolHE FRE Baz = RS AUsh: B
Hoz ANE AAY HHoR wdsy] st AYHoE =HAY dF B, WP/
AQsts Waos 59 AdY ol §rhsHe RAYHE A

DBMS:= HolHE sty £4T & AEH 53] o]&x & tE of&, Igal HelHHolx
I AA S FEAgetr] A olEER yARldn. M-8 DBMSst HolEjHo] 22 Ao, Al
AE, AN, 283 YstEs gAY LZESO Alzgeltt Z& 4wzl DBMSse. 2=

MySQL, MariaDB, PostgreSQL, SQLite, Microsoft SQL Server, Oracle, SAP, dBASE, FoxPro, IBM
DB2, LibreOffice Base Z18] 1 FileMaker Pro7} dt}h. dHlo]EiHjo] A~ ttE DBAMSsZ o] &g

F gl 7ol YwHolAT, AR The DBMSsE SHEE shite ol e Agsiel B4 d
olEjWo] 29} 90| 7VseES B SQL, ODBC, JDBCS 2& EEE ALgald A2 A8d
+ 9l

1) SQL(Structured Query Language)
a relational database management system (RDBMS)of X#At= To]E S W2|st== A= a special-purpose
programming language.

2) ODBC (Open Database Connectivity)
database management systems (DBMS)o| H235t7] st a standard programming language middleware API

olct,



3) JDBC
Oracle CorporationoA] 7§&st a Java-based data access technology (Java Standard Edition platform)o]X,
o] 7]&2 Z2to|dEVL dojguojAo] FAdst=s WHES Aostil Q= an APl for the Java programming

language ©o]tt.

4) Application Programming Interface (API)

o7l = AZELQo] L4 Fo] AR OB FJsAgstojol sh=A]E WolL ot st A3 =ejolEy ]
tjQ 7t= 72 glolgyo] ALt A o]-t4010ﬂ —‘3._“—‘_ otyz}, API:= graphical user interface®] QIEjmjo]x
+dersS ZRIYYsH= AGE €7 skt ’\}o o}

tlo]gulo] 2~ o] Eoll= Tlo]Eulo] 29 HoJE{Hlo] 2 ] A =F S o]&F FHof tigh o
T % A AEE St FAVE 23E Y. T8 dolE B o83 #Aldes o
oo e} QlE query languages, computational complexity and expressive power of
queries, finite model theory, database design theory, dependency theory, foundations of
concurrency control and database recovery, deductive databases, temporal and spatial
databases, real time databases, uncertain data and probabilistic databasese] #&], 18]l
Web data’} =3F=ith

npe AT} AFHOE BAY mde] JEsIL QYuEl, 1 olFE o mdo
il g Mz

2 | o
M B 1Y R es 29RY § Qoo deEn ] WE
g

=
-
2o E OE mdE dojAt ANEL 5 AN wde AARRH FE57)

tlolEjHo] 2~ o]&9] A FHg dojof oA =gF A g BEJAAE o=
Aoty #AE ui4(algebra)2} Codd’ s theorem¥} ©j53 first-order logic ~12]3l graph
reachability?} 2 23 FE o] dojz2x FAYL F Qo= Ao g ALSoA =
W5le] dataloge} Zo] logic programming} fixpoint logice SAZE B % 72E e Aozl A+
o, ® thE Al RokE= query optimization 7123 data integratione] 7]xe #F A
ollth. 714 thREe] AT chase algorithme A& w] UehesE A4 ASloa =
= AYY FAIE 71538 A = conjunctive queriesol] FHEFEH 1

l

b

o] FopoA o]FoXE Fo ATIYE the ACM Symposium on Principles of Database
Systems (PODS) 18] i the International Conference on Database Theory (ICDT)o]t}.
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1) dlelg g9l
delgue] =& 918 M= deoly FxE AostaL, dojguo] =25 H oy T
25 AAsIAL, 7]E HolH e F2E WA= A

2) 784,

3) AA.
A=

ol$9| = DBMSE AFE dlolesl £545 e A5, Axwe] 2rd 0 Jug
IR AL e

dolelMo] 29t 1719 DBMS & tF 543 do]giuolx mdo] Ao upglol ), “dlo]E
Hlo] 2~ A|~gl7ol gt o] E o]~ HEl ]O]Ei‘iﬂo]* T A2", g3 dolEHo]l s
FAom walv|e gty 1ol Z8% SHA, delguleol~ AW dE AFHES Dot
), o] A 5= AAR dolyu|o] 7t 5ol 9lom, @A 1319 DBMSHFe] ofyet I H
ZEQOlE 7IEA T A Atk Hlolguo] 2~ AW i fto] HEZZAA FSFE
Soly, oA FE AHAS Y5 l"f* w22 9} RAID disk arrays® 2ztil 9t RAIDE= 01‘5
237} AFS o dolHe &HY H’5H Ab&-¥ T} Hardware database accelerators —
NS Fall shtolde] Aol AZAE e - g giFe] EWRAMA A Al A /\}%%
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°] DBMSE #A¥AHo= ol 7|5s ATyl fste] xFE JA A oEstar Utk
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tlojejHo] 2~} DBMSs+ 131E0] A et dolguo]~ Rel(e], #A Y olvf XMLO|W), 7]
& 7hedt AHFE S (server clusterol A5H FHHAS7HA]), HolEHlo] 2 82l g
Ao (o, SQL or XQuery), 1213 performance, scalability(Z34), resilience(E4), and
securityll & 712= 2AES] 72 ol wE WSS 5 Aok

1) RAID

glole Jojdat d57ide E8og B0 fad o452 stUY =& unit2 AGA7IE A% 71s0lH.
2) the kernel

AR EQofo A 2 input/output requestsE ¥e|ste] D52 FRFEY 7IE AAL 44 CPUS AT Hlo]
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2. Applications and roles

59 AR gRE eEe AuEe] 4TBES 98 delguolsd JEsm Ytk

Mo, dolEulol2Ee 1 Jlwe] WRATE ANshe AgE B oher 143
FAAete] 2l ARl FasA AREHIL Ak dlolHulolAE WX FAHGE
5 E#s7] 98t AFEE= Ao olyet FF Y-S ditskd dolH (4, engineering data or
economic models)E& H¥#3}7] fJ5te] oy ofFE & EFEV|E St} Ho|E o]~ ofE
9] o|&% computerized library systems, flight reservation systems, computerized parts
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inventory systems7} ¢

SefoldE A Ex EdA4 DBMSst & ol 847k BAd 1 dolguelse] AFeln
-‘g— A

78203 W 314, o] 84, BEdES FHE] el FF Hgsxivh. 12 A RE Q180 HA
== gl dolEulo] s AIAEE H3Ado] tha "WolX= Aol Qth dlE &9,
FileMaker®} Microsoft Access= W% GUI(graphical user interfaces)S AF£3la St}

1) An inventory control system
Agolt Atze] ¢AE mestm Bst: Mxjolch AU AME EA AAHS FF barcodes 121
radio-frequency identification (RFID) tagsS At835}o] Q¥ Ed] ALE9] AlzAlH7|=S A|l&s5ta ot

2) FileMaker Pro

Apple Inc.9] A}SJAQl FileMaker 3JAMO|A] 7R¥3$t cross-platform relational database application ©o]t, H|o]E
Hlo]A QlX1at GUI-based interfaceS £35to] layouts, screens, or forms. £02 A28 Q2452 draggingsh
02K o]&A7} 1 HojEulolAS WAL 4 YTE § ofSolct,

2.1 General—purpose and special—purpose DBMSs

DBMS+ 5343 22 E o] Alxglo R Fslsiglon, Ao W APHozr Fue Al
I oW 17&4 ML =HE @78t v}, Adabas, Oracle, DB29} & W89 DBMSs+
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Eelo] DBMSS} 452488l me, 152 DBMS &9 W
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= BM «] S5 Qe o] 2
83l %4 8 A (tuning parameters)ol] thale] ¢ @& ]2 3} o] Q2 3k
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& dolE ol gREol ofm sy} maeln gkl ofa) WA wee] 1
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1) a wire protocol

HlolE7t st mIEOA tf g ZIIERZ Tt WAS Fot, Thd st 7l o] ofFo] = 9 7hsslioret shetd
o]7do] HQ3sict. TCP F: UDPA¥ transport levelo] 9l transport protocols@= HRAO R “wire
protocol "] ot application levelol =S mHsl7] 95k Qube wrig Awsted] ALt

2) the transport layer or layer 4

o|ZloflA= UYEYI FIAHQAET m2EZES9 layed architectureof] 9= =285 93] end-to-end
communication servicesE A|Zsttt. The transport layer:= connection-oriented data stream support,
reliability, flow control, and multiplexing?t Z+2 2|5t MU|AS A|Z3sttt.  Transport layers— QIEJYIQ] 7%
Q1 TCP/IP model (RFC 1122) 2] dubAol U ELYZJo] tst the Open Systems Interconnection (OSI)
model, & tho]] Z3tEo] 9lot

The definitions of the transport layer are slightly different in these two models. This article
primarily refers to the TCP/IP model, in which TCP is largely for a convenient application
programming interface to internet hosts, as opposed to the OSI-model definition of the transport
layer.

The most well-known transport protocol is the Transmission Control Protocol (TCP). It lent its
name to the title of the entire Internet Protocol Suite, 7CP/IP. It is used for connection-oriented
transmissions, whereas the connectionless User Datagram Protocol (UDP) is wused for simpler
messaging transmissions. TCP is the more complex protocol, due to its stateful design incorporating
reliable transmission and data stream services. Other prominent protocols in this group are the

Datagram Congestion Control Protocol (DCCP) and the Stream Control Transmission Protocol (SCTP).



3. History

ZRAA okl A dloly Agrise xRS vEo], Y Wy, AFH A 1 A
FH UES A, deolguel~e] A7), &%, 4% 1Eil IRAES o= 22 DBMSs7E af
oA A AAstal vk dolEHlol 2 Ve WS dHoly Edlojut ghxo] uwhe} 34
2 783 4= 9t} navigational, SQL/relational, post—relational. & 7}* F83F = 7] 4 H]
Aol dolg Bde AF Rl (hierarchical mode)E°]™, IDMS} & 8

2E IBM's IMS system, 2] the Codasyl model (Network model)2 o] Fx2] A¥E o]
t}.

rlr

1) navigational database

08 Ae2RE U2 HEdrs Ao 2A5te ALt Aleg A2 & Qv dlolEyo]29 gt FFolth
Navigational interfaces2 TA|Z proceduralo]X|gt, XPathet 72 FH 71x] JAgfAQl A|AHEL ofxE= ZA|0
navigational and declarativesttta o A%l 4~ it}

Navigational access XEX o g fo]EjH|o]A QlE{H|o]AQ] the network model and hierarchical modelz}
Ao, oW 712 set-oriented features2 7}X]1L It} Navigational techniques use "pointers” and "paths"
to navigate among data records (also known as "nodes'). This is in contrast to the relational
model (implemented in relational databases), which  strives to use ‘"declarative" or logic
programming techniques that ask the system forwhat to fetch instead of how to navigate to it.

2) CODASYL (often spelled Codasyl) is an acronym for "Conference on Data Systems Languages".

o7l w2 AFHIA AT £ e BE 2y Qojo] NS {Eshr] Ysto], 1959¢0] A
consortiumo|t}. o]59] w-2lo] COBOLT} 7]E} EFE9] 7juhS o] &-9ict.

<Basic structure of navigational CODASYL database model>
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Coddel o3l 19704l A5o = A|be #AF (relational) A2 o Fo] dA¥ HARTH:=
ZHE o3 dHolHE EAs|of gty Edllojung, 7]Ee] HE4 Rdllds Apolr) wh

A rdo ARyl g olE(ledger—style tables)® TFA o] glomn ztzte] HolEL A=
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1) A NoSQL

databasew #7AIF HolEH|o]A0)A ALEH tabular ARG = & aThez RHESH o8 9] A4 U AA o
&S A&ttt o]3ist A|®9] =7]= simplicity of design, horizontal scaling and finer control over
availability o]t}. NoSQL databases= 7Hg 7test ZAAlap 271 7158 7|28 072 12025 key-value A&
=7 RSt 4 9t} ¥iHo] RDBMS+ H-89] Holf] Ag&og ofAX| L Q.

There will thus be some operations where NoSQL is faster and some where an RDBMS is faster. NoSQL
databases are finding significant and growing industry use in big data and real-time web applications.
NoSQL systems are also referred to as "Not only SQL" to emphasize that they may in fact allow SQL-like
query languages to be used. In the context of the CAP theorem, NoSQL stores often compromise
consistency in favor of availability and partition tolerance. Barriers to the greater adoption of NoSQL
data stores in practice include: the lack of full ACID transaction support, the use of low-level query
languages, the lack of standardized interfaces, and the huge investments already made in SQL by
enterprises.



4. Database type examples

, o=, mY,

1) in—memory ©|o|ElH|o]x

Z1EA o2 F g AFstal e deolHuo]l oA, A A o n3utd HFEH dHlo]
B AgufAe] os] WAt F Wz delge]aE tlxa dHolguwolant il wE
o, A FA HEYST ZuloA SHAZre] 2% W FF ALEETH SAP HANA ZE
S in—memory Ho|EHo]Ag R wl$ AL FAott 2012 5¥71X, HANAE IBMe]
A FF3 100TB F vl2g S z2te AnloA 7158 5 Atk 2 3Ate 3% AP0} F
Fatd 2 A =Ee g/le] 7 Atk SAP AH[AE 98 = e v w$ R

sheieh.

(1) SAP HANA, short for 'High Performance Analytic Appliance' is an in-memory, column-oriented,

relational database management system developed and marketed by SAP AG.

2) active H|oJE]Ho] X

dlojgjw|o] 2] okt Ao 2w 4 Qi+ event—driven architecture’} ¥3stEt} Zajd &

SEEE R A, Az, BA, R QA5ol xggHET. B2 dojHulo]~Yl database
I~

triggers®] JEj= NEIH dlo|EHlo]X S5HS Agstal it

(1) Event-driven architecture (EDA) is a software architecture pattern promoting the production,
detection, consumption of, and reaction to events. An event can be defined as "a significant change in
state". For example, when a consumer purchases a car, the car's state changes from "for sale" to "sold".
A car dealer's system architecture may treat this state change as an event whose occurrence can be
made known to other applications within the architecture.

(2) A database trigger is procedural code that is automatically executed in response to certain events
on a particular table or view in a database. The trigger is mostly used for maintaining the integrity of
the information on the database. For example, when a new record (representing a new worker) is
added to the employees table, new records should also be created in the tables of the taxes, vacations

and salaries.

3) cloud Hle]EHo]x

S Vel & dolHuolaet e o] DBMSE & t "] HojA ‘=t

i Op

-5 &o” EAeta gtk Wk 1A ofF 2= a2 o] o] YFol § B
2k-5- A1t Open APIsE &3l HE ol &Aool ofef #F+ delsa &gHr.

(1) A cloud database is a database that typically runs on a cloud computing platform, such as Amazon
EC2, GoGrid, Salesforce and Rackspace. There are two common deployment models: users can run



databases on the cloud independently, using a virtual machine image, or they can purchase access to
a database service, maintained by a cloud database provider. Of the databases available on the cloud,
some are SQL-based and some use a NoSQL data model.

(2) Cloud computing is a phrase used to describe a variety of computing concepts that involve a large
number of computers connected through a real-time communication network such as the Internet. In
science, cloud computing is a synonym for distributed computing over a network, and means the ability
to run a program or application on many connected computers at the same time. The phrase also more
commonly refers to network-based services, which appear to be provided by real server hardware, and
are in fact served up by virtual hardware, simulated by software running on one or more real machines.
Such virtual servers do not physically exist and can therefore be moved around and scaled up or down
on the fly without affecting the end user, somewhat like a cloud. In common usage, the term "the cloud"
is essentially a metaphor for the Internet. Marketers have further popularized the phrase "in the cloud"
to refer to software, platforms and infrastructure that are sold "as a service", i.e. remotely through the
Internet. Typically, the seller has actual energy-consuming servers which host products and services
from a remote location, so end-users don't have to; they can simply log on to the network without
installing anything. The major models of cloud computing service are known as Software as a Service,
Platform as a Service, and Infrastructure as a Service. These cloud services may be offered in a Public,
Private or Hybrid network. Google, Inc. is one of the most well-known cloud vendors.

(3) Open API (often referred to as OpenAPl new technology) is a word used to describe sets of
technologies that enable websites to interact with each other by using REST, SOAP, JavaScript and other
web technologies. While its possibilities aren't limited to web-based applications, it's becoming an
increasing trend in so-called Web 2.0 applications. The term API stands for Application Programming
Interface. The term "Open API" has been recently in use by recent trends in social media and Web 2.0. It
is currently a heavily sought after solution to interconnect websites in a more fluid user-friendly
manner. Open API also applies to collaborative services environments where managed service providers
can also outsource specific services to other providers via systems integration. For example, companies
like Level Platforms provide an open API to adapt to any business offering within the managed service
environment. With the advent of the Facebook Platform, launched June 1st 2007, Facebook incorporated
an open API into its business model.

OpenSocial is currently being developed by Google in conjunction with MySpace and other social
networks including Bebo.com, Engage.com, Friendster, hi5, Hyves, imeem, Linkedln, Ning, Oracle, orkut,
Plaxo, Salesforce.com, Six Apart, Tianji, Viadeo, and XING. The ultimate goal is for any social website
to be able to implement the APIs and host third party social applications.

4) data warehouse

A5 dolgulo] oA 2 HolE 9t FF AIFERANS|ALSE e FAHE A 2 Hlo]H
& BHysta glom, gFdeolgel Har] oEe & thE HE o] &xtet #EA) AR
e
o

o

A= dHolH o FA axvt HAT dE £, 3o dolE = viF F3sta dAksty] $E)

UPCsE AMESH UF AFIZ=E vha F5 gty 28] o 24 2352 ACNielsen Tl
olef9} wlwe = Qi) "oy Rte] digh ¥ 71X y|EAoln AFHA FAHLAE H
o] o] go] rhEetes  HolE e AA, w4, = Wy, @A, BEvF gEh

(1) The Universal Product Code (UPC) is a barcode symbology (i.e., a specific type of barcode) that is
widely used in the United States, Canada, the United Kingdom, Australia, New Zealand and in other
countries for tracking trade items in stores. Its most common form, the UPC-A, consists of 12
numerical digits, which are uniquely assigned to each trade item.

(2) The Nielsen Corporation, also known as ACNielsen or AC Nielsen is a global marketing research



firm, with worldwide headquarters in New York City, United States of America. Regional headquarters
for North America are located in the Chicago suburb of Schaumburg, Illinois. As of May 2010, it is part
of The Nielsen Company. This company was founded in 1923 in Chicago, by Arthur C. Nielsen, Sr., in
order to give marketers reliable and objective information on the impact of marketing and sales
programs.

5) deductive Ho|EH]o] X
o & £°] Datalog o1& A& o=A #AY dolguo]l e}t =214 Z2agws A3s

2ot

0.

(1) A Deductive database is a database system that can make deductions (i.e., conclude additional facts)
based on rules and facts stored in the (deductive) database. Datalog is the language typically used to
specify facts, rules and queries in deductive databases. Deductive databases have grown out of the
desire to combine logic programming with relational databases to construct systems that support a
powerful formalism and are still fast and able to deal with very large datasets. Deductive databases are
more expressive than relational databases but less expressive than logic programming systems. In recent
years, deductive databases such as Datalog have found new application in data integration, information
extraction, networking, program analysis, security, and cloud computing.

(2) Datalog is a truly declarative logic programming language that syntactically is a subset of Prolog. It is
often used as a query language for deductive databases: it is more expressive than SQL. In recent years,
Datalog has found new application in data integration, information extraction, networking, program
analysis, security, and cloud computing.

(3) Prolog is a general purpose logic programming language associated with artificial intelligence and
computational linguistics. Prolog has its roots in first-order logic, a formal logic, and unlike many other
programming languages, Prolog is declarative: the program logic is expressed in terms of relations,
represented as facts and rules. A computation is initiated by running a query over these relations. The
language was first conceived by a group around Alain Colmerauer in Marseille, France, in the early
1970s and the first Prolog system was developed in 1972 by Colmerauer with Philippe Roussel.

Prolog was one of the first logic programming languages, and remains the most popular among such
languages today, with many free and commercial implementations available. While initially aimed at
natural language processing, the language has since then stretched far into other areas like theorem
proving, expert systems, games, automated answering systems, ontologies and sophisticated control
systems. Modern Prolog environments support creating graphical user interfaces, as well as

administrative and networked applications.

6) distributed d©]o]E o]
telelet Z171e] DBMS & tE &5 FAFEo| EAAIA FL Zeolth

(1) A distributed database is a database in which storage devices are not all attached to a common
processing unit such as the CPU, controlled by a distributed database management system (together
sometimes called a distributed database system). It may be stored in multiple computers, located in the
same physical location; or may be dispersed over a network of interconnected computers. Unlike parallel
systems, in which the processors are tightly coupled and constitute a single database system, a
distributed database system consists of loosely-coupled sites that share no physical components.

System administrators can distribute collections of data (e.g. in a database) across multiple physical
locations. A distributed database can reside on network servers on the Internet, on corporate intranets
or extranets, or on other company networks. Because they store data across multiple computers,



distributed databases can improve performance at end-user worksites by allowing transactions to be
processed on many machines, instead of being limited to one.
Two processes ensure that the distributed databases remain up-to-date and current: replication and

duplication.

Replication involves using specialized software that looks for changes in the distributive database. Once
the changes have been identified, the replication process makes all the databases look the same. The
replication process can be complex and time-consuming depending on the size and number of the

distributed databases. This process can also require a lot of time and computer resources.

Duplication, on the other hand, has less complexity. It basically identifies one database as a master and
then duplicates that database. The duplication process is normally done at a set time after hours. This is
to ensure that each distributed location has the same data. In the duplication process, users may change
only the master database. This ensures that local data will not be overwritten.

Both replication and duplication can keep the data current in all distributive locations.

Besides distributed database replication and fragmentation, there are many other distributed database
design technologies. For example, local autonomy, synchronous and asynchronous distributed database
technologies. These technologies' implementation can and does depend on the needs of the business and
the sensitivity/confidentiality of the data stored in the database, and hence the price the business is
willing to spend on ensuring data security, consistency and integrity.

When discussing access to distributed databases, Microsoft favors the term distributed query, which
it defines in protocol-specific manner as "[alny SELECT, INSERT, UPDATE, or DELETE statement that
references tables and rowsets from one or more external OLE DB data sources'. Oracle provides a more
language-centric view in which distributed queries and distributed transactions form part of distributed
SQL.
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(1) The central concept of a document-oriented database is the notion of a Document. While each
document-oriented database implementation differs on the details of this definition, in general, they all
assume documents encapsulate and encode data (or information) in some standard formats or encodings.
Encodings in use include XML, YAML, JSON, and BSON, as well as binary forms like PDF and Microsoft
Office documents (MS Word, Excel, and so on). Documents inside a document-oriented database are
similar, in some ways, to records or rows in relational databases, but they are less rigid. They are not
required to adhere to a standard schema, nor will they have all the same sections, slots, parts, or keys.

(2) The semi-structured model is a database model where there is no separation between the data and
the schema, and the amount of structure used depends on the purpose. The advantages of this model
are the following:
a) It can represent the information of some data sources that cannot be
constrained by schema.
b) It provides a flexible format for data exchange between different types of
databases.
c) It can be helpful to view structured data as semi-structured (for browsing
purposes).
d) The schema can easily be changed.
e) The data transfer format may be portable.



The primary trade-off being made in using a semi-structured database model is that queries cannot
be made as efficient as in a more constrained structure, such as in the relational model. Typically the
records in a semi-structured database are stored with unique IDs that are referenced with pointers to
their location on disk. This makes navigational or path-based queries quite efficient, but for doing
searches over many records (as is typical in SQL), it is not as efficient because it has to seek around
the disk following pointers. The Object Exchange Model (OEM) is one standard to express semi-structured
data, another way is XML.
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(1) An embedded database system is actually a broad technology category that includes database

systems with differing application programming interfaces (SQL as well as proprietary, native APIs):
database architectures (client-server and in-process); storage modes (on-disk, in-memory and
combined); database models (relational, object-oriented, entity-attribute-value model and

network/CODASYL): and target markets.
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11) multi—database
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(1) Middleware in the context of distributed applications is software that provides services beyond those
provided by the operating system to enable the various components of a distributed system to
communicate and manage data. Middleware supports and simplifies complex distributed applications. It
includes web servers, application servers, messaging and similar tools that support application
development and delivery. Middleware is especially integral to modern information technology based on
XML, SOAP, Web services, and service-oriented architecture.

(2) the two-phase commit protocol (2PC) is a type of atomic commitment protocol (ACP). It is a



distributed algorithm that coordinates all the processes that participate in a distributed atomic
transaction on whether to commit or abort (roll back) the transaction (it is a specialized type of
consensus protocol). The protocol achieves its goal even in many cases of temporary system failure
(involving either process, network node, communication, etc. failures), and is thus widely utilized.

Middleware often enables interoperability between applications that run on different operating
systems, by supplying services so the application can exchange data in a standards-based way.
Middleware sits "in the middle" between application software that may be working on different operating
systems. It is similar to the middle layer of a three-tier single system architecture, except that it is
stretched across multiple systems or applications. Examples include EAI software, telecommunications
software, transaction monitors, and messaging-and-queueing software.

(3) A distributed transaction is an operations bundle, in which two or more network hosts are involved.
Usually, hosts provide transactional resources, while the transaction manager is responsible for creating
and managing a global transaction that encompasses all operations against such resources. Distributed
transactions, as any other transactions, must have all four ACID (atomicity, consistency, isolation,
durability) properties, where atomicity guarantees all-or-nothing outcomes for the wunit of work
(operations bundle).
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(1) A triplestore is a purpose-built database for the storage and retrieval of triples,[1] a triple being a
data entity composed of subject-predicate-object, like "Bob is 35" or "Bob knows Fred". Much like a
relational database, one stores information in a triplestore and retrieves it via a query language. Unlike
a relational database, a triplestore is optimized for the storage and retrieval of triples. In addition to
queries, triples can usually be imported/exported using Resource Description Framework (RDF) and other
formats.

(2) The network model is a database model conceived as a flexible way of representing objects and their
relationships. Its distinguishing feature is that the schema, viewed as a graph in which object types are
nodes and relationship types are arcs, is not restricted to being a hierarchy or lattice.
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(1) A knowledge base (KB) is a technology used to store complex structured and unstructured
information used by a computer system. The initial use of the term was in connection with expert
systems which were the first knowledge-based systems. The original use of the term knowledge-base was
to describe one of the two sub-systems of a knowledge-based system. A knowledge-based system
consists of a knowledge-base that represents facts about the world and an inference engine that can
reason about those facts and use rules and other forms of logic to deduce new facts or highlight

inconsistencies.

(2) an ontology formally represents knowledge as a set of concepts within a domain, using a shared
vocabulary to denote the types, properties and interrelationships of those concepts.

(3) Knowledge management (KM) is the process of capturing, developing, sharing, and effectively using
organisational knowledge. It refers to a multi-disciplined approach to achieving organisational objectives
by making the best use of knowledge.
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(1) mobile Devices database Management commonly called as Mobile Database' is either a stationary
database that can be connected to by a mobile computing device - such as smart phones or PDAs -
over a mobile network, or a database which is actually carried by the mobile device. This could be a list

of contacts, price information, distance travelled, or any other information.
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(1) Parallel databases improve processing and input/output speeds by using multiple CPUs and disks
in parallel. Centralized and client-server database systems are not powerful enough to handle such
applications. In parallel processing, many operations are performed simultaneously, as opposed to
serial processing, in which the computational steps are performed sequentially.

(2) Parallel computing is a form of computation in which many calculations are carried out
simultaneously, operating on the principle that large problems can often be divided into smaller ones,
which are then solved concurrently ("in parallel").
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d) Probabilistic databases: F-A 33t dHlolE ZHE FEL o|To|UlE+ fuzzy logics A3}

(1) Fuzzy logic is a form of many-valued logic: it deals with reasoning that is approximate rather than
fixed and exact. Compared to traditional binary sets (where variables may take on true or false values)
fuzzy logic variables may have a truth value that ranges in degree between 0 and 1. Fuzzy logic has
been extended to handle the concept of partial truth, where the truth value may range between
completely true and completely false.

<Example>

Hard science with IF-THEN rules

Fuzzy set theory defines fuzzy operators on fuzzy sets. The problem in applying this is that
the appropriate fuzzy operator may not be known. For this reason, fuzzy logic usually uses

IF-THEN rules, or constructs that are equivalent, such as fuzzy associative matrices.

Rules are usually expressed in the form:
IF variable IS property THEN action
For example, a simple temperature regulator that uses a fan might look like this:
IF temperature IS very cold THEN stop fan
IF temperature IS cold THEN turn down fan
[F temperature IS normal THEN maintain level

IF temperature IS hot THEN speed up fan

There is no "ELSE" - all of the rules are evaluated, because the temperature might be "cold" and
"normal” at the same time to different degrees.



The AND, OR, and NOT operators of boolean logic exist in fuzzy logic, usually defined as the
minimum, maximum, and complement; when they are defined this way, they are called the Zadeh
operators. So for the fuzzy variables x and y:

NOT x = (1 - truth(x))
x AND y = minimum(truth(x), truth(y))
x OR y = maximum(truth(x), truth(y))

There are also other operators, more linguistic in nature, called hedges that can be applied. These are
generally adverbs such as 'very', or ‘"somewhat', which modify the meaning of a set using a
mathematical formula.
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5. Database design and modeling
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1) Unified Modeling Language (UML) is a standardized (ISO/IEC 19501:2005), general-purpose modeling
language in the field of software engineering. The Unified Modeling Language includes a set of graphic
notation techniques to create visual models of object-oriented software-intensive systems.
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1) Database normalization

s the process of organizing the fields and tables of a relational database to minimize redundancy and
dependency. Normalization usually involves dividing large tables into smaller (and less redundant) tables
and defining relationships between them. The objective is to isolate data so that additions, deletions, and
modifications of a field can be made in just one table and then propagated through the rest of the
database using the defined relationships.
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1) Scalability, as a property of systems, is generally difficult to define[2] and in any particular case it is
necessary to define the specific requirements for scalability on those dimensions that are deemed
important. It is a highly significant issue in electronics systems, databases, routers, and networking. A
system whose performance improves after adding hardware, proportionally to the capacity added, is said
to be a scalable system.
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5.1. Database models
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Collage of five types of database models.
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(1) Hierarchical database model
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(3) Relational model

dlojEfHolA Ha]S 93t BAY AL Edgar F. Coddoll 93l 1969¥0] 7 HAl A|te]
3218k first-order predicate logic2 <2 3dh= do]EH|o]A wHlo|ct Ho]E{H]o] A
WY 22N, Z5 HolHe HAES ATelst tuplesz BIAEC WAY Lz A
dlolEjulo] A7} WA Hlo]Eyo] 20|t}



Refational Madel

Acthiry Bty
ok AT
EE] Friching
E ‘amm" a v =22
Acthriny
PR ID=hs FLmEte Fha.
e IGEIAME HEE
¥ EOEGE heg
D=
R
OLAASHT
gzoEm

Diagram of an example database according to the Relational model.
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In the relational model, related records are linked together with a "key"
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(4) Entity-relationship model
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(4-1) Conceptual data model
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1) Master data is also called Master reference data. This is to avoid confusion with the usage of the
term Master data for original data, like an original recording (see also: Master Tape). Master data is
nothing but unique data, i.e., there are no duplicate values.
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(4-2) Logical data model
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(4-3) Physical data model
gk 71 o149 =2A ER "Hlo] 74719 =2]A ER RHE2RE /idd & o =
e wE shyo] fo|ejuo| a0t e AR AgE R Yot 2oz zizte] =

A2 HolHyolAS AR 4 e T detallsE ZA[EAL Qlojof st, Z}Zho) F2iA]
ER 2R Zf7o] glojEjHolA e AJARIO] tha Afo|7} QlH=til 7jedoz S¢S 7t

~of g

=& RHEoNE dutsloz WAY HlolHyo]A AtE(HIo]EfH|o]A H[Oo]E, unique key
indexes®t ZE glo]EHolA ARSI T2]3 foreign key constraintstt commonality
constraints®} Z-2 Glo|E{Ho]A A|SFEZA)AFH Clo]EHo]A Pe] A]AH Lof et o
Etolets Az T=7] st 7R ehArtaL Qi

HEAIAR ORI A WR SAol A dlojejdlo] A0] AAEofo} st FRO| ST AR
o] 975 7128P] Ystol WRANFS BAsHs Eoto] ol2fd REEo] ARHC) Hojg B
23y 7S 54 B 2okgo] ontology(ChAl LA, AFEH ofet 1750 WA het



ALQlste Ao, EA Hols 2de UEo(A2 =ald Htelojetn
WY 2EAY oA Hols 2F o 3 cimapped): 13 thgo] o]zl
| gotol gelal welo] matw. & Jhx] A58 e gu olejs
‘2e)d Carlojet R2s]e shel, Eat o7 e doleuo]A Te] AlA

AU Aslel BRI J1asted ol8Y A& ok 121 doleuo]Ag 24 sh
N Eae
)

Mo o o%

O

D)
Ra)
rO
e
i
Sl
2

~

(5) Semantic model
AE doly Rdle A ESJo] FaoA oy 7] oju|E 7FA| A gtk

Jd= M dolg Ry, o] %2 1A 9 instanceso] T3k 2]
=1} Zolt), o]#H 3k oo dloly Edl2 AH7AH AlE(the instance
data)o] AAMA} AJEA AAFH A=AE AHst= 49 abstraction®] t}.

2. o] AL Meta—modelS & Z Q% §l9], instancesEZHFE u](o]9)E A e ¢ A==
parties® dtol5 AR o] 7hsditts AEE 13T 5 &
dojt}, o]t o]l mdle fact—oriented OJTH(AA A& o] wid]). A
2 Zke] oA o] dPHow gdHETE whH AA L] order WA= o] X AL
Adow ZHFET AdFH o7 oA E triples®] HEJ=  Object—Relation
Type—Object® o] Fo]zIt}: ¢) the Eiffel Tower <is located in> Paris.

AgH oz defa, NE oy RA9 instance datas TFEI HolE &4 7o) oy =
F9o BA(<is located in>x¢)S EH3A E3Felth. 123 instancesZHE ARA 9 on =
st y] Yate], ot AL AAL FF(TA FF)ol EsHE o e ou| =S yofst= Ao

. meb AdE dely muedAE d¥dew 1 2L B 43¢ ¥Eow Aedn 3
. olRe 2HA K39 AWE doly mdo] ouE T 9= AL 129 instance
o

stelg @Y 4 advks Eolth oWl FRHe) AMY ol malold AR MM
= = T

olE o] 25 W A& oultt olglgk e dojEuo]~e] o] X3 THE oER
stolg ZRHERYEH guE T & gt A4 dolguol~Es FHEE AL &ola
sttt o] e KulE HolguolaE I3 E

DBMS| =24 dolg Fx7} ATHels, WEHNIE, v dAIFPolE Adagle] dolE <]
MEA Ao ag BE Aes UHAIAE Eshed, divkshd ®SI7E AgkEe] 9o 1
DBMS®| A3 zefe] AgEo] 7] wZolth. 18R /WA viewzHH HolHE Aos)
A dado] Aulyg deoly =A" 7Y S, & dolHee] Aaddds aiefste] dlolE
o] oulE Aot VHES WHAIZT o ZHAAAHE, A, ofejr]o], oWIE T} #HA
H AAAE Ao r S84 HolE AAald A Aotk Ay dHely RHEe 1 A%
Aol ofdAl HAAA} #AAEe] JEAE st FAoIth 1YRE 1 BEe AAAE

==
FEsHA A opRt



Klas¢} Schrefl(1996)el we}, “Alg deoly Ree] dA| Hixe dAA /gy g&
A e ool A EE 4z, By ZEst 24 Mde Ssto =4 dolgd #e o &
S FHsE Aol o]d ofojrol= AAAL] RAS AFsA 37 st oy mElo

P2 QA Z A high level modeling primitivesE Al &3txL Qtt.”

=

Semantic
Model

Real World Pliysical Data Stores

(6) XML database

XML dolgH|o]~x= dHolHE XML ¥ A=A <= 9+ data persistence software
system ©|T}. o2 A AAE ©olE+= Wdt= EWOE queried, exported, 7183l serializedE
T AUtk XML delgHlo] 2= A= v HllE A4 dlo]ejHo] 29 At

1
o

1) In computing, a persistent data structure is a data structure that always preserves the previous
version of itself when it is modified. Such data structures are effectively immutable, as their operations
do not (visibly) update the structure in-place, but instead always yield a new updated structure. (A
persistent data structure is not a data structure committed to persistent storage, such as a disk; this is

a different and unrelated sense of the word "persistent.")

(7) Named graph

Named graphs© 3k A|E2] Resource Description Framework statements(a graph)E& URIZ

A3t AWElE= Semantic Web %9 F83F sdoltt. o7]A4 URIE  context,

provenance(ﬂ%, =) AR, =& 7]} dEldolH 9 S statementsZ TAAE o] A E
WELE 3= descriptions & 83F3L vl Named graphs: graph® A|2& 4= 9d= RDF

H]O]H 29S8 hAstA SgAIZl Flol xRk o] REle dutA oz dut for EZ3yH 13
S s a9 o R RS

&
A
H =
B

i

~Na&armie

http -/ fex<xample _ orgsjoe_ttl

o prefix foaf: shtpiAoamins. comfoaf/O. 1 /> .

=htpi/example org/ioestme=
A foaf-Person
foafmbox <maailto: SO oD s has o= 5
T doe Lammboa

Foaf: mane

Sraph




<Named graphs and HTTP>

o] st 7}X| 7jdst= URIsZ A=, J2]n HTML tHAWEOA EFE hyperlink arc2
AAE CHRUE nodes®] 1efmolch (A2 ¥ HateA S S5)) URIA HTTP GETS A
sst Oiﬁ’ﬂ o X Z(somehow)-HA¢e CrFHIEZL HM= 4 Qltt. o]2]st “follow your
nose” oL 2X| Est Linked Data(AgA o2 RDF syntax’} statements A]2]=%|3 to]
B2 mYstir] ALSEL FeNet b2 AUOE b 9lste] RDF point 40 9l URIsY
FEI= <10 9= RDF thFdlE] A&}, glolgof tigt o] #2 <42 Time Berners-Lee
o 9]&] “Giant Global Graph™& 7|&& 1 QIT}.

External Statements Named Graph

@prefix foaf: <http://xmins.com/foaf/0.1/> .

<http:/ffexample.org/joe.ttl> fimxiisiample sigisetl
a foaf:PersonalProfileDocument ;
foaf:maker <http://example.org/joe#me= .

a st
et e <h B TR og AT e |

Describing a named graph

Named graphsi= $1¢] RDF thF"lE(a graph) Z®IEZ} 71 twlEe] URIC ofs] ¥
2 o Adve A#F ofeltyolE: I Aolth oA F4Hd] dHeolHe EA4 i
(chains of provenance)Z #&3}1 1 source data® e HTE adFHor Ays Idx=
(fine—grained) BAY & & 7| HdA 7 Aolth, F7F49 S 2 named graphol] A+
dlolelell tAd A& applyingstil v FIALE Este] AF7F o= AL o]Fojx]
ATkl A g 75 A A2 ¥ RDF reification(733}) @A FE st# ot 17
g A =7 FA7E e Ao ®E e .

ic)

1_4

5.2 DBMS®] External, conceptual, and internal views



O — 9

= — (),

External Schema Internal Schema
-User View- -Computer View-

Traditional view of data
dlo]g o] 2~ ] A|AES dolgu|o] 2 dlo]E ol tiste] 37FA] 9] viewsE Al gttt

1) The external level
94 A9e A=A 2 5ol dolEulelxe gt HolEe] 2HE oft W 4
ogitt, &Y dlo]g o] ~E €A Ao A o= AR viewsE 7F 4 AUtk

2) The conceptual level
AdA AQelAE v 94 B
e wE 94 el Bge AT
sUet 2AR = BlolE o]~ )

3) The internal level (or physical level)
A (= E9F 29)S DBMSO 9= dolE o] W
744 (scalability), 18|31 718} =G A7 #A=do] gl
TS A FE2E AN RN HolH Y A% RS thEvh A5l whebA, vt
gelo] ool thste] Fasitid, oA A
F(EAstd AsEs)l ﬂ]ﬂ o8& Agc), gk o] 71 B 5o dis)
! HAstele = AEd wpet 7hssk o YA 2 A (conflicting) E&

o |
R o= -
ez YL wFolof At

ool

oL N ox

o @ e 2 ox L
dr o2 N of o
1o 4 1o _Vi

°

a2

v

APA o= dolge] tigh A A (%
gt st ets, o= AEo AR TE 94

w=e4) 29a g4 (Es WA) 7 E4

A EABT. IR o] &AR FAF 71EA

“”“r

ol AE AT BRAARY AE QTA T HOR delepulel s AuE ol
RS @tk o Sol, A4 ATRE FA Fue A¥EA BE Ao U F2 )
g Wam wrh 2o QAo Bl it Ae] g AAARE Basx 9. 1
Pz A ge BASS 2 34} doleol sl A e viewsE Baw @,

oled 3 Agle] volEulol s TxE ¥R mue) Fad /B F9 siel doly =9



3 o] gtk o] ofojyol= o el ot Wk I By skl = Frelle
dFe 7IAA Fethe Aol dE 5o, WA A wEks JidA 2o JIEHel s
Ao =M V)Ee &8 Zradd JFS 7AA dernw He TS AT 294 WA
Ao FEe AT
MEA Fe= WA 2Ear 94 219 indirection(ZHH 4 ) 9] g AlFgth gHHORE o
AL dF o4 o] F2ohs SHARA dojeuo]xe) ARt FE Aledity EFHoR o
AL dHolE7t of9A A%, dE=A Eﬂa AMA )%= 7187 Aok (abstracts
away). dHHow W= b Tg]an Ao B A fs sty g Holy Rde %
a9 & vk AAAHo R, gii-ie 5A¢ DBMSE 94 1¥a /fdA Adgor sdet
doly RS Abgatar Slvh(e], #A|E =d). DBMSe] wojAl 1319 A3 oEate WA
daw 8, o dHoly & §8 TolM Aol i

A ThE AU FAT NES
3

ol A= g, dA ela A Ade 21417] el Elo] 25 Aujstal = B
ﬁc:)] EﬂO]Eil:?ﬂO]v/_\‘ E%A /‘Ehsgoﬂ}\-] %&@_ _1_—::[_ ]; ]T;]—



6. Database languages

dolEl o] ol Bug 2A e ojoly] Fg¥) Bk

(o

e Data definition language: dl°]¥ A2jo] - dloly 33} a2RETHY
o

e Data manipulation language: H|o|E] FZo] - dlojE|e] 4, 7P4l, Ei= 2hA|9F
< 4FE FIPe.

® Query language: #Fglo] - JH] FAY FryE JHE AAEIES i)

AE 49

i

dolefHo] 2 o= SHF doly el st3A v & 4 d= ved @k

1) SQL
SQLE w Qloji doly Ao, oy &, 1gn Hele 4TS AW Aotk oRE
u

H| = oj#l Ho| A= Codd7l W3 #AE Rd(dE 9 HolEe Ay =295 & 2
A4 F Adh s g0y Jusidets, #AE 2dgo A HA AdE doE Fo sy
ot} SQL-2 1986139 ANSIS| ¥ o] e, 19874 IS0 #Fo] H

a2 oleR A7dew A gom, BE Fa 494

- 1o
(degrees of conformance):= A& tt2dgtx: XX Z i gl

2) 0QL
OQLS Object Data Management GroupolA] wHE AAEd o] TFEolt) o] AL JDOQL
7} EJB QLY #Zeo] B} A2 g Aoje] gl J&S 71xa

1) Object Query Language (OQL) is a query language standard for object-oriented databases modeled
after SQL. OQL was developed by the Object Data Management Group (ODMG). Because of its overall
complexity no vendor has ever fully implemented the complete OQL. OQL has influenced the design of
some of the newer query languages like JDOQL and EJB QL, but they can't be considered as different
flavors of OQL.

3) XQuery

XQuery: MarkLogic¥ eXist?} Z+& XML dlo]glHjo] A~ A A®lo A 1283l Oracle DB2%
2e& XML 7es b #AY dolguo] 2o A, T8]al B3 Saxon 2 wE g o] U
XML ZZAAeA ARgeta 9le EF XML #HEl dojolrt

4) SQL/XML
SQL/XML-E XQery$t SQLo] A3te 7ol

Ak

dlelel ol dlot ER theat ge 54 M £E Aok

e DBMS—specific Configuration and storage engine management
e (Computations to modify query results, like counting, summing, averaging, sorting,

grouping, and cross—referencing



e Constraint enforcement (e.g. in an automotive database, only allowing one engine
type per car)
e Application programming interface version of the query language, for programmer

convenience

6.1 SQLo]&?

SQL(Structured Query Language)©]@ relational database management system (RDBMS)oll
3= dolHE #HYsEE t)xfelw EE relational data stream management system
(RDSMS)ol| A stream processingE ¢+ S5WH3t H-249o] L2 agn Qdojojr},

A = relational algebra and tuple relational calculusE® <7 =, SQLLS dlo]E Aolole} d)o]
E] *Zto](data definition language and a data manipulation language)® T4 % o] 2t} SQI
of Heel&= dolele] e, Fel, A, A 270k A 9 WA a8 doly A" FAI7F
Z3tE T B E SQLo] o= AL7AE £%F declarative language(4GL) 2 et =, o 7)o &
T

=
T 4AH Rage] T@Eol 9

o

SQLES Edgar F. Codd's relational model — in his influential 1970 paper, "A Relational
Model of Data for Large Shared Data Banks." —<& $3F Hx9 44 A5 F2 3lr}o]
Uk Codd7} AW dlsceo]l #AE Edo] dHow ofEstA] Faole &6k, oz 7P |
g AR&-E = dlolEuo] 2 oj7t H AT

SQL& 198649 the American National Standards Institute (ANSI), 183 1987d¢] the

International Organization for Standardization (ISO)¢& EFo] HUTh. I o|FZE, o] TFL
B2 FFEoA FAHEHAL o] ZFE nFo] EAFE Eeta, gt SQL ZEE 2AS

o

AAA v A= gE dolguo] s AlAE] Zho] ehiEkA] o] 4 (portable)d = §)

6.2 Syntax

wme o JUPDATE  country S
sms-a»es—[SET population = population + 1
sERE rlate ’{NHE RE |name e

Statemsnt

USA ,|;

Expressian

Prodicate

6.3 Language elements
SQL dol+&= th&3 o] ofe] 7kA 9 dojas

it
fu
p
it
o



1) Clauses

statements and queriesE Tl 84501, 7 9o wEl = AEI A o)t}

2) Expressions

golg e Zd3 295 FAstE HolE oy scalar valuesES A4He 4= ot

3) Predicates
SQL three—valued logic (3VL) (true/false/unknown) B+ Boolean truth values< 3] H7}
23 de 21S EA3Z 51 statements and queriese] AHE ASE ALY TR W] 5B

2 w) Slskel AgH

O

4) Queries
573 715w dlolHE AAs). o] 3 SQLY T8 g4olth

5) Statements
2719k} Holgo] tid gFAHed a3E JFd £ 9ow, transactions, program flow,
connections, sessions, or diagnosticsZ A& =% Uu}.
a) SQL statements %3+ semicolon (";") statement terminator< Il
RE ZYFA 282 d= A2 ol o)A SQL £ ¥ iFow Aoy

a9l
6) Insignificant whitespace

7HEde Slstel SQL REE fGA W F SlEH, SQL statements9t queriesel] A A€

o},

6.4 Operators

Operator Description Example
= Equal to Author = 'Alcott’
< JI[\Lotoe)qual to (many DBMSs accept != in addition Dept <>'Sales’
> Greater than Hire_Date >'2012-01-31'
< Less than Bonus <50000.00
>= Greater than or equal Dependents >= 2
<= Less than or equal Rate <= 0.05
BETWEEN Between an inclusive range Cost BETWEEN 100.00 AND 500.00
LIKE Match a character pattern First_Name LIKE 'Will%'
IN Equal to one of multiple possible values DeptCode IN (101, 103, 209)
IS or IS NOT | Compare to null (missing data) Address IS NOT NULL
1S NOT [s equal to value or both are nulls (missing .
DISTINCT Debt IS NOT DISTINCT FROM - Receivables
FROM data)
AS S:;Liiltsto change a field name when viewing SELECT employee AS 'department]’




6.5 Conditional (CASE) expressions

SQLE SQL-920fA4 AZWE]9E case/when/then/else/end?t 22 HBIAIS ZH=
7P LubARl PEE SQL ®FEOIA “searched case’2} F20] 7]Ef 2 O Qo]
A% AgEch

th. o]

| A] else if

2

CASE WHEN n > 0O
THEN 'positive’
WHEN n < 0
THEN 'negative'
ELSE 'zero'
END

SQLEe A~ QloJd I7So] Uehbe &Ao] mel WHEN £718 BlAESY gl 4
ELSE B3dZ S574ststr] d=ttd, SQL& ELSE NULLZ HEZE= A2|stt}y. SQL BEF
“simple case’z} H2ZE:= X JlZ(abbreviated syntax)2 switch statements®?} Zch

(mirrors):

CASE n WHEN 1
THEN 'one'
WHEN 2
THEN 'two'
ELSE 'l cannot count that high'
END

2
oX.
kil
r
>
i)
o

o] 2o NULLY} v]|w3t7] 9J5te] AAIA Q] caveats(IA|EH, BSAIA,

= pis
7|, implicit equality comparisonsg AR5t Qith

r
)T
e
>
s}
o

Oracle-SQL dialecto]A], &A= =dst DECODE &2 &

SELECT DECODE(n, 1, 'one',

2, 'two',

'l cannot count that high')
FROM some_table;

OpR|E; 32 fEEoth: Tt ojb Aw S A] getd, 17 A NULLE 4ZE Hrf.
HEZO] “simple case’? &2], Oracle's DECODE= A& HE3514 & 719] NULLs=

6.6 Queries
SQLOA 71X w&EAQl 7|52 Helo|tt. o]FHL declarative SELECT statement(%H 3=,
o)A o]FojZltt. SELECT+ sh olie] Holg T+ BEAOA HolHE HMs.

B
gt



SELECT statements= 1 go|EjH|o] A0 Tfsto] ojmst a++A gate ZrA] ¢t=t}. SELECT
o] old dl-mFA Adfox= HE folgHojAo] EAjst= SELECT INTO F&Ad A
Q_L}E. 7}7(] AT ]q'

Hse Meo] ofs) AuE BASHET BaF Bl J152 J1Astn, AR, wHshe
o elo] gl DBMSoH- WEZ, o[ §AL2 stol3 WAt dolelS MY (describe)Ste g alel.

Hele 571402 SILECT /|98 meloen 2 dadl Zesle 24 sacs) 2o
t}. asterisk ("x") ESF 3719] %‘4247} Hel == go]E-E(queried tables)?] B & ZFA-2 return
sfof gtth= A2 E436h7] ¢sto] AH82 4 Qi SELECTE SQLOA 0] matE]= A=
A 719 &9t H(clauses)t BFo] 7 E43E statemento] T}

»FROM A

tlolElS ZAAsHY] 93t Hlo]22 XAttt FROM A2 go] 252 A (joining)st?] Y3t 4]
< gsh7] st HdeEis oz JOIN stolds g & Aok

» WHERE A

Halo) Qs YUEhH(returned) 2255 A|stst= H]w < of(comparison predicate)s Z3tst
C}. WHERE &2 8]%0{7} &H(True)olatn H7}sx] Qr=riel, A7} E2HE nE 29=
AAE

-

S
=

» GROUP BY A

259 USL AL Yb 2952 B AL HEC] 2952 As(project)sht] AET
GROUP BY+& 7HE SQL aggregation(d3) functions@t ZAgSHA, E+= ojd ZAiut NEZYH
B 528 2958 AZsE] 9eto] AFSE7|% ¢tk WHERE & GROUP BY & 94 AMg
E]ojof gitt.

» HAVING &

GROUP BY Mo AT2wE Qojrls 2958 72td AgH #oj2 mgwth of7io|
GROUP BY A9 Zutet H3isliA] 3i-=517] mj=2of, aggregation functions= HAVING & %0
o] A1 & ek

» ORDER BY A

ol Zdso] Zut folgE ERstet AFEEHIL, IA5Z oW waf(ascending or
descending)o|A] &R/F5H=AlS AMRE=A]S 9lty. ORDER BY 7do] QIty®, SQLOjA] Aoj7l
290E0] &% AHoJgt 4 gliti(undefined).

Chee ulg M50 PAES Melxt SELECT dejo) olojch. of Hej: Book Elo]2olA
price ol 1000030} 2 Y& 247 Slt 2F £9ES YA 1 Aske Al 4T
Froz BRuch 49 9l Wit Book Bloj29) wE Z#So] 1 Au AlEC] &
dthe e olojel

ol

g ofof

o |



SELECT =
FROM Book
WHERE price > 100.00
ORDER BY title;

otefjo] of= o] 2]AEQ} 7} Ao XXlQ] £~5 HojFOo2ZA E40 HO|E, grouping, 121l
aggregation®| He2]& Ho{F1 Qltt

SELECT Book.title AS Title,
COUNT(*) AS Authors
FROM Book
JOIN Book_author
ON Book.isbn = Book_author.isbn
GROUP BY Book.title;

Title Authors
SQL Examples and Guide 4
The Joy of SQL 1
An Introduction to SQL 2
Pitfalls of SQL 1

isbno] = 7jo] Eo]goy ©A Eo| Zolat 1aw titeolaln olF BF &
Books Hlo|Solgt Exfgchs FA| oA, ¢lo] Haj oheut ol A AT 4 ok

I
o
o

SELECT title,

COUNT(*) AS Authors
FROM Book
NATURAL JOIN Book_author
GROUP BY title;

ORI g e "igso] o]ggh AleE A|A|stA:, B Fop- o2 AUst] ¢ohe] natural
joins®] 74 namingst= oW ZHES QF5FA] ol i

SQLOE AE Zholl Tt RS AL A ANAS FA50] myE|o] Tk SQLANE
L BANS ALBIL ol AN Z1He 6%z 7

MER 2]AE0] Qv A=l sales tax SAFS I
&otal Qe F71A sales-tax Zdd; &7 100.00EcT} v gre] A 2JAES HoRE= Ho]H
£ UEY == stth(project).



SELECT isbn,

title,

price,

price * 0.06 AS sales_tax
FROM Book
WHERE price > 100.00
ORDER BY title;

6.7 Subqueries

AGEL 3 MY HYY A7} relational operatortt aggregation function® E3dfe] T thE
Ao AFgE = gor g2 SX 3} nested)E F ATt SAFH HAZS subqueryst FEr}
joins¢} Th2 Hol& AibAEe] HIFHA Be Sl superior(HhA] T34, faser) WtE

S AFstr] wel, skl Aol AFE2 FEEAY ZoE F e A AFTHOR o
FolAt}, thL&-9] oo A, aggregation function AVGE 8¢ Hgl9 AF}E inputo = wr=th:

SELECT isbn,
title,
price
FROM Book
WHERE price < (SELECT AVG(price) FROM Book)
ORDER BY title;

39l FEle= v ZF(outer) HATZHEH S AL 5 ded, old A-E  correlated
subquery@} F-Et}.

1999 o]gE SQL FFo A+ Common Table Expressions & 73+ named subqueriesZ=
& 83t ATH(Oracle calls these subquery factoring). CTEsy: X3 ~A2E X3 o 2 M
s34 d A}y A=A vty Zo] (BAEE 3= w) tree or graph traversals, 123l
S ddkAel fixpoint computationsS &8st 9t}

6.8 Null and three—valued logic(3VL)

Nulle] 7l #AAE Edox ZAA S (missing) JHE T-F7] kel SQLAIA A7) = Sl
o] NULLE Null special markerE 2¥H3l7] ¢3te] AL&w SQLY <eF 7]¥=0o]t}. Nullz}
) Z (Comparisons with Nul)¥, o & Eo] WHERE Ao 9 =2(=)x4, Unknown ©|&
s AnE 72 SELECT W ®iwelA SQL2 @A WHERE o] Truedhs= k& et
= Aaeks yepdth ofA] dEllA, 23S False #h& Z2be AdE ajAlskH, T3 1 ghol
Unknownglt A EE vl A&},

True$} Falseol] wel, Nullzte] R#A A vlwdyzHE AojxE= Unknowne SQLS ¢35+
3 ZZ}(fragment) 2] three—valued logice 7FA =t} # Hlo]E SQLS a common fragment



of the Kleene and Lukasiewicz three—valued logic (which differ in their definition of
implication, however SQL defines no such operation)®] 333+ AND, OR, and NOT&2o =
AT

oA True False | Unknown
True True False | Unknown
False False False | False

d Unknow
n Unknown | False | Unknown

v True | False Unknown
True True | True True

q| False True | False Unknown
Unknown | True | Unknown | Unknown

True False

False True

Unknown | Unknown

v True False Unknown
True True False Unknown

q| False False True Unknown
Unknown | Unknown | Unknown | Unknown

AW SQLAA Nullsell gk o] o] 4 sjAlo] i =do] e, 2319 Azt A3 4
1 HluE A8 (outside) wWiiEolth. f1e] HeolEoA HZo], SQLO F 7HA Y
NULLs 7+e] #A3#<l 54 wa(d, NULL=NULL)% Unknownolgh= 3 & HolEt)h o]
Nulle] 3+ 7F2 4 A9t 72 2o wzd FRoo 38k placeholdertt “mark”hE Aol
Ao wE Aol ZEAR, F Y Nulle2 M2 HEA ool it 93S 9
A, 2 o] nullse AE AEEo]opdt §hth= the UNION and INTERSECT <4b
Aol gt SQL TFA el 7] wiielth AEH o2, SQLoIA NULL &7 5F3ig vz} 7hsgt
A= D (d], Yol =98 WHERE el & ZEAH), olgfe 23 dxase &
Agk(sure) ARE XA Kk AH%E AL & vk (Z1EAH o2 SQLI2A A A
H) 1979 Codde] Alcte] &= o83t o]y EUX = 2gArA &9 FE (duplicates) Al
A7F A Axze] HrtE B AESE equality Bt ¢ detail(at a lower level
of detail than equality testing in the evaluation of retrieval operations)ol]A] 2Agci= 3
Fe FelstAlzlar vk 2= ARE, AH3FE S w9 Ron von der Meydeno] A&z A “SQL
7l Ao BEAA7F gulehis A SQLAIA nullse] A& oj®l H#A<Q =24 o (any
intuitive logical semantics)ll 7191& = §ltP'= Aolth. F7I=, SQL kA& oWl AL
=

27 Nulld} ¥lg wf Unknowns YEMNEE, SQLL F 719 Null-#-&(specific) B3 %o

0] =
A L

(

[ )
o rlo



(dle]E 7k Nullelwk o}yubE H|2~Esk= IS NULL¥ IS NOT NULL)E A3t} Universal
quantificatione SQLoA = B3] X UdtA] &om, a negated existential quantification* &
ol &l (worked out) = o]oFgt tt}, LS "<row value expression> IS DISTINCT FROM <row
value expression>"A4 (WA F M9 operand(HA4t #H)7F A &AY 5 717} NULLe] o}
Ugbd TRUEE YERE) infixed comparison operator(Ate] vln AAbxh) %= &zt SQL:
1999 =3k 7]<Eoll wel 3 Unknown #S 7H& 4 Sl= BOOLEAN f& 9] W58 Av)st
A gtk AAE B Al2HE(el, PostgreSQL)°IA BOOLEAN NULLZ#] BOOLEAN
Unknown< AR&3kal dth.

6.9 Data manipulation
glol8 ZZo](Manipulation Language;DML)+= HoJEH S F7}, 7841, 2HA|617] 9sle] Al&5

= sQLe) P HelTh

1) INSERT; rows (&8 o 2% tuples)E 7|& Hlo| & F7}, eg.:

INSERT INTO example
(fieldl, field2, field3)
VALUES
('test', 'N', NULL);

2) UPDATE; a set of existing table rowsZE ®7, e.g.

UPDATE example
SET fieldl = 'updated value'
WHERE field2 = 'NY;

3) DELETE; Hlo]EoolA 7]&E rows= 2HA|, e.g.:

DELETE FROM example

WHERE field2 = 'N

4) MERGE; &4 Hlo]E9] dolgE A3, o]AS INSERT and UPDATE elements® ZAEA
=N

MERGE INTO TABLE_NAME USING table_reference ON (condition)
WHEN MATCHED THEN

UPDATE SET columnl = valuel [, column2 = value2 ...]

WHEN NOT MATCHED THEN

INSERT (columnl [, column2 ...]) VALUES (valuel [, value2 ...])



6.10 Transaction controls
Transactions2 = Q35IH DML HAMRIES ZEAN(wrap)sh 4 Qict.

1) START TRANSACTION (or BEGIN WORK, or BEGIN TRANSACTION, depending on
SQL dialect): database transactiono] &R EQE=X] £ A3 THX] XS marksict

2) SAVE TRANSACTION (or SAVEPOINT): #2le] & A|&oj|A] to|Ejy|o]A0] AEfE

savesict,

CREATE TABLE tbl_1(id INT);

INSERT INTO tbl_1(id) VALUES(1);
INSERT INTO tbl_1(id) VALUES(2);
COMMIT;

UPDATE tbl_1 SET id=200 WHERE id=1:
SAVEPOINT id_lupd:

UPDATE tbl_1 SET id=1000 WHERE id=2;
ROLLBACK TO id_lupd:

SELECT id FROM tbl_1;

3) COMMIT; EE HolHE Ao 7240w WA =S g

4) ROLLBACK: A% COMMIT or ROLLBACK ©]%¢] RE dlo]g o] W3l= ¥ 7]k, do]
BlS HAo|He AHE ESwlestt. v COMMIT statement’} €5 %W, 1 transaction's
WA A HEE T gl

COMMIT®} ROLLBACKS &A1l A#E F=stal dlolH - (locks) S Fol¥ =t START
TRANSACTION®|Y}  H]Z=3F  statement®] A A]9ll, the semantics of SQL+
implementation—dependent ©]t}. o}#]e] oo Eo] aF AFoA AAE vE Lo F7IH
v A A - A olsS HoFa vk v A AL FUhF At BE AHE
rolled back ¥t}

=2

START TRANSACTION;
UPDATE Account SET amount=amount-200 WHERE account_number=1234;
UPDATE Account SET amount=amount+200 WHERE account_number=2345;

IF ERRORS=0 COMMIT;
IF ERRORS<>0 ROLLBACK;

6.11 Data definition
golgl Aoloj(Data Definition Language: DDL):= tablext index structureE a2]sict.
DDLO] 71t 7]2AQl ofo]&l52 CREATE, ALTER, RENAME, DROP and TRUNCATE

statements o]c}:



1) CREATE

dloledo] 20 AbE(c]l, a table)s TH=H, e.g.:
CREATE TABLE example(

fieldl INTEGER,

field2 VARCHAR(50),

field3 DATE NOT NULL,

PRIMARY KEY (fieldl, field2)

)

2) ALTER
Abge] 1xE oe] spx WAloR

(constraint) F7}s17]), e.g.:

71E

g e,

71E

ALTER TABLE example ADD field4 NUMBER(3) NOT NULL;

3) TRUNCATE

$ ME WO HolBld RE dolHE AAA, Holk

Bloj 5ol Z=olut A=A

o AAE A et

o] AL hA|Z a subsequent COMMIT operatione "] 3t=d], thA] 314, rolled back =

T gtk Aoltk( HiolEl= DELETES @4, 9 rollback-g logsel 71 &5 A

TRUNCATE TABLE example;
?
?
?

4) DROP
o] EjHjo] 2ol A=
back® 4 §lth e.g.:

A= A 5 gl

DROP TABLE example;
?
?
?

6.12 Data types
SQL Hlol el gl 7 2

AR - =
2 dely w95 2aL 3l

gO

evh.

AFES delete 3t} thA] Wal A, o] AL rolled

tF ANSI SQLOlA = w53t



1) Character strings

» CHARACTER(n) or CHAR(n): fixed—width n—character string, padded with spaces as
needed

» CHARACTER VARYING(n) or VARCHAR(n): variable—width string with a maximum
size of n characters

» NATIONAL CHARACTER(n) or NCHAR(n): fixed width string supporting an
international character set

» NATIONAL CHARACTER VARYING(n) or NVARCHAR(n): variable—width NCHAR

string

2) Bit strings

» BIT(n): an array(Ml<g, wlE ¥ dlo]¥ ) of n bits
» BIT VARYING(n): an array of up to n bits

3) Numbers

» INTEGER, SMALLINT and BIGINT

FLOAT, REAL and DOUBLE PRECISION

» NUMERIC(precision( g2 %), scale(HF %=, 214, &, £3))
or DECIMAL (precision, scale)

\J

dE Eo], M3 123.45% 59 precision?} 29 scaleE ztx vt AUEZZ (binary or
decimal?} #Zo)EH T radix(7]157, ¥E])ollA FL3 HAES A& AAste= A4 ZF
(positive integer)E &gttt HLgk vB]-HA A4 (non—negative integer)E 3T} 0

v AL I A At AL gudit S HEE U AR AbelA AEEE b g
10SZ v 9v] l=(significant) A EE2] H4 gholt}.

SQLol A+ TRUNC (in Informix, DB2, PostgreSQL, Oracle and MySQL) or ROUND (in
Informix, SQLite, Sybase, Oracle, PostgreSQL and Microsoft SQL Server)@} 23 round

(ZF 9+=) numericsY datesE 93 S A3
4) Date and time

» DATE: for date values (e.g. 2011-05—03)

» TIME: for time values (e.g. 15:51:36). The granularity of the time value is usually a
tick (100 nanoseconds).

» TIME WITH TIME ZONE or TIMETZ: the same as TIME, but including details about
the time zone in question.

» TIMESTAMP: This is a DATE and a TIME put together in one variable (e.g.
2011-05—03 15:51:36).



» TIMESTAMP WITH TIME ZONE or TIMESTAMPTZ: the same as TIMESTAMP, but

including details about the time zone in question.

SQLol A+ date / time variable out of a date / time string (TO_DATE, TO_TIME,
TO_TIMESTAMP)®] AHEwt ofue} Zejdh Wgge] /E4 fHE 9Jstol(d, seconds)
oA 7HA g Al et dlolguo]l Aue = AAje] A28 date / time> NOWS
2o 2 AbEEe] B L 4 At} The IBM Informix implementation®] 4] = sub—second
precisions B8R & A2EE flste] A7kl A4S w9 4 = EXTEND9
FRACTION %<& #l&stal .

6.13 Data control
The Data Control Language (DCL)& dlo]gd] HZ3dte] & 4=

o = oolgate] AL A
FH), o7jelt T 7o) Fa gHrel grk

facs

1) GRANT
AbEe] ol Thshel 191 o449l o] gapel A AwH Yool Tk,

2) REVOKE

OZE grant¥d % Y= grantS A7 s},

Example:

GRANT SELECT, UPDATE
ON example

TO some_user, another_user;

REVOKE SELECT, UPDATE
ON example

FROM some_user, another_user;

6.14 Criticism

SQLE 149 o2 7 - #AE 2y 249 tuple calculus — oA o8] 7}x Wy o =
Hoji} Qlrt, o] Rdlo A Ho]E2 tuples®] a setql ®RFHO, SQLAA ®Hlo| &3} o A}
= rows?] FEEEo|th Fdgt 297F ofe] W DA ¢ Qlal, 299 wA7F ol 4
AE 4 Aduh(d, LIMIT HollA]). o]Ao] a5 AAA #AAfo|HA Hgh =] FAo|T}.
o7y (NULL® views®} #22) F714 54 5] #AE mdd A BIsE T4 &
Az Ao EZA ARASEE sk Aol g% g A HAl

HF7HE2 SQLo] |48k A 29 72 el A= A Hojof shofa F=38tal v
o2 £9], The Third Manifesto®S Hz}. T2 B|H7FEL DatalogZt SQLo ¥l 2712 24



S zta ua FAeta Ak ZEasio] ofdel FAE §olstA st Hth g
(cleaner semantics), 1#]il 53] ¥R FHZ|(recursive queries)olA W% 3E &2 (more

expressive) o]t Aot}

M

o

U2 HEH2 SQL o]go] Wi E FHo &3HX o RS ¢
Zlolty, 5438 g@xpel Ake] el A, string concatenatlon(/\} ,
comparison case sensitivity: Aelulth trEur EHI JoUl FES

PostgreSQL o]t}

e e
_IE
olr

i

NULLs, and
7183l o 2h=

Hl 02 da% Qv
A),
A

SQLANA 171l ol &5 % 2= DATE or TIME data types® & Standard SQL9] 7|
2 549 AdS st Adolvh. 7P £k 223 o 53 wskAk (incidentally) 7HE
171l A A z2elar A-g SQL DBMSs7F (DATEE DATETIMEA & Ab&3te] TIME type
o] wl) Oracles¥} 2008 & o]de] MS SQL Server o|t}. AEZA o2 SQL ZE=E dHo]EH|
o] A|ZE] Abolof Al Ao W glo] A (port) ¥ A &=

Hlolgmo] 2 Al2w) Fhol] o]k 84 (portability) o] 53 olf+= o= 7FA7} gtk

1) The complexity and size of the SQL standard means that most implementors do not
support the entire standard.

2) The standard does not specify database behavior in several important areas (e.g.
indexes, file storage...), leaving implementations to decide how to behave.

3) The SQL standard precisely specifies the syntax that a conforming database system
must implement. However, the standard's specification of the semantics of language
constructs is less well—defined, leading to ambiguity.

4) Many database vendors have large existing customer bases; where the newer version
of the SQL standard conflicts with the prior behavior of the vendor's database, the
vendor may be unwilling to break backward compatibility.

5) There is little commercial incentive for vendors to make it easier for users to change
database suppliers (see vendor lock—in).

6) Users evaluating database software tend to place other factors such as performance

higher in their priorities than standards conformance.

6.16 Standardization

SQL was adopted as a standard by the American National Standards Institute (ANSI) in
1986 as SQL—86 and the International Organization for Standardization (ISO) in 1987.
Nowadays the standard is subject to continuous improvement by the Joint Technical
Committee ISO/IEC JTC 1, Information technology, Subcommittee SC 32, Data management
and interchange, which affiliate to ISO as well as IEC. It is commonly denoted by the
pattern: ISO/IEC 9075—n:yyyy Part n: title, or, as a shortcut, ISO/IEC 9075.



8. Database normalization

olEjH|o] 2~ A fF3}(Database normalization)+= 3% (redundancy)S 431517 9ste]
{% tlolelujo] 29 9} HeolEs A8t HFolrt. Fatstel = tiAl= 7 vksh H o]
S B A2 g FHo] Brp AL HolER s thgo 23E 7He] #A-[AAS A9
toh, o] A HAE & dro] F7h AHAl WA o] WA gk Ho|Eo ARt o] Fojzl the
o #AA ZAste] 2 dHlolEuo] =] Y] HolE7HA] B E RS HolHE i1y

UAY e IR Edgar F. Codd7} gafste] /WdS AvHetiem, 217} the First
Normal Form (1NF) in 1970, the Second Normal Form (2NF) and Third Normal Form
(3NF) in 19715, 18]31 Codd and Raymond F. Boyce”} the Boyce—Codd Normal Form
(BCNF) in 19745 Aelslqith. w2 Aoz, #AE dvlolgfuo]2 Ho]&2 1310l A 3
Aar@el oW, A s v ek gt iR Al 3 AFE Y HolEE

insertion, update, and deletion anomaliesol 4] A&

glolE o] 2~ t]x}Ql 7lol=9] 7|FEo A, tiAte]y = WA a fully normalized designeS #| 2}

3k o}, A5 Fol7] ¢1d) A¥ A denormalizations A3 slo]of i wala )

7.1 Purpose

Edgar Frank "Ted" Codd in 19707} A 2%k the first normal forme| 7]E-ZA<l EH4&
first—order logic® ®HI® o & 3= “a "universal data sub—language"E A}&35Fo] Ho]EHE
Aol 224 =S 3t Zolth (SQLS Codd7F A1Z+ek Adlo] de Aoz ddsla gl
A9k 7123k data sub—language®] 3+ oot}

E.F. Codd”} "Further Normalization of the Data Base Relational Model"o| A4 A5 3150],
INFe] Atsle] H42 v ok

1. 93kA e&+v A, 78, 2HAl ofEJ o2 HE gk ko] A (the collection of
relations) & A Al sk A

2. =L 39 HolHE itz gk Fekeo] wAe] A ek deds A3
A, <8 ZZ I life spans 5= A.

3. BAY dS o] g A B} KA o= (informative) THEE A

.8 A BAES query statistics — ©] FAIES AlgFo] Aol whel Wl FHofs)
o - o THHoR wE= Al

7.1.1 Free the database of modification anomalies



Emtphoyeas’ Shifis
Employee Address skill

B IyTarioie LmEE EFrus

AT R e S
Tae s Bubsritng

Lt Sheniond Dy,
i SRRy :

An update anomaly. Employee 519 is shown as having different addresses on different records.

Faculty snd Their Courses

EFil.'.uIt;.I 10 | Fi::l.JI‘qn= Nim! Fa:l.JIt:.,nI leu Da’e CnursE Cndﬁ

260 (D Giddens .1” Feb- 1985 ENG 206
E-l[.l? [:Ir Saperstem '19 -Apr- 1'399 CI-.-IF 1I:I1
e o Or Saperstein |19-fpr-l089 CHP-201
T

tia Dr. Mewsome _ |26-Mar-2007  © 3

An Insertion anomaly. Until the new faculty member, Dr. Newsome, is assigned to teach at least one

course, his details cannot be recorded.

Faculty and Their Colises

Faculty |D: Facu [ty NEI‘[IE 'FI.I:UH]I' H|r|=_I DaEI Cnurse Cﬂdﬁ
S R R e N
4a7 -Dr. Saperstein | 18-Ap-1983 CHP ol
407 Dr. Saperstein | 19-3pr-1083 [CHP-201

%@

HEREY

A deletion anomaly. All information about Dr. Giddens is lost if he temporarily ceases to be assigned

to any courses.

Aol2S WACI, 4, HANSIAL B, BOA g 2l (ide-effects)}
& AE e ohic dud, weane
T

1) £22 JEI} B0 290 2L 5 Q).
Jz3j82 7 golE2g 7JAst=E AL =2]A EdX|(logical inconsistencies)ES X & 9
o2 S0, "Employees' Skills" table of 9= 7} 8|3 E% an Employee ID, Employee

7}
Address, Skillg 71 9l £ 9ty 2B 2 EXSE ZPU #
A

41

Aol Faol WAL Koz B
£9] Y E(one for each skill)of A-&= LQr} oy, ¢l 7J4lo] FE5HA AZEHA|] A+
e - =, 5990 Za7t ol dRcoldE AR, T2 AL o B, 1 g
Ool52 =YX JH= g7 €t 5§39], o] &2 Ho|E2 o] TUYY Fa0 Oigh Azo &
st=d] E(conflicting)g ¥ozict. o]zist A2 update anomalyz} SHC}.

2) o® AbMo] Z3 7l=Y 2 gl Aol EAEE



o] & o], "Faculty and Their Courses" table®] st 33T E% Faculty ID, Faculty Name,
Faculty Hire Date, and Course CodeS zZt1 Qitt. 738z L2]= Aok sF 3= 7t=
Al nao "igh YI2 7158 4 Jdoy, obd] dgg vigeA] e Alduaof tigh W
= 7152 4 o QystH, the Course Code’} nullo]7] wjZo|ct. ol2{st Ag=
insertion anomalyzt $HC}.

3) ol" A A, ojE AMLE FEH3IT & HolHY A= AFH U2 AME RdHs2
= dolg 9 AAE FHkgtt}(necessitates).

99 o2l "Faculty and Their Courses" table2 o]2{st o]AHanomaly)s Z 1 it Ul
WOl AR ofH up=of Hjgo] FAEHGUH, 2= s or I wLHE AMA|SH| ¢fd)
o 2 wa HIZE9] At AZZ AMA|sliopet gttt o]2{gh d4fS deletion anomalyz} stCt.

ne

7.1.2 Minimize redesign when extending the database structure

AMEE §8 HolE S WolEo]y] Askel F3 ATFHE HolHuel s T2E Hrjstn
A g oW, vz EAND wolguols FRE Al wi A3 WK golol @tk A3}
How, 7 dolguelxst FEAETE o FEL HaTow JFL A} Brh ojze

table creation®] wi-$- +-&3}tt.

7.1.3 Make the data model more informative to users
Atstd ®HolE, agla s Aafste ®HolEd tE A dAE AAAY Ad 1
A A dA#AE Hbd st (mirror).

7.1.4 Avoid bias towards any particular pattern of querying
Atste Holg2 dutgxo] A H3tsith =, 1 UgS 3T 5 gl e Fe

g T¥stn Qi dolBo] etel om@ A Qe ovjolh. HxH oz, i
94 %5 ol oW FRo Aeloli AT (lend) AT T2 Aol 1A ¢
615 Sof, mAe] 23 Aol EA) EE(wish-lis)E 23 3= £ NAE A%

3 Bz} ‘o] o] & S 9 0}5‘7}"9} e et d59 s sk, At A
T2} (homogeneous string of authors and titles)®E ¥ EH|o]Eo] 1 179

ofegk Al A, Holgu|o]~e &hx] shte] T Felo] thaiA vt e
= AP YA oS8k g Aee @ Tk 7 B Alojsie Ao
H 7ol WW II espinagedll ¥#41S 2t31 9l=7F o]% Al Lord Byron®] &4
A3 F A 5= (stack up against)? o] # g Aol thek @& 1 tlolE o] =9 ¢k
SHE 583 adaptive toolsZH-E dojx&= Ao W3t ¢ 714 = 183

A FHFIIEE wHE AT EYAY == Q). ol#dt E5W3I adaptive

WA shtel BARE Aw 9ok A% -4 Amg e wmE A



7.2 Example
mELE

NgIte Ao that chet

22 non-INF representation} Z-2 J{atHA|] &=

Glolg pxo] Soigle Hlo|E S Helstn AAfsl AL Waoldos RSt
Customer Transactions
Tr. ID | Date Amount
14-0ct-20
Jones 12890 03 87
15-0ct-20
12904 03 50
Tr. ID | Date Amount
Wilkinson 10898 14-0ct-20 o1
03
Tr. ID | Date Amount
15-0ct-2
12907 003 18
Stevens 20-Nov-2
14920 003 70
27-Nov-2
15003 003 60
ut2 A 339 Hl(a repeating group of transactions)?t 2bzbo] nZHo|AA Uet Q)
o Tz 1780 ZAefo] dgh Helo] tist Aks ot 3 e 2 2 @R o] F9f
AA €y

2) 1 EA9 2aks :L712 He 2as

ZA}

et

e

QTS & ool nASe I3 1§L 9

LojulltH(deriving).

& =°f, 2003 10¥€0] o]Folfl & 179 BE A2 FAS dotEr] 5te], I AlA
Blo 7} 17RO] Transactions groups WA sf&|3t t}2of, 2003 10¥€0] sidst= AHafeol
Dated| . 23%F 2= A9 AmountsE Al4tstoiof giot.

Codde] ZQ3t A7t 0] sl olg]st L&A BAMdo] Hale ZAlstst (o] &AIe}F o] Z o
olsll) 721 Fr}sh=(DBMSo] oJsfl) ©Alo] B2 power and flexibilityS 27 do=x T
S HRSHA AAE 4 Aok Aol #19 2 E Afeter A2 o2 Atk

| Customer | Tr. ID || Date | Amount \
| Jones | 12890 || 14-Oct-2003 | —87 \
| Jones | 12904 | 15-0Oct-2003 | =50 \




| Wilkins | 12898 || 14-0ct-2003 | —21 |
[ Stevens 12907 [ 15-0ct-2003 [-18 |
| Stevens | 14920 | 20-Nov-2003 | =70 |
| Stevens | 15003 | 27-Nov-2003 | —60 |

ojAl Ztzhel 4= WEARl AETME AME dEhii, 21 DBMS= 100l sjEshs
DateE ztal e BE 295 ol IR 59 AmountsES AXMg o2 7HdsHA g
Fs F Adrk o] ©lolE e %= DBMSo]| AP™ oz 7Ho] s wFANOZHN, tFst
Al(on an equal footing) W& ol At2]E Fojstil Q7] wiZol, 2429 32 AR o=z
Helo] AgAocz Fofd £ ok wtHo] o]l Ao oW e SEshAl Al

ZS =

OfRF sk kel DAY Fxo WA= Al metA Ftek YRR
v a

Aol Helg AT 4 e ¥ ¥ f3Hunnormalized) TAFQI-

7.3 Background to normalization: definitions

ﬂ
lo,

.3.1 Functional dependency (353 JEA)
g3k "ol oA, vt e oA zhzhe] X ghe] AEstA g e Y #kstawt Agsitt
S Ye 54 X9 Hd(sev)ol sH o oFEsta Qubar wel, (X —> Y)ghal %
3tk dE Eo], £4 “Employee ID"¢t “Employee Date of Birth’S E3Fst gE
“Employee” Ho|E A, 54 &4 {Employee ID} —> {Employee Date of Birth}=

2 d Aolh

s =R

7.3.2 Full functional dependency(&+A3 d&+3 o &4)
el 170]: a) FEH O R Xo| oFEstal i, 1Ei b) X ow =
=z J

B =
Jghol grMo® oEsha @ grkw, ud £4e £4 Xe Pl SAsl drHo
_Jj [

{Employee Address}+ {Employee ID, Skill}ol] S# o2 o&3da X5 A3k o
A olEAS zZral A= &tk 1 o= o]AL {Employee ID}ol%E o]&E3ta 9l7)
ojth. {Skill} & AAF st et T4 oE4 L obA7hA {Employee Address} L
{Employee ID} ZFFol] §X¥ 3 9t}

7.3.3 Transitive dependency (9% ¢&A)
AolA oE:AdL2 A 44 ofEgeIH, X —> Z= ©A X —> Y Y —> Zo| 93

Mk o] Fo A o] EHS Lt

7.3.4 Trivial(3}&, AF43%, U43) functional dependency
g ofE=Mold 1A supersetel]l Wid & A gEAS Ltth. {Employee

Address} — {Employee Address}* %, {Employee ID, Employee Address} —



{Employee Address}= dArA <l Aot}

7. 3 5 Multivalued dependency(E+% 9&4)
T gEAGo T HolEe ojul Ze-Eo] ife] wet ofH tE 2959 EAE I

0]’T: A 3+ 2 (constraint) ©] T}

7.3.6 Join dependency(Z¢l &&A)
Tl T7F T £4<20 3k A3 7HA 3 e 7 HolES t59 Heolg
q

= =
g A AR S Aok, el T 29 e 2t

iy,
%
ol
o
2
ot

7.3.7 Superkey(37¥7])
TS ALY AfelH, ozl delHuMx HREE &
=2 g 9t g e Hol B v 79717 S 5 T

sl AEs] Askel g

7.3.4 Candidate key(FH.7])
SHI|= ojudt 9 (extraneous) AEE Zril QA ¥ 73S FoA EAHSE 519 A

go|th o] AL Hske] 7w 7)ot}

d & £9], the fields <Name>, <Age>, <SSN> and <Phone Extension>2 % ©o|Fo{%l
Hol&2 B2 A4 797|158 Zeth olAE FdA 37FA 73 7)== <SSN>, <Phone
Extension, Name>12]3l <SSN, Name>°|t}. o|AE FoA] @A <SSN> wlo] Z17]Q]
o, 2 o]fr& L o AES dIa=E FdsiA AdEsted 28X 42 BERE X3t
U7l wEolrt. ('SSN'&  of7]A  Zbzhe]l Abgtell Al Fol®E gk AFS B A S (Social
Security Number)Z& &3ht}).

rlo

7.3.5 Non—prime attribute(H]— 0% £4)

H—o X ZAolgt ojud THI|NAE A7|x L= &EAoltl. Employee Addresss
“Employees' Skills” Elo] &l gli= B]—o.% o]},
7.3.6 Prime attribute(2.5 £4)

oF &4
0B £4e for oy T

oA 7= £/ ol

S H
—l‘

7.3.7 Primary key
A (relation)o] Y= e TRI|E o=y HAE 4 vl o]Ao] dukAel A

=
rlr



: 1A%, 9Z3HA 71 &4 (notational) ol ook 3k, Hitakshs ol
@ 27 : BANN, RE FRIEES AT 9B A U5

7.4 Normal forms(BT3)
HAE dlolgu|o] = O]%‘ﬂ NF&t =24l ogical inconsistencies and
anomalies)o] th3l o] & /‘é immunity) AE=E ﬁa%ﬁ}{— Ewg AFste Aot
glo]Eoll #8753t At ol %_‘Z‘?ﬂ =75, 23

= 2]

ol82 3 719 ‘“highest normal form" (HNF)'E zt=t)h: AH3xH, HolEL 149
7 ;g

31

©
i
o
%
3

HNFe} 274 ¢] HNF HU} ¥de nE A1 o Pﬁ%d% P FFAACk g 5 HEgh
ofo] oJslH, HolE2 139 HNFET ¢ 2 o Ay 87270 THA71A %
o= Foltt,

Fo RS aoted, v 2
Normal form Brief definition

The domain of each attribute contains only atomic values, and the value of each attribute

1 NF | First normal form contains only a single value from that domain.

No non-prime attribute in the table is functionally dependent on a proper subset of

2 NF Second normal form any candidate key

Every non—prime attribute is non-transitively dependent on every candidate key in the table.
3 NF | Third normal form The attributes that do not contribute to the description of the primary key are removed from the table.
In other words, no transitive dependency is allowed.

EKN Every non-trivial functional dependency in the table is either the dependency of

F Elementary Key Normal Form an elementary key attribute or a dependency on a superkey

BCN . . . .

F Boyce—Codd normal form Every non-trivial functional dependency in the table is a dependency on a superkey

4 NF | Fourth normal form Every non-trivial multivalued dependency in the table is a dependency on a superkey

5 NF | Fifth normal form Every non-trivial join dependency in the table is implied by the superkeys of the table

DKN Domain/key normal form Every constraint on the table is a logical consequence of the table's domain constraints and
F Y key constraints

6 NF | Sixth normal form Table features no non-trivial join dependencies at all (with reference to generalized join operator)




7.4.1 First normal form

INF= &A1Y dlo]guo] 2o Qe A AZAolth. vkl 7} &4 Tdle] A} gk
(atomic value)¥ro] E019)a1, 7t £ ghol ZwdloA] & @ Zl(single value)¥HS 2zt
A Juhd, 2 #AE INFe 9l

Edgar Codd: 19714 HAE Aostd, 11 #AY] =l e o

=l A INFoll =
5

Wik Al O AR /e 245s 2A

@b sk

INFE A8 dlojeol o] Qi BAe) BFA AAold. 1@ T dolg ol Aite
@ A WA AREE Asde avxdon 2% ®BE AwdUe BAE ol uelx
2 mda: H40d

7.4.1.1 Examples
=9l Ay e+
c}.

GlolEMlo] A Tixto| Y7} o INFES ojvrer

oA

i

e
2
N
o

xS,

A
e

a) Domains and values

txtoly st o] ol MalWs S csly] witthn spyel BAL 1t ohga 2L 1
78 Elo] 2 cixfQlgck:
customer

Customer ID First Name | Surname Telephone Number

123 Robert Ingram 555-861-2025

456 Jane Wright 555-403-1659

789 Maria Fernandez 555-808-9633
O oo gAoly e 2 nAoAA 40 AW SE Iy Bart ok AZ 7
2=t 1= oS ‘%846}% 7P et o g gt o] ojd E4 gIEo] Q&=
“Telephone Number” TEo] s} o]xko] g 3] 85fof stch Agztatc:
customer

Customer ID | First Name Surname Telephone Number

123 Robert Ingram 555-861-2025

. 555-403-1659

456 Jane Wright 555-776-4100

789 Maria Fernandez | 555-808-9633
JXgE, AstHs Z-o] 127] EAtES] =Hlgo] o As-G3g2 ZhQlofa Ao
fckn sPgichy, o) B INF7} ofUjny, ©x| of2jet Ze waoznk BHd 4 gk

customer



Customer ID First Name Surname Telephone Number

123 Robert Ingram 555-861-2025

456 Jane Wright 555-403-1659

456 Jane Wright 555-776-4100

789 Maria Fernandez | 555-808-9633
T Weo] B4o) S 3 8o RN o7 INFS YUty ook MR BAY Holg
glo]A re] A|AHIOA = St Ho]Z Qo] 9ot Ho] E40] FrE %ot WESS 58014
o;l»gq-

15 .

8.4.1.2 A design that complies with INF: 1NFo] 9= T]x}Ql
INFol 295t %= gARIE o 22 2719 HolE2 ARgsto e Zojth
Customer Name EJo]Ex} Customer Telephone Number E|o]E-.

Customer Name Customer Telephone Number
Customer ID | First Name | Surname Customer ID | Telephone Number
123 Robert Ingram 123 555-861-2025
456 Jane Wright 456 555-403-1659
789 Maria Fernandez 456 555-776-4100

789 555-808-9633

Melfsgol  whEo] o OxlQIoAL WslR]  ekech 1 gjAle),  Z7to)

Customer-to-Telephone Number H3 2 = I AHA|Q] HIZE 7} dbAstcth key9l 178 D

o 2ol e

S AbgstH, d-tf-tte] TAI7E & HolE o T:’j_xﬂo}q “Bn” golZol 1 o
FRete A" Holgel wA AskH 5o T

7ro] As}
2 12

JI‘E

i_.

S& A st TAOIAR &3tch wreb £Zsjo} b A o] HAkel

3NFY 719l WRAUL FHAL 4 ek slolck,

wo L

oHTl _N
| r_h

sl

7.4.1.3 Atomicity(dx}g)
Edgar F. Codd®] INF 79|+ ‘atomicity’®] 7I1'@-& st ek “Zrzre] AloA 7 ofst
Qe =oRlo] So] Qe W52 DBMSCe; HRASHA YAPA ofof gttt." 1 Codd UstET.
E3F Codd shHe] AL 22 (ol® SHEeh 7152 AQstal) "DBMSo] 95l § o] A
v A7og Aolstn 9t} o] she] YE= 1 Qo] 5o Q=
parts)2 2 A2 X] ofotop gitt= ofu]ld], efjufst
DBMSoflA gt B2o] et Ql=(ujst &) Ae sdsh BEo s & HE F

ol
—_

un rE

\=|
g

fu

1) In database systems, atomicity (or atomicness; from Greek a-tomos, undividable) is one of the ACID
transaction properties. In an atomic transaction, a series of database operations either all occur, or
nothing occurs. A guarantee of atomicity prevents updates to the database occurring only partially,



which can cause greater problems than rejecting the whole series outright. In other words, atomicity
means indivisibility and irreducibility.

H. Darweni} C. Date?} AQtshd, “@AF 3o tfjst Codd9] 7@ msstH, o]2|st 235
42 INFE oJsfist=r] Aot edhs S22t "1 otk 5§35] “"value that cannot be
decomposed 0|zt gL 2A7} Qed], dqustd v|E Qotstdate Z440H0] HojE &

Fol YAMA ol oJul g WropsoA 4 917] mfFott:
+ A character string: QA& o] otyzti

+ A fixed-point number: ¥APA0|X] Qtctil of 7

AL IS 4ot BAT Boid & ot AAAE AFsL Y] ol
- An ISBN: ®APHolAl ki oA 4 gl 2zioli <ojet FWAF AEApt

Z3E o] 7] fzolt.

Date?} A|QF5}2, “the notion of atomicity has no absolute meaning : a valued oj@
A0 g2t dAte oA = AT & SAS 9t o ®2 7128 249 ‘%2
2% 39" 2% 9tk o]2{st RAo] wr2®W, INFE: atomicityS Auste] Aojsh 4
ol 9 4 SA(conceivable) HlolE] R (EAIE FFH AL A TEH arry typeﬂr
HolE R37HA)e ZE &2 INF HolEoA grofzd 4 oy - vH|F 4 vrgAlst A2
ofyx|gk; of& S°], Customer Name TZES &+ 7§9] =% ZEQl First Namedt
Surname FBE=Z F2|5t= Zlo] Hr} vi=sitt

41

INF+=, C. Date?l o3t 71X &, relation-valued attributes(€o]& W] E|o]&E)& 35]&st
T 9T} Dater} Fg5, 3 Eloj2e] WE &of ol Hloj2g EAYL 2HHO2 LGS
£ relation-valued attributes2 Of-¢ 3]st 74 Lofgt §&5ict=

7.4.1.4 INF tables as representations of relations: @Ae] E@do 24 1INF gol&
Date] 7Jejo] wa}, gtd HlojZo] 53] 14 taut 22 7Y 2US WEA|=

“isomorphic(0]£5&dA) to some relation”o]2tH, 1712 INFof 9tk

1) 220 oJm3t top-to-bottom ordering= ZX{5}A] OF=Cc}.

2) 2+ o] ojm3t left-to-right ordering™ &&|5HA] ¢ttt

3) ojdet S5 29 %= EANSHA] A=t}

4) = row-and-column intersectiono+ A-8&7H53F =0 Q(Z 519 ZloAM&= Atz o}
H)ezRE 2 shtof gtvhe gestA Zeoth

5) & A2 A A(regular) o|t}. [(fA] oA 29+ 2% IDs, Abz IDs, £+ 574l

time-stamps(=A1 5 A7 2)7 Ze &£AX __FLHQ_AE A2 ZHx] oki=t}].

T

oj2fet 2459 oj" Zg #yst

rr

2e GHsA WalH 1 Elol2ol WAFo] ofjo| wet



A A S g7l ofyebs oojojch. Al 1 AFAY] oleidt HoE FEAAFA Lot
Hol2 ®t Rol olse thet Pk

Hsh %HE UEH =& 71A|5t =S (mandates) &0 24, row-orderingo] 1

Ho] 18 Xo|lI1E _411101h 40| E= view. 0|Z1& 7 19] QJ¥to|t}t. true relation

3) H &3k e %0] %Oiﬁ = 911:— i,\/“(nullable attribute)S 71zl Hol&E. € 715 &
AL 'BRE Ao A48 aAe 2y e = O}Ur-J WRES xgEloF sk

= i =)
g Aoy, djukshd, o] AL dol tigk £t 27 E A A Codde] #AE Zdo
st =<4 sl (later vision)ol|A A o|g% AHol7| wolt}

7.4.2 Second normal form
2NF= dlo]guo] 2~ Aafsle A AME-¥l A fF el 2NF= 19719 E.F. Coddel <J3l] A
= Ao At

INF Ho]&2 T 17o] 2NFe #F45 257 98l eE F7H48Q0 7|8 WA Aokt

st} & o AAIE] WA, v o]w glo]Eo] INFo| 9lar, 1 Ho]&2] ojufdt H|-OoF

EAE 719 1 7159 At a9 JFelr oJEsta IA Lrid, 1o 1-‘;——3— 2NF
=

oleh= glojtk. of7]4 HolZe] u]-o% Siolg 1 ool of|E Fn 7

i
o

ofatwl, oWl Elol&o] INFo glar Z27le] BE W-oF &A4Jo] Fryje] Al o]Es}
]

7.4.2.1 Example
employees' skills& UEU 1L 9l TFZ9] H|o] 53 HAN

Employees’ Skill

Employee | Skill Current Work Location
Brown Light Cleaning 73 Industrial Way
Brown Typing 73 Industrial Way
Harrison Light Cleaning 73 Industrial Way
Jones Shorthand 114 Main Street
Jones Typing 114 Main Street
Jones Whittling 114 Main Street

{Employee} Ut {Skill} £ c} o] Bloj=o] S ®7|7} opyct. ojupstd, EAF EPYo] FHol



SO Mol 7188 O 4 A e B9 ol S8 J1g e Soly(cleo
S 7}@ 4 9th U] miEolh 1
B0l BRyleA AHS 2ED 9

o>i
O
o

]9k, ©@X] composite key

U A] £491 Current Work Location& ©A] $H7]0] dBBo] = Employeeo|qt oJ&
1 Qlck J3jB2 o] go]8L& 2 NF7t opych Current Work Locationso] U} Qe &
22X (redundancy)g £25t2}: of7]A Jones?t 114 Main StreetofA] sttty 3 ® SO
0, Brown2 73 Industrial Wayol]A] Z2stctv 28 ®JIJIc o] L HEMHo g 9lsto]
T Ho]g& 78Aoli(update anomalies)oll FoFstA = o]E E0°], “Shorthand” et
“Typing” 2|ZE=0]A Jone®| work locationg 73412 4+ 1oy, 19 "Whittling(LW727])"
Il A X & 4 Aot 2 A9 HolH e g2 22 Aio disty el 92 A
st "tk “JoneQ] current work location2 F91JY7E?”

ol
—_

ol

o 39

ol CAtelo] chat 2NF cjote FAR FHE T /)Y HolRe o1yt ol AT A
t}: =H7] {Employee}S Zt= Employees H|o]=23 ZHZ| {Employee, SKkill}S Zt=
Employees’s Skills H|o]£.

o]

Employees Employees' Skills

Employee | Current Work Location Employee | Skill

Brown 73 Industrial Way Brown Light Cleaning

Harrison 73 Industrial Way Brown Typing

Jones 114 Main Street Harrison Light Cleaning
Jones Shorthand
Jones Typing
Jones Whittling

olA] o] Blo]2E ol T PAlojgoz ofeg A ech

J%Rgk BE ONF Elo]250] Z3AlolAoA Atgee Ae ohjr} ZiAlolgosm o2eg
7= ONFe] o chem} prk:

Tournament Winners

Tournament Year Winner Winner Date of Birth
Des Moines Masters | 1998 Chip Masterson 14 March 1977
Indiana Invitational 1998 Al Fredrickson 21 July 1975

Cleveland Open 1999 Bob Albertson 28 September 1968
Des Moines Masters | 1999 Al Fredrickson 21 July 1975
Indiana Invitational 1999 Chip Masterson 14 March 1977

H]2 Winner?} Winner Date of Birth7} key {Tournament, Year}e] dXof 9J3]jA{7} ofy
2t AAo 95 ZAE R HetE, E¥E3F Winner / Winner Date of Birthe] ZA3rS t}49]
gncolx FRHo= Uehdth olzle ZAlolAde WAk B ZAlo] apEoz 4



E|R] Ferhe, ol SWE selrte T o] Az e EAUE 2t dow uehd 2
olc},

o]719] ZE X9l Zxl= Winner Date of Birth £72do] 9J&35t1 Q= Ao|A J
(transitive dependency) mj=o0]t}. Winner Date of Birth= AIXj2 Winnero] 9J&35tH, 1
theol 7] Tournment / Yearo] 9|&sict,

o] &A= 3NFoA] t}Zc}.
7.4.2.2 2NF and candidate keys: 2NFQ} $ 4 7]

OF710 tiste ojHet REA Had &GS Al AA o
=]
=

ARE & 33 ZlRk2 ofdot. 0F7] ofejok, o]

5l ellAl, olmg vl-o= &HE ol2jgt Fmwo] ozl tjslo] part-key
dependenciesg Zrx| Qtotof sirh.

t}g9] HlojZol 840 877t e 9tk

Electric Toothbrush Models

Manufacturer Model Model Full Name Manufacturer Country

Forte X—Prime Forte X—-Prime [taly

Forte Ultraclean Forte Ultraclean [taly

Dent-o—Fresh | EZbrush Dent-o—Fresh EZbrush USA

Kobayashi ST-60 Kobayashi ST-60 Japan

Hoch Toothmaster | Hoch Toothmaster Germany

Hoch X—=Prime Hoch X-Prime Germany

4= gxpoly7t {Model Full Name}Z oE7]2 7oty stHete, o] Ho]22 2NFo| QIA]
oIt} {Manufacturer, Model} £3F S H7|o]t§, Manufacturer Country= 171°] 28}2 5}
Ao &5t itk Manufacturer. o] TARQIS 2NF2 wW73st7] ¢JsfM: chSat 72

2 /9] Eloj2o] Qs

Electric Toothbrush Manufacturers

Manufacturer Manufacturer Country
Forte [taly

Dent—-o-Fresh | USA

Kobayashi Japan

Hoch Germany

Electric Toothbrush Models

Manufacturer Model Model Full Name
Forte X—=Prime Forte X—-Prime

Forte Ultraclean Forte Ultraclean
Dent—-o-Fresh EZbrush Dent—-o—-Fresh EZbrush




Kobayashi ST-60 Kobayashi ST-60
Hoch Toothmaster Hoch Toothmaster
Hoch X—=Prime Hoch X-Prime

7.4.3 Third normal form

SNF& (a) <lEIE]7} 2NFol 9laL, (b) Hlel&9] EE £42 @A oF7|drt gdshA 9
=5 FZFE A (Referential integrity) = A 7125 &}, "HlolE 2 o]% A (duplication)
= ol HolgHol~E Aafrstst= 3WA YAkl Aol

7.4.3.1 Definition of third normal form

3NF+= dolgHo] 2~ Afslel A AF&E = Aardoltt. 3NF& 1971 E.F. Coddel o3l A
= BoH At Codde] AoJelA AFe AL ofw HeolEo] vt vhgd 22 2108 #4
b 1412 3NFell 9tk Aot

1) #A R(Elo]&E)o] 2NFol Aot

2) Re] RE H]|-0% &2 Re] RE gsuperkeyol] H]—Z 0] 2 (non—transitively) &3S

RO H|-oF £A42 R oud FHI|E %314 (belong) RE Aottt ol o)&A
& AAHoRE X — ¥V 2da Y — 7 (A=A Y — X9l A7k okdrh)ol A, 2k
Aoz X — 7 (X7} 25 AAIG)A 44 &S L),

3NFE= Codde] Aoleb= #Awt 19821 C. Zaniolod 93 th2A AL o] Ao
Al ek A2 H"HolEo] ©@x] A9 4 ofEA X — A9l b giste] Ho® the

e 27 F g FATE 1S 3NF drke ol

1) X& AE X33 (S, X — AT AFaSH(trivial) &4 &4 olt}).
2) X7} 975 7]t}
3) A} XxF9] set difference(xFH )

Wal A, A-Xol Q= 7 S of
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rir
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Zaniolo®] Aol&= 3NFeo} {2 A3 BCNF(Boyce-Codd normal form) 7Fe] Z}ojol| o s}ed
Er3] sl gdth. BCNFoll A= Al WA diek(A9t X 7He] set difference?] “A—-X9] BE

v oF Ao e sl AAsE Aot

fo

7.4.3.2 "Nothing but the key"

AolA e SAE e AT Aok wiZbA =, 3NFel| thgk Coddo] AefolA 719
sl @e B, Kentoll & AFHAct ‘[EE] non—key[E£A 1= the key, whole key,
23 ©X](nothing but) the keyol 3+ fact?-S Aasfofwt 3tt}” 3+ 71X common

[ et o
Rk



variation®] ©53 2

“the key’d] &A1&

&/ E50] “the whole key’ol ¢&
441 0] “nothing but the key’oll &J&

H] - 7]
Zol .

rr HU

C. Datex= Kent9

gofell thal 3NF

2o PAsk el ojd Aol 1

grel Aol 7 ElolZo] INFel Utk AL 8l
| eNFolehs R& Eelsh Zlola; F7
3

< WalE Ao] 3NF dvke S &

=3he wal=

Ao

3}
=

“an intuitively attractive characterization” .=

&35kt At} “so help me Codd".

§_']_o —5—]_.‘:;

o)

2 glom, 2R xEY uPE E o 288 Boyce—Codd ATFES Ao — “Zzte] &4
S the key, the whole key, and nothing but the keyol]l thdF A}AS Faafofqt ﬂlﬂr 7o
EgE E 4 AU aslth sNFi @A ¥-7] $4o] A5 & AL dlehe
gt #AAS Zt7] wj&of, o]g]dk 3NFeo #AHol:= Date®] BCNFY variation®E T} 2kslt). (7]
Sol7lt o) REE)Q 0% HHES PFHoR Az oEHoA ook Frh: IAE
77ke szwrh 7)o ol Al o 1 ¢ d@ Ade mdsa
(A71A FEFoF sf= AL oyl 1 2L 7]9 2z HEo] “whole key” A(clause)& HE‘EE}
A FHER BE X oS HE&de AL 2dTd HEFFHIE FASA @ AHol7]
G, o] FHE FEHoR oEeE £S5 AT HLHTHE Aol

3NF9] 2718 THAI71A sk 2NFe] o & o5 g
Tournament Winners

Tournament Year Winner Winner Date of Birth

Indiana Invitational 1998 | Al Fredrickson 21 July 1975

Cleveland Open 1999 | Bob Albertson 28 September 1968

Des Moines Masters | 1999 | Al Fredrickson 21 July 1975

Indiana Invitational 1999 | Chip Masterson | 14 March 1977

o HolEel 7 =9t
93
pzs

71
A 28

3NFo] ¢jnto] 3=,
A1l WinnerE AXA FH 7] {Tournament, Year}ol]l Zo]x o2 ojFs}al
Winner Date of Birth7} Winnerol] <44 oz &35t
LS 2ta FdS Aol TAE e S TS 22X

< logical inconsistencies(=8]4 E+)0 % VMRS

Q) 5}

3NF 9Inkglo] &3t
Ela=

EWH3l Yearo] E¥
{Tournament, Year}+= ¥ Z$+&5 &

dstolt}t, &, {Tournament, Year}+=

AAe

dpata w-o%

o] Hlo]

dsl7] gk of dolge thew gol ¥

3k Tournament«] 5
AdstAl AEsE7] flste] Fash HASke] &£
o] 1 7|o|t},

4:4121 Winner Date of Birth 7} H]—

A2 LA ofsty] wiel,

°oF &
9171 wEoltt.
ol th= A]—/\‘—O— o dase] ge
T glemg I HolE

FoFatA ®

R e e




Tournament Year | Winner Winner Date of Birth
Indiana Invitational | 1998 | A Chip 14 March 1977
Fredrickson Masterson
Bob Al Fredrickson | 21 July 1975
Cleveland Open 1939 Albertson 28 September
- Bob Albertson
Des Moines 1999 Al 1968
Masters Fredrickson
Chip

Indiana Invitational | 1999
Masterson

o]A] 3NFo Q= T 7 mF9] Ho|Eo|A 73alo]ido] Aol

N
)
v

7.4.3.3 Derivation of Zaniolo's conditions

ol x4, 1982de] Carlo Zaniolo7} AIAIE 3NFe] Aol thaa 2 W2loz s
At} Let X — A be a nontrivial FD (5, X7} AE ¥331% &+= Z) and let A be a
non—key attribute. Also let Y be a key of R. Then Y — X.

7.4.3.4 Normalization beyond 3NF

&9 3NF Ho]EEL update, insertion, and deletion anomalies®l A A}
ol&9 ol P EL dAAAE ALY vy FEA|RE ol o]} 5l 43¢ =
23t Ho]EEL Boyce-Codd normal form (BCNF)¢ ZA3S 71xa 9 A H]E BCNF=
FTSAI7IH 8t e ANFU 5NFSF 22 B axpd &l Fargo e 43S 2ha

o

7.4.4 EKNF(Elementary Key Normal Form)

Elementary Key Normal Form (EKNF)< 3NFX.©t} v B3A 4w &

EKNF HolEE A 3NFoll JAIT, shut oo fdd H3717F i, o]AE5e]l A& F
g2 o old Feirf A, ojYd A= THE ZHE JoAHRE HA o]

o
T 3

e

T Ty ©x] BE 7]E AR

R

ool

FrA o]EA o] whole keysell Al A ZtH A = 7] 7]
A EduE, O HelE2 EKNF 3

=

2 (elementary key attributes)®l

X=>Y &gel BE 43 nontrivial 44 EA A, X= 7Io)JAY e Y& 7]E7]0]
A 23] dFolt)

7.4.4.1 Example
ol Aol EKNFQ Hol &9 o= o}d]¢ Boyce-Codd normal form#Achievability of
BCNFE #x3}7] npgt},



7.4.5 BCNF(Boyce—Codd Normal Form)

Boyce-Codd normal form (or BCNF or 3.5NF)2 dolgiH|o]~ Ayf3lol] ALEEH = A
ojt}. o]AL 3NFHRU+= Z+& ¢ Z#3lk Zojt}y. BCNF+= Raymond F. Boyce and Edgar F.
Coddell elaf 1974del 72 don, A Aot AAH SNF7HA 74 Xgdd ow

o] o]H(anomaly)el] =HS w31 gt

o,
<

ool @A EAFEGE A
WA 379 &4 X->Vel

o #A3F 27)ul7} BCNFo| Qobd, v & o= 63
< o}, Tl Il
A3} HA A XWE S 22 215 FolA e fASt dvtd, 1 #AY

[ o o 2
ft N
o,
=
ﬁ a

F?N
_0|L
K
a2
rir
td
iyl
=)
0%,

1) X — Y is a trivial functional dependency (Y < X)

2) X is a superkey for schema R

7.4.5.1 3NF tables not meeting BCNF (Boyce-Codd normal form)

3NF EJ|o]=0] BCNFo] @& Z WEAZ|A] U= &t 0 E20 g9 355 28
712 il QIR &= 3NF Eﬂol—— BCNFOﬂ sHAsHA e ZolT. _’74—1 A o E/J]
Follzto] mabA], 270 ool F&8E $H7|E Zri 9l 3NF o] BCNFo| 9l& &
NI THX] A 2= QlTh BCNF§ FEA71R] xok= 3NFO] o= Urﬁﬂ} 2o}
Today's Court Bookings
Court | Start Time | End Time Rate Type
1 09:30 10:30 SAVER
1 11:00 12:00 SAVER
1 14:00 15:30 STANDARD
2 10:00 11:30 PREMIUM-B
2 11:30 13:30 PREMIUM-B
2 15:00 16:30 PREMIUM-A
gHolg2o 2 =29+ gt 7iY steIc(ZE 1)ef g 719 FWYIE(ZE 2)5 A
A= HUA 7 FE oef(  court booking)Z WETH
oefe ZEY T2j1 JENAIIER o] FojZiT)
F7TR, Z4249] ofjef2 T} U= Rate Types Zr=r0}. o7l 47HX19] &9
5_} rate types’t Qltt:

SAVER; 3|¥o] ZE 1& ofek
STANDARD:; H|g]€o] ZE 1& ofef.
PREMIUM-A; 3]¥o] ZE 25 o2k
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Rate Types
Rate Type Court Member Flag
SAVER 1 Yes
STANDARD 1 No
PREMIUM-A 2 Yes
PREMIUM-B 2 No

Today's Bookings
Rate Type Start Time End Time

SAVER 09:30 10:30
SAVER 11:00 12:00
STANDARD 14:00 15:30
PREMIUM-B | 10:00 11:30

PREMIUM-B | 11:30 13:30




| PREMIUM-A [ 15:00 | 16:30 |
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Nearest Shops

Person Shop Type Nearest Shop
Davidson Optician Eagle Eye
Davidson Hairdresser Snippets

Wright Bookshop Merlin Books
Fuller Bakery Doughy's

Fuller Hairdresser Sweeney Todd's
Fuller Optician Eagle Eye
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£0], Fagle Eye= “Davidson” #|ZE0JA Shop Type “Optician”& AF&35t1 Q= =0,
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Shop Near Person

Person Shop

Davidson Eagle Eye
Davidson Snippets

Wright Merlin Books
Fuller Doughy's

Fuller Sweeney Todd's
Fuller Eagle Eye
Shop

Shop Shop Type
Eagle Eye Optician
Snippets Hairdresser
Merlin Books Bookshop
Doughy's Bakery
Sweeney Todd's Hairdresser
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Nearest Shops

Person Shop Type | Nearest Shop
Davidson | Optician Eagle Eye
Davidson | Hairdresser | Snippets

Wright Bookshop Merlin Books
Fuller Bakery Doughy's

Fuller Hairdresser | Sweeney Todd's
Fuller Optician Eagle Eye
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Shop Shop Type
Eagle Eye Optician
Snippets Hairdresser
Merlin Books Bookshop
Doughy's Bakery
Sweeney Todd's Hairdresser
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8. Performance, security, and availability
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8.1 Database storage
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1) A character encoding system consists of a code that pairs each character from a given repertoire
with something else—such as a bit pattern, sequence of natural numbers, octets, or electrical pulses—in
order to facilitate the transmission of data (generally numbers or text) through telecommunication
networks or for data storage. Other terms such as character set, character map, codeset, and code page
are used almost interchangeably, but these terms have related but distinct meanings described below.

Early character codes associated with the optical or electrical telegraph could only represent a
subset of the characters used in written language, sometimes restricted to upper case letters, numerals
and some punctuation only. The low cost of digital representation of data in modern computer systems
allows more elaborate character codes (such as Unicode) which represent more of the characters used
in many written languages. Character encoding using internationally accepted standards permits
worldwide interchange of text in electronic form.

History
Early binary repertoires include Bacon's cipher, Braille, International maritime signal flags, and the
4-digit encoding of Chinese characters for a Chinese telegraph code (Hans Schjellerup, 1869). Common



examples of character encoding systems include Morse code, the Baudot code, the American Standard
Code for Information Interchange (ASCII) and Unicode.

Morse code was introduced in the 1840s and is used to encode each letter of the Latin alphabet, each
Arabic numeral, and some other characters via a series of long and short presses of a telegraph key.
Representations of characters encoded using Morse code varied in length.

The Baudot code, a 5-bit encoding, was created by Emile Baudot in 1870, patented in 1874, modified by
Donald Murray in 1901, and standardized by CCITT as International Telegraph Alphabet No. 2 (ITA2) in
1930.

ASCII was introduced in 1963 and is a 7-bit encoding scheme used to encode letters, numerals, symbols,
and device control codes as fixed-length codes using integers.

IBM's Extended Binary Coded Decimal Interchange Code (usually abbreviated EBCDIC) is an 8-bit
encoding scheme developed in 1963.

The limitations of such sets soon became apparent, and a number of ad hoc methods were developed to
extend them. The need to support more writing systems for different languages, including the CJK family
of East Asian scripts, required support for a far larger number of characters and demanded a
systematic approach to character encoding rather than the previous ad hoc approaches.

o8 7}4 low—level(HF3t) dlolguo]~ 7191z Fx= dolg RIS 23 (serialize)
g e 7R QR A AR EHEE, A | 23 24 (written) 2 4 o). A
dske} Ze 7IWel As/idE s AFEE F dnh AESAHYA VI9HEAE A

¥ ¢l (column—oriented and correlation) ©©°]
EjWo] 22 EA 3},

1) A correlation database is a database management system (DBMS) that is data-model-independent and
designed to efficiently handle unplanned, ad hoc queries in an analytical system environment. It was
developed in 2005 by database architect Joseph Foley.

Unlike relational database management systems, which use a records-based storage approach, or
column-oriented databases which use a column-based storage method, a correlation database uses a
value-based storage (VBS) architecture in which each unique data value is stored only once and an
auto-generated indexing system maintains the context for all values

8.1.1 Database materialized views
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1) A materialized view is a database object that contains the results of a query. For example, it may be
a local copy of data located remotely, or may be a subset of the rows and/or columns of a table or join
result, or may be a summary based on aggregations of a table's data. Materialized views, which store



data based on remote tables, are also known as snapshots. A snapshot can be redefined as a

materialized view.

8.1.2 Database and database object replication
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8.2 Database security
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8.3 Transactions and concurrency
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1) A lock, as a read lock or write lock, is used when multiple users need to access a database
concurrently. This prevents data from being corrupted or invalidated when multiple users try to read
while others write to the database. Any single user can only modify those database records (that is,
items in the database) to which they have applied a lock that gives them exclusive access to the record
until the lock is released. Locking not only provides exclusivity to writes but also prevents (or controls)
reading of unfinished modifications (AKA uncommitted data).

A read lock can be used to prevent other users from reading a record (or page) which is being
updated, so that others will not act upon soon-to-be-outdated information.

ACID# dloJeHo] 2~ Aeje] o] Al JdS AHst= FicAte] otk Ax7t, dad, =4
A, ¢l A (Atomicity, Consistency, Isolation, and Durability).

1) atomicity(or atomicness: from Greek a-tomos, undividable) is one of the ACID transaction properties.
In an atomic transaction, a series of database operations either all occur, or nothing occurs. A
guarantee of atomicity prevents updates to the database occurring only partially, which can cause
greater problems than rejecting the whole series outright. In other words, atomicity means indivisibility
and irreducibility.

The etymology(e]¥) of the phrase originates in the Classical Greek concept of a fundamental and



indivisible component: see atom.

An example of atomicity is ordering an airline ticket where two actions are required: payment, and a
seat reservation. The potential passenger must either:

1. both pay for and reserve a seat. OR
2. neither pay for nor reserve a seat.

The booking system does not consider it acceptable for a customer to pay for a ticket without
securing the seat, nor to reserve the seat without payment succeeding.

Another example: If one wants to transfer some amount of money from one account to another,
then he/she would start a procedure to do it. However, if a failure occurs, then due to atomicity, the
amount will either be transferred completely or will not even start. Thus atomicity protects the user
from losing money due to a failed transaction.

2) a consistent transaction is one that starts with a database in a consistent state and ends with the
database in a consistent state. Consistent state means that there is no violation of any integrity
constraints. Consistency may temporarily be violated during execution of the transaction, but must be
corrected before changes are permanently committed to the database. If the transaction would leave the
database in an illegal state, it is aborted and an error is reported.

Consistency is one of the ACID properties that ensures that any changes to values in an instance
are consistent with changes to other values in the same instance. A consistency constraint is a predicate
on data which serves as a precondition, post-condition, and transformation condition on any transaction.
The database management system (DBMS) assumes that the consistency holds for each transaction in
instances. On the other hand, ensuring this property of the transaction is the responsibility of the user.

3) isolation is a property that defines how/when the changes made by one operation become visible to
other concurrent operations. Isolation is one of the ACID (Atomicity, Consistency, Isolation, Durability)
properties.

*Concurrency control

Concurrency control comprises the underlying mechanisms in a DBMS which handles isolation and
guarantees related correctness. It is heavily utilized by the database and storage engines (see above)
both to guarantee the correct execution of concurrent transactions, and (different mechanisms) the
correctness of other DBMS processes. The transaction-related mechanisms typically constrain the
database data access operations' timing (transaction schedules) to certain orders characterized as the
serializability and recoverability schedule properties. Constraining database access operation execution
typically means reduced performance (rates of execution), and thus concurrency control mechanisms are
typically designed to provide the best performance possible under the constraints. Often, when possible
without harming correctness, the serializability property is compromised for better performance.
However, recoverability cannot be compromised, since such typically results in a quick database integrity
violation.

Two-phase locking is the most common transaction concurrency control method in DBMSs, used to
provide both serializability and recoverability for correctness. In order to access a database object a
transaction first needs to acquire a lock for this object. Depending on the access operation type (e.g.,
reading or writing an object) and on the lock type, acquiring the lock may be blocked and postponed, if
another transaction is holding a lock for that object.

x[solation levels
Of the four ACID properties in a DBMS (Database Management System), the isolation property is the



one most often relaxed. When attempting to maintain the highest level of isolation, a DBMS usually
acquires locks on data or implements multiversion concurrency control, which may result in a loss of
concurrency. This requires adding logic for the application to function correctly.

Most DBMSs offer a number of transaction isolation levels, which control the degree of locking that
occurs when selecting data. For many database applications, the majority of database transactions can
be constructed to avoid requiring high isolation levels (e.g. SERIALIZABLE level), thus reducing the
locking overhead for the system. The programmer must carefully analyze database access code to
ensure that any relaxation of isolation does not cause software bugs that are difficult to find.
Conversely, if higher isolation levels are used, the possibility of deadlock is increased, which also
requires careful analysis and programming techniques to avoid.

4) durability is the ACID property which guarantees that transactions that have committed will survive
permanently. For example, if a flight booking reports that a seat has successfully been booked, then the
seat will remain booked even if the system crashes.

Durability can be achieved by flushing the transaction's log records to non-volatile storage before
acknowledging commitment.

In distributed transactions, all participating servers must coordinate before commit can be
acknowledged. This is usually done by a two-phase commit protocol.

Many DBMSs implement durability by writing transactions into a transaction log that can be
reprocessed to recreate the system state right before any later failure. A transaction is deemed

committed only after it is entered in the log.
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1) Total cost of ownership (TCO) is a financial estimate intended to help buyers and owners determine
the direct and indirect costs of a product or system. It is a management accounting concept that can be

used in full cost accounting or even ecological economics where it includes social costs.

8.5 Database building, maintaining, and tuning
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1) Database tuning describes a group of activities used to optimize and homogenize the performance of a
database. It usually overlaps with query tuning, but refers to design of the database files, selection of
the database management system (DBMS) application, and configuration of the database's environment
(operating system, CPU, etc.).

Database tuning aims to maximize use of system resources to perform work as efficiently and rapidly
as possible. Most systems are designed to manage their use of system resources, but there is still much
room to improve their efficiency by customizing their settings and configuration for the database and the
DBMS.
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Spreadsheet strengths Spreadsheet Weaknesses

Data integrity problems, including inaccurate,
inconsistent and out of date data and formulas.
Relatively easy to use Difficult to validate data e.g. an incorrect formula
Require less planning

Very simple data storage

Methods for keeping data up
to date and consistent

Data is of higher quality than
data stored in spreadsheets
Good for storing and
organizing information.

Require more planning and designing
Harder to change structure once database is built

Requires more technical knowledge to administrate




8.6 Backup and restore
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8.7 Other
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1) Database logs

2) Graphics component for producing graphs and charts, especially in a data
warehouse system

3) Query optimizer — Performs query optimization on every query to choose for it the
most efficient query plan (a partial order (tree) of operations) to be executed to
compute the query result. May be specific to a particular storage engine.

4) Tools or hooks for database design, application programming, application program
maintenance, database performance analysis and monitoring, database configuration
monitoring, DBMS hardware configuration (a DBMS and related database may span
computers, networks, and storage units) and related database mapping (especially for
a distributed DBMS), storage allocation and database layout monitoring, storage
migration, etc.



9. Linked Data And The Semantic Web

<http://www .linkeddatatools.com/semantic-web-basics>

Linked Data®} Semantic Webo|gk £01017}? YAIA O 2 Semantic Web& Web 3.0 o]t}
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1) Semantic search®?

Seeks to improve search accuracy by understanding the searcher's intent and the contextual meaning of
terms as they appear in the searchable dataspace, whether on the Web or within a closed system, to
generate more relevant results. Semantic search systems consider various points including context of
search, location, intent, variation of words, synonyms, generalized and specialized queries, concept
matching and natural language queries to provide relevant search results.[1] Major web search engines
like Google and Bing incorporate some elements of semantic search.

Guha et al. distinguish two major forms of search: navigational and research. In navigational search, the
user is using the search engine as a navigation tool to navigate to a particular intended THFHIE.
Semantic search is not applicable to navigational searches. In research search, the user provides the
search engine with a phrase which is intended to denote an object about which the user is trying to
gather/research information. There is no particular t-FHE which the user knows about and is trying to
get to. Rather, the user is trying to locate a number of T}FHEs which together will provide the desired
information. Semantic search lends itself well with this approach that is closely related with exploratory
search.

How Does It Differ From The Web As It Is Today?
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Enter Linked Data - Liberating Web Databases From Their Old Chains
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But Where Do I Start?

Graph Data RDF Data Modeling Semantics
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» Tutorial 1 Introduction To Graph Databases - gives a brief overview of the way

in which the semantic web stores data.

» Tutorial 2 RDF - A Quick Start - an introductory look at Resource Description
Framework (RDF), the format the semantic web uses to store data in graph

databases.



» Tutorial 3 Semantic Modeling - introduces the key aspects of describing data

with meaning, or semantics - and the tremendous advantages this can offer.

» Tutorial 4 Introduction To RDFS & OWL - the key syntax the semantic web uses
to encode semantic meaning into data.

» Tutorial 5 Querying Semantic Data - how to query published semantic data using
SPARQL protocol - the means to harness the immense discovery capabilities of

the semantic web.

Tutorial 1: Introducing Graph Data

SWe a7 & ogejAl HBofr} opUrh. xHAZF SWe] Aojel 1710 At=elal2 dAls] o]
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A&} 0] graph databasefE 2o}wc},

After this tutorial, you should be able to:

m Describe in basic terms what the semantic web is.

m Experience the paradigm-shift of storing information as a graph database, rather
than a hierarchical or relational database.

= Understand that the semantic web of data is defined using Resource Description
Framework (RDF).

= Understand the basic principles of RDF statements and how they can define data
graphs.

ool A&AR IT Fopof]l xlAlE Zhu Qa1 A5 Y (for example XML) £+ A Ho]
Ejtlo] A(for example MySQL, MS SQL)9] tColglx{7alsio] ojstol L QXS
Resource Description Framework(RDF)o|| tsfA A &x] &3 T Qict

RDF&t SW ARFUYE|O|A AF&sh= LPHARQI F=FAtojo|n], AlgIE to]g o] A& AAfsh=1|
Qaoltt. Egh o]Zo] define(d9])sh= A2 o2 F0]
graph database o|C}.

2) defineo]2+?

- To state the precise meaning of (a word or sense of a word, for example).



- To describe the nature or basic qualities of; explain:
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MA hierarchical, relational, J2]1 graph databases® H]|w3}o] o]|Zl50] A= ojE
Oexl& AhEZ| = SHR|:

1.1 Introducing The Graph Database
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<Graph Model9] of: RJA]&>

http://dbpedia.org/resource/Billie_Jean has a singer whose value is Michael Jackson

» Subject: http://dbpedia.org/resource/Billie_Jean (URI)
» Predicate: http://www.example.com/terms/singer (URI)
» Object: Michael_Jackson (Literal)

<URI&?>
A HE7]%0]A, Uniform Resource Identifier (URD)E AI¥S Al¥Es7] Q519 AMEEE A% (a string of
characters) ojt}. o]zjst Al¥ 7|52 &35t WWWIF 22 YEYIo] 9= AHYP9] T =E(representations) 719]



HEArgol ool 4 glck by =K
Uniform Resource Locator (URL) o|t}. ESH A9 AIEE| A= Q1= Uniform Resource Name (URN)o] 9}
ol 0l7e S8 namespacesol Yt ARES HWsl] A OFPUES ABYORM URLs HUGES ClA}
g Zoltt.

%% H]_l_./\lﬂ oz .@ 0-]|:|'-I_ﬂ/\E =2

FE |‘|[‘ rlr

£0], Uniform Resource Name (URN)E A}&9Q] o]2o]z2}#H, Uniform Resource Locator (URL)E 1E&o0
720} ojeeAet ul e 4 9ok Ch] WA, URNE ololslg Al®els] 918 Zlola, URLS 121 st
At 2ok

>~
el

of

SAA o= RDFO| s dotwr] Ao, st 22 ddet & ©A StEr| 2 shRq:

1.2 A Starting Example Of RDF

01. <?xml version="1.0" encoding="UTF-8"?>

02.

03. <rdf:RDF

04. xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#"

05. xmins:dc="http://purl.org/dc/elements/1.1/"

06. xmins:region="http://www.country—regions.fake/">

07.

08. <rdf:Description rdf:about="http://en.wikipedia.org/wiki/Oxford">
09. <dc:title>Oxford</dc:title>

10. <dc:coverage>Oxfordshire</dc:coverage>

11. <dc:publisher>Wikipedia</dc:publisher>

12. <region:population>10000</region:population>

13. <region:principaltown rdf:resource="http://www.country—regions.fake/oxford"/>
14. </rdf:Description>

15.

16. </rdf:RDF>

A2 910] Uigol dhisl AMSA ohel. Lale UEo] ol2e thA] 7 o},
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1.3 The RDF Statement (Triple)

Qlo] ZEIEO|A & Moz RAISH RDF/XML(<rdf:Description> tags Alo])2 RDF A|JA|&,
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of ltt= A2 9ulsty] "iZolth: &, X|A|Z9] subject, predicate, 12|13l object.
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= Subject: T-shirt;
m Predicate(®+= property): color:
= Object: white.

Wy EYIE - RDFE SWO dlojg] 252 Boshe Edolx|gt, dlolelo] folgie ojojut
oluj& AA=7 7]|&5HK|= £sitt. o]Zl2 UXo] RDFS (RDF Schema) 9F OWL (Web
Ontology Language)2 wlg o k2712 dich. A122 ol2 0] thstel Zgatal utet. @A,
RDF7} dlojeizte] @A 7&% ol olu] 2 LA 9t 71E9] doleAA Y Et ofgA e
Aol chs wiSlob Fck E3 ojj®e AsFold WAF ool BLejH Holut graph

model2 FAI7} ML ASS ME+= Aol T35

Qe RDF/XML A|AI#& B4, o] #4easol cfste] gopuxk

01 .<?xml version="1.0" encoding="UTF-8"?>

02.

03. <rdf:RDF

04. xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#"

05. xmins:feature="http://www.linkeddatatools.com/clothing—features#">

06.

07. <rdf:Description rdf:about="http://www.linkeddatatools.com/clothes#t—shirt">
08.

09. <feature:color rdf:resource="http://www.linkeddatatools.com/colors#white"/>
10.

1. </rdf:Description>

12.

13. </rdf:RDF>
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= What a data graph is.

m That the semantic web is a giant, global data graph defined in RDF (Resource
Description Framework).

m The all-important shift in thinking from storing data in relational, or hierarchical
models to a storing in graph models.

m The subject, predicate and object in terms of basic data graphs and RDF
statements.

m A basic familiarity with the layout of an RDF document.

Tutorial 2: Introducing RDF/XML
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2.1 Building An RDF document

>Add The RDF document Root Tag

@A, RDF root nodeE t}&u} Zro] &7} VAL

1. <rdf:RDF

2 xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#">

3.

4. <!-- Body Code Omitted ——>

5.

6. </rdf:RDF>

9] oo ol F WAl ZoA, of2fF2 BESHE W3.org namespace?!

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
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919l tFWEO|A namespaceE ESSIL 9= RDF node’} 82 o] RDF C}RTIEQ]
roots nodeo|C}.

>Add A Statement

RDF CHEAE|: st} olge] AlA2o] mghd 4 otk Uash] Lot shue 271 3
olt}. RDF/XMLOJA FA|(subject)S A oot= ®IH-E <rdf:Description> tags AMEst= 7

olt}. &y} Zo] E& M XA|E S =78 BAE:

01. <rdf:RDF

02. xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#">

03.

04. <rdf:Description rdf:about="http://www.linkeddatatools.com/clothes#t—shirt">
05.

06. <!-- Statement Code Omitted ——>

07.

08. </rdf:Description>

09.

10. </rdf:RDF>
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Source

<?xml version="1.0" encoding="UTF-8"?>

<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:lib="http://www.zvon.org/library">

<rdf:Description about="Matilda">
<lib:creator>Roald Dahl</lib:creator>
<lib:pages>240</lib:pages>
</rdf:Description>

I QJo] <rdf:Description />°] & th2 ®7|%H:



<rdf:Description about="Matilda" lib:creator = "Roald Dahl" lib:pages="240" />

<rdf:Description about="The BFG">
<lib:creator>Roald Dahl</lib:creator>
<lib:pages>208</lib:pages>
</rdf:Description>

<rdf:Description about="Heart of Darkness">

<lib:creator>Joseph Conrad</lib:creator>

<lib:pages>110</lib:pages>
</rdf:Description>

<rdf:Description about="Lord Jim">

<lib:creator>Joseph Conrad</lib:creator>

<lib:pages>314</lib:pages>
</rdf:Description>

<rdf:Description about="The Secret Agent">

<lib:creator>Joseph Conrad</lib:creator>

<lib:pages>249</lib:pages>
</rdf:Description>
</rdf:RDF>

Output

5 olsi7h SR A% wigEAc)

>Add Predicates

ofl o] ZAlo] thah HstAN 17

Author Title Pages
Roald Dahl
Matilda
240
Roald Dahl
The BFG
208
Joseph Conrad
Heart of Darkness
110
Joseph Conrad
Lord Jim
314
Joseph Conrad
The Secret Agent
249
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A= ofmet A= AFOstA] oottt RDF XAl ZoA= RDF AF8&o|=2 &/d3 2Ju|st=
propertiestt predicatesE AF&35to] s A9 5452 Aottt

LAl T-shirte] &4 & stu<l sizes thadt 2ol F7t6] BAR:

01. <rdf:RDF

02. xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#"

03. xmins:feature="http://www.linkeddatatools.com/clothing—features#">

04.

05. <rdf:Description rdf:about="http://www.linkeddatatools.com/clothes#t—shirt">
06.

07. <feature:size>12</feature:size>

08.

09. </rdf:Description>

10.

11. </rdf:RDF>

9Jo] 7HRM &S EAL It WolA o] A= <featureisize> Ej 10|20 2 7]&E 3t I
o] £4=2 A1 flow, of £49 At 2 120]tt. RDF AFg&ojz o]7io] vtz A|Al&
(statement)o|ct.

a8 n WA &0 o] &4ol2mot ofal o] ZAR|oA] AFRE= £40]20] namespaceo]
that URIZF EAE]o] 9tk 7S stolsial.

02, T-shirte] W2l color 48 st} o cheat o] Z7ks) ®AK

01. <rdf:RDF

02. xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#"

03.

04.

05. <rdf:Description rdf:about="http://www.linkeddatatools.com/clothes#t-shirt">
06.

07. <feature:size>12</feature:size>

08. <feature:color rdf:resource="http://www.linkeddatatools.com/colors#white"/>
09.

10. </rdf:Description>

1.
12. </rdf:RDF>

o)

o] <feature:color> &9 BRI <feature:size>?t Tt2ChE= 718 &4ors Zlojoh A|d wH
SolAe BAb 2 1270 QAW WEol, oy Zlolt & ohE AAlRO] subject(D)E Arxal
(]

AN

il
=5 AFSH st oleieh &0l &2 Zlojth. RDFOJA objecte= ©E AAlEA U=
A
ES

P



N &4 rdfiresource= 2 rdf:Description elemento]]A] A9J5tal Y= resource?
aboutdt u g Yokt AL 4 Ut

Book Sample

<rdf:Description about="RD">
<lib:firstName>Roald</lib:firstName>
<lib:surname>Dahl</lib:surname>
</rdf:Description>

<rdf:Description about="]C">
<lib:firstName>Joseph</lib:firstName>
<lib:surname>Conrad</lib:surname>

</rdf:Description>

<rdf:Description about="Matilda">
<lib:creator rdf:resource='RD'/>
<lib:pages>240</lib:pages>
</rdf:Description>

<rdf:Description about="The BFG">
<lib:creator rdf:resource='RD'/>
<lib:pages>208</lib:pages>
</rdf:Description>

<rdf:Description about="Heart of Darkness">
<lib:creator rdf:resource="]C'/>
<lib:pages>110</lib:pages>
</rdf:Description>

<rdf:Description about="Lord Jim">
<lib:creator rdf:resource='|C'/>
<lib:pages>314</lib:pages>
</rdf:Description>

ThA] BE202 =Zo}7tA], <feature:icolor>9] £4L& 3¥x] Zof 9= xmlns:ifeatureof o]0]
m3te]o] Qo Zw olsfistojof Ftch. CRA] oA, xmins:feature®] o]E2]AEo|: o]u]

size®} colorgh= £7dol 50 2Eo] Qlty= Zlojtt.

RDF AAIZolA £74d9 ANAE FxE & A

=
L
saee 2 Atk

wheba o]Z1e 7HdstA "ol ZFA|: ID7} http://www.linkeddatatools.com/colors#white®l

—
AX 22 FHastL Qe Aot Bgol featureicolorolzhs 089 & 7Ao] 44 Hl 9

2.2 Breaking Down The Statement



oAl 2T ole] ROF SAUES Ymu felt e A% 212 ANgel FHveE

<rdf:Description rdf:about="subject">
<predicate rdfiresource="object" />
<predicate>literal value</predicate>
<rdf:Description>

oo

oju] o2& X|A|29] FA|(what the statement is about), 22|11 & 7FX] FEJQ] &74d(th
€ RDF R|A|&+2& LSS Sh= resources 12|11 FARg iyt of ojjsto] L7 = Q.

252 - rdf:Description element:= @ container ¢tof] s} o]At9] AA|&& HGEsE &
QA s gsti otk 9o e Aukxel Fefol AMALA 3 Al 43 3 Ao AF =
literal¥} resource, & 7HA|7} &7 L FAE FEst= F 719 RA|Zo] 2dEO] A

2.3 A More Thorough Example
orolA @z clolefol A ChRE Brt B o2 HEopt ¥AR

01.<?xml version="1.0" encoding="UTF-8"?>

02.

03.<rdf:RDF

04.

05.xmins:dc="http://purl.org/dc/elements/1.1/"
06.xmins:region="http://www.country-regions.fake/">

07.

08. "http://en.wikipedia.org/wiki/Oxford">
09.<dc:title>Oxford</dc:title>
10.<dc:coverage>Oxfordshire</dc:coverage>
11.<dc:publisher>Wikipedia</dc:publisher>
12.<region:population>10000</region:population>
13.<region:principaltown rdf:resource="http://www.country—regions.fake/oxford"/>
14.</rdf:Description>

15.

16.</rdf:RDF>

of2) 2ol ols|e EAEST WYY Bokg U] 9stel, o] RDF LRUES ofajet 2ol
TEY & ULAE A4 O wek:

= Subject of the statement?

m Predicates of the statement(including whether they are resources or literals)?



m Objects referenced by the resource predicates?

o|A] RDF D}#@ESOH thsf olafigiil, 17lo] toly
#, of2]+2 RDF graph data2 A|HIE =S WHlg]st= gHo] ofjs)
o}

mE
PATER o)

2.4 A Quick Recap Of URIs And XML Namespaces

Qrofl 4] AFEE http://www.linkeddatatools.com/clothes#t-shirtx® 2|7} OJA|7}A] A&
sff &t 1935t IDsE Uniform Resource Identifiers, = %£o]A] URIsg} Y20} 2=
O[A|Z7FA] otF&d A lol RIS Al £74d, ZAAlol Lzeh IDsE AlEsh7] #ste URIsS

AHg3) Siet.

URIs A MAMo2 cloje] R8Hg 7FsolA USRI RDFe| 28 wysted Uey 5

23p7] Wi2ol, = oAl A&sHA URIsol sl ohA] A 2AL

>XML Namespace URIs

Qo Qld RDF OhFWME o2 ThA] 7} EX} T-shirt size £7d2 ofeie] 79A] Z0fA
<feature:size>®t 0|55 7HA|AL QU4+ S & & Aok

01 .<rdf:RDF

02.xmins:rdf="http://www.w3.0rg/1999/02/22—rdf-syntax—ns#"
03.xmins:feature="http://www.linkeddatatools.com/clothing—features#">

04.

05.<rdf:Description rdf:about="http://www.linkeddatatools.com/clothes#t-shirt'>
06.

07 .<feature:size>12</feature:size>

08.<feature:color rdf:resource="http://www.linkeddatatools.com/colors#white"/>
09.

10.</rdf:Description>

11.

12.</rdf:RDF>

21 A EoA, of2]ee 2|7} XML namespace features 7J9|5t7] ¢Jsto] 1710]
URI http://www.linkeddatatools.com/clothing-features#2}+= namespaceS A|As}IF =
AT Zeso} gt

o] namespace®| =42 ©A] FU3t o] FO] L2 Qlste] WSt o] §1 &S ms}]

=
Qgt Zlojtk: IHX|Qb “size’et o]29] EjI7} 1:}‘_ namespace URIsZ ZJoJ¥ittH, RDF



reader= H|S 1750] YUgh 10|22} stEete A= O
c}.

b
fun
i)
i)
rr
>
o
e
=
rit

Eot F7t= featureisizeg o= St AAZ ZHE URIE ¥7] {sto], FHSHA prefix
feature2 1719 IS olg¢<l namespace URI®I
http://www linkeddatatools.com/clothing-features#size2 A 4 T}

A (12) o152 7H 44ES FEste

Note - RDFOJA] XML namespace URIs=
A7] 9J5to], 7tH5}A namespace prefixE 1719

AHEEITE F4#35] AH4o] 9+ URIE
namespace URIZ TjA|& 4 i}

ofd] $2j YA AAS 2E URIsol chef g 4 ek

hitp:/fwww linkeddatatools.com/clothes#t-shirt

r - =
/ %%
4 \
!
http:/f'www.linkeddatatoolg.com/clothing-features#color Y \
/ \
/ hltp:Hm.fww.iinkeddalatoals.cama’aqthing-features#size
LY
b

¥
http:/fwww.linkeddatatools.com/colors#iwhite

/ 12

|

O

HATHA]T, o]71-& RDF graph diagrams© g ¢7A35HA URIsE BEJ5H= 710
B = ¥ty &% = #Z(shorthand versions)o] WAl AREHTHTA]  SHA,
namespace prefixih3 Apg8st= 7).

of Wl 7elg opAIAL of2iee chgel Wl e olshstoiol

ol

st

m How to write your own basic RDF T}F-H Es in RDF/XML

m Understand how and why RDF uses URIs to identify subjects, predicates and
objects

m How to relate an RDF ThRHIE to a corresponding data graph with fully
qualified URIs



Tutorial 3: Semantic Modeling

RDF7} 51 A71A
g AFSE

7bseh diole 22g HdESiA A (fuss)o] FAJA | Tijs] Lot AL

dolele Rastel Be A7l I FRAA YuSol Ak olAS FolA oH ASe o
2 Zuct #414jolch, RDF weo] A7 [
FolM 2 7iAE Amus|R ohak

tlo
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>,
ol
o
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2}
=2
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=)
N
B
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fin)
o)
o
to
i)
19
z
cE

ofefel Elolol A AlUE clolel o] I S| MG W0l P A WPHES
DERET )

3.1 Comparing The Popular Data Models

Olojg =eiygo] 2R ¥y} SW 2 o] S3(features) ¥

Example . Query Sematics
Model Data Metadata Identifier .

Format Syntax (Meaning)

) NET CLR Object Object
Object K .
. Object Property Property e.g. Filename LINQ N/A

Serialization o

Serialization Values Names

Table Primary
) MS SQL, Oracle, Table Cell

Relational Column Key(Data| SQL N/A

MySQL Values o

Definitions Column) Value
: e.g. Unique
) . Tag/Attribute .
Hierachical XML XSD/DTD Attribute Key XPath N/A
Values
Value
Yes, using
Graph RDF/XML, Tutle RDF RDFS/OWL URI SPARQL
RDFS and OWI

*serialization?

In the context of data storage, serialization is the process of translating data structures or object state

into a format that can be stored (for example, in a file or memory buffer, or transmitted across a

network connection link) and reconstructed later in the same or another computer environment.

*XSD?
XSD (XML Schema Definition), a recommendation of the World Wide Web Consortium (W3C), specifies
how to formally describe the elements in an Extensible Markup Language (XML) TSI E .

*DTD?
A THFUIE type definition (DTD) is a set of markup declarations that define a THFHIE type for an
SGML-family markup language (SGML, XML, HTML). A thFBIE Type Definition (DTD) defines the legal




building blocks of an XML T}FUIE. It defines the THFWIE structure with a list of legal elements and
attributes. A DTD can be declared inline inside an XML T}FWHE, or as an external reference.

*XPath?

XPath, the XML Path Language, is a query language for selecting nodes from an XML CHFWE. In
addition, XPath may be used to compute values (e.g., strings, numbers, or Boolean values) from the
content of an XML thFH E. XPath was defined by the World Wide Web Consortium (W3C).

3.2 Why Include Semantics In Data? Knowledge Integration

2

grel AlREo] A o]olg FA| 2RI, St o] ojeo] ANYL Al Ba
Vg FT oS F9 st AFHoR Cho

a

s

glo] xjAl9] Zm|9l(domains of knowledge)

MS sSQL
Orscar Winning Films DB

MySQL
Actor Biographies DB

r
f
|'.

http/fwww . oscarwinners. fake http:/fwww . actorbiographies2go. fake

$1o] oo, &= 79| I AP]EE2 A2
Oscar 44 Adgto] Ot Y88 SAESIT Q)
710 et tht2o] glolE o] A oftt.

Aot 7o)

oc u gspleo)

LAS § o AAEY ) Aol E Clojejslo] Ao Bk FuI} k. L2t WA o F A
roll AlE ] ALg glol of B FHF AT} WA 3o,
2 Abgsto] £UT AuE & AolETt A2 Eoeks Wyol tisto] Fopz Aot

1) Sharing Without Semantic Modeling

T APOIE Zo|A stus R @ATF 4 st tigh MS SQL database©]il, ® St
2] 2= v tist MySQL databaseo|t}. o]Z1&=& http://www.oscarwinners.fake 2]
http://www.actorbiographies2go.fakeof ztzt mste]o] QItt T2]1l o] &= AO|Ex= =3A
oz AAstAT FstAE 9 9k,

-

Oscar Winners site= 71 o]|2x3 70 AA=E 85 QA7 2AHSHE g|AESHT 90
o, E5t JZE0IH U TS T Pehujeo) elAEE 21 Qlck JAlY 1 ZHlE]



L 059 olgT PUIA o]9l9 Che Fu: 2

S

A eret.

Actor Biographies Ato]E& @A|®e ofel wrio] wre Feloe jQSo ojstel Y
R7] BAERG ohje 150] B QE BAES JRD QT dei oje RHECL

i gatoll digh ojmst film-plots(¥2f+7d), £+ screen-shot(image)Z 7FA|aL YA ¢
t}.

O[F| o] & Ato]EZ} &4l mRlYLh 7|&E9] AFA folE RHoA FHT 4+ e FHI

ofsto] Arm wA}:

HstA WefA], http://www.oscarwinners.fake?] o] &A= EHU|R9] o]&8 Z25HH,
of s ¥ w2 AEE FHZ & Aoe oFo]l o - 0] HE =
http://www.actorbiographies2go.fake®] MySQL databaseo] A&r&]o] )T},

ru[n r:m

a

m E£7F0o]  http://www.actorbiographies2go.fake®] o] &A}7} &Huj2 59 Jslo|&S 2
sto] o We AHES AS 4 9t o]Zl& http://www.oscarwinners.fakeof] 9= MS SQL
database®] A#&tE]o] Qlct.

(ko] of B 3% AHlE9 dlolHyojAo] 9l HolEE ZA(joining)

AIZIR] Zobal Qit. ¥R, o] 52 AIHEH YA 0R HAEon, matA F Ho|EH|o]

= Fetu ¢ FotE Fx5he primary keyE &7|2H(synchronized)A| 2 4

Ut o] Al siAst7] Y5t o]ZE2 mapped&ofol & Zojot. T2yt EshHe] A=
o]Z150] A= sgdo] gl HlolEfHo]A Av] AJARLZ ARESHLL Qlth= Zlott.

= AHAISo] @R ALESHL Qi clolElulol A Zto] @ale 9lstel, 2t Al|EQ] AGAEL B
£o2 st U wjeo] oh3t L83 ID schemeg WSO RS THY & Ax 259 ool
Bl EWL Aot T Zlolch. o2 Sol, AXEY] WAtolEolA Azo] Wao) et Hug
278 2 9t oPAE XML EHES SHECHY, o|Zlo] Jbsd Zlolch o] WA R AHMIE
o B THE WHAZL 2 AUt

Important Point - H]|$ %A o] =7dA 9l E1]0]
£, 127 N2 o golg AEd o

olzigt £ o] WAtolEe] HlojE Eujelo =zl
£ s w28 welo] e7Erh waty o|Re Azto] Tojele] o
Hyllo]A5 ZHl2A] A= 35 ZWS o= ot

o]A] RDFe} semantics& 4705712 $tct. RDFQF semantic web& ARESHY o]zt EA&
si2E & e HHoll distd z=Afs BA - RE A2 AFsAog O|foAH, 2380
o] £ x| Al A=tt.



2) Sharing With The Semantic Web Model

z

Alee oo, WA oh2ak 22 Fast &ojo tis] olsfistofof ghrt:

m Vocabulary - contexts 7Fo]] AJoJ7} 2 AR|st= o529 Ago|t.

= Ontology - $2]&2 stdZ A9 = vocabulary Ho| ©0]9= contextual relationshipsS
gelertt. o7l AAY] g5 A= cornerstoneoltt. 2E=2AIE AJost] gt &4
Al gyntax= OWL (Web Ontology Language)o], ©]71& RDFS (RDF Schema)S ZHAHA]
A w2 Hor, g5 oA BYshrlz it

*2E2AA?
AL o] H 2ol EAfste ZHAIE ZHdel o
gt AR FAolH, THFatet Tidetel HAS wHshE

gt BA=AL AR ARERI] SREE AAES et
Zlolt}. L E 2K T TAEZ ZAE A= AMA

oA AZIE 4 9lon], 1 Solx 54 wuldle] BAY WolSo] ASHR B 9, F/PHOR o g
T 4 Qb AuATE ZPEol glol, W YN AlA Ayt $§m2IY Aole] KA B§ So| FH5stES ol

I o o
e o SA9 AEAHQ UPat 2L ob] Ash LEAIL Y AAR Adoletn & 4 9leh

ARIE RAYS ARESHo] 227 &+ 7H] Aol EQ) Ay g ofgA =X 5717

Oscar A oty

Winning Biographies
Films

Common Knowledge Domain
Film Surmmaries & Actor Bios

AR, T AJEES Z=o] mZEAQl vocabulary® 7fgsio], o] RulAbo) A
(contextually) ¥X]sl= AJA1E9] Ho|HE 7|45t A8 A|Aof stc}. o|& So], 80] 'film
title'2 & APo]E RfRoA FUst Al=(thing)s 2u|stojop 5t0{, &0 'actor name' x}

=
‘actor birthdate'®= OFfH7FA] o]Ct,

ol2fel #& 92 vocabulary® AHEH &ol5S 7HAAL HOJE Y AAIH ojE BHETE o 9
oo, meb o] ofet Fdet HlolHE AdAd & ot ol Zibe FZ2 base
of o5l FoAR 4 ot

ontology, £+ common vocabularyS A&t Q= % A}o]
EA

E
Ao r ol & APOIEx oA A2 F4l(communicate)d 4+ Qltt.

Ol'

ord o]2ist B& vocabularyZt A&|A Aof AFEHCHH(in place):

—

L

s = AjolEL S gojo] o5 Az Aol 4 9



s The Oscar Winning Movies sitex= on-demand YAl 0 2 the Actor Biographies site9]
Hj- o]&2 HYUY & Qlon, 1 gatof] EAsH EEsH FHul ol tisto] Bt AAIgH FE
2 22 2 ok

m The Actor Biographies site ¥A] on-demand A1 02 Oscar Winning Movies sited
U+ film plotsg oAl HF & o, vt FAWH Fah=0 sty o w2 ApAg
dg 4 9k

Aol o 2E=2A00A 49" contextual relationships(z™M7d$ Awd)et H=o], &
of e ofspulou gajol oist AP AR MM, etEYH U IR

B 7HA] w2, 9] ALY, B A9 AAA s AAtY 8 55

ejg AEsb EACL ARl Rsttlete, ol 8ab: oledt W28 1ZE&oi(linked
standard terminology)& Atgsto] B4R AHE AS Lo QITt

m 0|71 2 = x}o]EZlo| £Af5t= transformation, mapping, £+ contractsQt ¢ =LA
3} AFaglo] o] ojAof Gitt. wE FRs} vt o] o] E(semantics)S F5) AATEICE.

oX
o of
P oz

2 o8 =

L= o5 AooA SW 2E=2X]9] Ftd(makeup)o] FGlo]al, ofg]Zo] A|HE Ho]EjH]o]
20 oA Heloh=A], 2l AX|o] I7oA Z|AA FE(machine inference)& o|Z A
3]

24282 LEZAE Aoste 375
2ol AT ~ A > ¥

O
ofelg AAZ o|Ag HUYY LE 9

o714 =99 To|Ql7te] A]AlF-g(cross-domain knowledge sharing)= ©A] € Alo] Eof
g R8s Zo] ofual, Z|wolA TEF A4 based| A& AGHT} Thaty SW EHZE 2]
+ FolM T ooyt FHTE A= A] QFotof it

H] 5 AJWE gojEHo]AE A5 #5Z ©, & 9 U2 7IE Aol Basid siyete, Al
Aol BAMA =09l 7Ho] g9l &ol/d, Aofd AIRE, 27 stof dojql ofojoio] ojgh
&b

[e]
oS AR ohe NFEF Zolch,

3.3 Metadata Initiatives

AlAlel ThQlofA] &o]E HEHSI= EFE vocabularies, £+ FAA ontologies= ©]0] Th¢F
st 2A] - o2 £0], media terms, biomedical terms, scientific terms - of tjjst
vocabulariesg TtE= of2] AE7|Ho2HE f5= o|&d 4 oy, E 7HX] o5 A

W ot at 2o

m Dublin Core Metadata Initiative (DCMI) - £3] ZEX o]l LA™ 0l o] T2]1 Tjgo]
o] 2@ gojo] SWspl £ WEUA ofe] AAo hEr LEXS WED Ut



Hl
EN

sFriend Of A Friend (FOAF) - social networking purposeso] Si=
vocabulary/ontology?] 7j¥to] £4-S 9tz Qlct.

x OpenCyc(@EA10]3) - AAFA0| L AR A4S 2| £ E2A.

The OpenCyc Platform is your gateway to the full power of Cyc, the world’s largest and most complete

general knowledge base and commonsense reasoning engine. OpenCyc contains hundreds of thousands of

Cyc terms organized in a carefully designed ontology.

ot Joe Wt ta FYddAM, Y= SWolA 2F2AE BYsts WY SW HlolH
Ho] 2o FEE Helshs wyol it 2ot ¥t 7leA &2 Zots Aolo

You should now understand the following:

m The main benefits of semantic data over traditional data models.

m How a semantic web application might function to automatically link data
between independent data sources covering the same base of knowledge.

m That open standards for common, everyday vocabulary currently exist.

Tutorial 4: Introducing RDFS & OWL

A7ge] Hole] wHoA vocabulary®t semantics®] DHEF] g GRS A70SHAAL, olA]
olujgxt &7 RDF data modelsg OhF=0] ZAast AAAQ 7|=g A2 gt
RDF data®= RDFS J2]1 OWL# 72 & 7}X]9] syntaxesS Ah&sto] A|HE wE}C]o]E
ot e encoded & 4 QT

At ZoolAN, S AlHE 2HEut oA Hloje g REststs Hoh Q7] AEARl
o] R 7HAE vttt 22l EF SW RAS ARgto 2N, HojE 3RE HO 795
A 2eju A SoiAl7] L g (situation)S AN SHA

ggoem olog At
7| RDF dlojelg 23
T o oo, 9

Je2]n AEE AREoto], & 7iY 59 AAOJEVE M2 HolHE
e e HolRQch o] ZFojojA]

(annotate)st=0] AF&E = 5AIAQl syntaxs RALY Zojtt. 1]
+ o]" flo]HE &Wotal Hstes WS gots Zlojth

L

, 22]= semantic metadata®}

H 0% OM

RDF Hlo|g &= F 7FA|9] &Q3st AIFAQl RDFSeF OWLE Ahgsto] A|HE meto]g et &
A B=Elth RDFS @F OWL & tf W3C specifications ©]C}.



4.1 A Starting Example
o2fZo] ¥ Qe 2ol OWLe] djojdy:

01. <rdf:RDF

02. xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#"

03. xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"

04. xmins:owl="http://www.w3.0rg/2002/07 /owl#"

05. xmins:dc="http://purl.org/dc/elements/1.1/">

06.

07. <I--— OWL Header Example —-—>

08. <owl:Ontology rdf:about="http://www.linkeddatatools.com/plants">
09. <dc:title>The LinkedDataTools.com Example Plant Ontology</dc:title>
10. <dc:description>An example ontology</dc:description>

11. </owl:Ontology>

12.

18.
19. </rdf:RDF>

Alg AHAIs] &8 strjotet. Uaof AmEr]|2 ohoh. 2”9 FEs)of st A2 olAQl
RDF tt#HEQ] headerd] 7ol AT F 712 M2 namespaces?t Z3tE0] QTh= 7
oltt: 3¥A] &9 RDFS (RDF Schema, http://www.w3.0org/2000/01/rdf-schema#) 7.2]11
44U &9 OWL (Web Ontology Language, http://www.w3.org/2002/07/owl#)2]
namespaces °|tc}.

g M o 28 21 RDFOIA 929 282412 Aojsts Wlolch, Je), LE2A w3
E

AEAd 2524 £AE 2olish 2AE oA, plant varieties(=9 £/)S elstil gl
et 2ERAE AmEAt

Point Of Interest - Why OWL, not WOL? When the acronym for Web Ontology
Language (OWL) was first proposed by the working group, OWL was adopted instead
of WOL as it is easily remembered, and suggested wisdom. But confusingly enough,
it is still an acronym that should strictly speaking be WOL.

4.2 OWL Header



01. <rdf:RDF

02. xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#"

03. xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schemad#"

04. xmins:owl="http://www.w3.0rg/2002/07 /owl#"

05. xmins:dc="http://purl.org/dc/elements/1.1/">

06.

07. <I-— OWL Header Example —-—>

08. <owl:Ontology rdf:about="http://www.linkeddatatools.com/plants">

09. <dc:title>The LinkedDataTools.com Example Plant Ontology</dc:title>

10. <dc:description>An example ontology written for the LinkedDataTools.com RDFS &OWL introduction
tutorial</dc:description>

11. </owl:Ontology>

12.

13.<!-— Remainder Of C+RYE Omitted For Brevity... ——

14.

15.</rdf:RDF>

S 2E2A7} Sclo] ZRHA Qolo} stelgte, of R iR 2E2Ald EAHol 9
2E R ARG olssled] 280 B AuE TPATIVI FL Faold.

HoAXA™E, 2l 2E=2X18 3 719 titlew} st 7j9] descriptiong ZIA|ZATE. THX|TEH
o] X2 Egt HE 7841& UEUl+= version informationg ZITA[AOF Sth= AA0|H, o7
w9 2ERAE e 252A0 & (import)etttil Rl (state)d 4 U= F40]

Ud o o RLERAF O 2EEA0A 2 elementsE AMESITHH, o] A2 of2 Rl &
EE2A7F O Ao 9ESHL = AS L]+ toolsH frameworksE sl Aojxlog F

! Point:

dec: prefix, http://purl.org/dc/elements/1.1/2+= namespaceS AoJst HHA] =& Ei2h
0]71& Dublin Core Metadata Initiative2l= namespaceS AR50, machine readersoj
Al dc:title and dc:description 9F 2 AHESL2 o] 2EZX|oA AHolsty oty &
221 9t Remember - we mentioned this often used ontology at the end of the
previous tutorial. And, because it's an OWL ontology, it is also defined in RDF. Just
point your browser to its namespace URI to download it.

4.3 OWL Classes, Subclasses & Individuals

2E2X9 Al 1xHA FA2 thingsS semanticstt meaningo] et #5Fsk= ZloJjtt. OWL
oA, o]81 &AL this is achieved through the use of classes J12]1l subclassessS AL
sto} o]& & Qltt. & &0 OWLOIA= olZAS individuals(instance) 2t H-2th. E73t
OWL class9 W =09l individualss= 1719 class extensiongt Y2},

ol

OWLOJ|A| class + individualsg& =50t 559 &S 595t 9

rr

]_

JEoleh. T



L}+9] individualo] 3t class®] §F Ww{a}®, 7712 machine readero#l 2.710] OWL class
of oJs Fojxl ojo]d EFo &stctn dejEct.

An Example

CAl OWL ontology®] ol & A} ol#lol= 2 7pX]9] classes®} subclasses?} %71 & ict.
22l+= 37HX]9] plant classesE 7J2]3tt}: the flowering plants class, shrubs class, 7
A o] FIUHA] ZefAE AdZ2tAE THA|AL QL= planttype class. WEtA] planttype class
= plant types®] 2|749] FetAoltt,

01. <rdf:RDF

02. xmins:rdf="http://www.w3.0rg/1999/02/22—-rdf-syntax—ns#"

03. xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"

04. xmins:owl="http://www.w3.0rg/2002/07 /owl#"

05. xmins:dc="http://purl.org/dc/elements/1.1/"

06. xmins:plants="http://www.linkeddatatools.com/plants#">

07.

08. <!-— OWL Header Omitted For Brevity ——>

09.

10. <I-- OWL Class Definition - Plant Type ——>

11. <owl:Class rdf:about="http://www.linkeddatatools.com/plants#planttype">
12.

13. <rdfs:label>The plant type</rdfs:label>

14. <rdfs:comment>The class of all plant types.</rdfs:comment>

15.

16. </owl:Class>

17.

18. <I-- OWL Subclass Definition — Flower ——>

19. <owl:Class rdf:about="http://www.linkeddatatools.com/plants#flowers">
20.

21. <I-- Flowers is a subclassification of planttype ——>

22. <rdfs:subClassOf rdf:resource="http://www.linkeddatatools.com/plants#planttype"/>
23.

24. <rdfs:label>Flowering plants</rdfs:label>

25. <rdfs:comment>Flowering plants, also known as angiosperms.</rdfs:comment>
26.

27. </owl:Class>

28.

29. <I-- OWL Subclass Definition — Shrub ——>



39.

40. <!—- Individual (Instance) Example RDF Statement ——>

41. <rdf:Description rdf:about="http://www.linkeddatatools.com/plants#magnolia">
42.

43. <I-- Magnolia is a type (instance) of the flowers classification ——>

44, <rdf:type rdf:resource="http://www.linkeddatatools.com/plants#flowers"/>

45,

46. </rdf:Description>

47.

48. </rdf:RDF>

Point Of Interest(RDF C}FHIE 9] E}dAd ZRAP - You can investigate this RDF c}F-dl
E further by passing it through W3C's RDF validator, which automatically tabulates
the T}FWE's RDF subjects, predicates and objects for you. This can help
significantly improve your understanding of RDF. Just click the 'copy to clipboard'
button on the top right of the code excerpt and paste into the validator.

Taxonomy - A Hierarchy Of Terms

Qe|k 3t e 929 ofolx gojuf FRAS ASHOR Hogt Holch SW AIA A, o]
2igh 8019 AFS taxonomyr} FETF. U2 2171 J2gt taxonomy hierarchy2 12
m2 Yepd Zolck:
plants:planttype
plants:flower plants:shrub
S — S gt

An example of a taxonomy hierarchy

Note - 9-2]+= magnolis(F3)2t 22+ flower 220 EOHE HIY2E WSA YT
JZ1¥ = magnoliate flower 2a]A9] individual(instance) o]c}. ¢ o]217}? magnoliat™
flower classification?] st Wwo]X|gt, 77& ©f o]4} flower subclassificationo] ofult}.
o]Z2 U3 magnolia®] ofoX A HW oA  flower 29

individuals(instances)©]X] subclassification &, T2 Zo| ojzt= 2ojuojo|}.



4.4 OWL Properties

OWLO| A Individualse propertiest ¥ QJtt. OWLO|+= %= £59] property’t Qt}:

+ Object properties (owl:ObjectProperty): & 7}X] OWL classes® individuals
(instances)?t o] 9Qict.

- Datatype properties (owl:DatatypeProperty): OWL classes®] individuals
(instances)9] literal valuesyt &= Qlct.

An Example

HA a data type property (one which links an instance to a literal value)2 Z7}sh
=0ll. MagnoliaZ} &3l QU= species family ©] o|5& F7I5] HA}

01. <rdf:RDF

02. xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#"

03. xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"

04. xmins:owl="http://www.w3.0rg/2002/07/owl#"

05. xmins:dc="http://purl.org/dc/elements/1.1/"

06. xmins:plants="http://www.linkeddatatools.com/plants#">

07.

08. <I--— OWL Header Omitted For Brevity ——>

09.

10. <I-— OWL Classes Omitted For Brevity ——>

1.

12. <l-- Define the family property ——>

13. <owl:DatatypeProperty rdf:about="http://www.linkeddatatools.com/plants#family"/>
14.

15. <rdf:Description rdf:about="http://www.linkeddatatools.com/plants#magnolia">
16.

17. <!-- Magnolia is a type (instance) of the flowers class ——>

18. <rdf:type rdf:resource="http://www.linkeddatatools.com/plants#flowers"/>
19.

20. <I-- The magnolia is part of the 'Magnoliaceae' family ——>

21. <plants:family>Magnoliaceae</plants:family>

22.

23. </rdf:Description>

24.

25. </rdf:RDF>

Important Point - o7]A], 94 of2]& 0] object oriented programmer=}#, ojz]&2 o}
&0 2HH programmatic object classes and their associated propertiesS Aztsf Wl o}

=0, 2752 OWL classeso] sl 82 Zute vjwsia] & Zojot. 12iA] opNlQ - AL
geta. 99 JAE F55] EAL ‘family' property: o]HE class typedtk: =3Ao|df,

class flower (magnolia)?] instanceo] ag=Ect 72 ZajAo9] Fr}E instance & 0]



propertyS ZtA] & £ 9t OWLOA= 135t} instanceE 7HX|1 Y+ properties?t
JAE9] class typeso] ofYz} 1759] instanceE 7|sdtth:= AE F535tet o] FL,
oz E2 ¢Hs] A= Of ZejArgos FUS family' propertyE AMEE 5 ot

202 an object property (one which links an instance to another instance)S #7}
3l WAF 22]7F ARS 295t Q11 o] AlE(Magnolia)2 AMEZFClu UE7A 2 2% <l
717F Q= o2 A 2o g 35t Ystcky sAH Let's say we're running a shop, and we
want to link this plant (Magnolia) to another plant which we know as the shop
owner is equally as popular). "similarlyPopularTo"2t= propertyS Z7}8f] HX}:

01. <rdf:RDF

02. xmins:rdf="http://www.w3.0rg/1999/02/22—-rdf-syntax—ns#"
03. xmins:owl="http://www.w3.0rg/2002/07 /ow!#"

04. xmins:dc="http://purl.org/dc/elements/1.1/"

05. xmins:plants="http://www.linkeddatatools.com/plants#">

06.
07. <!-— OWL Header Omitted For Brevity ——>
08.
09. <!-- OWL Classes Omitted For Brevity ——>
10.

11. <I-- Define the family property ——>

12. <owl:DatatypeProperty rdf:about="http://www.linkeddatatools.com/plants#family"/>
13.

14. <|-- Define the similarlyPopularTo property ——>

15. <owl:ObjectPropertyrdf:about="http://www.linkeddatatools.com/plants#similarlyPopularTo"/>
16.

17. <I-— Define the Orchid class instance ——>

18. <rdf:Description rdf:about="http://www.linkeddatatools.com/plants#orchid">

19.

20. <!-- Orchid is an individual (instance) of the flowers class ——>

21. <rdf:type rdf:resource="http://www.linkeddatatools.com/plants#flowers"/>

22,

23. <I-- The orchid is part of the 'Orchidaceae' family ——>

24, <plants:family>Orchidaceae</plants:family>

25.

26. <!-— The orchid is similarly popular to the magnolia ——>

27. <plants:similarlyPopularTordf:resource="http://www.linkeddatatools.com/plants#magnolia"/>
28.

29. </rdf:Description>

30.

31. <I-- Define the Magnolia class instance ——>

32. <rdf:Description rdf:about="http://www.linkeddatatools.com/plants#magnolia">
33.

34. <I-- Magnolia is an individual (instance) of the flowers class ——>

35. <rdf:type rdf:resource="http://www.linkeddatatools.com/plants#flowers"/>

36.

37. <I-- The magnolia is part of the 'Magnoliaceae' family ——>

38. <plants:family>Magnoliaceae</plants:family>

39.

40. <!-- The magnolia is similarly popular to the orchid ——>

41. <plants:similarlyPopularTordf:resource="http://www.linkeddatatools.com/plants#orchid"/>



42,

43. </rdf:Description>
44,

45, </rdf:RDF>

£ S0, £2]= URI http://www.linkeddatatools.com/plants#orchid®} ©&0] Orchid&
#HA5H= flowers A9 M 22 individual(instance)& 795ttt ofg]&o] 227t =Y
st 221 A 9] individual?l Mangnolia instanceS Aot HHOo2HE o]7& ol & 9
A gela) shah ol 2le] A WAl £ o] tutorialsol A H, oj2jRo] YolA Helst
RDF grapho @2t Orchid 12]1 Magnolia class instances®t 0]7159] predicatesS H
oFt aejme 1Y & 9l s wet

Hint: 2] 88 AFZE the family 12|11 similarlyPopularTo propertiesS UEIYE: sHtEE
Jejop & Zoltt. family property?t ##AsiA, 2t7H9] plant §02 A2 ChE family type
literals2 QI E(point)dfjo} & Zlolt}. 12|11 similarlyPopularTo property®} =s{i]=
the instances’t 242 mQIESfo} & Zlo|ch

Important - Point Note

Qo] oA, &8l similarlyPopularTo object propertyS E35] £Z2 OWL Z29 2
instances?7t2 ¥ 3st= a two waysS Zr=rCHOrchid®} Magnolia & C} EZ2
individuals o]t}). 21Xt £E3 72 object properties= two way’l ofd &% Qr} -
J71 5L they may be one way¥d £%= Qo= Zojch. d2]x FQ3t 2L £ OWL 2
2 A 9] instances 7to] ojL}Xx] ¢olof sttHneed not be between instances of the same
OWL class). 2752 2tA3] o2 OWL classes¥ 4 t}.

0

olAl o2 uhilcth. olEEe cheu}t Ze A2 olFistn Yojof stk

- That RDFS and OWL are W3C specifications with their own standard W3C
namespaces.

+ How OWL headers are constructed and some example uses.

+ How to implement your own OWL classes, subclasses, individuals and properties.

+ How to build your own basic ontology.

Tutorial 5: Querying Semantic Data
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of. WA dlolEHo] 2] Ho]gollA SQLE AREste Heshs A", RDF Ho]E|9]
triples= SPARQLZ ARESto] Heorth f2l= R 7HA] 7]24Q0 H3E xAlsto] SPARQL
¥ SQLS Bluws o

After this tutorial, you should be able to:

m Build your own basic SPARQL queries, step-by-step

m Understand that SPARQL is not just a query language, it is also a protocol

m Understand the XML format in which SPARQL protocol returns the results of
queries

m Try executing some SPARQL queries yourself on some UK government RDF data

m [ ook ahead to SPARQL+ which has add, modify and delete capabilities

MS SQL or MySQL#} 2 7713 cloleuo] A2 5e| o]l ZMshar] A8t
9rel ofej o] MEAQ ITo] ofat W3S 2 9lokd, ofejee olo] MS SQL or MySQLi}
Ze @AY doleuolrdA dolels PAshe] AMgsH:= SQL(Structured Query

Language, pronounced "sequel')o] tjs}o] & &1 918 Zlo|ct.

H]5174], RDF data stores 9A] XAISQ] #Hz] 90|91 SPARQL (SPARQL Protocol and
RDF Query Language, pronounced "sparkle")2 At835to] Helstch I X|gF SPARQLE

5 o 2@auch

SPARQL2 W3C standard o]0, dAx} #{&-2 1.1 oJc}.

5.1 A Starting Example

o]

olA] oS sl SPARQLY Z&5S Hojx7]|z otk

. PREFIX sch-ont:  <http://education.data.gov.uk/def/school/>

. SELECT ?name WHERE {

. ?school a sch-ont:School.

. ?school sch-ont:establishmentName ?name.

. ?school sch-ont:districtAdministrative
<http://statistics.data.gov.uk/id/local-authority—district/ 00AA>.

O~ W N =

o

}
7. ORDER BY ?name

oAl EZ o] 5ol A=A EA|eF A4 sHA] ofet.
o] Ha]7} 9t UK government's Open Semantic Databaseo|A] 3J=ITtH, o oA &3

A7 00AAC] 9t BE 8tiol ol§2 @A 2 Aolck TP Al AHE g, of
e HUSIA EATSH] Mol olele of o] Zio thel Lolok SIS A Wet.

oll



Try It Yourself - Copy and paste the above query into the UK government's
SPARQL query endpoint at http://education.data.gov.uk/sparql/education/query.html
and the see the results. Such an URL is called a SPARQL endpoint in the semantic
web world - and is the way in which the data on the semantic web is published to

the outside world in a query enabled form.

SPARQL Is Similar To SQL

SQLAY, SPARQL /AdEE HlojE9] ojmgt SHATS d= AUXE AASH] 95t
SELECT statementZS A}85t9] query data set2ZXE Gjo]g|& AERstCE FESH SPARQL &
He] dloje] MEOA thFEE= Aa A7) gt ez mj&l(graph pattern)s J2J5t7] 915t
o] uses a WHERE clause2 A&3sic},

SPARQL WHERE clause9|A] graph patterna GJo]Eo|A] TjX|E]E 7 A7 9519,
subject, predicate Z12]1l object triple2 AT o]A] 9] A& £ 111 AHAI1E] RALSH B
At

ﬂJlo

SELECT statement= ¥~ ?name® ZiHreturned)s d: =

ol

o},

Note - SPARQLOJA], ¥14 o]&(variable names)2 question mark ("?") symbol& JFA}
(prefix)2 Zr=t}. query graph patterno]A], o]Z 52 o]j@ node®} match 3ttt - 170]
resource E*= literalo]= A4Qict.

225 712 o] ¥4 ESH WHERE clause search patterno] AF8= & 9lthk - second
query search pattern® object2. I8 Fst 223F 712 ?5chool H4o|Tt Because a
=73st URIZE ofix]7} ofyel H4-gol7] oo, oTgt matching subject URIE o] £3Z°
Hel mein eisiA 2si™ 4 glon] 1 AT 1 w4 o] 23 mappeds ZolTh,

Jejoz, 919 SPARQL queryoldl, ?namee HeolAl |3 37bA EAmEiat ofx|els
9E StaolS2 2H ALk St YTH, el F/PHOR x| criteriag F7HO
24 o HlE & o ALY 4 Uk TA Uiy, AR g "00AA"T BhR|E]E 3}
WOHS Q7sHs ohAY B mEe Ao RN, el 9o ool & o muHI A

0

upRlg oz, 25 712 ?school ¥4e B 37FAIQ1 EAITfR Y #AGHA], o]H subject7t
AT 0fR|E]H o] Mol AupE 2HAZA AZ Qulsta 9tk T2{u} o|Zo] ol H
2]9] SELECT statemento]] AgEX] ¢4Qtov a2 ?school’t mappedEdzte, 7 Ayt NE
g 2ldaiAl it

HollA AA]

?

5 dlolefdo] A0 tisto] s BH of2F AAz o]ZlS AL otk



5.2 SPARQL General Form

SPARQL queries = ofefol 22 Uvba oJel2 7t glck. ol2te shto] Hale olgf A
Moz MEd &% o, I AMHS oot clause or keyword”} Qtt= S HoFil

= T
e,

PREFIX (Namespace Prefixes)

e.g. PREFIX plant: <http://www.linkeddatatools.com/plants>
SELECT (Result Set)

e.q: SELECT Zname

FROM (Data Set)

e.g. FROM <http://www.linkeddatatools.com/plantsdata/plants. rdf>
WHERE (Query Triple Pattern)

e.g. WHEERE { Zplanttype plant:planttype Fname }

ORDER BY, DISTINCT etc (Modifiers)

2.4q. ORDER BY ?name

E, golA e 7 Mol Al 2AR, Salt ohaE 2L Hels AHT 5 Aok

. PREFIX plant:  <http://www.linkeddatatools.com/plants>

. FROM <http://www.linkeddatatools.com/plantsdata/plants.rdf>
. SELECT ?name WHERE {

. ?planttype plant:planttype ?name.

}
. ORDER BY 7?name

I I N R N

ol

A °F TA SPARQL querys ¥/dst

rr

19

i
cE
o
o
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o|sljaf EA}.

5.3 Building A SPARQL Query

o8 E2}E dlojEje} UM SPARQL H2lE TESHE WHE ¥le7] slol, shtel oA
dole] MER AR Bk 927} ofo] & Zololx Helsd plants & shrubs & EE2A]
g 2712 @t



Example triple data containing a variety of shrubs and plants, and their family names

Subject Predicate Object
http://www.linkeddatatools.com/plants#magnolia http://www.linkeddatatools.com/plants#family Magnoliaceae
http://www.linkeddatatools.com/plants#african _lilly http://www.linkeddatatools.com/plants#family Liliaceae
http://www.linkeddatatools.com/plants#silvertop http://www.linkeddatatools.com/plants#family Aralianae
http://www.linkeddatatools.com/plants#velvetleaf http://www.linkeddatatools.com/plants#family Malvaceae
http://www.linkeddatatools.com/plants#manglietia http://www.linkeddatatools.com/plants#family Magnoliaceae

L2]9] example data setof= 57}X]9] plants & shrubs’t S9°9/t}. subject= 1

Rt URIOIHOISAS gistel URI: Aol @S0l Uv o2 AM8sin),

predicatet= family nameo|t} - o]Z12 27} AJoIsiH E=2X[0|A 7Pt T1H

Neg
The
ool

%2l literal objectsE ARERITE - O]Z12 Algoly =9 wshA o] F(family name)S!

extgz Py ot

ol tlojg e} WSk R 7HA] IhHet Hel S AMgSiA L AukE AmEAL

Select All Data

HA, 219 gdolgz¥E Y& plant URIs (subjects) Z2]i plant family names

(literal-type objects)S AMENSE H2]S AHAESH BAL

1. PREFIX plants: <http://www.linkeddatatools.com/plants>
2. SELECT * WHERE

3. {

4. ?name plants:family ?family

5

1

SQLTF ORF7HA]2 SPARQLOJA] wildcard 's'= @
Zoltt. o]Zo] Ralg 9Julsh=71? 2|7} & 7ie] ¥4 name 12
o2, 3 Hes 229 A AMEo oHA HAd" & 7K He
subjects, predicates or objectso]] @z}, 7 ZAut= 2j€lA]Z Zlo|ct.

olFA fele HYUE dYstAi, oA 73 Al ¥AL SPARQLZ X
languagetto] oy, 2712 E5t L2 EFojt of2]7o] AZELo7l & &
schema©]] ZutE 2|8 A7ty A3t AE FoA 7P d2] AMgE = JEIE

XML result format o]t} ofgj= 2|71 E=o}zZr XML format result set o|C}.

01. <?xml version="1.0" 7>

02. <spargl xmins="http://www.w3.0rg/2005/sparql-results#"
03. xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance">
04. <head>

05. <variable name="name"/>

06. <variable name="family"/>

3l ?familyS A
Ha7F mapped E+=

+ UfXIE dolHE ZANE=Z 2HAIZ
o

135
ERY



07. </head>

08. <results>

09. <result>

10. <binding name="name">

11. <uri>http://www.linkeddatatools.com/plants#magnolia</uri>
12. </binding>

13. <binding name="family">

14. <literal>Magnoliaceae</literal>

15. </binding>

16. </result>

17. <result>

18. <binding name="name">

19. <uri>http://www.linkeddatatools.com/plants#african_lilly</uri>
20. </binding>

21. <binding name="family">

22. <literal>Liliaceae</literal>

23. </binding>

24. </result>

33. <result>

34. <binding name="name">

35. <uri>http://www.linkeddatatools.com/plants#velvetleaf</uri>
36. </binding>

37. <binding name="family">

38. <literal>Malvaceae</literal>

39. </binding>

40. </result>

41. <result>

42. <binding name="name">

43. <uri>http://www.linkeddatatools.com/plants#manglietia</uri>
44. </binding>

45. <binding name="family">

46. <literal>Magnoliaceae</literal>

47. </binding>

48. </result>

49. </results>

50. </sparqgl>

oA tj 7] 41 o] ¥}, 22l 23 AMEZF AM8st= o|H XML namespacess
Aolst= A8 4 9= root <sparql> nodeE 7zt itk 13 2, 229 SELECT
statementof]l A wildcard ()& AFE317] W&o, WHERE clause of 9= #Hz] T2z 1&gl o
A ddd & 79 ¥4Q0 7name # ?familyS FASHCE. doRA|L], o]2{st S At Al
E 9] <head> sectiono|Al Aoldct}. &, o]Zsg Hol sl e Hasolt

olFl %= ol HY Wl FoAH ZAHES A=ttt AAY HE mixs 27 AFY



<result> noded] 2JEET £28 Ze 2ejo] Hajo] AuwolA ojmd WA o] ojxlA]
oroiTie 92l ©2lo] XML 2lRiEl: ot ATE §rhe Zioltt.

o2 22]9 result XMLo] H|o]EE enclosedt?] 95t <uri> and <literal> tagss At
25to0 23 URI type valuesy} literal valuesS fL825t= WHES & 4 it o]7 e o3&
ol ez & o ol2igt @S ol&sto ol Ho|8E ZAlparse)stes 0|7 AX
EQofo] oJEsHA 2 Aot 2yt 27150] ol2fst WS Efo| gttt AMM 2 2jHE 2
37} AFgsHe X Aslo] B9lolEA] Zho] of9 §8stch.

Select Only "Magnoliaceae" Family

wot FUshA 22]9] gloje] NJEZXE Magnoliaceae familyo] £3t= A20S 2]EIA|A
YAF ojgA 2t?

1. PREFIX plants: <http://www.linkeddatatools.com/plants>
2. SELECT * WHERE

3. {

4. ?name plants:family "Magnoliaceae"

5

.

ojZl2 ZrEstA ol HoA family ¥HHES A oo, 271 o] literal
‘Magnoliaceae'S TIAIAIZ|H €t ofx] £2]9] 2]+ o|H object match® T} o] A}

ore REe ojRlS 23 Zlolch

Hel 2 Avks eyt 2ok

01. <?xml version="1.0" 7>

02. <spargl xmins="http://www.w3.0rg/2005/sparql-results#"
03. xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance">
04. <head>

05. <variable name="name"/>

06. </head>

07. <results>

08. <result>

09. <binding name="name">

10. <uri>http://www.linkeddatatools.com/plants#magnolia</uri>
11. </binding>

12. </result>

18. </results>
19. </spargl>



WHERE Z=Z1740A ?family WS A7 O, o]zl ZAxto] o o4 EXfstA] 9o
o, £2]9] <head> sectionof= ©A] return variable®l ?name, J2]1 22]9] & 7}X]
matching triple patternsfgto] Zsh Elt} - object value© 2 FAHgE "Magnoliaceae'S 7}HA|
3 Qe = Wy ©% o Magnoliaceae family o|C}.

5.4 Further Exploration

ojfio= of2fZo7l F9lo] querying triple data®} Z-2X|of tfsto] Fot¥ A} Building
SPARQL queriesE &5h= A2 UA AEAO|X|gt, dofopd 7FX|7F Tt o]x| of2]&2
SPARQL query”Z} oj® FEj& E|of Ql=Alo] tic) & A%Z Aolth. F7I2 ¢ ¥ Atag
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Note - You may like to try SPARQL queries of your own using our linked data tool
suite RDF Studio. RDF Studio has full SPARQL help (including autocomplete of your

queries) to help you write queries as you type.

5.5 What About CREATE, INSERT, UPDATE?
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m That SPARQL can query RDF datasets, rather like SQL can query a relational
database.

» That SPARQL endpoints are used to query and return data from the semantic
web.

m How you can build and execute simple SPARQL queries yourself.

m Have a starting knowledge of the form in which SPARQL queries return results.



*

*

*

*

< g7 = >

x*+x [ jst of Academic Databases and Search Engines *#*x*

<Name: Discipline(s): Description:  Provider(s)>

Academic Search;
Multidisciplinary
Several versions: Complete, Elite, Premier, and Alumni Edition;
EBSCO Publishing

Aerospace & High Technology Database
Aerospace, Aeronautics, Astronautics

ProQuest

African Journals OnLine (AJOL)
Multidisciplinary
Scholarly journals published in Africa Free abstracts:

African Journals OnLine.

AgeLine
Sociology, Gerontology
Includes information on aging-related topics, including economics, public
health and policy.
EBSCO Publishing.

AGRICOLA: Agricultural Online Access
Agriculture
Produced by the United States National Agricultural Library.
Free access provided by NAL.
Subscription access provided by Proquest, OVID.

AGRIS: Agricultural database
Agriculture
Covers agriculture, forestry, animal husbandry, aquatic sciences and fisheries,
human nutrition, extension literature from over 100 participating countries.
Material includes unique grey literature such as unpublished scientific and
technical reports, theses, conference papers, government publications, and
more.
Produced by the Food and Agriculture Organization of the United Nations.
http://agris.fac.org AGRIS



Airiti Inc.
Multidisciplinary
China, Taiwan. Airiti Inc.

Analytical Abstracts
Chemistry
Royal Society of Chemistry

Analytical sciences digital library
Analytical chemistry
National Science Digital Library and the Analytical Chemistry Division of the

American Chemical Society

Anthropological Index Online
Anthropology Index only (no abstracts or full-text)
Royal Anthropological Institute

Anthropological Literature
Anthropology
Maintained by Harvard University. Non-Harvard access provided by OCLC

Arachne
Archaeology, Art history

German Archaeological Institute & the University of Cologne

Arnetminer
Computer Science
Online service used to index and search academic social networks

Tsinghua University

Arts & Humanities Citation Index
Arts, Humanities Part of Web of Science

Thomson Reuters

arXiv
Physics, Mathematics, Computer science, Nonlinear sciences, Quantitative
biology and Statistics
Cornell University

Association for Computing Machinery Digital Library



Computer Science, Engineering,
Association for Computing Machinery.

*

Astrophysics Data System
Astrophysics, Geophysics, Physics,

Harvard University.

*

ATLA Religion Database
Religious studies,
Provides information on topics such as biblical studies, world religions, church

history, and religion in social issues.

*

AULIMP: Air University Library's Index to Military Periodicals
Military Science,
Air University.

*

BASE: Bielefeld Academic Search Engine
Multidisciplinary,
Bielefeld University.

*

Beilstein database
Organic chemistry,
Available from Elsevier under the product name Reaxys.

*

Biological Abstracts
Biology,
A complete collection of bibliographic references covering life science and
biomedical research literature published from more than 4,000 journals
internationally,

Available from Thomson Reuters.

* BioOne
Biology, Ecology, and Environmental Science
An aggregation of over 78,000 peer-reviewed, full-text articles on current
research in Biodiversity Conservation, Biology, Ecology, Plant Sciences,
Entomology, Ornithology, and Zoology. Free Abstract & References,
Subscription Collections, and an Open Access Collection Available from BioOne.

* Bioinformatic Harvester
Biology, Bioinformatics A meta search engine for 50 major bioinformatic

databases and projects.



Free Available from Liebel-Lab, KIT Karlsruhe Institute of Technology.

Book Review Index Online
Book reviews,

Thomson Gale

Books In Print
Books,
R.R. Bowker

CAB Abstracts
Applied Life Sciences Bibliographic information service providing access to
applied life sciences literature,
CABL.

Chemical Abstracts Service
Chemistry,

American Chemical Society.

ChemXSeer
Chemistry,
Pennsylvania State University.

Chinese Social Science Citation Index
Social sciences,

Nanjing University

Cochrane Library
Medicine, Healthcare,
Includes reviews of research to promote evidence-based healthcare,
Wiley Interscience.

CINAHL: Cumulative Index to Nursing and Allied Health
Nursing, Allied Health,
EBSCO.

CHBD: Circumpolar Health Bibliographic Database
Medicine

University of Calgary.

Citebase Search



Mathematics, Computer science, Physics,
Semi-autonomous citation index of free online research,

University of Southampton.

CiteULike

Computer science.

CiteSeer
Computer Science,
Replaced by CiteSeerX,
Pennsylvania State University.

CiteSeerX
Computer science, Statistics, Mathematics, becoming Multidisciplinary
Pennsylvania State University.

CogPrints: Cognitive Sciences Eprint Archives
Science (General),

University of Southampton.

The Collection of Computer Science Bibliographies
Computer science,
Alf-Christian Achilles.

Compendex
Engineering Electronic version of Engineering Index,

Elsevier.

Current Index to Statistics
Statistics,
Limited free search,

American Statistical Association and the Institute of Mathematical Statistics.

Current Contents
Multidisciplinary,
Part of Web of Knowledge. Contains 7 discipline-specific subsets.
Thomson Reuters.

Directory of Open Access Journals
Journals,

Lund University.



* DBLP
Computer science,
Comprehensive list of papers from major computer science conferences and
journals,

University of Trier, Germany

* EconBiz
Economics,
EconBiz supports research in and teaching of economics with a central entry
point for all kinds of subject-specific information and direct access to full
texts.
Produced by the ZBW- German National Library of Economics— Leibniz

Information Centre for Economics (ZBW).

* EconlLit
Economics,
The American Economic Association's electronic database, the world's foremost
source of references to economic literature.
the American Economic Association. Available from CSA, DIALOG, OCLC, OVID,
and AEA.

* EMBASE
Biomedicine, Pharmacology,
Biomedical database with a strong focus on drug and pharmaceutical research.

Elsevier.

*» ERIC: Educational Resource Information Center
Education,
Education literature and resources. Provides access to over 1.3 million records
dating back to 1966.
the United States Department of Education. Also available by subscription from
OCLC, CSA.

* Food Science and Technology Abstracts
Food science, Food technology, Nutrition
The world's leading database of information on food science, food technology
and nutrition.
the International Food Information Service. Access provided by OVID, Web of
Knowledge, Dialog, DataStar and STN International.



GENESIS
Women's history,
Descriptions of women's history collections from sources in the UK, as well as
women's history websites.

London Metropolitan University.

Global Health
Public Health,
Specialist bibliographic, abstracting and indexing datatabase dedicated to public
health research and practice.
CABI.

Google Scholar
Multidisciplinary,
Google.

GoPubMed
Medicine,
GoPubMed, the first knowledge-based search engine for the life sciences
industry.

Transinsight.

HubMed
Medicine,
An alternative interface to the PubMed medical literature database.
Alf Eaton.

IEEE Xplore
Computer Science, Engineering, Electronics,
IEEE.

Index Copernicus
Multidisciplinary science,
Scientific journal database - the IC Journal Master List - contains currently
over 2,500 journals from all over the world, including 700 journals from
Poland.
The journals registered in this database underwent rigorous, multidimensional
parameterization, proving high quality. The Ministry of Science and Higher
Education acknowledged the IC Journal Master List by placing it on the list of
scored databases, for being indexed in IC JML journals get additional points in

the Ministry’s evaluation process,



Index Copernicus International.

* Information Bridge: Department of Energy Scientific and Technical Information
Multidisciplinary,
The Information Bridge: DOE Scientific and Technical Information provides free
public access to over 266,000 full-text documents and bibliographic citations of
Department of Energy (DOE) research report literature. Documents are
primarily from 1991 forward and were produced by DOE, the DOE contractor
community, and/or DOE grantees. Legacy documents are added as they
become available in electronic format, United States Department of Energy,
Office of Scientific and Technical information

* Informit
Multidisciplinary,
Australasian aggregator of bibliographic databases and journals,
RMIT Publishing.

* IngentaConnect
Multidisciplinary,
Free searching,

Ingenta.

* Indian Citation Index
Multidisciplinary
Indian Citation Index (ICI) is a home grown abstracts and citation database,
with multidisciplinary objective knowledge contents from about 1000 top Indian
scholarly journals. It provides powerful search engine to fulfill search and
evaluation purposes for researchers, policy makers, decision makers etc.,
ICI.

* Inspec
Physics, Engineering, Computer Science,
The leading bibliographic database providing abstracts and indexing to the
d's scientific and technical papers in physics, electrical engineering,
electronics, unications, control engineering, computing, information technology,
manufacturing, production, and mechanical engineering.
I[ET

* International Directory of Philosophy
Philosophy,
Contains information on university philosophy departments and programs,



philosophical societies, research centers, journals, and philosophy publishers in
the U.S., Canada, and approximately 130 other countries. Free search; full
access

Philosophy Documentation Center.

* Intute
Multidisciplinary Serves students, teachers, and researchers in UK further
education and higher education, offering a selection of around 300,000
academic websites which have been hand-picked and described by subject
specialists. No longer maintained.

Intute.

*

JournalSeek
Multidisciplinary,
Open access journals in different language,
Links to journal's home page and publishers JournalSeek.

*

JSTOR: Journal Storage
Multidisciplinary (Historical),
JSTOR.

* Jurn
Multidisciplinary,
Open access journals, primarily in the arts and humanities, but also coverage
in science, biomedical, and economics.

Jurn.

*

Lesson Planet
Education (K-12),
Over 400,000 teacher-reviewed classroom resources including lesson plans,
worksheets, educational videos, and education articles.

Free Abstract; Subscription full-text Lesson Planet.

*

LexisNexis
Law (general),
Electronic database for legal and public-records related information,
Reed Elsevier.

*

MathSciNet
Mathematics,

Available in print as Mathematical Reviews,



American Mathematical Society.

* MedlinePlus

Medicine,
Free Produced by the United States National Library of Medicine, the United
States National Institutes of Health, and the United States Department of Health

and Human Services.

* Mendeley

*

*

*

*

*

Multidisciplinary,

The Mendeley research catalog is a crowdsourced database of research
documents. Researchers have uploaded nearly 100M documents into the
catalog with additional contributions coming directly from subject repositories
like Pubmed Central and Arxiv.org or web crawls.

Mendeley.

Merck Index,

Chemistry, Biology, Pharmacology,
Also available in print. Subscription Produced by Merck & Co.. Available from
CambridgeSoft Corporation, Dialog, Knovel, MedicinesComplete, STN

International.

Meteorological and Geoastrophysical Abstracts,

Meteorology, Astrophysics, Geology,

the American Meteorological Society. Available from Dialog and CSA.

Microsoft Academic Search

Computer Science and a limited extent on information science,
Provides many innovative ways to explore scientific papers, conferences,
journals, and authors,

Microsoft.

NBER: National Bureau of Economic Research

Economics,

National Bureau of Economic Research.

National Criminal Justice Reference Service

Criminology, Sociology,
Abstracts of scholarly journal articles, agency and NGO reports, and
conference proceedings.

United States Department of Justice, Office of Justice Programs.



National Diet Library Collection
Multidisciplinary,
Japanese. Catalog for the National Library of Japan.
National Diet Library.

OAlster
Multidisciplinary,
OCLC.

OpenSIGLE
Grey literature,
Indexes European grey literature.

Institut de l'information scientifique et technique.

Philosophy Documentation Center eCollection
Applied ethics, Philosophy, Religious studies,
Journals, series, conference proceedings, and other works from several
countries online.
Free abstract & preview; Subscription full-text Philosophy Documentation

Center.

Philosophy Research Index
Philosophy,
Index of books, journals, disserations, and other documents,

Philosophy Documentation Center.

PhilPapers
Philosophy,
PhilPapers.

POIESIS: Philosophy Online Serials
Philosophy, applied ethics, religious studies,
Journals and series, online access for institutions with print,
Free abstract & preview; Subscription full-text Philosophy Documentation
Center.

POPLINE
Population, Family Planning, Reproductive Health,
POPLINE® contains the world’s most comprehensive collection of population,

family planning and related reproductive health and development literature. An



international resource, POPLINE helps program managers, policy makers, and
service providers in low- and middle-income countries and in
development-supportive agencies and organizations gain access to journal
articles and other scientific, technical, and programmatic publications.
Knowledge for Health, Center for Communication Programs, Johns Hopkins
Bloomberg School of Public Health.

* PsycINFO

*

*

*

*

*

*

*

Psychology,

The largest resource devoted to peer-reviewed literature in behavioral science
and mental health. It contains over 2.6 million citations and summaries dating
as far back as the early 19th century.

the APA.

Pubget

Multidisciplinary,
Pubget.

PubMed

Biomedical,

National Institutes of Health and the U.S. National Library of Medicine.

PubChem

Chemistry,
National Center for Biotechnology Information and the U.S. National Library of

Medicine.

Questia: Online Research Library

Multidisciplinary (Historical),
Questia.

Readers' Guide to Periodical Literature

Journals and Magazines Coverage: 1983-present.
H. W. Wilson.

Reader's Guide Retrospective: 1890-1982

Journals and Magazines,
H. W. Wilson.

RePEc: Research Papers in Economics

Economics,



Volunteer Collaboration.

* Retina medical search
Biomedical,
Biomedical resources with special focus for medical professionals.
searches among physician level standard documents eliminating patient level
materials.

Retina medical search.

* Rock's Backpages
Music,
Primary documents from the history of rock and roll Subscription.
Backpages Limited.

* Russian Science Citation Index
Scientific journals,
A bibliographic database of scientific publications in Russian.

Scientific Electronic Library.

* SafetyLit
Multidisciplinary,
Citations and abstracts of journal articles and reports from researchers
working in the more than 35 distinct professional disciplines (architecture -
zoology) relevant to preventing unintentional injuries, violence, and self-harm.
Graduate School of Public Health, San Diego State University and the World
Health Organization's Department of Violence and Injury Prevention.

* SciDiver.com
Multidisciplinary,
SciDiver is an academic paper search engine for the physical sciences.
The service currently maintains an index over arXiv, the preprint service for
mathematics, physics, astronomy, computer science, quantitative finance and
related disciplines; expansion to additional repositories is expected in the
course of the site's continued development.

SciDiver.com.

* SciELO
Journals,
SciELO is a bibliographic database and a model for cooperative electronic
publishing in developing countries originally from Brazil. It contains 985

scientific journals from different countries in free and universal access,



*

*

*

*

*

full-text format.
FAPESP, CNPq and BIREME.

Science.gov
Multidisciplinary,
A gateway to government science information and research results.
Science.gov provides a search of over 45 scientific databases and 200 million
pages of science information with just one query, and is a gateway to over
2000 scientific Websites.
Science.gov Alliance, 18 scientific and technical organizations from 14 federal
agencies that contribute to Science.gov. United States Department of Energy,
Office of Scientific and Technical Information serves as the operating agent for

Science.gov.

Science Accelerator
Multidisciplinary,
A gateway to results of DOE research and development and major R&D
accomplishments of interest to DOE.
United States Department of Energy, Office of Scientific and Technical

Information.

Science Citation Index
Science (General) Part of Web of Science,
Thomson Reuters.

ScienceDirect
Multidisciplinary,

Elsevier.

Scirus
Science (General),

Elsevier.

Scopus
Multidisciplinary,
Elsevier.

SearchTeam
Multidisciplinary,
Students search together collaboratively for scholarly articles and resources,
Zakta.



Social Science Citation Index
Social science,
Part of Web of Science,

Thomson Reuters.

Socol@r: Socolar
Multidisciplinary,
Scholarly open access resources in different language
abstracts; Links to full-text Socolar.

SSRN: Social Science Research Network
Social science,
Contains an abstracts database and an electronic paper collection, arranged by
discipline.
Social Science Electronic Publishing, Inc.

SSRRN: Social Science Research Resources Network
Social science,
Indexes datasets and statistical codes,

Social Science Research Resources Network.

SPIRES-HEP
Physics, (High Energy),

Stanford Linear Accelerator Center & partners.

SpringerLink
Multidisciplinary,
Free abstract & preview; Subscription full-text Springer.

Ulrich's Periodicals Directory
Periodicals,

Proquest.

VET-Bib
Social Science, Education,
European vocational education and training (VET) literature,
European Centre for the Development of Vocational Training.

Web of Knowledge
Multidisciplinary,



Includes other products, such as Web of Science, Biological Abstracts & The
Zoological Record,
Thomson Reuters.

Web of Science

*

Science (General),

Includes other products, such as Social Science Citation Index & Science
Citation Index.

Thomson Reuters.

WestLaw
Law (General),

*

Thomson Reuters.

*

WFL Publisher
Food, Nutrition, Agriculture, Environment English language,
WFL Publisher & the ISFAE Ry.

WorldCat
Multidisciplinary,

*

Unified catalog of member libraries' catalogs,
Free & Subscription OCLC.

WorldWideScience
Multidisciplinary,

*

WorldWideScience is a global science gateway composed of national and
international scientific databases and portals. WorldWideScience accelerates
scientific discovery and progress by providing one-stop searching of databases
from around the world. Multilingual WorldWideScience provides real-time
searching and translation of globally dispersed multilingual scientific literature.
The WorldWideScience Alliance, a multilateral partnership, consists of
participating member countries and provides the governance structure for
WorldWideScience. United States Department of Energy, Office of Scientific and
Technical Information serves as the operating agent for WorldWideScience.

* Zasshi Kiji Sakuin: Japanese Periodicals Index
Journals,
Japanese.
National Diet Library's Online Catalog, MagazinePlus, CIiNii.

* Zentralblatt MATH



Mathematics,
First three records free without subscription.
Springer Science+Business Media.

* The Zoological Record
Zoology,
Unofficial register of scientific names & papers in Zoology. Coverage 1864-
present.
Thomson Reuters. )



