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1. Terminology and overview
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MySQL, MariaDB, PostgreSQL, SQLite, Microsoft SQL Server, Oracle,
SAP, dBASE, FoxPro, IBM DB2, LibreOffice Base 12]1l FileMaker Pro £o] 9it}t. g|o]g
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1) SQL(Structured Query Language)
a relational database management system (RDBMS)olA AAH Ho|ElE #2|st==2 MHAY a special-purpose
programming language.

2) ODBC (Open Database Connectivity)
database management systems (DBMS)of] &AZ3}7] It a standard programming language middleware API



olt.

3) JDBC
Oracle CorporationoA] 7§&st a Java-based data access technology (Java Standard Edition platform)o]™,
o] 7|2 Zeto]dETL Hlolguol Ao FZeh= WHE AYstL = Java programming language-82] API o]

ch

4) Application Programming Interface (API)
o|AoA= AZEY0]l Ldaas0] A2 ofE7 JaArgstojol st=AlE sl gt} ste fA3 Edto]BL} v
r]Q 7tC o go|Euo] AL} HEE] stTgojo 733-‘3}{ ofYyz}, APIE graphical user interface®] QIE{Ho]A
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of YElY} 9= query languages, computational complexity and expressive power of
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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
databases®] #2], 22]17 Web data’} ZgrEch
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dlo]gHo] A9t T710] DBMS & tF §7J3t to|Huo]A melo] AX]of mhatof gt} "G o]
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2. Applications and roles
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computerized library systems, flight reservation systems, computerized parts inventory
systems”} it}
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SUOINE-MH E&= EHA DBMSs= W2 o] &AM sAlol 270 AEste 7d4ld o o
A, o184, BMde /XI5l Y8l o SASHAIL ok DX JjQlEolHA HAT &
ol HlojEHolA AJARR Aol oA HojRl= Aol Ao o =°1, 711E& Microsoft
Access@t FileMaker Pro= WAHe GUI(graphical user interfaces)& /\}9—0}1 9lct.

1) An inventory control system



Atzold Atm9 RIS melsti @elsh= Aatoloh. Ad) QIWIER] FA] A|AR2 FF  barcodes 131l
radio-frequency identification (RFID) tags® ArL35to] QIHIER] ALZEQ] AFEAH7| -2 Al2st Yr}.

2) FileMaker Pro
Apple Inc.9] A}SJAFQl FileMaker 3SJAto|A] 7St cross-platform relational database application o], Tjo]g
Hlo]A QX3 GUI-based interfaceS £35t9] layouts, screens, or forms. £02 A28 Q452 draggingsh

O2H o] &AL 1 HojEHo]AS WAFE 4 =S ¢t ool

2.1 General-purpose and special-purpose DBMSs
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1) a wire protocol

HolE{7} g ZQIEOA thg ZEQIER Zh= WAlZ UstH, ot gt 7 o]ife] ofZo] 45 *F Zhsdllorst
o]zio] H=Qsttt TCP E+= UDPA® transport leveld] Q= transport protocols@t= THERA O “wire
protocol”0]& 80l application leveloA] FEE EA5H7| Yot UvtA whyls dYst=d A&t
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i)
re

2) the transport layer or layer 4

o|Zlo|A= YEYI QAT mZEZE9 layed architectureo] 9l= =235 93 end-to-end
communication servicesS A|&3sttt. The transport layer= connection-oriented data stream support,
reliability, flow control, and multiplexing?} 72 W2]st AB|AE A|Zstc). Transport layers:= QIEjYlo] 7| X
Q1 TCP/IP model (RFC 1122) 2 dubd™ol Y EYZIo] tst the Open Systems Interconnection (OSI)
model, & ttof] Z9tEo] Qi




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. 1t 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

Z2AA ZotollA Hole A2]7]&9 Rt gEof, WREH e, A% 22i HEHS, ¢
ojgylo|lA0] F7], 8%, s 1A L 747to] DBMSs7t R WA A AAsta
Act. HlolEfHo]lA 7)o WP fo]g wHlojuf xof] wep 3 Mgz fRet 4 Qo

navigational, SQL/relational, post-relational. & 7}X] @35t £7] YH|A oY gojg od
2 A= »U(hierarchical model)=0]¥, Codasyl model (Network model)2 o] Lx9] A&
o|ct.

1) navigational database
2 AEERE U HyArsE fARNoR A5t ALl Ales AE 4 Qv HlolEHo]A0 g FFolth

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 for what to fetch(E£2]2})

instead of how to navigate to it.

2) CODASYL (often spelled Codasyl) is an acronym for "Conference on Data Systems Languages".
oL W2 AFHOM AET 4 Qe BF Z=27Y doj9] JIEE F=sH7] #fshe], 1959¢o] AT
consortiumo|ct. 0]59] w2jo] COBOL¥} 7|} BEEC] 7N¥g o] Lqict.

Coddof] Jsl 197040 502 Aotel WA P(relational) B2 o} F0] AAH JIHG= 2
BlEo] ojs] tjo]Ej& Salsjof sith mulolng s|&e] MER welmf Ajolrl wir} TR
22 AL PE 2] H o] E(ledger-style tables)= F/dw0] 9] ] =2

2 entity§ 02 ALRETE o9 ol Hlolejslo]A Qloj: #AY 2WEI EE SQLO]
o, o]72 Eot o dlolH 2289 fojHuolA ddojoe FFS VAL AT

AHE(Object) go]EHo] A= 1980W o] object-relational impedance(X3H)e
sto JiAisHs a

o




g oyt 29I AlE-7 HolEHolA0] S =2 fth. 2000 Tholl ApAie] 7] HA
& glolEjH|o] AL Al&3SH key-value stores?} document-oriented databasesE =30 &4
NoSQL HojEHo]A 2 XA E]9ct. NewSQL databasesZ Y&l ZAR 9l= “AAT) =
dhdHor o]8&I1s3t WAIY DBMSset vlwsle] NoSQLO 11/d5E& SHESH= &9 Y
/SQL 223 {A|sh= M2 AES Al=st.

1) A NoSQL

of clojeuol At PAE TlolelMlo|A0IA ALEE tabular BARCH: Ch2 ptos welshel olojeje] A W A
A 7IU S-S Alasith o]2st A|=9] &7]& simplicity of design, horizontal scaling and finer control over
availability o]t}. NoSQL databasest 7} 7tohsh ZAARNL 271 7158 7|2Ao g2 v2isto 2K key-value AAMS
A Z|Ag}st & olr} vty RDBMS:= W Q0] g|o]g] AAtR o g A] 1 9]

4. Database type examples

HlolEfHlolAE E/ste A WA Y2 IS ZREY F/, olE S0 AXlL =
Al B2 FEnGo] Atz #Rsle Zlojoh. & A g2 =9 &

oA, &, 9ot 86 AR, Ee Hdoz ste otk Al B Y2 o JleAd WA,
o =°f HolHHolA 2 B AHMo|A FFE FE3ks ol

1) in-memory G|o]EjHo]A

ZIeRoz 2 2o 4Fsta 9l dolEHo]AolX|qt, AFACw v/ ARE HlolE
A7guAlel ol sidwict. & ojwa] fojEyolAs AT HojEyo|ARTE HX wWEn, 1
A A UEYZ AvloA SFAIto] £aT 1 FF ARSEt). SAP HANA ZJE2

in-memory H|OJE{H|O]AE O 2 Ofjf =AHR FAolct

(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 HJo]|EH|o]A

golgHo]Aae] otxF £7o ST 4 U= event-driven architectures Zt=rtf. AAjA &=
S2c HO A Aa, 34, £AT A% 5ol Jnt. @2 fo]gH|o] AV} database triggers
o] PE= HE]E fojHyo]A EAS Alesta ot

(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 HJo|gH|o]A

2eteE s1o] 9EICh dlojelulol A%t T519] 3R] DBMSE E o ©e @ojd 9t
‘FteE Sof” Exfsta Qich gHHo| TI719] ofE2x= m2 Jiof OJsf e o] Lp5of A
Bl AL} Open APIsE 31 215 ol 8xtol ofs) 94 wejsln gt

(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.

(3) Open API (often referred to as OpenAPI 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.

4) deductive H|o]EjH]o]A
o & 50, Datalog 9015 AT =X UAY do|gHo| ALt =2]A m=z2iyg AT
olrt.

7

z

(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 are more expressive than

relational databases but less expressive than logic programming systems.

(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.

(3) Prolog is a general purpose logic programming language associated with artificial intelligence and

computational linguistics. Prolog was one of the first logic programming languages, and remains the

most popular among such languages today,

5) distributed Gjo]gjHfjo]A
clolEje} 1710] DBMSE 240] ZABE0] BAAA & Zo|t

(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.

6) document-oriented H|o]Eg|o]A
SRAE 9% E- - cole] FuE A, AN, B gL =Y
E-Z4] dloJEfHo]A= NoSQL HloJgHo]A0] 20 {3 F9 shfoltt.

ogh

(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 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.

7) graph To]Ejdfo] A
NoSQL fo]Ejufjo]A90] AFojnf, HHE AN4tstil EASH] ol nodes. edges. properties

ALSE 2 9l AubAQl Tejm glojejHo]

S 7he oeju pag AMRSICL ofmst JdNE AR
2= triplestores®t network databases®?t e A2 @ go]EjH|o] A= T}=C}.

(1) A triplestore is a purpose-built database for the storage and retrieval of triples, 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.

8) knowledge base(KB, kb)

AAel MAEE A4, £A, ML O3t AT AFSH AAWelS 3 WS F80 ool
Efdfo] 2olu, E3t BAlet Cio] Iz1So] jAMM U FHALS AAsH: dlolElo] Mttolch

(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) 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.

9) parallel gjo]gjH]o]A
dolele =2dsty AMele wEn HelE WM Jn 2e 9RE skl A
(parallelization) .2 A% 7§48 F sttt

(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.

7124 % stedofo] L2278 H REojX|= 8¢t parallel DBMS fx2+= of33} Zoh:

a) Shared memory architecture: £49] T2 A7} & Wj2a] ZZHEaE ofyj2} 7|EF to|H
A e FeE

b) Shared disk architecture: A3 S F G5t Lx: AFAo g BLHo] m2 S o]F
o3l Z2to] maAlY GUE ARG & tlmelE 2 Aleh BE fUES] e
AR ETre 2o

¢) Shared nothing architecture: o}f7 = F 83514 k= Lx: Zhzho] m2 Al S UEZL X}
Algte] & tmejet ohg A3tE ZEn

d) Probabilistic databases: £A&st Ho|H 22X F2& o]ZojU+= fuzzy logicg AFESHT}.

(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.

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

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.
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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

ﬁlitﬂ dlolguo]~ REe oyt e 2 R
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Hierarchical Model

| Pavement Improwverment |

/ ¥ T,
| Reconstruction | | Maintenance | | Rehabilitation |
M—kq_
’___‘,_m—‘—“'_‘w ——
.&-”"Mﬂ_— v HH}&.‘
| Routine | | Cormrective | | Preventive |
2) Network model
MEAD mde ARs asEe] S Bdshsd Yol f9@ PEoR dAE 9
dlejejrlo] 2~ ®dlo|t}, o319 Hojdt 542 1 27| (AME F32 nodes®, #A F32 of
a7 ®89 agze 227t ASTRE AA(lattice) TRE A#AEA v Aot

FREaetwworikc Miodel

| Prewventive Maintenenmnce |

v

| Rigid Pawvermernt | | Flexible Pawermentc |
Spall Repair | | Joimnt Seal | | Crack Seal | | Patchimng |
-
| Silicomne Sealamnt | | SAsphalt Sealamt |

3) Relational model

dlojEfHo]A He]S 93t BAY e Edgar F. Coddof] 93l 1969¢] 71 HAl A|Qte]
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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

iR dAE dolguolAE SQL Hlojy Agojet H2| QoS ArEetth

4) Entity-relationship model

ER 22 glojEHo] A5 AYste st 44 Wgoltt. Ho]5o] Hlolg7t AgE= ¥
AF dlolEfgo] A0 HFLof, HlolZo U= HolH= thE dol&of Qe tolEet AAE %
=t - dlE =°f, dolEHol2a0 Q= oq2i9 UN F=(entry)> o2 AHile] Hdstd
29} A4l mdg o Aot ER ZHOJA of2f@2 shute] ZAAolal, 7k A s = st
ZHAolH, of2{E1t M3tH 5 9to] A= ‘has a phone number’ o]t} o] ARSI WA
2 ORISR 2 ThSo]Al Clojo] 1S MA|-TA| cojo] 12 Ei ER diagramole} Y2
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(4.1) Conceptual data model
AdA dolel REe s e £%9 ER wdoln, 1 Aot mHado] 7&A Ug
(granular detail)2 Zgstth. 71EA ER 2HoA = HB& Oig7|HolA F82=2 ARESH=

master reference datags ZAA|=Z A5t it

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.

2o sif olgel 2N ooje] wHlel J|&2 A§H 4 rk EN ER o
q

L
o] 2XA2 w=g]A ER THoJA master data entitieso] st +A2A FE(commonality)&

(4.2) Logical data model

=2]A ER REL2 J§jEA ER 2EHYEC}H O We detailss ZLF3IC}H master data entitieso]
ThepA], ohefet ZAAZE Aol ofZ, ZF A9 detailsg 7HEetth. 19 ohgof o] ZRA||7te]
WA 2R =" BR Bl I702 AN 2 b HaseAc: Susoz )

wejofo} gict.



(4.3) Physical data model

g 70 o9 &2 ER "Hlo] 747ho] =2 ER "=z 8H Jidd 4 Qo <& ER &
22 HE st dlolHuo]lAaxY JHEE L oy e e Zp7bo] F2A ER Rl fo]
ElHo] AS MAtel 4 9l X=H 35 details® EFolal Qlojof stn, ztzhe] Ee]A ER nd
Zkzro] flojgHol A a] A|ARIaF tha Zpolr} Qljetil VleAo g R3S 7hAof it

5) Semantic model
Ade JRE xgsta = MEA doly R, o] 552 1319 instancesel gk ©]v]
£ Jleste Edoldk Aot o]yd Adyg doly BHEe HAE 4E(the instance

data)o] AAM A} oA AHAE] Y=XS A= A (abstraction)©] T

©
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= fact—oriented ©JTH(AAl A FA 2] wieh). AL HolE L23be] ofZ A
K| 2 Z3PY. whdHe) 1x1d9 order BAE o] AAQ Hudow
P o A= triples®] FEQl Object—Relation Type—Object
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6) XML database

XML dle]gHo]~= dHolHE XML XWo &g 4= 9+ data persistence software
system ©|t}. o]|ZA A A= Eﬂ olE|+= Y3l= EW O E queried, exported, 18] I serialized®
T AUtk XML "elgH|o] 2= A& vl E A &4 do]ejuo] 29} Adgrt

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 graphsi= 3k AlE 2] Resource Description Framework statements(a graph)E URIZ
Abg3te] Al ElE Semantic Web %9 83 sydo|t}h. o] URIC|: context, provenance
(714, &3]) AH, == 7|} dedole 9} 7S statementso] ™3+ address descriptions ¥

o

83t} Named graphst graph® #12tE 4= 1&= RDF Hlolg 2L 7HdstAl A7 o]
Ak o] REle guix oz dutk Yo7 ZAFH IFES THE 2 FUeRe B

3.

External Statements Named Graph

@prefix foaf: <http://fxmins.com/foal/0.1/> .

<http:/fexample.org/joe.ttl> Hipeeample SRl
a foaf:PersonalProfileDocument ;
foaf:maker <http:/lfexample.org/joe#me> .

Describing a named graph

5.2 DBMS9] External, conceptual, and internal views

[O)
Q :
= - (o)

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

9

Traditional view of data

dlojefslo] 2 ye] Al Ag)E dlojefulo] s wlo]Eel thsto] 37kX] 9] viewsE Al& ek
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1) The external level
A Ade A=fAe 7} TaFo] dHolEuol e & HolHe xAS ol W
olstt}, ©al glolE Mol AE 94 2o o] AR viewsE 7HA 4 9

L
ftlo
ox

2) The conceptual level
MaA 2ol *13 okt <
o

oby e} LlZﬂE\jr‘:‘: ti]O] o] 2~ 7hEate} dHolEuo] 2 A 7ke] wA el

3) The internal level (or physical level)
WA 2 (e =24 2)S DBMSel =
A%, SAA (scalability), 283 718} €9
of ARl Ze A 2 BES tErh

olg{g 3 Apgle] dlolEHlo]A F= BAYE B Fad V| T sl HolH 59
3 dEo] gt o] ofelyol= o gl dojwt Wsk= I B Akl = frelle
FEFE 7NAA Fevhes Aol

6. Database languages

doleiuel s ol HHE B4l dofolv] it gk

e Data definition language: "l°]E H2Jo] - doly #Fd3 TAEIY] AAZ A3
T},

e Data manipulation language: Hl°o]E] ZZto] - dlo]g o] g, 74, T 2hAe} 7
< 9FE Fdg

* Query language: #g]o] - R T} ¥ AHE As=S gt

delgHo] = doj= 583 deoly Rele stiA vk & 4l o= a3 gk

rl

1) SQL
SQL © Qdoj= dloje Ao, ol F2}, g ﬂﬂA g%
198610l ANSIQ] EFo] Hlom, 1987de] IS0 FFo] HA

2) XQuery
XQuery= MarkLogicT} eXiste} 28 XML Hlo]gH|o] 2~ A]~Elo| A, 18]3 Oracle DB29} 7+
2 XML 75 z& #AY dolgmo] oA, I8lal EgE Saxondt 722 wlEedd W



XML Z2AMAoA AREstal Q& Fa XML g dojolry,

3) SQL/XML
SQL/XMLE XQerye} SQLo] Agltyl Aojt},

6.1 SQLo]&?

SQL(Structured Query Language)©]@ relational database management system (RDBMS)el
3= dolHE s EE t)xfelw EE relational data stream management system
(RDSMS)®l| 4] stream processingE {3t S¥H3 H4o] L2 ggny ddojojy),

6.2 Syntax

GPOATE clanan -{U pD AT E C Q{E E‘} 't [“y EX;}%"&; siom
wrans 4SET population = population + 1
wERE czaase{wHERE |name = : USA l,_;

Exprezsing |

Statemsnt

H
Fradicate

6.3 Language elements

SQL dof= a3t #o] o2 7pA|¢] Qojastgs Adnh

1) Clauses
statements ¢ queries® TASlE 84 ESo|H, Ao uwElA s Al F ot}

2) Expressions
Hole o] Z# 7 295 FAS: HeolEeolu scalar valuesE A 5 9l

3) Predicates
SQL three—valued logic (3VL) (true/false/unknown) %i= Boolean truth valuesS |3 7}
2 Yge 218 EA3) 51 statements® queries?] AHAE ATEAY TR 52

ula27) Saho] AlgET,

4) Queries
543 7]Ee wg dolHE AAS). o] 3S SQLY T8 g4olth



5) Statements
27)ake} glolElo] whE A FHel wIHE HE 4 QoW transactions, program flow,

connections, sessions, or diagnosticsE Ao]& % At}

a) SQL statements %3+ semicolon (";") statement terminatore ¥3Fstal Ut} H| =
BE YR o= e AL ofydets, o] A2 SQL wH e AToE Aoy
3 9t

6) Insignificant whitespace
ML 9ste] SQL ZEE A EWE F dEE SQL statements®t queriesoll A F-AlE

.

6.4 Operators

Operator Description Example
= Equal to Author = 'Alcott’
< i\:)otoe)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 ;J;Sefltsto change a field name when viewing SELECT employee AS 'department]’

6.5 Conditional (CASE) expressions

SQLE SQL-9294 A7]=E]9) W case/when/then/else/end?} 72 ‘AL ZH=r} 0]719]
71 dEbAQl e SQL BFO|A “searched case’z2 20 7|E} 2738 QlojofA] else if

M Abg

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

SQL2Z & QoAf 27150] Y= Aol mef WHEN 205 HAE
ELSE 23S SA&sHA %Eertd, SQL2 ELSE NULLS OZE= x2]3



“simple case’2} B2 o&E L2(abbreviated syntax)2 switch statements®} Zc}

(mirrors):

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

fol
et
od
o,
=]
o
X
©
9

o] F#oA= NULL¥} v]wst7] st} A/GAQl caveats(GA|EH, B
|, implicit equality comparisons2 A5t it

6.6 Queries
SQLOA 71 Z&EAQl 7|52 Heloltt. o]AHL declarative SELECT statement(®3&, S
2)olx o[ FolAITk. SELECTE sht ool Eol2 i madly HolEHE HMETH Ba

SELECT statementst= 1 go|gjHo] A0 tiste] ojmgt 1A gutE ZHA] Qr=t}. SELECT
of ol u-EEX UPIHL FZ colelol2o] EAlst SELECT INTO T84 F7A
ans /1 2 o,

Hej5e Meo] ojs) ZAums AMsto] Wash Beld sl5g =k, AAseta, Wsts
) Alejo] 2= DEMSSHE WE 2. O[§AIE Stoid HAs oS H%(describe)stE s FIct

Hele 57402 SILECT /|98 melgoed 23 dad esle 24 s 2o
T}. asterisk ("+") S 1719] %]EP} Ha &)= go]ES(queried tables)?] @& ZF2 return
shof sitte= Z& E4gtstr] Hsto] Akgd & QU SELECT% SQLof|A} Z1710f] etE| = AlEd
A 719 E=e Hlclauses)tt HE0] 7MY 543t statemento|tf:

»FROM A

dlolel 2 25| 913t Elol 2 Agatth. FROM e B0l 252 AT(oining)str] g1t 4]
2 Asbr] gistel MER oz JOIN ot9lEe E%% & 9lot,

» WHERE &

i}

Halo 9 Yeht(returned) 2LEL A|$tst= H|u £&of(comparison predicate)s Z3Hl
of. WHERE A2 vlwz0|7F &(True)oletil FI7IsHA] Qt=ttH, 23t N ERHE 2E 295
A AR

o
=

» GROUP BY A

559 =S R Qe ERES EO A2 NES 2eE=E AE(project)sh=0] AMEECTH
GROUP BYE 7HE SQL aggregation(R3h) functions?t ZAsHsiA], &= ojd Ayl N E=ZEE]
528 2053 A7sk7] 9lstol ALgE7]E gtk WHERE & GROUP BY & ot A8



ofo} st}

»HAVING A&
GROUP BY Heo| A2uE ojxjz 2958 satf A" #ojg Zasich o|Hol
GROUP BY A9 Zutet #sisiA d8-=517] mj=of, aggregation functions= HAVING & &9

Lol AHEE 4 gl

» ORDER BY &

o ZHdsol 2 HlolEE ERstedl AREEAL 71%% ol wd(ascending or
descending)o|Al #&/sH=A1S AMEEHE=AS #Elth. ORDER do] . SQLolA &ojxl
2959 oAM= BT 4 @lch(undefined).

zQ I
in)
rﬂo

rlr

the2 v AlS9] YAES Holfs SELECT #2]9] dojtt. o] 2= Book H|O]E0lA
price Z®o] 100.002tt & 35 21 Qe ZE 2855 AMIth O Avke Aol ot 4
Aoz R A8 & H#= Book Hlo]59] RE ZHEE0] O Avf AEo] 2

EQ
grelojo} gote 212 ojujgic).

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

ofzfje] of= o] 2]AEQ} ZF Aol XA 5 HFORZH H40] Holg, grouping, 2]l
aggregation?] Y25 HojZx1l Qlth

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

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



sl

isbno] 5 749 Hloj2olA ©A FEO Tolshs Ieju titleolaty olF 23
Books Elo]2ogt EAgicHs AR stollAl, 9o Hal oheat Zol A AHE 4 ok

rot
i
o
S

SELECT title,

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

E =
+ F7H sales-tax Z=at o7 100.008 0 BT o] A 2| AES HojRe= HolH
T

n
o
e
T
5
o.
D
Q
=

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

6.7 Subqueries

HYS2 st 719 #H29] Z7t relational operatory: aggregation functiong £3sto & ot
< HedA ALgE & Jlenz FASHnested)2 & Ut FAlekE FH2E subqueryst FE
t}. joins®} tFE EolE AiAREOl AFHONA W2 ol superior(thA] YoliA], faser) Tt
2 AZs) W), 519l F2Y AL S8 BRY & Yt AFoIM AFHOZ o2
x = 519 Hejo] AMS inputoe wirk:

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



6.9 Data manipulation
golg ZZroj(Manipulation Language;:DML)= TIo|EE F7F, 7841, AMA|st7] ¢fsto] ARRE =
SQLe| BE4golct.

|

1) INSERT; rows (AR O 2= tuples)S 7|& H|o]Eo| 7} e.g.:

INSERT INTO example
(field1, field2, field3)
VALUES
("test', 'N', NULL);

2) UPDATE: a set of existing table rowsE W7, e.g.:

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

3) DELETE: H|o|=0]A 7]& rowss AHA], e.g.:

DELETE FROM example
WHERE field2 = 'N';

4) MERGE; =4 €|o]29] Hlo|8|& Zg. ©|712 INSERT and UPDATE elementsE Z2gAIZ]
ot

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

UPDATE SET columnl = valuel [, column? = value? ...]

WHEN NOT MATCHED THEN

INSERT (columnl [, column?2 ...]) VALUES (valuel [, value?2 ...])

6.10 Transaction controls
Transactions2 Z Q5tH DML HAXIES Z3H(wrap)d 4 Tt

1) START TRANSACTION (or BEGIN WORK, or BEGIN TRANSACTION, depending on
SQL dialect)
database transactiono] 2 E Q=X = M5 THA| %ALX|S markslitt.

&



2) SAVE TRANSACTION (or SAVEPOINT):
Aelel @ AlEolA Hlolefulo]A0] AEjE savedtth,

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:

bes

e

o},

ol

3) COMMIT; 2. dloje{g AejolA &7aoz Wy

4) ROLLBACK; tfx]@t COMMIT or ROLLBACK ©o]|&9] B & {o]g2] ¥stE m|7|5to], Tfo]E]
HA0|MO] AE2 Zd=tr} A4t COMMIT statement’} @25 ™, 7 transaction's ¥

=
=
42 Al HeEE 4 Tk

COMMITSF ROLLBACKE 3dxie] AdES #2351 folg ArZ(locks)S Zoj=r}. START
TRANSACTIONO|L}  H|&SF  statement®] BA]  A]9f], the semantics of SQL=
implementation-dependent ©|t}. of2fe] ofjofA] =o] oF AFtA AAE thE o F7tE
L A el DHA ol$g BolFu Uk W At F7pb Amsitiy, wE Aghe
rolled back =r}.

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
golg] A9Joj(Data Definition Language: DDL)- tabled} index structureS e&]sict.
DDLO] 7}& 7]®A0l ofo|el=o CREATE, ALTER, RENAME, DROP and TRUNCATE

statements o]r}:

1) CREATE
glolefujlo] A0f AFZ(C]], a table)& THEC e.g.:



CREATE TABLE example(
field1 INTEGER,

field2 VARCHAR(50),

field3 DATE NOT NULL,
PRIMARY KEY (fieldl, field2)
)

2) ALTER
7€ AFEY FERE o9 7HR] Aoz wASHHd], 7]E Holgo ZHdolu Atz

(constraint) £71517]), e.g.:

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

3) TRUNCATE

o w2 Ao g HolEoA =& HolEE AA|SHAITE Elolg I AAlE AMAISHA] et
o]71& &2 a subsequent COMMIT operationg 2]u]st=0], thA] WdljA], rolled back =
2 Qlohe Zlo|oH glo]E= DELETE?} 2], 20 rollbackg logsoll 7] 2&A] ¢r=rh).

TRUNCATE TABLE example;
?
?
?

4) DROP
golgo]ao] Qe Tz ZAAT 2~ gle Al2S delete stoh. TfA] T35, o]Z& rolled
backd 4 ¢t} e.g.:

DROP TABLE example:
?
?
?

6.12 Data types

re
_OL
Kl
3: o

ITh. ANSI SQLOJA = ottt &

X
2 dlojel 832

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(8]<g, €= oo]g ) of n bits

» BIT VARYING(n): an array of up to n bits

3) Numbers

\J

INTEGER, SMALLINT and BIGINT
FLOAT, REAL and DOUBLE PRECISION
» NUMERIC(precision(8¥ %), scale(Ax, XH, vj&, &A))

or DECIMAL(precision, scale)

\/

o2 ESof, Y5 123.45% 59 precisiondt 29| scaleE ztu 9lc}.
decimalt Zo])EESt radix(?]4, #)A FQgt UAEY =AE
(positive integer)S &stch At H|-BA A (non-negative integer)
A2 2 AL Aeete AS ouistth. S A= g 7 A AN 7

U 9Jo] Ql=(significant) A EZ9] 4 gholtt.

oX

U et (binary or
Hote AE A
Wi}, 0 AHzabs
g A ghe 1052

TR

SQLo|Al= TRUNC (in Informix, DB2, PostgreSQL, Oracle and MySQL) or ROUND (in
Informix, SQLite, Sybase, Oracle, PostgreSQL and Microsoft SQL Server)gt F=2%

round(Z& 92':) numericstt datesES st st~E ALt 9ot

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.

6.13 Data control
The Data Control Language (DCL) Hlo]g{o] st AT 2 9l o] 8419 Hets

Algact of7ldle 5 7ixlo] 2o PR Bo| Yok
1) GRANT: A}20] 2940 thste] 191 o]Ate] o &fol7] Wt Hojsict.

2) REVOKE: OJZE grant¥d &% 9= grantS A|7stc}.

<Example>:

GRANT SELECT, UPDATE
ON example
TO some_user, another_user;

REVOKE SELECT, UPDATE
ON example
FROM some_user, another_user;

8. Database normalization

giolEHyo] A A F3HDatabase normalization)= H|o]E % E(redundancy)2 Z|43tst7] ¢
shof A EﬂolEiﬂﬂol*Ql A Holgs 2FEE)ste ot et A=
gk 719 Aost HolE2 ¥} A2 549 Holg2 A0 oo, 23F 1Y HdS 24
St} Mol 2He olE Aale] 571, A, W] B & Aol HolBolHst olFolx| D
ok, ojn] Aol Falo] wle} Uujx| of2 Eo]2o7tal 1 gakelo] Alsich 2ot

TAYE 229 JPEARQl Edgar F. Codd?t A+tete] 7iEs A7Hstiew, 19700 First
Normal Form(INF)2, 1971¥0] Second Normal Form (2NF)¥t Third Normal Form
(3NF)S, 28] Codd®t Raymond F. BoyceZt 197430 Boyce-Codd Normal Form
(BCNF)= 7dosttt. vlgAlA ez, IAYP HolgHolA Holg2 7ol Al 3 Aol
oW, A HYT L Dohrlw oy tiRwe] Al 3 Q] Elo]lE2 Ad(insertion), 78



Al(update), 712]11 AtA|(deletion) o]AH(anomalies)o|A] At&-&

7.1 Purpose
1970¥9]] Edgar Frank "Ted" Codd”t A9]st the first normal form® 7]E%9Q] ZXML
first-order logic2 HIY}O =2 3} “a universal data sublanguage'S A}235}9, Ho]EHZ=

Aolstn xAtss] 91 Zolrt.

1) First-order logic uses quantified variables over non-logical objects. It allows the use of sentences that
contain variables, so that rather than propositions such as Socrates is a man one can have expressions

in the form X is a man where X is a variable

2) data sublanguage
A language or part of a language concerned only with database query and update and/or database

definition.

E.F. Codd”’} "Further Normalization of the Data Base Relational Model'ofA] Ag3i&

ol INFe] Fete] 252 thga} 2k

1. 451A] U= A, 7341, AA|Q] oj&d o 7B E A9l At (the collection of relations)
S ArEA sk 3G

2 AZE £99 QOINE 1o 2N Aol Yuel A0l AT BagE ustel
28 1mg 39 Jife spans S+ A

3. WAIY @S o] &AMA Br} AJH A O 2 (informative) IFE= Z:
#A] AT query statistics - o] A& Aol A'Fo w2t Hatof Fofst
o - oM FEHCeR UEE AHIS °lF=F ste Zold)..

7.1.1 Free the database of modification anomalies

Empioyeas’ Shills
Employee Address skill |
8 SRTATRETE OTE ;;31: :
BT Ryt £ Hduetiveed

Ta i Bubnsitng
s' mgﬁww

xxxxxxxxxxxxxxxxxxxxxxx

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



Faculty and Thiir Sourses

EFI.:UH}F 10 | Fi::ultp Nim! |Fi=u|ty H|r! Dam .CnursE Cnd&

200 |Dr. Giddens | 10-Feb- 1985 (ENG-206
407 |Dr. Saperstein | 19-Apr-1099 CHE-l0L
e :'|:ir Saperstein ‘-19 eprloga CHP201
I
H iiz-i i Or. Mewsome 29 War-2007 > *

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 Couwises

Faculty |D:Facu Ity Nan:l! 'Fi.l:u|tj|' H|rE DaEI CnursE Cndﬁ
A G T 1S EN IRk
47 -Dr. Saperstein _19 - Apl- 1999 .l!;.HF'. llilll i
407 Dr. Saperstein | 19-Apr-1999 ;CHP-201

A

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

any courses.

Blol2-g WACIAL A, AFletele o, UotA] 9t PAL8(side-effects)o] LTI BE
glo]Zo] ol2fst BAIE o2 ojHgE HA+ 2 ofYth BARE F75H AstE Al 42
Blol 2ol Ant wgstch. 2R FAstE Holge ohga e sht olde SHL R 4 9
c}:

ne,
){1
o
®,
Q
=
=3
Q
©]
3
@,
0
—
D
=}
a
®
i”,

12188 1 HoleS Zilshs A2 Zefat 4 9l
2 £, "Employees' Skills" table ©f 21% 2t YIc= Employee ID, Employee
Address, Skill £4<S zr1 Q1S 2 Qlth; Jajmgz EAIE 2AYJ0] =40 HAHL FIxjA O

(o]
2 540 R0 AgE Bt o el AAo] S5 ABHA deHdE - 5 5
2o Fa7t off IEoMs BAHAY, g ZoMs oF gHH, 1 Hols2 S9A 4
Bz g7 "o 53], o] £2 Hol22 o] FJ¥Y Fao dih Z=of Sst=d A ¥

ABA|71c}, o]2|st A2 update anomalyz} §Hc}.

2) ol® Atalo] A3 7129 4 gt 20| Exjach
o] 2 S0, "Faculty and Their Courses" Hjo]E9] g|ZEX Faculty ID, Faculty Name,
Faculty Hire Date, Course Coded #4458 7ty ¢t 128z 22j= Aok $t i&5&
Al 2ol oiE Yelg 7158 4 glou, obdl weg wjgwx £8 Adaid e
s 7152 4+ it diystd, Course Code 4740 nulle]”] miwolct. o]2fgh A=

o}

ol

&

insertion anomalyc}

3) o® A, oW AP HPSL Y dlolEo AAL A3 ofE UL BT 9
L doleo] ARlE Syt



19} o9l "Faculty and Their Courses” E|0]52 o]2{gt o]%}(anomaly)g 71 Qlt}. ¢
wapof] AR ofH wh=of HiY S FAIHH, 2= gutRlog O w9 wibRThs A
Alstoiof stAIT, ol Ejol2el Aol L4 FLES] A kg0l BE AL ol @A
< deletion anomalyz} s,

7.1.2 Minimize redesign when extending the database structure

Mz 7d9 HolEE wWotzol7] flste A+tetd dlolEyols 25 sty & o,
71E0 EAE dlolHHlolA R E Ao E& s WHSHA| Qkofof gttt AmpAlog, 1 O

olEfHo] A0} 2 AR StE oESodAE Y2 Alast stofof ot

7.1.3 Make the data model more informative to users
et Holg2 AAMAY 71date] dsd/dE vrgstojop gtf(mirror).

7.1.4 Avoid bias towards any particular pattern of querying

3t HolE2 Uvhgel Hejo] Agdstoiof sttt &, IS olde 4 gl e HeY=
T HolgodM= & #H7t AFEIFSSHoF tthe Aot =X v st ElolE2

olE F5o] Helojst A (lend)ste.

7.2 Example
u78o] Al87te Ao 1 NF representationy} Z2 7= A ¢
+ Ololg] #x0] Z0i%l&= TlolElE Hlstal RAGH: A2 TQo|do= J4tsitt

r o
T
o
gjo

<]
M
rlo
=}

(@]

=

Customer Transactions
Tr. ID | Date Amount
14-Oct-20
Jones 12890 03 87
15-0Oct-20
12904 03 —50
Tr. ID | Date Amount
Wilkinson 12898 14-Oct-20 _91
03
Tr. ID | Date Amount
15-0Oct-20
12907 03 —18
Stevens 20-Nov-2
14920 003 70
27-Nov-2
15003 003 —60




Aol A2 (a repeating group of transactions)’?t 2+z+Q] 1 ZHo|AA Uebta Qo 1
2 = 178 H2 sfAgttHunpacking):
2) 1 @A Axs 2= #He AuE ZojWith(deriving).
So], 2003 1090] o]2oj5l BE o] wE A EHS Aopws] 9stel, 1 AlA
&2 7} 1789 Transactions groupg A sfiAlgh th2of, 2003d 1040 sidst= 729

Datedl| M 789t B& AN Amountsg AlAsto{of ghet.

o] 2x= HAsH Ae e Yok

\ Customer H Tr. ID H Date H Amount \

| Jones | 12890 | 14-Oct-2003 | —87 |

[Jones [12904 | 15-Oct-2003 [ =50 |

| Wilkins | 12898 || 14-Oct-2003 | —21 |

[ Stevens [ 12907 | 15-0ct-2003 | —18 |

| Stevens | 14920 || 20-Nov-2003 | =70 |

| Stevens | 15003 || 27-Nov-2003 | —60 |

oAl Zt7to] 2o JNEAQ A&7tE AE UEY, I DBMSE 10€0] st Date
5 21 e ZE 295 Ao 27159 AmountsE Ao zH ItdsH g dS
ES =

an equal footing) X
AgRoe wgdE 4 Yok welo] ode] Ao ofE grse EWatA Alelsforul st
stel Ao pxo] matwlo] gioick. webd et Oalle WeA HAS AU & A

ot ¥]) A 78 unnormalized

il
N
D)
rO
rlo
|

i
)
ol
o
)
o
ot
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7.3 Background to normalization: definitions

7.3.1 Functional dependency(&$A 9]&X4)

S735t HolZolA, @A Z47re] X o] Ag=stAl g 7hel Y stugh AddttH, £4 Y+
&7 X9 Aled(set)o] FpA o oJFESHL QIoty TS, (X > Y =
o], &4 “Employee ID"?} “Employee Date of Birth™& &35t Q1= “Employee” H|o]E
oA, &4A =4 {Employee ID} -> {Employee Date of Birth}& zZt=rc}.

7.3.2 Full functional dependency(&tA st gt4pA o] = A)
gt ojd@ £7do] 1) Aoz Xo ofEsta ot 2) Xo| ojd shy Algo] FaAo=s
u=27] o] EsHA] tu QIOpH, I8 &£442 &4 X9 Ao &dstA 4oz olEst

$9 o

o}



{Employee Address}= {Employee ID, Skilllo] g4Hoz oj&stn QAR 4HFH e4A
OJFEE 7 A= 4t 2 olf= 9172 {Employee Do ©JESH Q17] W&o
{Skill}g At stHete, FaA  oE/L2 OofAZMA]  {Employee Addresst 2|l
{Employee ID} {Fofl S-A]=]aL QlTt.

7.3.3 Transitive dependency(F Q)& 9o]&A])
Ro]&Al o]mAjo 7PEA0l dAA o]&EAo|n], X -> Z- WX X -> Yo} Y -> Zof| o]afAut

o] 2ol oEH S Wil

7.3.4 Trivial(312, AlAgH 2AAFA) functional dependency
AGgA o] E/dolzt 1719] superseto] st 4749 &4A o]E/dS Wstct. {Employee 1D,
Employee Address} — {Employee Addressi= LAMA Ol 7o)t

7.3.5 Multivalued dependency(&43t Q1&A)
a3 oJE/Jolet HolE9 ojd 29Ut ofd 4E 2959 FEAXIE YAlst= AlsHAE a4
(constraint)S &3ic}.

il
ol

7.3.6 Superkey(#17])
+H7|H £459 Zo|H, o] HolEHolA HIEE [FUSH AlEstr] {sto] AMEH

2 otk °F 7H9} Hojgolls o] fm77E /S 4 AT

7.3.7 Candidate key(ZH7])
5 17)E ofHat 9| % (extraneous) HRE 7 K| 9 #m7Io] 5w sty Wo|ck: of
e #asto] fm7olc),

o2 5o, A <Name>, <Age>, <SSN> and <Phone Extension>9] 292 o|F20]Xl H|9]

< ®W2 AR fH71E A= olAdE FOlA 37HX] #m7]= <SSN>, <Phone
Extension, Name>T12]1 <SSN, Name>o|T}. 0]ZE ZoA ©FA] <SSN> gro] S H7[QlH|,
J olfge 2 H*Q AL dAEE FYsH Algsted A 42 JEE 2FstL 7]
fZolct. ('SSN'2 of7]A Ztzto] ApgoA RojdH {AgH AEEAY S (Social Security
Number)S ‘?;*?_E}).

7.3.8 Non-prime attribute(d]-2.& £74)
Hj-oZ aMo|&t omst SHI|o= RIEX] U= &oltt. Employee Address=
“Employees’ Skills” Ho]Z0] 9= H|-0%

7.3.9 Prime attribute(2.& 47d)
oF &3¢ oz of| Fu|d

)
rEl
17
-
%
ol
—_
r|r
p
2t
S
v

7.3.10 Primary key



4" 4 9k olzlol YuHAY Z(EL of
J(notational)o]ojof stH, AFstet= ojmst

HIS2 9 WS 7HA

— hi

UAl(relation)of] = shHe] S HI|= OF7]
® gEolA Zast d)ojx|gt, JAsH] 7]
WAL ZEA] d=ot. Aretel #Hs

2] =

J)*l'm

=
ofr
ne
ol
oh
=
2

=)
,i
rln
ot

7.4 Normal forms(FH3)
HAE do]gHo]A o]2Q NFt =2]xlol 2Ax|Au} o]At
_]

5
®,
Q
=2
5
a
o
5
@,
0
@
©
5
Q.
@
n
Q
5
A

anomalies)o]] st H|o]=2] W A/d(immunity) = S

oj5o A&t AAFol =o¥ =245, 249 FAdHd2 AF ¢ ot 7 Eﬂo]§
< st 719 “highest normal form" (HNF)"& ZJ%IL}: X ol5tAtH, Hlo]B2S 1719 HNF9}
739l HNF Erp W32 2E Jyg9 a4 %
W, Holg2 279 HNFE‘L} 4 =2 od
o}

xe AFde qokstw, rhewt Pk

PA

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

'E:!C N 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

'I::)K N Domain/key normal form E;;r{)o%(;rtlrs;ﬁgt on the table is a logical consequence of the table's domain constraints and

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= IAIF dlolgyojAo] Q= A /dAolct. gtd ZF £/d9] =ojQlo] X}
(atomic value)¥to] FojQla, ZF &/7d9] gholl ZojQlofA 2 T Zl(single value)ihE 7t
AtH, I A= INFo Qlct.

ST

7.4.1.1 Examples
}go] Auelet dlojEjdlo] A CiAtolU7l oj@A INFS 9t 4 9ILAlS Hojxn
o}.

pASs



a) Domains and values
cxtoluzt m7te] ol g HatiiE g ALEsh] vlRickn JPYs) Bah a1t chet Zol 1
7 Eol2g iatelstet:

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
I opgof] gApoju= B uAMAA 500 HeiWle S I 3 A2
2=t 1e 9 P ZtEeh Yo w, ohgat 2ol ofF e =

customer
I(}?)u stomer 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

AR, detdie Aol 127 wAEY AetHs-Rgo =Heloz

[e}
Re INF7} obol, ©x| ofefet 2o Waoze Ry

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
dd 220 S549 ¢Z sl&FoEMN oA INFE fetst ot APA Rl HAF Holy
wlol 2 Te] AlARIO|AL 3t Elo] 2 o] 9ot Zo| Bho e mAst: WESL FEoA
o;rgq-

15 .

7.4.1.2 A design that complies with INF: INFo] gt T]x}Ql
INFol| 217 ARl che 279 Elolge Argsto] et
Customer Name E|o]=1} Customer Telephone Number Ejo|E-.

1 ()
9= 22

Zolck:

Customer Name Customer Telephone Number



Customer ID First Surname Customer ID | Telephone Number
———————— | Name 123 555-861-2025
123 Robert Ingram 456 555-403-1659
456 Jane Wright 456 555-776-4100
789 Maria Fernandez 789 555-808-9633

Metis 5ol whEo] o  CRRQloAE: WAtk ekech 1 tjdlol,  zizpol
Customer-to-Telephone Number 32 % I =S AJASITE keyQl 1178 IDE AFESHH,
d-ti-ore] #ATE & golE to] EAg "RL” EHo]2d 1A o]Fo] e 29+ At
H" EHolZQl /A Asgiso] Qe W ‘*z}‘ﬂi E% }%‘ & ok 2y 7Hzbo) st
g

7.4.1.3 1INF tables as representations of relations: ¥#7|2] 3O 2A] INF glo]&
o2t e 57HA19] 2718 THEA]7]E “isomorphic(o]EEFA) to some relation”o]2}H,
72 INFo] glck:

1) 220] ojm3t top-to-bottom ordering® &EA|5}A] L=r}.

2) 2o ojm3t left-to-right ordering® ZEA|5}X] r}.

3) oh3t FEY 20% Ex|sHA] O

4) 2= row-and-column 1ntersectlon0ﬂ‘— Ae7t=st mool( vto] ZlojA= Athz o}
oz BE 2 shute] gthe AgshA Zh=t.

5 ZE ZY2 #AA(regular) oltt. [HA] TaliA 2= 29 IDs, AbE IDs, B SAA

time-stamps(2A1 4% UA7|%)1} 2o A% 7HR2ES A2 24 _51:}]

7.4.2 Second normal form

INF Elo]2& 92l 70| 2NFO| A4S 2157] YsiHt: 27

o & o AtMls] ZaliA, v of® glo]Eo] INFo Qla, 1

& 3710 58 7]59] o3t sty FolE Estw YA Yrtd, 1 Eo|
Zoltt. 7]1A Elo]29] B]-2F £/4doj 1 E|o]=9] ofmst

et

wo

QOFIH, ojd E|o]Eo] INFo] Q11 779 w
712 2NFolt}.

rn
=
|
lo
alA
>4
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o,
ol
27
N
2
1
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_O'E
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i
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7.4.2.1 Example
employees' skillsg YERU L 9l o239 Elolgg WAL



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} U {Skill} & t o] EJ|o]=29] SHE7|7} ofyc}. iufstH, 75t SJHo] ghwio]
M2 840 7122 7P 4 9lth) ek ®ob ohjel, SR 712 oAl dhvlold(ctao)

TdEol 1 7leg 7 & An) YUEYr] fiFolty. T™HX|gE, ©X] composite key
{Employee, Skilllx= ©] glo]E9] S HI|=A AAS ZFEx1 Qlot,

UMA] 4491 Current Work Location% Ox] $H7]0] dH B0l = Employeed]gt ©]E5}
Qlth. 12ju g o] go]EL& 2 NF7t ofyc}. Current Work Locationso] UL 01%
E X(redundancy)& —7.‘—%0}11}- o]7|A] Jones?t 114 Main Streeto]|A] sttt 3 ®3S
0, Brown2 73 Industrial Wayol]lA] Z£23ictu 28 ®IASIct o] AL ZEMog {18}@]
7 Ho]2& 78Aolif(update anomalies)ol FoFstAl o oE E°], “Shorthand” et
“Typing” 2| Z=0f|A Jone?] work locationg 7J4lg 4 loit, 19 "Whittling(H7727])”
dEZE= 734 X & 4 ok 2 AW golHe tda 22 Awd "sto 2ed g2 Als
SHAl "t “Jone?] current work location2 91y 7t?”

iﬂ
\o ot

olt

ol fxRlo] gk 2NF fjete sdst AEE F 719 Holg= o3 #o] ZEdst=
t}: $H7] {Employee}S Z}= Employees H|o]E21t FH7] {Employee, SKkill}=
Employees’s Skills H|o|&.

PR
)

rlr

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

OlF o] Holes2 ofHeh A= Filojdez o5

ftlo

77

rr

o}

EI'O

JZA T e 2NF Hol250] Aol gl A2 A2 ot gAlolder g

g
e ONFO] o chgu} Pk

Tournament Winners



Winner Date of

Birth
Des Moines 1998 Chip Masterson 14 March 1977
Masters
Indiana Invitational | 1998 Al Fredrickson 21 July 1975
Cleveland Open 1999 Bob Albertson 28 September 1968

Des Moines 1999 Al Fredrickson 21 July 1975
Masters

Indiana Invitational | 1999 Chip Masterson 14 March 1977

Tournament Year Winner

H]E Winner?t Winner Date of Birth7} key {Tournament, Year}e] dXof 2JsjA{7} oty
2} AAof] o5l AZAE X Hets, EEHsE Winner / Winner Date of Birth®] ZA3re t}49]
lacod FEHoR Uehdch o] ZAlolde WAk 9 Zale] LA

4oz 2
A rTiY, of@l SWd delats £ ojo) A2 oh2 EAERE Ze o uehd A
olc},

o]7lo] TEXQl A= Winner Date of Birth £4o] oJ&s5t1 Qe Aolx o&
(transitive dependency) Wj-=°]t}t. Winner Date of Birth:= AXj2 Winnero] 9J&stH, 1
T30 7] Tournment / Yearo] 9]&3tct,

o] &A= 3NFoA t}&ct.
7.4.2.2 2NF and candidate keys: 2NFQ} S.H 7]

o710 tiste ojHet REA Had &GS Al A o
=R
=

ARE & 33 IRk ofdnt. 0F7] ofejok, o]

5] TallA, ojhst wv]-oF £ ol2gt S$H7|S of"  Zo] tjsto] part-key
dependenciesS ZrX| ¢totof strt.
chgol EojBol B40] 67|t e gick
Electric Toothbrush Models
Manufacturer | Model Model Full Name Manufacturer Country
Forte X-Prime Forte X-Prime Italy
Forte Ultraclean Forte Ultraclean Italy
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

H]= gxpoly”t {Model Full Name}lZ oE&7]2 75ttt stHete, o] Ho]22 2NFo QIA]
oIttt {Manufacturer, Model} E£3F 4 7]o|t{, Manufacturer Country= 1719] 35}¢]A3st
of MgstAl oEst Atk Manufacturer. o] GARRIE 2NF=2 ®74sH7] QsiM = th3at &
2 2 74| Hloj2o] W asic):



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
3NF&F (1) QME]E]7} 2NFof 11, (2) E
= #hx 24 (Referential integrity)e

Aretsts 3R HiRkel Bpgolct,

S,

19
e

7.4.3.1 Definition of third normal form
old glol=o] Tt O3 Z2 RS FAIsHHH 172 3NFof| QIth= Zo|):

1) ¥ R(E[o]E)o] 2NFol Q.
2) RO 2= H]-0F £/ RO 2F superkeyof H]-F10]&(non-transitively) °J&/d<
7bn Qlct

_,_/do]q- K{o]ﬂ 4]3 oo]

RO| ¥]-0%= %42 Ro| ojm3l $u7|o %5x|(belong) Y
g ARAoRE X > Y Je1 Y — 7 (2ZAY, Y — X A7} opjcholAlet, g A

rok

7.4.3.2 "Nothing but the key"
NFO 25 FHAIZIAl Xdh= 2NF9Y| o o3t 2o

Tournament Winners

Winner Date of
Birth
Indiana Invitational | 1998 | Al Fredrickson | 21 July 1975

Tournament Year | Winner




Cleveland Open 1999 | Bob Albertson | 28 September 1968
Des Moines 1999 | Al Fredrickson | 21 July 1975
Masters

. o Chip
Indiana Invitational | 1999 M 14 March 1977

asterson

o] Ho]29 Zt} 29+ EWET Yearo] ¥t Tournament?] FAMS &a{ofstr| oo,
227] {Tournament, Year}= o] 295 {5t AlEstr] {sto] Hagh 2Aaste] &7
Agolty. &, {Tournament, Year}:= ©o] Eo]529] S8 7]o|t}.

3NF9] ¢gto] fstH Bv]-O0F 44491 Winner Date of Birth 7} H]-
91 Winnerg2 AXA ZH7] {Tournament, Year}o] Ho]Aozg 9o]&sta 7] mjFo|ct.
Winner Date of Birth7} Winnerd]| &R0 2 o]&sty Qo= AL ORE I &
PEYAS 21 SAT Aol SASHE A e £AL obF AT glomz, 1 Eolg

logical inconsistencies(:=2]& Q&) WAA|A FoFstA wr=ct,

tﬂ-}\ﬂ SHL[3 ]

o AXA
O M —4a =0

SNF gJurgio] 5 APdS BAsP] 5to] of Hol2e thgut Zo| £ Jh2 Leojof g
c}:

Tournament Year | Winner Winner Date of Birth

Indiana Al Chip

Invitational 1398 Fredrickson Masterson 14 March 1977

Bob Al

Cleveland Open 1999 Albertson Fredrickson 21 July 1975

Des Moines 1999 Al Bob 28 September

Masters Fredrickson Albertson 1968

Indiana Chip

Invitational 1999 Masterson
OlA| 3NFo]| Qe & 711 =5F29] glo]EoA] ZAlo] o] dojd 4 Qith
7.4.4 Normalization beyond 3NF
229 3NF H|o]2&52 update, insertion, and deletion anomalieso|4] A}S-&tCt 3NF

Hol22 od fd=2 AN A9 Thdr] SR olgigt o]dE0 IdFS we=th o]
23l H|o]25<2 Boyce-Codd normal form (BCNF)9] ZASHS 7tX|1 QAU B]E BCNFE
FEA7|c2ke ANFU SNESE 22 ot natdsel Fdols 2ge 2a A

7.4.5 BCNF(Boyce-Codd Normal Form)

Boyce—-Codd normal form (or BCNF or 3.5NF)& HolEHo]A A 4sto] AR &= A4d
o|t}t. o] 3NFHT}= x4 ¢ 73t Zojtt. BCNF+= Raymond F. Boyce and Edgar
F. Coddol oJsfl 1974'A0] 7WE=glon, Hdl gofst ZAAH INF7HA] thA] ZSiE ofH &



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)

SNF Eloj2o] BCNFO] @1E1S WEA7|x] g #ot uje c2r) thpo] 5249 518
715 725l Q1A = 3NF H|o]52 BCNFo] &AstA Qe Aojt. 2719 ghaA oJE/J 0]
FoIQ7to] mraka, 27 olide] FuE $HI|E 2t 9= 3NF fo]22 BCNFo| g £&
QT 1A % 2% 9lth. BCNFES £XEA7]A] £oHe 3NFO| o= cheat 2ok
Today's Court Bookings
Court Start Time End Time Rate Type
1 09:30 10:30 SAVER(F¥)
1 11:00 12:00 SAVER(3]¥)
1 14:00 15:30 STANDARD(H]3]¥)
2 10:00 11:30 PREMIUM-B(H]3]¥d)
2 11:30 13:30 PREMIUM-B(8]3] )
2 15:00 16:30 PREMIUM-A(3]¥)
Holg2 ZF 29+ g 719 stEIE(ZE 1)f g 7[9] AHIE(ZE 2)8 21 Qe §
A 289 FE o9 court booking)g UEHACEH
ofefe ZEY 2|1 JENUFAIIER o] FojZiT)

F7t=, Zb7Fo] ook 179} e E Rate Types Zr=r}. o|Zo= 471X]9] 93t rate
types”7t ltt:

SAVER; 3]¥o] ZE 12 ofek
STANDARD:; H|3]¥o] ZE 1< ok
PREMIUM-A; §]¥do] T E 22 ook,
PREMIUM-B; H|3]¥o] T E 22 ofck

o] Eloj29] 4m7|E r}e 2k

S; = {Court, Start Time}

S, = {Court, End Time}

S; = {Rate Type, Start Time}

S, = {Rate Type, End Time}

Ss = {Court, Start Time, End Time}

Se = {Rate Type, Start Time, End Time}
S; = {Court, Rate Type, Start Time}

Sg = {Court, Rate Type, End Time}



St = {Court, Rate Type, Start Time, End Time}, the trivial superkey

919] glo]2o]A H]2 Start Time#t End Time &4 50| zt7t 28 1g Z2HA] F=r} 5t
2=, 2 o OE ERl ZE 13t ZE 20] igh M2 g F 7iY oefo] FAlo Al
AEAY Al Edttes 2le F55tojof et} o]zlo] ¢f {Start Time}} {End Time}o] o]

Holg9 +m7|2 124d 4 gleAld tigh olfolt.

2R @A Sy, S, Sy and Sy = SRI|SQA(E, o] WAl QlojA Fadte] 4m7|S),
Jpstel o2 5ol S, C Solmw S, = SwIL P & gly] mhEolth aNFolA Fuwof
ofst u]-0= &0 BuA StaA o|EHS ZASHL QUTH= A INFOA Twrlo] hat

Today's Court Bookings H|o]Z0|A] o]wfgh l OF £45: EASHA] o=t &, 2 &
BEE o" 2H7]o] £t Qo I8 I Ho]E2 2NFet 3NF = thof sigect. 2
2R|gk o] Elo]2e BCNFo| slgElxl: ohrl, 7 o] AA 44(the determining
attribute (Rate Type))o] $H7|= T12]1 SH7]9] superset® o}d, Rate Type — Court
ol&4 mjFo]t}t. Rate Type — Court 9]&EXL Rate Type’l ©A @2 CourtogF ALK
oforg wgt o] fojZltH(respected).

chgel TRl BONFE F5A1717] skl 439 4 ek

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

Rate Types H|o|E28& T HI|SL {Rate Type} ¥ {Court, Member Flag} ©o|t}: Today's
Bookings Hjo|&59] 5 H7|5L2 {Rate Type, Start Time} 72]1 {Rate Type, End Time} O]
t}. o] & tf BCNF9 9th. {Rate Type} o] Rate Types Ho]=59] 7]d wf, &= 7j9 A=
o2 ZECF AdAH Rate Typeg Zt+= 22 &7Hssttt. 12182 Rate Types Ho|&0of| Q=
712X {Rate Typel= AL&T 22X, 2|29 Hlo]5o] &= 77X+ o] (anomaly)S AAHE
4 Qo



8. Performance, security, and availability
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8.1 Database storage
golElHo] A 7| 9AX](storage)st To]E{H|o]A9] E2]A 3 A|(materialization)?] container
t}. o7l tolgHo]lAa &0 YA (F2A]) #F(internal (physical) level)g @/dstth. ®
gh o2 TaY o I WA ide=RE EA 2~F1 A L%F(conceptual
level and external level)S Aj7&sted Q3 @S AH (0], “Holgle] golg"Ql wE|
oleje} WA Hlolf #+x25)E 2SI St} HlolHE ARl ZI9ARo d2 A2 4ut
Moz 1 fo]gyo]A Ml =, (ak.a.;also known as, Hé"fg%, ‘ﬂé‘%‘%) “storage engine”
o] AMloltt. 7|2 2GAIAE &5t DBMSO| Fshes 7

0] A%
<& storage layouts 9t UH7ﬁil A ZYARIY Tl Al AFS EAdStAl7|EE ), 7104%731
o] 42y /g2 L DBMSO a&xQl Y= Hlsll =3 Fastez fojEHo]a 3377t
ofs HEsHA #Hi ok DBMSE Al 29 Soldzte o2 {39 7RIl H®

2lof " At Wejols AL7|ete] dolelo] A% & JhAlL ok dlojEuo] 0] Hlo]
19t R102 WA HUE ofhs 09 Y SolfT oAEE bitse Yast wojglct
=

AYRoz dolg A 2ejn 9" 2z Ho| e 9bdls] thEA] wol
L 7x0] 7]olgAo] Sof glout, HoleeRe Wes Aol xrbd gae Aty 95t
o (o, HlojEjElo]A0] Halsl WA ©), 1 Wet ohia} o] gAtet mz 1aMo] ofs) @7

o, olefdt £E59) APYS AL 4 Yk PHol Sof Ak,

ol DBMSE =43 BAIUsslE Al8slel HolHE ANSIEE stoz, ofel stk dsst
7} 5% dolefuo] 2o L& 4 9lr}.

o] b low-level(X123) tlolejslo] 2 7]ogx] 1At dlolel RS A43Kserialize)
2 9t T1olgA] AN AFgEBR, Aee ojAlo] 23 AP (written) B 4 Yok AQlst
o e Yol AuAMe sk AgE 2 Ak AEAY UL G-AFA

(row-oriented),o]gF 8§-A|3FAo]HA] AFS WA A Ql(column-oriented and correlation) T

ol gt
ojEHjo] AR FEAfICE.

8.1.1 Database materialized views



7He WlZ22]e] ofi(storage redundancy)0]| d5& =°|7] Hsto] AREET L¥HAQl g 7}
Al At O HQ 2 dh= external viewstt Hz] ZAytZ 1LAE]= AMA! H(materialized
views)2 AIshe Zlolch Jeldt BE AAsHs e 27150 Bad woit 1752 A

] i
Sst=0 =+ vt H]&(expensive computing)2 Aorstr}. ARA Ho] @A (downsides)S %]
x2 7" dlolefuolA ool 1S /1S A A O WAt Z7tulg

(overhead)d} B 22]o] of 2o Tjjgt 7du](cost)o]Tt.

8.1.2 Database and database object replication

%ol webA, giojedolAE (A HloJHHolA AbZo tho] A FO|EAE Al
23 4 AES H%g JMMstT, RAY clojEulojae] REX AR Cfeid: 38
(resiliency)s Al&sh= F 7HA] &0 digh) Hlo]E 9] o]&/dS =o]7] $5to], (S5ho]42]
A2 @A) lolEfH|ol A AbE EA|(database objects replication)E &3l 7199 o &2
AHEEICE BAIY AFZO] JALS T AFEO] ARE Zho] SAJo] o] ojAjo} gick. e ASo|A
AA HlolEfHo] A S HA|SHH.

8.2 Database security

dloj&jylo]l A Hotolgh Hlo]Eyo] A0 FRIE, AJAL O|&ALE Hodtes Be Q45 OF
 Zolt}. o]Z9f W= 1oXo|n FHARQl HoJEHo]lA Ao 2 REIS] BoARH &
HOAA(A, Ardoly AHE mz al)of] ofsh vl o)Al HI7A ol

dlolgol A A S w7HARE Ol ofE e Z2I5Y) dlojgHo] A0 9l ofH J
2 eAlE ORe Aot o7 AEE (4. HEE $R/. S5 A&, GO
) 58 folgyolA AbE, (dl, HY /Y B S8 Hee 22

@ computations, Ei= (o, S4et Mlojy FRALS ¢t 7|& O
© A Z2) A7Hthe former)29] £t H=o] /dsto] det A=d 4 3
A A Al A8 B35 Qtd-8(dedicated protected security)
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o5 AR&SHH (dlolHHo]A A fAtof ofsf) ST deha Foje 2o s 24g«

L2 0w

o
kl

o7l JNEA Ao weh, £ JiQlat SHE AT FedoRM, E= (HEEY
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oy, AAZEE: o, 2214 2 HAT J) B HiolHe AR ks €75 0] U=
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Change®} access loggingoll= +7F ol® &/do] FolA £33 vptdl
7t o] RO =AE 7S5t ot 27 Av|As AT A Wt of
22X UZof forensic database audit(£743 2 dolEyolA IAHE &
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8.3 Transactions and concurrency
giolEiylo] A AHd(transactions)w o mHyl(crash)2HEH 3E% th29, fault tolerance®t
golg +=4/d(data integrity)®] £&2 o|E7A WE A Hintroduce)} HH|A ArEE &

ltt. HolEHo] A Ale APA o= dojeuo]Ao] ohefeh (ol HlolEHo] A AteS

AaL, 24, locks 245t A )0l ZIEUA, HolEo]Aet thE A|ARIA A]@staL
Ae stte] 7 (abstraction)y} Z2 4] oF Thef(unit)oltt. Z42be] AHele 1 Aol(S
B3t Al BPolE sstol A mRIauo] o 27H) ojmt == a/I o] Adejo]
Ze o] AeAlet Y 2 Fod d(boundaries)g Zri ot

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.

ACIDT goJejHflo] A AHzjo] o] FARl JAZ HYdt= FwAto] olth: dAMF, A, =3
A, Q1Y (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

2) 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.

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.

8.4 Migration
siute] DBMSet oA 9h= ool A T DBMS® %K (portable)d 4 QITHTHA] Esh
A, & DBMSOA 275 7I5AIZE 4 fth). 2ZAR, ofHl J&oA shute] DBMSz8H
o2 Aoz HolHyo]AE o] FAIZ|AU o|RA7|D T 4 Y. 1 olfg+= V|EACeR A
AXog, 7lsdog, %‘”(HE & DBMSs= A=z & d5s 7 & o) 2
Qst7] fjZolct. o] WHo] T 7hsstthH, tlojEfwo] Aot HH of H(thA] LshiA A
9 2E ofF 2 ) 94 fﬂxl %Al ARE7FESHoF gttt wetAl HlojEdo]A0] TEA
Ji QA & HEL 22 WY QoAM= JA|Eojof ghr
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.5 Database building, maintaining, and tuning
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8.6 Backup and restore

mmj2 of2f 7}A] o]f= Hlo|HE ol JHI2 HEY sotof st A7t 2AAH. dE =
of, Holgyo] A7t AZE 0] o2z Qlsty FAZE WAskAY AxE dolHz A <f
gfoltt. olel g YAE SACo=, Z47bo] flojEjHol A AJEN(THA] HEiA], HlolEfH o] A
o dlojge] e HlojgHo| A9 Hlojg Fxo] 17159 iEef(embedding))7t A& Y
e &5 A TE o =S, WY 7leol oo m2f Ee AHHoR ARGS9
of. olglet JleS aAoR & 4 Qe W2 Zlesol EAlst e, o2t et 2
% of, ohA] THA] HojEHo]A TR} o]2iet JEf = HoJHHolAS HEY w2 2
e WellS =of, dlolEuo]lA7E Ao ofd AEjol AS Al JHiE SAstde=
), o] mAdS2 T2t JElR 9] F(restore)r|7|=H E-&HH.

8.7 Other

7]e} DBMSO] S0 2: cheat 2o Zo] ik

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.



< Linked Data And The Semantic Web >

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

Linked Data®} Semantic Webo]gt F4i1Q171? ¥4AIA O 2 Semantic Web& Web 3.0 o]tk
%, AAEE £+ JdEE(entities) 7]2] A2 Hlo]HE FIske wHolth. mepA <4 2o
Ae  olZla  ARESHe] HlolE7|Y  FRShaL, K}O} 7] (self-describing)?l  ¥AI/d
(interrelations)S zt=rt.

>

P, SWi HTML Eiguiso) 2] 9k HolHE gl g Aol ohel dRe)
2 2 glojop Gtk Abwo] AMo|A B]F 7

AtiLA(thinking) ¥75 +88 4 9l

YU IS
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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. 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 THRHIE.
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}F3E which the user knows about and is trying to
get to. Rather, the user is trying to locate a number of T}F¥IEs 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?

o5 2ot AolA A we coje: o Holx|o Hejz Lo FFE ), oljse
HTML CHI®IESolol, A2 stoldzaz @zwo] 9tk Algell 717 2% of Ze ohi
WES A2 2 Utk TBA, AP HFHOR HolAoA /|YSE B2 & YA, 717

7b o] HFHIE 5o Q= QuiE 222 WSS A3 A A

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

Frmmem—————————p

olsti, St @xfo] zte] a2 Lolwnl, nixato 2 SWol A&t 7]&o] hsto] 22

S e o
2 o

» 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 =7 A Uizl Boprt ofych. REAZF SWO] Aojot 1710 Atz FAls| o]
sistel @chel, WAl 2219 dlolel AARE olsfsior et whebA WA, SWOl HlojE
A%} 29l graph database®E| Zojdct

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 AeAA IT Fopo]l XAlS zru Qlu1, AS Y (for example XML) £+ A Ho]
EjHo] A(for example MySQL, MS SQL)9] tClolglxZetsio] oistol L QAR S,
Resource Description Framework(RDF)o|| tjsfAd & 24X &£ 4 it

RDFet SW AHFUEA AR&shs LARPARl FZAtojo|t], AlRIE dloj& o] &2 A AFsh=t|
ok 7|2 BEe5E 59 & faoot. ot o]7lo] define("dQl)st= A2 o220
A

ol &3}K] & glo]EjHo]A0] 8§91 graph database ©]c}.



2) defineo]&+?
- To state the precise meaning of (a word or sense of a word, for example).
- To describe the nature or basic qualities of; explain:

B2 of Hlojefulo| 0] chal of2iiol AastciatE, ool B2 A AARCR SWE A
sheel Abgat dlojeflol2e) @ 2R olct.

O|Al graph database’} fSlo]il, o€ RDF7} 271& 7J9sh=A], 12]il graph
databaseg AlZ&sh= o] FolQIA|o] tjste] dotH 7|2 oy

M A hierarchical, relational, 72]1 graph databasesS H|us}o] o]7l50] AMZ ofEH

fhEx 2 ARyl st

1.1 Introducing The Graph Database

T ] = = - —_

I ————
> R
Relational DB Hierarchical DB Graph DB
Tables Related By Paraent Nodes Hawve Maore Arbitrary Object Relations
Primary Key Intrinsic Importance Mo Intrinsic Imponancs

rlu

229 dlolg A% fPsolAe. AHilEe o] 7HA] Hlolg Q A(elements) ol TF
ZHch ¥ @2 precedencel} importanceg Zril = E 7HA9] @AE(dlE =9,
data nodes = data tables)o] ofjst 7§dS Aoty Q.

ol Sol, XML CHFHES WAl A
7 ola] o] F® weg Atgstn
o, o] EL ojHd ¥ Lew 7k

Moz XML OtFHEO= 3t 7jo] parent node®} &
oh. wabA o]2igh thFHIES] root &G99 wEo]

9lo] T3S AmEA}L Wi QE2&0] data grapholE o]TSh roots(E= AS)= ER|SHA &
o, Az dZ2d RS20 S50l Ut ESE of J2fmo] ojmsh Al SEsHA thE
AFYECH BAA O 2 (intrinsic) O Q51K Yot 718 Uey L 9ot

An Example Of A Data Graph

*}“%(thingsm ME2 old TAE 21 JQEAE 7]estlL Q= AlAlZ(statements)d} 7T &
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A ofe] TH(HIA])S}F aLefol(EY]) He] #AE 2AYste AAES EHEAL

= Bengie= 7lC}.
= Bonnie= o]},

= Bengie®?}t Bonnie= ZlLo]C}.

Yol et 3719 A|AZ2S dloly 2=z JHH, offet Zoh

Dog J Cat -
-

— J—

o .
animal Type | I
1 ]
1 |

animal Type

friendsWWith

Thing 1 e — = = = Thing 2
- o
Wy e— . — -
S b
name F N narme
-
W b
Bengie Bonnie

Ho] Tefmo] YEht e WAL Ul AEAolnz, Qa2 o
2 9tk &, 9g|e ¢ Thmg 1" 3t "Thing 2" 2= & 719l Abgo] i,
20] stb= "animalType®o] 1 UHAl= “friendsWith“gts 718 & 4

Fsh, 22]= "Thing 1"9] &4 “name”9] o] “Bengie”©o]1, "Thing 2" &4 “name”9]
o] “Bonnie’t= AE & 4 91, & "Thing 1" 7HE, "Thmg 2'v 1golE 9ujsttt
t A & & 9tk o2, o] & I AlE2 A& A2 FHEY “friendsWith"7} shadm
2 YUY RS 77 )t A & 2 ook

Y ZQE - 99 JdmoN St EE= L4 (properties)2 UERHTH T E, o] RDF &

o](terminology) 2= predicatesg} sttt o] & Bo]t s8R0z AL W, T|moflA HA|
o shgmE 448 oujaict,

<Graph ModelQ] of: X]A]&>

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)



<URIZH?>

¥ 7]=oA], Uniform Resource Identifier (URD)E= AYES ’:}%6}7] Ql5to] AR EE 2XME(a string of
characters) ojt}. o]zist A¥ 7|58 55t WWWH 22 YELYIo] = AHP9] & E(representations) 719]
Aaxrgo] ol2old 4 Qlth. JhA A gajxl URIY Uuhd el £% w|gAlxom ¢ ojmaiz 2e]9
Uniform Resource Locator (URL) o]t} ESH A9 AFRE|X]= 91 Ql:= Uniform Resource Name (URN)o] Q1=
dl, o712 5% namespaceso] %+ AFEES AES] 3t HITUES AlET 24 URLsE HUSIES HAL
g Zolct.

[[‘ rlr

T o]

-

o] & E0°], Uniform Resource Name (URN)& Atgre] o]&o]2tH, Uniform Resource Locator (URL)2 50| At
£ 7elo] ojsean} ul e & 9ok b WslAl, URNS ofolslg AlEsly] 915k Zolm, URLE 121 3= %
Wo MEZst= o
42 Alsste Zold

SAA o= RDFO| oifsf dotwr] o, st 22 ddet A& A StE7|2 shRh:

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 dhsl AMsHA ofeh. Lale UEe] ol2e thA 7 o},
Al et & Zio] RDF/XML - the XML form of RDF2t= Z1uhS olsfistH % ct. RDF
elndsts ofe] bR WaSol A, 9ejs x| RDF/XMLIES o}

1.3 The RDF Statement (Triple)

2]o] EHIEA &2 Moz JFA|st RDF/XML(<rdf:Description> tags Ato])S RDF A|A]+,
= Hoi2 RDF tripleo]2} BE&tt. o] & 7HA] o]F Fof|lA triplec] 22|17} RDFE o]sfis}
8 7P =20l H= gofold, I olfg& olAlo] AAIZS 37HA19] @42 K|AFo] +dH
o] k= 718 9Jujstr] Wj=olth: &, A|A]=9] subject, predicate, Z12]1 object.



Jejmo Yej2 o] kA T4 §olSS Ueh BA oE Sof, H-4X9 A EH
o 9t dlojelo] chat chge] THme M wak

T-Shirt

S —

LY
\C{)iﬂr

b
White

Ho] et oAM= 3709 g4t 2RO ok

= Subject: T-shirt;
m Predicate(®= property): color:;
= Object: white.

My EIIE - RDFE SWO| dlojg]l 252 Boshe Edfolx|gt, dlolelo] &olgle ojojut
oujg AAF 7|&sHA= 23ttt o]Z& uUxo] RDFS (RDF Schema) 2 OWL (Web
Ontology Language)2 ¥lg o k2712 dch A122 ol 20 ohstel Agatal utet. @A,
RDF7} dlojEjzte] @AR&W ol olu] & LA 9t 7129 dolEARYEY ofgA ot
Aol chsh wiglob @ch EE ojEEe ASFold WAF clole 2o Moy graph

model2 FAI7} ML S-S ME+= Aol T3

et RDF/XML AA 22 S3l, o] 748450 tisto] LotEAt:

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.

11. </rdf:Description>

12.

18. </rdf:RDF>

gAMoR Q8 o ANRS T ZoloA B, ofeige WA o] RDFOA

0.



subject, predicate, objectE o]27| 7|=sdk=A]0o] tiste] &3 AFofof gy,

oA olAg DiEith olX ol2lRe thew 2o AL olsfata 9l

tjo
L
o)
0

m 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

graph data modelo] SWolA Ho|H& A|7gst= 2Hol2tH, RDF= 171& e &0
of. oF &oflA, 22]= graph data®t RDFE Atm¥ict. o|&] 2] RDF/XML - <lojA 7}
& Q17] 9l RDF ZYE 39| sh - & AREsto] T2t gojg g A/dsh=0 Zast 7]&
e AEg Aol

oju] o]+ graph database?] 7fE& AW, ASF HAY deoly zElly e A
E4Q1 dioly A7 FEfet oS vk s EQich.

.

o|x| ZrH3dtA RDF (Resource format)g AmHE, ZFA|(subject), &o](predicate F*=
property), 2|1 ZBxj|(object)2 O] F0]Xl AJAlZ2 OB Aelst=Alo] HsiA = Lopre
0, subject->predicate->object relationshipS tripleo]gt EE20t= Zx AotTt Fsth o]
2.2 RDF7} Al9E dloleio] 91g 153t /]2 moolab & wjgic.

f
2
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A% ofe% Atale] RDF A]A&
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o 2 Tt PUL we 2ol
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g9 g by A 4
Lotus]2 T,

oll
o
e

4 QL% v T RDF ChWES] o2 7bia 3t oAy

(o]

2.1 Building An RDF document
>Add The RDF document Root Tag
MA, RDF root nodes o211} Zo] F7tofl EAL

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

1.
2
3.
4. <!-- Body Code Omitted ——>
5.
6.

</rdf:RDF>
o] oo = F WAl ZoA, of2]E2 EESHE W3.org namespace?!
http://www.w3.0rg/1999/02/22-rdf-syntax-ns#

2t= URIE E7] 2 Zo|t}. o] namespacer T-E ZHFE 2lH(reader)o|l o] Bl 12 g5
A Sle(enclosing) hFHEZ RDF @l Eeb= Zlap of7]4 AREH rdf:RDF tags©°] ©]
namespace®]| EZEo] Q= 7S FF = Zoltt.

1) AFEolA namespacest of2] F7F2| A

= E
258 o|302 Ax(referred to)d & Ytk B YA o2t chgut 2 Zo| ek

n file systems2 oA E0f o]22 dtst namespaces ©|tt:
= programming languages= namespaceso] 9= AHAIS9] H4o 519 -F 8-S AT
n AEE YEYIQL BAF A|AELS computers, printers, websites, (remote) files, S} 22 x}Yoj 0|28 It

gt

Namespacest 4Wtdoz Og doHe 1 o5 AMAE 4 U=S ASFES At st Fgo=2, %4
Ze] AF2 ke olgRT otdet AMIE AW FRSHL e VHECIES AL Qv A9 A2RS

AbOHd, ZF JERO|A THE o] &9 LRt Zlol2tH, Zhe] Afg2 o] 5 ThEelFo Aol 9s f-AstAl Al
4 AT oAl A, ¥]5 @2 Janeso] 12t Jane Doew A Y #olok Doedts “d2] namespaceso]A,
TAl Jane" o] AlEE A Aishetl FwSHAIY, 2E A9l "global' namespaceoi A& full nameo] At

g&lojofat gt

Hoz ASA md Alade tAdEL2 ©tds xAS 7F fA g shto] 5= namespace©|t}.
J3og gAE EJ "letters" 9} "invoices"= & tF "to_jane" mU-Z TSI H% Qlct,

= oA, namespacest= XM PA o7 EHSE 71541t U= symbols 1} identifiers
2, Jeln 59 o8 8ot 40l identifiers 719 $ES MY MO AU

uju
|4
Ju
ol

Q‘B
I
22

U EQ7Io|A, Domain Name System2 websites?}t 7|E} AFYES namespacesZ ZAIg}F sitt o2 S0, "org"



= dH]92]7]%8 namespaceo|tt. o & £of, "wikipedia.org"s Wikimedia Foundationo] &d% 3}%] namespace
o, "en wikipedia.org" 0] AHo]Ad] gl QojE ¢j7|mr]ofe] ojgolc}.

Qlo] C}FWEOA namespaceE EH5IY 9= RDF node’t B2 o] RDF C}FHIEQ]
roots nodeo]t}.

>Add A Statement

RDF GhRflEd= shut o]4fo] AJAlgo] xehd & Qlth. IHsHA &2+ stus 718 A
ojtt. RDF/XMLOA FA|(subject)E 7d9st= W2 <rdf:Description> tagE A&-st= 2
ojty. thgt #ol F2 M AAlZ2 F78l BAL:

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>

ool B Moz mHE <rdf:Description> tag’} Qujsts AL 7hdstA WslA oreat

U AA  t-shirto]  Ojsjoi(about) AJ9)(describe)stn], 179 {UF D&
http://www.linkeddatatools.com/clothes#t-shirt o|c}.”

ES-T]
<rdf:Description>2 about &40 95 XA = resourceo| Tist URI AEES Zt1
container o]t}. Th29] oA ZFZ+9] resources= bookso]il, I719] AIHAHURI)=

olc}. Zelx zi7te] Ao gl Axte} Wolx] 4ut mAE o] 9lct.

R )
o8 rr

Source

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

<rdf:RDF
xmlns:rdf="http://www.w3.org/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

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

5 olslh Fka? A% wiglEAlc

>Add Predicates



ojzfo] FAo] tisll goJstAA 179 u{3st IDE Aol UAITE, 1 A9 £
A= ojmst A& AOSHA] gtth. RDF AJA|ZoA+= RDF AF8olg &£/ <0
propertiestt predicatesE AF235to] g A9 5453 Aottt

rlr L

of
gl

LAl T-shirte] &4 & shuel sizeS thadt 2ol F7t6] Bk

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>

oo] THRM &S WAL 7t WollA o] FA|- <feature:size> EJ10]E0 8 7]&E 3 7|
o] £45 L e, o] £49 FA U2 120]th. RDF AF&ol=2 o]7lo] vtz AJAl&
(statement)o]c}.

Je]a 3HAY Zof o] &/Jo]F¥ et oYzt o] ZA|ofA] AMEE= 4/J0]&2] namespace?]
it URIZE BAIE O] Qlth= 7

> glw
o
o
rO
ol
o

02, T-shirte] AZ9l color £4& sttt ¢ or21 o] F7ts| BAE

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>

11.
12. </rdf:RDF>

o] <feature:color> £/49] HIAL <feature:size>Q}t Tt2oh= 718 AorE Zlojoh. A|d ©H
LN = A @ 1278 QUAE vFHof, ojd o= £ g AJAlZ2 subject(ID)E &St
= AAs] Ao ol2fgt mIol &2 Zolty. RDFOJA objects= & AAlZo] QU&=
subjectEZ Atx3sh 2 9lct



N %4 rdfiresource= CH2 rdf:Description elemento]d %olsti 9lE resourced]
aboutst B E Aasigl A€ 4 Qic}.

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>

TA] BE202 =o}7tA], <feature:icolor>9] &£4L& 3¥x] ZHof 9= xmlns:featureof o]0]
zste]o] itk ZT o|sfstojof str}. TRA] WafA], xmlins:feature®] o]Z2a]AEo|: oln]
size®t colorgt= £/do]go] e o] Qth= Zlolt.

Il RDF CHRWEo] Q& FA] ®& ChE RDF AX2ol4 449 ANAA Axd 4 Ak
o]l RDF ZHASOAL /fdnoz EaAg & ot

mjebA o]7-e ZFAEHA "ol &A= ID7} http://www.linkeddatatools.com/colors#white?l
RAlE& FxstL = AL H&0] feature:coloro|2t&= o]59] gt 719 £443 7HXL Q)

a

ci'ebn weha gt



2.2 Breaking Down The Statement

olH 71T o] RDF CHATMES AMum, 27t sl 2 TAZ AALY PYREe
B AG] WAL

A

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

s

oju] o2& XAl FA|(what the statement is about), 22]1 F 7tX] HEjo] £/(ch
£ RDF A|A|#& R6tES 5h= resources 12]1l At of tisto] A H AL,

P

Z=2 - rdf:Description element= ©% container Qo] 3}L} o]Ar9] AA|2=E Xdstst
QA s 8sta ot et A2 AvtAQl FHjol= AMAAY T Jle] &/d1t g 79 AR
literal®} resource, & 7HX|7} @7 54 FAE FxRst= F 719 RAl2o] 2FE 9

(©)

>

L

2.3 A More Thorough Example

Qo Tz clolEolq ThRAE Brt B

I-'Ol'

P o2 ¥Zoprt BAk:

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>

ofelgo olsl2g HlAEST WS Pobg U] ¢lstel, 99| RDF CHAHMES ofefel 7ol
TEL £ JEAS 222 el wek

= Subject of the statement?



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

m Objects referenced by the resource predicates?

OlAl RDF ot Esol ofsl ofsisiil, Z271o] Hojef d2jmet of WAL AeAle Lot
¥, {22 RDF graph dataz A|ME=E RAYSH= Yrjo] disto] & &u]7F 2 0]

=3

2.4 A Quick Recap Of URIs And XML Namespaces

orof|A] AFE-E http://www.linkeddatatools.com/clothes#t-shirtd & 2|7} o|F|7HX] ALE-
sff &t 18935t IDsS Uniform Resource Identifiers, £+ %04 URIsg} Y20} 3=
OAI7}A] offd AdHglo]l RAIZe #A, &7d, ZAAo] 1335t IDsE Al&3st7] Yste] URIsE

A&l it

URIsE A AAMCR o8 wshe 7b5sh 9HExke RDFO 24¢ @ijsted Wil 5
Q5}7] WS, ©2]= o|x] Al&5}A URIso|| thsl THA] Arm €A}

>XML Namespace URIs

oro] 9)tl RDF TFFWE o2& tiA] 7} HA}. T-shirt size 42 of2je] 7HA] ZojA

<feature:size>zt o] 7HA|AL Qo= A& & 4 Q)

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>

J2]al YA ZolA, of3fE2 £2]7F XML namespace featureg 7J2|st7] ¢{sto] 1710
URI http://www.linkeddatatools.com/clothing-features#2}+= namespaceS AR5t =
A& 2o} k.

)
rlo
r
A,
ol
ne,
ol
o
aj
1
4
d
u
0,
ol
o
2
T
T
el
ol
r|r
o
aj
r\l
1
opy
ufn
o
i)
ol
ol
N

0] namespace?] =



st Zjolc}: =Xt “size’™@ o]20] Ej17} TF2 namespace URIsZ AoJ=lttH, RDF
readert 8% 1750] 53 EllolSet strlete AR ChE £4Sclt: e LA W

=3

E3t F7I2 featureisizeg o= HHSH AHAZ ZFE URIE ¥7] {sto], FHSHA prefix
featureZE J719] 2+A o] &9l namespace URI®I
http://www .linkeddatatools.com/clothing-features#size® A 4~ T}

Note - RDFOJA] XML namespace URIs=
AgHC 585 Aol 9t URIE 97|
namespace URIZ TjA|& 4 ).

AT ([2) 01§82 1 5458 Fpske
s 7+

t45tA] namespace prefix® 1719]

olFl = YAsHA AHAE ZE URIso] dish 2 & Qo

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

r : —
/ 3
Y 5\
!
http://www.linkeddatatoolg.com/clothing-features#color Y \
/ \
/ http:/f'www. linkedd alatoals.camfaqthing-features#size
LY
b
b
http:/fwww.linkeddatatools.com/colors#iwhite 12

_-AJ"/J

BATHA]L], ©o]71-& RDF graph diagrams©2 s URIsS E#sH= o]
HestrRl = gdth. &F FF Y Z(shorthand versions)o] T4l ARSHTHTHA] Y3l A,
namespace prefix@r< AF8st= 7).

ol ¥ Fe|E utx|At. of2fE2 thZ9] "yl oisi olshstofof gty

m How to write your own basic RDF T}F# 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} & AIMo2 mg 715et clolelg =gsh] stel aestn Tejn-F49 w
g AFHs wreio], I70] ol ojoi} ulg AFsIAIL eHerl ofA] YuHOoR o

gt
7test Hloly RHls dESHA AR (fuss)o]l FSIIA]of thsl] dobB AL,
dol8 g 2Hdlsh= W2 7] L FFAQ Yol Aot oldE FolA oE A5 o
© ZAXt z4lAlojth. RDF 299 FAlS ZASH] Ao, oju] 7|E9] Holg 28 W=
ZollM R VA& AmET]2 SHAk:
ofgie] Elo]ZolA AW Holg wHlo] 1Rt 440 2AS TR0l ¥ VHX9 WHES
1 ETicj =Rl g
3.1 Comparing The Popular Data Models

golg ndjo] &7 WHa SW 2% 7ho] E7X(features) H] i

Example . Query Sematics
Model Data Metadata Identifier .

Format Syntax (Meaning)

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

Serialization L

Serialization Values Names

Table Primary
) MS SQL, Oracle, Table Cell

Relational Column Key(Data| SQL N/A

MySQL Values L

Definitions Column) Value
8. Uni
. X Tag/Attribute o8 . fdue
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) C}FGIE.

*DTD?
A TFFUIE type definition (DTD) is a set of markup declarations that define a ThFBIE type for an



SGML-family markup language (SGML, XML, HTML). A Th-FUE Type Definition (DTD) defines the legal
building blocks of an XML T}FHIE. It defines the THFHIE structure with a list of legal elements and
attributes. A DTD can be declared inline inside an XML THFWIE | or as an external reference.

*XPath?
XPath, the XML Path Language, is a query language for selecting nodes from an XML CT}HFWE. In

addition, XPath may be used to compute values (e.g., strings, numbers, or Boolean values) from the
content of an XML T}FW E. XPath was defined by the World Wide Web Consortium (W3C).

3.2 Why Include Semantics In Data? Knowledge Integration

rd AJdilElo] AHotet o]dS FA] £, Q= 22]9] flojElo A|WES F7HE HQ Tt

Ut glolelo)l A|HE oJujE Frleh= 7P £83E o]dE F9 st AbsAo=Z Chgfst

A|AQ] JAof 7R 5 WA 4~ Qlop= Zlolt}. Rdlo] X|Al9] wojl(domains of knowledge)
A

MS SQlL
Orscar Winning Films DB

MySQL
Actor Biographies DB

’”’(”

hitpo/fawww . oscarwinners. falke http:/fwww . actorbiographies2go. fake

o] o], £ 7jo] W At|ESS A2 EUMoR A&EQirt. F Ao EL @xje} 3]
Oscar £4F ¥sto]| st JRE SAESHY o, THE Alo]EX: 2|2t Ty PshufjL9]

A710f e th=2of HlojEjyo] A ofc.

JZA G & o A4S AtolE GlojEjdo] Ao Bk FEIE Qlth. L2l WA o5 A
O|E Zhofl A|fEo} AL glo] o]PA FHE 7t BAS=AE AHEN T thgo], AME=
S AMg5to] Y% JRE T APO]EJ} A2 F85H= uio] tiste] YopE Zlolo).

1) Sharing Without Semantic Modeling

£ AfolE Fo shit BE QA7 24ste] Tiat MS SQL databaseol i, ® sl &
2] 2= vjo] st MySQL databaseo|t}. o]Z =& http://www.oscarwinners.fake 71
http://www.actorbiographies2go.fakeo]] 2zt mgtgjo] Qltt. J2]1 o] &= AOJE= =
o2 ARl n ®eiAlE ¢ glrt

Oscar Winners sitex= 1 o]|2X|& ItAHo| AAE @& QA7
o, £3 IZE50A £ B dy Fehujeo] erER 2

4
oL
of,
j_?_ll‘
uju
o M
[>
|m
ol
]
S,
lo

lﬂ
S,
=
|J
w
Da)



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-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 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. <l-- 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. <l-- 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. <I-- 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. <l-- 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 =

@

}
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

L I N N R

ol

A °F TA SPARQL querys ¥/dst

rr
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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

.

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
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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
HSO oM ofgRo] AEotes ol

RIAHA L, W3COIA o] 9] Y&Z dojAAl o] Ao tigh &3t 72 AZliste Q)
t}. ofg]{ 8o o)A Hjd FAst o822 W3C9 SPARQL Query Language For RDF

mol Aol A o2 A & 9

%)

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?

oj2fi£o] triple data storez2FEf HO]EQ] subsetsg ¥7] 5t SPARQLY
SELECT-WHERE &Efjo] ojgt 7| 258 wiSt 50 $2] obal7kx] CREATE, INSERT or
UPDATE ®¥E2 UWFA &dth. olZEA gt olfes vl 752 A AR
(implemented) 97| mj-#o|c}.

©]

el of2jio] 230 cjstel AZkgchY, o= A
SPARQL endpointof]4] H|o|E& ZEWst=
+ HlolEE ZlsstAu Hetigle A2 dX ¢S oty Ed
missing requirement o] o{7AX]1L Q) |
Yot 2225 triple data storesE AR&sEAL Qlal #H2]10](SQL Hlo]EjH] o] A0]
£ A1gsto] WHSIIAL & Qo] olEA o]zio] olHA 2 9L7?

|3 5kof of

Ir
Llﬁ

A new specifications such as SPARUL (SPARQL/Update) and SPARQL+9} Z+2 A=
o] old FAIE siZst7] Y5t /Y Foll AR|T 7[sHCeR ol2gk FAE WAL

)
L $hAISE Zi(solid contender): OfAl o] 28 A1 9l J|7tol= LpERGA] QFQict.
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AEes 54T a winning contenders 7|H|sHAl. 2]+ =€ ¥AHS 712¢€ Aot

o] A& URIHA, o222 thadt 22 22 olsiE 4 lofof it

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.
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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. )



