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>>BEGINNING:

*Indexing/Retrieval — Basics

» 2 Main Stages

-Indexing process: A A2lsto] HEZA|E o] JEE AFsts A2 T

ot} -
an index
-Retrieval/runtime process: #H2]& AP/dsto] Aolo] 25 th2o] 1 H2jo
relevantst =75 A= 215 LS

» Basic Concepts:

-Document:

any piece of information (book, article, database record, Web page, image,
video, song)

‘jH 2 EAE HojE

—Query:
o] gxte] JH QS TESH: o|H HAE

—Relevance: =79} #H2l9l R(d,q) 7F9] o]X1A HA|(a predicate)

p. Ixvi

* metadata: "data about data".
o] &o]9] 7ljigo] B3t 1 o]f&= 7|EACR T UK OHE VeSS
ol

AR

Mo

» Structural metadata: o] 7Lx9] TRl Ao Uit Z1og, Hr} AstsiA =
"data about the containers of data"z} B2

» Descriptive metadata; 28 do|E]9] 7/fEHA 7 O(mstances) Z., the data contento]

st Zlo|t}. whetA] "data about data content" or "content about content'o| B 2
metacontentg} . ¥ 27]% sic}

Metadata (metacontent)= MEAMO 2 TAW ZE2oi] A2 4 Qty, AHIF AA ¢

A g5+ HEElY #F&

ciRgstElo 2 A, tlEtElolE olx] Swil shEelolo] AEsoe
1} 9] contents?} context

Argstol A ol g 7]4ste| .
J)asto2m, QeAld Hlolel/mtale] ol olAltt. o2 Sof, o]gxte] HHe

o
=

=
=



FeRoR JBAAZ 4 e BabeRo 27i9] Jmo]A] AREdo], AAtESE, 2fil ofd
ZAl o o il A2 Ffol Thord Fau AIES ARAISHA 71estal Qs HlEtH o]

B2 23 4 Ak

> Definition
Metadata (metacontent)®t Co]E|Q} H&HsiA TF 3} 22 St 71X] o]/de] @ 4of fjjst
HEE Al5ots dlolgolth

1
2
3
4
5
6

) Means of creation of the data

) Purpose of the data

) Time and date of creation

) Creator or author of the data

) Location on a computer network where the data were created
) Standards used

o) a digital image® 1¥2 I o, 7 2d9] 7|, ML AL 5o W3t metadata 7F ZFE 5
HEAE FA9] OlEHolE o= FAQ] do], AAALY, A/dAIZ], 2] gokzo] tigt eIt mehd

Metadata'= H|o]E{o|t}. metA| HEfT|O]E]= C|o]EjHfo] A0 AAFE]o] eld
£ o]2|gl HolEH|o]AE Metadata registry £= Metadata repositoryz} £2
Al9t,  the context?t a point of reference’} YriH, HEX|E = HEHHOHE
7|9 & ol 1 &0 9= HEH0HE HEUAl= T = AT

r_ﬂ—a‘b‘

o2 So], 2% 13 digits2 o]Ro]&l B2o0] WG
AHA7F AARe] Axfol ALt BFAAlo] AFREF 2A}O] 2]AE
contextZ7| 9ittH, s & 1 XA|7F AT glojg & Al 4
o|gjHol A0 FAMpTE 7]=(log)o] 2= context’t FojXITHH, o] 1312
ISBNs - 1 A&o] 0] Q= dE A&7t oty e} L AHof tfjsto] o
7ol

ru\m
nJO K
, 12
ol
ol
Rl
i)
rr
i)
e
o
E3
o
[>
rr

“‘oeldlo]g]” o] 1968d Philip Bagley’} A}A19] & A] TExtension of
programming language concepts oAl X302 AMESIITE J= folg ZHIEQI 7}7fo]
d*(instances)of] gt FHIE E= TAMN F50A F2 A= HolEe S/ HERE
HE2f= Higtd QujEtt= 24 Holg &, Holg e ZHojHo] st HlolHet= 1SO
111799] “AER oju]”& o] 8o]& AFL5IgCt.

O or FAEPY, st AEV|e, =AM, 22 GISo|A o] 8oj& d2] AHE5HY
S TopolAl uEtdolE gt ©oj= "fojEfo] gt Hlolg = AJolstil glon, o]
AubAiQl Aojel ¥t & g ofg] ZofoflAd= Boh JYAQ FoE AEstL

%

> Metadata types
Bretheron & Singley (1994)9] two distinct classes: structural/control metadata



and guide metadata:

» Structural metadata: L&A 0|E}lH| o] E]
tables, columns and indexes®t & ZAEE A|AHEIS LRXE 7]&3517] 2519 AFESH
=

» Guide metadata: QF-& HEHH| o]
Fo7tolA] S83t ofol’lS A s wofRy] 9Jsto] ARRED, iR AHol2 H 7Y
Lol NEg mdHn.

Ralph Kimballe= SAFSEF 2 7HX] categories: technical metadata?t business
metadatasS A5 of7]A Technical metadatas internal metadata©]il, business
metadata= external metadataS 2stct. Esh Kimballe a third category® process

metadataS F7}519 .

NISOO| A= 3 types of metadata: descriptive, structural and administrative®
2ot Qlth Descriptive metadatash title, author, subjects, keywords, publisheret 2+
o ibZ(object)E WMstm 1 XS MAsH] 9sh AMREE A®olm, structural
metadata®t AF29] LA QA9 XA dHidHol] ffst 7]<o]0, administrative metadata®t
file typxt ZE& technical informationo|tt. J2]11 Two sub-types of administrative

metadata© 2 rights management metadata®l preservation metadata?} 9!t}

>> 7]& HEtd|o]E(Technical Metadata)
7|< HEHHolH = gAE A dgolA A R AR R, ohA] DEfiA, tl2fo] dX
9 Apdo] A ¢stel A AR, FutUyt Bx ool mU, siAE, Zet 7|Smy

=9 24517 9stol ALRE stEglojet amEgojo] thst FRE 2T Qi CixXD ApEo]
e 442 71=8t7] ojsto] ALRET) olel 0|82 7|24 UEHfolEE WA 12w W
= uletdlo]Ejo] o] 43t

1_

ol

7l& HEGolE s BEE HEHH O] (PREMIS) E= #+2-& UEHH o[ (METS)o =3
2 Qlt}. 7= UErH|olE o] R7teh HE 272 METS®F PREMIS7E ApA|Q] A7]|uto] 7)<
HEHHCIH S ZA7]= AR WS 7HAAL flenz, BES et 7]e dEtHolH e &
Foll sl 2F=71= I

0

0|

>> W= o|eld|o|E(PREMIS); See Also p.72; PREMIS schema 92} METS
In June 2003, OCLC and RLG jointly sponsored the formation of the PREMIS
(Preservation Metadata: Implementation Strategies) working group, comprised of

international experts in the use of metadata to support digital preservation

activities.



> Metadata structures

HEto|E|(MEFRRIE) ®= Wt MstslA UshA vlEfdo]El(WEFEEIE) statements
E 2o7] 95t AREH offl=2 A AFoY vEdely AZ(R74) -HEEclE & O
EllolE] mele mEshe - & AMgshe mESH Jido] me dgHow i&ﬂ At &
Molgl, Blawo), Alae]A, dolE AP, 22| tElclols S8Ry e zage X}
Kol BES vjEftjolElo] Ags7] 9Jsto] o]gd 4 ck. 1E vlefdo]E #%a %7
clole] 2@ shea} glojejwlo] A TARIo] QlojA TjR % a5ttt

=

> Metadata syntax

Al 2 deelolele) Be £ anE £Ab) Aokl DA AN U
§iTh. gl oEfolE 2 o

279 ddojz2 BIE L% Qith o2 £of, Dublin Corex plain text, HTML, XML
J2j3 RDF2 m{lo] 7h5sit.

dEFERES] & JbA UYHEe ot MR #5, FA, DDC BRSOtk ojze gy
oW AbZe] RS UEfL stife] GAH mHolt Oﬂa =

A B ARCIA T ASl 514 AAE IR e AE LRab) 9
Z10] A& EH-E “<book><subject heading><514>" o|C}.

oA FAl-go-Atz  EYEoAY  H&  Fastl  geliN, RBR-£4-u

(c atagory—attribute—value) Eg]Zolc}, o] Eg]Zo A W] 271K 840 H=20F &4
@sHAl Fod ooE Zha Qle o' & HEHolE Y THEFoln, WAl @4+ ofH
A(0LAE) dlole], 5 of#l EAlo{ZolA Lt grolck. teteo]ejol nhAE Hloje a0
Ao HErEEIEQ shte] &4k, thA] WAl "metacontent = metadata + master data"
2 gtsojyith o] @4 WEE “of3|(vocabulary)’ g ofAA 2 9t} WEMHo]E 9} UFA
SHIEo] oA 4 Ol o9]Eo|tt. WER}; UtAH Hloly & O-EF 7t

1) UML(Unified Modeling Language (UML):
UMLE AEZEglo] 33} Rololq AHEsH: EEst 9 8o B lojoct. o] lojoli x| AIgE AmEo]
-5 AARS AAA ndElg RE7] 9%k gF MIEQ] Tefjd m7] 7ol mEE o] Q.

ol

2) EDIFACT(United Nations/Electronic Data Interchange For Administration, International Organization
for Standardization (ISO) as the ISO standard ISO 9735).
LallofA] 7St =& EDI m&o|ct o] #&2 ISO standard ISO 9735% R{EHZ]QiTH.

3) XSD(XML Schema)

XSD+ 200130 W3C dugoz Ed XML A7]oto]tf, of2] 7Fx] XML A7]0p doj& 59 spitolct. o7l
W3CY] HIAGES FFAI717] flstol XMLEoz vhE Al WAl S3dd A7|op dojojot. W3CY MEgozA 9]
XML A7]ateh dubsoz A7|op AolS 7]&shy] Y5t 2% 8ol& AHggdo=n Wste ede Hshy] ¢
stol, RH O] &AL AP o] A0S WXS(W3C XML Schema®] FEAtol)= Agstal Qe Wi, g AT
o= XSD(XML Schema Definition® F&xto})2ty 2w Qict WA 1.104 W3Ct XSD2t= &o|Z Aj=is}



k.

4) Dewey/UDC/LoC,

5) SKOS(Simple Knowledge Organization System (SKOS)

O|AL Alada, FRE, Hik], FAES AAR £+ offl o FAPSMH FA0jF 8oz HARIY W3CY H
2Algolch. SKOSE RDFe} RDFSZ 2712 759 AlE @) 280/0], ojel 20 282 438 goleiA
Y o352 ALgstel A BT 4 AEF st ol

6) ISO-25964(ISO 25964 is the international standard for thesauri);
ofida 2 $EOoR ® Alaeirc) A mEolch
Part 1: JH7AME A|4x3|A

Part 2: 7]e} oj3lete] A5 LA

HEERIE 249 Hdasgoz FAORE AMgste 212, MAUgolE & AV|EolE, 1SO-259640] 23]
oA Qdok T e ARlIxreh HAIRL & of HE2 Jfdos 57*% 8ol AdHstes fed 4 Aoy, AAg
230] AME 7olch.” 0|7 OlEjdlo] T8Ol Googleo] BIAE AES 7hdslA MolEt theof TjAAT|= A
S 1T o 53] AAsith. mebA ojm gt Algoly e PastAu WAsHA]l hett

7) Pantone: Pantone Inc.

Pantone Matching Systme©2 7} 2 %2id glon], u|= w2 Ao mole, A2, Sejaelo] Axo] AFE
ElEjete, o] AJAELS ofa] AolH 7]EROE printingollH A&t SAA9l Zel F7rolc}. Pantone Color
Matching Systeme 0|7} ®&stel Ze} Al AlAslolrt Zets mEstoRM, A7 42 YAldq A= ohe
AZEAAFE 25 A2 o] AFA FEglol 2=ty tir]lE AsIsH] 15t Pantone system-g AR&3tt.

8) Linnaean Binomial Nomenclature(Binomial nomenclature (also called binominal

nomenclature or binary nomenclature) ; o|gAl HHHLO H|E ;2 dojz ¥ TojE IAH=Z styztze 7H7h9]
e T & F2eg 4H olF2 & O HolY FH¥E AHEe=H, I79 olF5 20+ AN A|AH
ojtt. 12{st 0|22 binomial name(£9]4] “binomial”), binomen ¥ scientific nameo|2} 3}%, Ec} v]ZAA
ozt 1712 efElolgoz Rat Jolth of ofg9 A WA BES 1 Fo| 43 ME PEet: oo, £ WA
+ B ool e FEE FEche Aoloh. o) QI{E2 Homo /ol £31H, L /& 40 gl Homo sapiensof &3t

> Metadata standards
SAAl &2 [SO/IEC 11179-1:2004%F o4& T & (see ISO/IEC 11179)o|C}. 0] x5072

At} 7]E0] ojn] FWE RE ABSS ©A wEtEolE ] Hojvhe then 9o, ofd
YA mED AR defdolgo] AR Ex AMo pxg xUstr 2ot ok
Q3 712 o] mEo| vetolE S Hlojejo] Eefoluo] thFt Hlojel2 AFst YAl dole]
o Zxleo] thg Hlole 2 HEtdols S AFstAle 2 lrks Zolr.

Dublin Core HEtHo[H Foj52 ¢F 72|29 of3] &ojgoln, 7|89 AHdS 7|=s)
=0 Ar2E 4 It Dublin Core Metadata Element2 &2{%l 157§9] AEA Q1 HetH|o]
Bl 80159 £7] MEE tadt 22 #F A0 s 252 Eolth:

IETF RFC 5013
ISO Standard 15836-2009
NISO Standard Z39.85



HE B&& olYA|ut, microformat(sometimes abbreviated pF)E semantic markup
S 95t A o]&3 Alxo|n, o]Zle < mo|X|o] Q= wElTo|EIQ} 7|EF &4, T2]1 RSS

A (X)HTMLE A|¥st= 7|E} contextsE ALt Yste 7]&9] HTML/XHTML Bj2&
RAFESHCE, o] Ale= AT Eol2 3to]Z £ ZEo|8A} o5& contact information,
geographic coordinates, calendar events, and similar information®t 72 AEES At
=XA0Z Aeste=E sttt microformat2 XHTML1 HTML 7]&& ©=2X|gF 2 A7 &
&2 otydh v]& ¢ mo]x]e] FRIETV 7[edog oju] Yo x7|HE AbsAY HS
Fsteets, 1 22 A= oy 2d qiystH JEE fAaEolstr] 915te] ARRE=
&M markup tagse L FEIVF 892 QUIst=AE 7Zl&stA] XS] miEolth
microformats+= ©oj9]2 ANESto =z} o]zst A= 6H7ﬂ8POEM1 natural language

processing or screen scrapingidt o] ©& ZE4IsH K}EHEJHP L g & QA Ho}
microformats®] ARE, A&} M2 Folo] folg ofo]’lZS A 3}i st & 7AshA
U ASREY 4 9E% A9 AR 28T 4 A0

> Library and information science and metadata

SAUS Mg AWHOR SATAUULAAH(LMS)Y & RLoz =AW =
olEflo] el g ALGStT 9lct. wlEflolEl: A, 72, DVD, & HolA £ CJA|Y ou]A]

o} e AU WD shoolA QojAct. ofeidt Hlolel= MARC wlefHlols BES At&st
BT A BTN A LMSH] AAE. o]0 2AL o &atoAl 15| aste of
ofgolLt xodo] ZajA i MAA A2 AA SEs) & Mo opjet 33 st ofols
of thgt HH e AlgstE Zoldt.

A tEfolE o oigt ¥of x4l 2] AEehE 7397t e-print repositories@t
digital image libraries@} &2 CA|E T oA YERFIL QITt. EH% HAlo| TEEA,
& HEHolHE Alssh=t oA v]-ZA TRl WHS AR
EATEO] BIEA] AEAo|AL detAQl HEUHE TEX] }%D}% % 4
o] IEA &7, A 50 &F 2ok HA 2ok 7195 £+ AAH 40 Eﬂi DﬂE}EﬂOl
B7F 7HE SEsHA © %OWKI”L, dutAdow umdo] Friet muiaf 2 mE O

CAT 29S8 Y5t mE S 24 | 59 1S09 £a3H =Aojtt OAE =] HE}
gole] ZEZFo|= Dublin Core, METS, MODS, DDI, ISO standard Digital Object
(DOI), ISO standard Uniform Resource Name (URN), PREMIS schema,
Ecological Metadata Language, 22]11 OAI-PMH7} Ttk HAS MEdt= A AEL X}
A9 Hetdloly && Aol tisto] grfer JIEE Algstal .

Identifier

* Dublin Core



See p.72

* METS

METSE= W3Col XML AZ|obE Ab&sto] m® GA|E =A#e] ZHAo] oigh 7=,
B W A2 HEGIEE d=ststy] g tEHolE mEojth. o] mE2 the Network
Development and MARC Standards Office of the Library of Congressol] 95 94 &
2]E], the Digital Library Federation®] Z%Z3s}of 7t Zo|c}.

METSE 0hea} 22 2xgoz oakelsl XML A7]ofolck

(1) A2 =M% AF29] ASA +25 #Iste XML =fHE 4 -$(instances)?]

7(1]7&
(2) 3 Ze AFEZ PAslE WESO o] 23} Y| 7],
(3) T uﬂE]-l:ﬂo] El9] 7125}7]. 22jog METS: E4st RWE Sdut e

ANAC] AFZS wdllslste w182 AFRE 2 9ich

o]2Y3t &wof wWatA, METS C-FWUEYX Open Archival Information System
Reference Model®] Submission Information Package (SIP), Archival Information
Package (AIP), or Dissemination Information Package (DIP)Q] d&S ditdst 4~ Qlth,

* OAIS: An Open Archival Information System
OAISH HBg BZEstel olH 54T ARUEGOR o] 8A1Z Mo 9t AR} A2
Blo] x&A102 1AE archive ojt}. TX|E HYE A7|7F §&Est= ¢ =Qdl
of7to]BE gt NE@A RS UG ISO BE(ISO 14721)0lt}. ISO9] Q@7e 2 uj= &
= & 2=1(NASA)9] CCSDS(Consultative Committee for Space Data Systems)?t ZFA|7}
=of L3t
19999 Zoto] wEY 3, FAIA - oheteA oA 27 PHL
oF ARslol, Bu 0y, WA 2. oblols 5 2 §
° /1A AdsS Aostt. @ OAd obrtoly
Zlgto g Rsit]y Qg e Frigt ©
1g “oprlolut HAY HEE g =
AX]o] =Fstr] Hsh 7idd 7
8 Mu= &7t y__-_o}‘—

A% 20029 24| BE
OAE optolyat wa

5 olete asto ook Ky
2 23ste RE JIBE Aol ofats
2 5 oK Zolct. ek o 3% B
| A3 A oA 23 BYL 56 OAD Fu BEA @
12 =Eold o ook OAIS Ax e PR 7w,
AR, oblolix, Tedn JIUAY G 5 Y YNE MESN olgshs eE I,
ARlolE ARIRAE A227F ofo]y 7152 Aaetn Uty WA Y JBEVA] T A
_Q_ ]’41/\]-O§_ ;1']___01'1\17] 9\111:}



> The reference model:
(1) A717te] A e 8Ew g2o) Wast 24 Jjdo] ot olsheiunt xpztae] 7)=

A a2l AoAxrt 7] Ylstel v]-2AA 7)ol os) fEE HHES

P71 $1et &ofet Zigol thet 7]

ol

©
ok
=
o
i)
2L
1o
Mo
o)
i)
19
Mo
of
i)
4
P
uju
(a8}

|25t A4
2Eg Azt

(4) A= tre A7) wE fat 7148 ulastn A%ty 93 JRse AEEi

(5) EAio] ofs) wa® txg Puo] Holg R vlwstn Holg wHy 179 &
Q AuIt Aol KURIA oA Watxlg =olstr] 93t 2AS A Bt

6 ¥-CR2 Bl 221N oo SR EE) Buol A|UES 27 eletel o
2 oo oaf AR 4k Yt Brfs AT

(7) A71R O Aue] wan AL 95t Rae o] st AxH AL Hrja7
2, 7190l AYe 4 e wrt T AL AT

(8) OAIS-Zral 0] 2relat A ghysict,

e -|>

P / : c
R o
b ot J
— resultsels

u u
c —_—
E = E
H H

*——( Adminlatraliaun )m
MANAGEMENT

OAIS Functional Entities

>> Submission Information Package (SIP)

>> Archival Information Package (AIP)

>> Dissemination Information Package (DIP)

* Baglt
Baglt: 2]x¢l x|Y 2RIEQ] YEYI AW (238 AR xYs] gt 7

“ fi

opk



-

o] 17174 =oiolct. shte] “bag(Weold ERIE)"2 bagl A1t AEE HFYHES
+ 54& 714 oetdiolg] mpdEQ “payload’et “tags'® HAJEICH Mgt B oo
checksum2 7t 9= payloado] 9= 2E mpd8 2JAESHY 9= manifest(X 5=
, 27 ZstElch Baglto]dt o222 mjol2 “bat it and tag it"o2 WS & =

“enclose and deposit” BHo o5 &2 o}‘}it}.

e |m

o oogh
ol

Pagse Sftte] HYUIAY yHow U gAY BAEgoRE YKol o
A ESF TAEIE HolgdojAo Aoz HtH FHIES exportsh=t] 0j{ A
grstct. cross-platform (Windows and Unlx) file system naming conventionso] w2},

N

bag®] payloaddl= ol F=o| tAE2]Sut 5ty A ES(EFHS sty EH)ol ==
4 Atk bage 1 bags ¥/dstr] fste 2 HEHIZY HolA M-S = Qe ZHES
9] URLES YAESHL Qe “fetch.txt’mtdS 55t JHIA 02 payload contents A}
& 4 QI et paralleization(god, vlil) - o & 50|, Wgetd] L#ﬁ‘ﬂ 107HA] B%=
- 2 7t®t bagsE Ul% wh=A AESH] st ol2jet Vls2 #Estal Qlth. bags®] &
e o2 24

1) ORI eATolN de] Ajetn QIrkel, o] o8] wAw)
2) dutsoz A Al WY AlAE] £2E ALRato] AA|s]7l olsitt

3) UMY FFe= FEIES x| payload Tl Ee]oAut A" 4 ock.

4) ML wrappingzt bl Zafd, 2ElEE A7kt A5 B1he Aoketr] ojsto] otstae

5) A4H BHMEL A4 HUAAY E22 44 2 4 A
6) WK oz AWl Mo =12 J|FAUOZM A4E UENT Fol7t golsit.

—_

) In computing, cross-platform, or multi-platform,

Bo0] ARE ZAB| Mx|Ho] AR 2AT & Y AFE AZEolU UFY WA oA AHGHE &4
o

=2

2) GNU Wget (or just Wget, formerly Geturl)
A AW 2RE BHES AMsks ZFE T2 20]n, GNU Projecte] URoltt. o]Ze] o[- World Wide Web
and get2 Y5 x|t

*MODS

MODS& XML 7]8te] AA] 7]& fFRFAolH, o] 9eloA 7idstict. MODSE &A
oA AME-5h= MARC oo =74/d 1} Dublin Core nﬂe}cﬂo]aq AURl th2A 7Ho] B}
B2 ol gARIE et MODS 2|75+ MARC 2|ZE=ZHE key data elementsE HZs
= GARIE ARG, 2= MARC BESS KHoW% oron MARC EXO22E tagshil
At el SHH™ES AMESHAI® ¢ohrh MODSOl= MARC 23E9t &8 4 gl 1:1]
olg] f4aso] EAfs’] Wwoll, MARCOIAFE MODS=Z WHAZ o, E= 1 vigie] 7
of oj= Fmzo] &Alo] At MODS7} o] &4tof|A] opf2] Helsicta stHete o % 7}
Al olEtdlely 28] sbde RISk Ol oJe=AE ojmst Mz XA =t}

t



MODSO] Atg-e che mletdlolel pxAlat vlwsto] ofe] 7hx] AAS M Fch

) 7159 A 714 ET &2 sEHE 2T
2) cheyet A 21 @4 AESE MODSEO2 YT 4 9ES MARCHTE A%

Yol @ rctgct.
3) DC2YE A ofols] 7|4t 7|ef Wet Tt ZRE Abgste] jHE 4 9k

* DDI: The Data Documentation Initiative (DDI)

DDl §71 9 Alsluet dlolel2 71&str] 913 AR BE Aol IAY meAEo]
o 1995|of AlAtstiony, HAAAIC] giolg Hw7t=so] Fofstict. XML=2 220441 DDI +
Ao Auol THE, @Y, BES WL AFFHL YUt

* ISO standard Digital Object Identifier (DOI)
See p.85

* [SO standard Uniform Resource Name (URN)

URNo|2t the urn:schemeg AFE5t= URIQ] Q2= AAMA o]Eo|tt. RFC 214194
199740 Ael=l, URNs= @ URN namespace9] 7F&sHA namespace®] mappingo]| 7t
SOHES roe, AUS it Aol AA-SUHY AWsteA BESGHES ol

e of T UV SISE SE AEE Relel 0871588 ke Aol ohel e
of AfkAIZ L 0887155 2 MAAE 1 URIst A AANeR gelnE gemes

Jopglojo} gt Zlolck.

1) A Request for Comments (RFC)
QAEjYIn} HIAHE Qs 7|&/dy BES AHASH= the Internet Engineering Task Force (IETF)?t the
Internet Society?] &%-Eo|ct.

20050 RFC 3986 ol2fz, o] §0]o A& W3Ce IETFQ] &-aAdfAlol <5 Aot
g 7RFolR|gt, dA/dol ha Gofxl "URIo] tigt Mz 2 Qlsto] Zol&

YAlolEY 4% Irt URNsS ¢a] 1990drfo] shte] ojefole 7] 252 URLs? URCs
o} @7 Qo) 3-8 Fupso) URR uSoffch 1UAY, URCs: A w49 7
@A A2 YolUx 23100, RDFS} 28 TE 74o] $ol 1 Alel2 ARlseT.

URNs(0]5)1 URLs(HA]®) & o= URIsolnf shte} SRt URIE SA0f o] §0|HA
|

> URC: a uniform resource characteristic (URC)
URC+ 439l ZAIEo|H URI(S AHES AEE & Qv =ATE)e] tiEtgolHE Bdst



t}. URCE URIQ] =34 URN(H AF49] FAst o]F) 2719 URL(Y AtdE &5 & 3l
+ HADoll A=A Aol
* PREMIS: PREservation Metadata: Implementation Strategies

PREMISE CIA|E HES oJs) A8 4 it oiettiolele] Le 9lgh Ao
ojct. 2003¢ o] OCLCQt RLG= PREMIS AR 728 ur=g9lon, Wa|et AFR-S Qs 7tol=
2l ¥ HAUF o] AsY 7hsstal siAAQl BER e olE & g5ty ¢1ste o=
e 23l AR AN JlBolN £ 309 olyel fiEsE ® ohRF WeEe yeisich
PREMISE AA]0] SlojA Saxoln AR x|gojn], cfrge] was|oy Laz ohe

g 220 ojo]d @iz Aolstu Qrt.

20059 54of, PREMIS= Data Dictionary for Preservation Metadata: Final Report
of the PREMIS Working GroupE& siA|sI . o] 237 Ho|X|&x2] B uAoE= o1t 42
AEo] 2deof qlck:

» PREMIS Data Dictionary 1.0- CJA|& of7to]d] AJAHIOA EE UEHHo]E S Al
sgstr] 98 ERAo| L AIRJAQ Apel:

» T2 B39 X4 - context, data model, assumptionsZ A5

= 58 =Al, 8o, AH&9 dAl=E:

> Data Dictionary?] A8 A|¥3st7] flsto] 7Hdd XML &2 N E

PREMIS 2.0 HHA-2 2008 3L shA| % Ct.

> Entities
PREMIS tjojg| R 57[9] s A= ZA|== o]|Fol~ Qlt:

v

Intellectual entity:

Object & Event entities:

» Agent:,

Rights — 99| 47FA] Zof & stutoll o]u] xtojZl(mapped) 2f249] of oA 7HA| 9
dist Ha.

v

v

intellectual entity= o[} To|HHo|AXH &=
unitz TR0l 9t g fajo] ERlEO|) o35S o
AY 25 gon, E4o Oxrgd mHE 7IA 2% 9t} descriptive metadata: TIA| =
of YAl HEHk o5 L ohE AA AAE EAst: BAA ANY 4 9on], B
ol fxg mdL M & Ut

Uxoln A2 @A=ol Yr A
2 A& ANE 2t BHA 2

Oll

dlole] APglol LpElo} Qi oREo] ofo)A unitst AbEa ARio] @Ele] 9jck.

object entity= F7t=2 371A]9] &t §3 9l file, bitstream, representation =2 A=



o}, YL thRro] % ol &Pt ‘LA sl Weixl vlolESe] o] Zo] ol &4
2 Aot AU st WAlolth ollol YAl o8 olaid 4 9, BE =AL
gletol ojojgl T50 AAL JAL 9t T Ao Solglt A% Ex ujds dolgd
bitstreams2 Z1 Q)&= ChoFsh A A|AHEl &M Eo0] ZSHEICE HAHrepresentation)s ©f
® oujo]q o] 2| g e WAk sl olRe AA Ao 1xet BEES
AAsHA Asstzl fste o2 7HA] Mde =g 4 7] giEoltt

ne x| gelSo] Aol TRl “intrinsic value(ZAH 71x])'2 AR 2 9l
= 718 HEs5H] 9oto] AHAIE9 ZA 1t the curatorial body?] Q@15 <72 BAIE B
Eshe A} B0l 9l AL ofch GPU AA AME & HEAEL oho] thhol mA}

o}

S 7 2= Qlth

events= A=} A agents(“events®} AstE]o] Q= AR, 7|, = A I E 0]
F+= g Ao o]l = Rights)e} 2E50A JF 3 =
S g5 ABE o] Q.

55X 02 right entity A&} Aokdo] WEA Weazio] ojdt BAlT AHYS
ol Zu} @aElo] 9t EE of7lolE 57}
o}.
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A|m
wg C
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ol
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=2
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> Data dictionary
PREMIS dolE] APH FEEoe 1271K]9] &d2oprt 2gE o] Itk o]Zs Z&7t
semantic unit(cht2 HEHO]H O] Ql= “element(Q4) et H]LSHo] &&= Z2 ofyn,

WA ol i Aoet e, sig BLrt AAl&er mFEO HoF st o] 2A <A,
| Ay, 221 S Aes U¥y 22 As0] 75

gt o] £45 FolA 47 -
2 gLon), ojx|et 374Kl 77l
file, bitstream, representation@l ZHA|Q] 4£ZFof wat QJoj=ct 21l o] A2 A|E5A 0|

th: of® ojold JjRISo] e 2 &o] maE | Ft,

M=, ALA, ¥rEA  T2]7 MO

* Ecological Metadata Language

EML2 AJEjjsh FopofA 7=l wletgole] ®mEFo|T}. o]Z72 the Knowledge Network
for BiocomplexityS ZL3tsto] the Ecological Society of America S0f 95 £388=l o|A
o A5 <= A Ao EMLE HEHolH o 124 #ndgo2 AR 7hEsh §F 229
XML 754 chFWEolt), o7 Aejate] Atz stelz APAQ dlole) NES =
Hold & & =5 5Es5] /EEJT. EML2 22 dA|E AHZ 7lestes AAE A
Eot Fo] Aot 7|t HiHAE ALt 22 HgAE AHAE V]estedE AME



* OAI-PMH: Open Archives Initiative Protocol for Metadata Harvesting

the Open Archives Initiativeo]] 9ol 7f&d Z 2 & Fojc}, o]7le W opylo]B =&
258E HEHolEE o] &5t Mu|AT} O]FOR| =5, of7to]Ho] Ql= 2ZE9f HEHolH
7]%(description)& $Alsh=0] ©]&=rtt. OAI-PMHC] 4382 Dublin Coreo] Q= UERH]
olElo] BHLS A|USHUA, 3t Z7PHQ BHL XYL Gt o] TRETLS AAO
2 OAI Protocolz} @51, HTTPRE = XMLES ARESIHCH

* 739.50

73950 U472 AHE dlojEdolaRRE U2 AU FMSI] Yste] AgEE
2ol E-AH 2 EFo|t}. o]71& ANSI/NISO standard Z39.50 o]HA] ISO standard
23950 o|tt. o] m#o] e|7|d2 0] oA doltt. Z39.502 =AT oA 22] ARE
Elu Qlon, 55 ST =AUAIAE U RIFAA] Al AmEQojoA ARRET|= it}
A3 ENT HEUAE AT YEUAIEE B4 i £F 739.50 Hel2 olRoiAE
.

Contextual Query Language (formerly called the Common Query Language)=
739.50 ofe| &0 2715tn 9irk. 739.502 S olHe] sl&oln], Chefet AR IFo] osyd
o] &4 ¥t A AIJst=F IS Al=stA Y. o]2igt Alk=+ the designation
ZING(Z39.50 =AE)oflA UEft ot AR st f2fo] ki gl

ol |

1) CQL: Contextual Query Language

A, MAZIERI J2ln wrER A%Yuet e FuMAlAHM Felg mdsE TAN elojolt
ol
Eal

A=S Hashs Zoln, Eot Hop S 2] dofo

+'0’0
739.509] ojej2g 272, o]zle] B e Aol
o] 7hse AWA Qojz ixfelshs Zold,

! m
o
P o

M s A2 Aol m2EFSQ SRU/SRW(See next pagellth. O|A&2
739.50 g4 Z2EZ(HTTP2 2713 dixlshol] &stA|gh, #He| Lo FAZ BEshE L
stt}. SRU= RESTS 7J¥to g 5t 9jon, He]S URL He AE- o=z #Is 4 9ith
SRW+ SOAPE AREstil Qlot. & of EAZA7IE XMLE dvhE 4 Qo

ujn

ol2gjgt meMESe Aoz Algo] AL =MB™ AZEQoS JA|T EW Ak
AgEoR JigE ) ABlA TRRRE oldg dg o
L2 EZHC} JEALSo] o] mRAEJ Fojsty|7t EX
o719 tiets2 thgat Zrk:

=

—_

» Search/Retrieve Web Service, successor to Z39.50
» Open Archives Initiative Protocol for Metadata Harvesting
» SPARQL

1) SPARQL (pronounced "sparkle", a recursive acronym for SPARQL Protocol and RDF Query Language)
go|EjHjo| A8 H2] Aojo]i, Resource Description Framework format.of] AAt=l gjojE|& ZAAMGtL RAMSH 4
]

9l RDF query language ©|C}.



* UDDI: Universal Description Discovery and Integration

UDDI(pronounced /judi/)= A AIAIY 7950l AUl Ao 2rg 2AES 53
5 e ZRAEF-=PJA ol XML-EFQ HXAEZo|H, 4 MUlA ofEZ FH5tL 1L
AR1E AT 4 QL mj7hyZSo|ct. UDDI= the Organization for the Advancement of
Structure

s

d Information Standards (OASIS)o]] 2l &Y Y= open industry initiative
o, 1 FAL 7|YERE stolga AH|A listingsg &8s, A=25 AT 4 A1, 191
7 Ajulagt 2mEY] o] o] BN AsALsHE WH e Aolsts] gt Holct,

ol

UDDI= = shute] siAAQl < Mula m&Eog AQtE| It o712 SOAP HA]A]
2 interrogate(2w)stal, 2719 A g0 FAEO] = F Mu|AZyt JSANE ST
L Qst protocol bindings and message formatsS 7]&st1 9% Web Services
Description Language (WSDL) documentz29] JAAst= = A 9t

* SRU: Search/Retrieval via URI

Search/Retrieve via URL (SRU)&= QIEYl Al Wal@ o2 ol g5 BEAl m2 § F0|
H, HYE mds7] Hst & He 722 Contextual Query Language (CQL)E Ah&-
stal Ttk Applications: Image search, Video search engine, Enterprise search,

Semantic search.

* SRW: Search/Retrieve Web service

o7 A o Mg ¢ Aulaolch SRWE H2lgoln), 1719] Sutaixel mREZ
SRUO|| o]l Al URL QIEmo]A7 B2 &dakd 4 A== SOAP QB o|AE Al55t
3 9ty SRUQE SRWoA]e] HalE52 CQLE Ar8sto BIEDH, SRW, SRU, and CQL9]
BEe wF 0 o3l AHely FEsIT 9lrt.

* Representational State Transfer (REST)

SOAPS} WSDLO| 7% 9 Au|ANCH B ZIUst tjeroz oA de] ALgE . 9
on, 4 Mu|AQ] AAS st 7foleelQlo 2 AL = architecture styles =+ design
pattern ot} REST= &€t <4 API(Z-& o|F mz8 - A2 Z4Ist7] {sto] AnEQ
of FHaAE o3 sht ABHolANY A§F SXo WE Z2EIHY SFNA
t}. API®} routines, data structures, object classes, and variables?t 72 design
model&-9] A-Z oFst7| & St 5HHQ| library o]t

[1

RESTE M2 CFE AB|A7te] PAL olF4S s18§Ro2A, ¥ Huls 71 ZAS §
ofsbAl @itk RESTE: 1719 Aojgel SOAPECH:= @lol glojd cha st Rtk
REST Qlojt WAtel SALZ AEEI0) 71542 25512 9ich SOAPY 2], RESTE XML



AL Wasta] o], AulA AlEAlRRE ®i oz AUEL fAlx HHE "ee
stx] et} o7le B30 AL bandwidth® AF&stel, o2 M2] ®& SOAPOIA At
g5l Rt o]} et

1) bandwidth, network bandwidth, data bandwidth, or digital bandwidth
bits per second E+ multiples of it (bit/s, kbit/s, Mbit/s, Gbit/s, etc.)2 BIETH, o] 8It=5tAHY AaH|H T
o8] AJUA0]A A}Y9] bit-rate A Ezo]ct

* SOAP: Simple Object Access Protocol

AFE UEHIA A Av|AE Aedst=tl ddste dEs uddsty] fst mg&F
2dolt}. o]Zl2 HAA] 2oz XMLZ ARESHA Qlot, 85 thE Application Layer
protocol - 7MY SHsE 712 HTTPY SMTP(Simple Mail Transfer Protocol) - o 9&3s}
Al Qlo

1) the application layer
Oyl mHlofA] o]Z 2fojojt Internet Protocol (IP) computer networkofA] process-to-process
communications&0 2 TAQIE HHYA ol m2 & Zut i3 Q|5 of|ekd abstraction layer ©o|t}. o] T2 &
Z2 portsE &3] process-to-process connectionsg £-5h=0 JojA 7]E7} T+ transport layer
protocols& AHE3HCE.

OSI B4, olZe] oiZ eolojo] ol Welst ®eh @astch OSI 2ol oF #olol user
interface® 9|5t 9100, OSI o] F ool ¢Izto] AR 4 9l ZHO= o] §xtolA| clojelet ofu]x|E =
oZ&Ed], 22ja 1 Yo Q1= presentation layer?t QIE{m|o]AsH Z

* SPARQL (pronounced "sparkle", a recursive acronym for SPARQL Protocol and
RDF Query Language)

SPARQL-> RDF 2] ¢io], & gojgyo]x AojzA] RDF Uio] XA HlolHE A
MSE ®2l2t=d A3ttt 0]71& the RDF Data Access Working Group (DAWG) of
the World Wide Web Consortium® ®Fo|t, A|HE Aol £ Q 7|& 59 stz QAL
. Qth. SPARQLE triple patterns, conjunctions, disjunctions, J2]1 optional
patternsC 2 /g€ HE ALE&sH, Eot 540 ma Yy doj&or HR|7t 7Hssitt.

1) triplestore
E2]Z9] XAt AMS ZX oz JEE fo|gH|o]Ao|tHiripleo] subject-predicate-object, like "Bob is 35"
or "Bob knows Fred'X3 F/J= dlo]g] QIEJE] o|t}).

AP dlolgHlo]AXNY W2 Zo] ErjEAEolo] FHE XNYstH H2ldols Fof FAGt: AAF dloly
Hlo]AQko] Alol= ER|EAEOC|: ER|EQ A AMEoz A EC: Aot Hejo] gaty, EfjE2 o
A2 RDFU 7]} ZU-& ARESto] imported/exported € 4~ )t

2) conjunction(and)
wejstol L} 2aloA] olghize] Aatat
(operands)?} ol@ 1 Aute] gfo] %

ndE= =2]A conjuction® 2 A=A

1 A dod Ffalse)d e 7

@ r\r
Flr b3

o, Bk 1719 oE mANA}

o
t}

3) disjunction (or)
=g]sto]l} 48to|A], or: disjunction} alternatio® 2 ¢a]xl a truth-functional operator o]t}t. o] HAMKIE



HHSH= =& connectiver “or’2 Y#A lon, APAOF ordfil 20h or AAAR= A9 TALA} sh
oldo] A wiotth Y| & AR o & Sof, A7} Ao|Au B7F Y W, £ A9 B ZF Y mf, "A or
B"= Aol
* WSDL: Web Service Description Language

WSDL2 XML-7]9F QIEjmo] A 7] <Qlojou], s AMu|A0A AlEste 7I5dS 715t
7] sto] ArgHTh. 8 M| A°] WSDL description(WSDL mtdof2file oA AH]A
o] 3= WUN, oldEe tieS, vt dlolHel f& FHo digh JAVEYE Tle2

Al&gttt. o]A9] 2.0 WA= FAl D7} Definition© = HHY QIT.

* CGI: Common Gateway Interface

CGIt < mo|A|ot 9 ofZol4 AEAQ BHES st ALgsts BE Wolct,
A AHE AT of, CGl= A AWt 1 |
o]~% AgFTh ot T2IAWSL CGI scripts Ei Gees| CGlseh Hen, wE
scripting language® A=

1) scripting language or script language
Aol efel shid oiebsoz AeEly YRE AFHoR siMsted Lejcl: Swa
run-time 74802 AdE m2 7091 scriptsg A|Yst= 2 I2fql Qlojojrt.

p. Ixvii
* Open URL
OpenURLOJZH QIS o[ §AZ} H2 7h53 AlUe HCh Al A2 4 U= 31t
URLY] #%8} Zo|rt. u]Z OpenURLO| QIE{YlolA] ciofet E50] Atdo] A8 & ot

stH2te, O|&AS FEoof ZHE AZA AR =ABA 7 Tol AHgstaL Sl

OpenURL #F2 EL J HlolEHo] A(dHe)ot 22 FEA

2U AMfE=y Ee 8 ZUoR steA|et 22 AT MuA(SRE)ZY JIVt THe
st=2 japelg]ict. o3 sg% OpenURL®] @452 ZAFstA OpenURL A4 Ho]AS

olgFozH, =AEZ Foi o8& 7teet 2uE =FREE JIE AFSHe Clink

resolvers” X “link-servers”o]] 2Jsfj o]=o]XIc},

OpenURLZ Aikste Fuele Mydoz sta 71ah A, 58] St 2o =AU
T35 YA Ee AEAES ARl ool A9 AX] Q&0 AX] 2| AEolt}. o]2igt T
o|E{Hflo] A~ 9] o2+ Ovid, Web of Science, SciFinder, Modern Languages Association



Bibliography, Google Scholar”?} 9t}

1) Ovid Technologies, Inc. (or just Ovid for short),

online bibliographic databases, academic journals, and other products, chiefly in the area of health
sciences?] ™AZ2S A|-Z5h= the Wolters Kluwer group? 3§t 3JAto]t§, The National Library of Medicine's
MEDLINE database?} o] &JAte] £Q A|Eo|x, FX] o] Hlo]gH|o]A= B 52 PubMedZ &3l o] && 4 ot

2) Web of Science (WoS)

an online subscription-based scientific citation indexing service ojty, ZZXozZ Q&3 EMS XIsl=
Thomson Reuterso]l ©Js #2|5jm gick 3t k& % ot Rofo] gl M2ahel 519) Ropo] cfgt Aog 2

2 7H53H st cross-disciplinary researchS & 3= multiple databasesol] thsh B8 Algstct.

3) CAS HolEldlo] AL £ 7x]o] £Q3 DB A28 3] o] &

e

4 Tt STN & SciFinder.

# STN

STN (Scientific & Technical Information Network) International2 CAS 9} FIZ Karlsruhe?} 3502 &
A5t 9101, command language interfaceE A2 o=zn F=2 HHXZ7FLo|tt. CAS databases?t T£9],
STN %3t Dialoge} 22 %2 tf& Holguo] Ao gt A= AlFst ot

# SciFinder
SciFinder+ 218t 9 AJx] & glojgyo]xo|tt. <] wHQl o] Fefo]AE ojF2 20080 Ao F2f
oIAE ofF9 sig¥tt. o]72 graphics interfaces 2ril glod sjetxs JAT L& Qlot

# CASSI

CASSIZF Chemical Abstracts Service Source Indexo]t}. o]Z19] o]A QT f|oEH|o] A= A& T8 &
2Hl AHdolr] & AHE 0I5ty A= AMRECH CASSIE= AEiE]l xAd9] titles and abbreviations,
CODEN, ISSN, publisher, and date of first issue (history)S A|-&stt, E£5F Q0oFo] BIAEQ} Qoo Thst AW
T AlEeth. o]A9 ¥Y= 19079 RE AA7HA|o|Y, BEh7]ePore] A4 Ty H|AL RIEE EEshal Qo)

4) The Modern Language Association of America (referred to as the Modern Language Association or
MLA)

oo 9 28 xS Ut vlR] Fast MLaso|], ofzle] B Qlojet ko oo} ATE P

Zl(strengthen the study and teaching of language and literature) o]tct.

Google Scholar
S3319] full textE AHOISIIL Q&= a freely accessible web search engine o]t} the Google Scholar index
most peer-reviewed online journals of Europe and America's largest scholarly publishers2 235t

) rlo _ISL‘ &

1o, ESF scholarly books and other non-peer reviewed journalst® ZE$Sta QIth Esh o)7L 2309l
Scirus(from Elsevier, CiteSeerX, and getCITED)Q} H|%st 7|52 7HX]1 9lon, o]71& Elsevier's Scopus
and Thomson ISI's Web of Science®} ¥]£§t of|Qk-0]& 8§ T lo|t},

VI S820IF Aol Qulsclel A2 olgAte) Hu aTE URAVIE AS
o]3|sF 2R 29| o2& full-text repositories, online journals, online library

catalogs J2]3 7|e} Web resources?t services’t Qth.

NISO= ANSI BZ& 739.882A4] OpenURLIF T719] go]Jg] ZEo](the Context
Object)E 7fIEstdon, 2006 d 64 2240 OCLC7 o] BFQ FA|H7|Ho = X|FEQ
C}.



> Use

OpenURLY| 7} 2Awbdel Get ) sigd(eefel shav|atel 22)o] oy #id
AR AN Slolet. Shfel OpenURLOlE B2e At 2RAE 1 - OpenURL
2 Ake] Holx))e 2Y2ES] 2E
go c}. ord

, FollA 71 URLoJY 7Rl 47} wigtch= 7212 J OpenURLO] o}
=4 e AHE B9 A siact= e Qulettt. COnS &= %fef

1) ContextObjects in Spans, commonly abbreviated COinS,

web pages®] HTML codetol] AMA] HEIHOIHE sk WHolt o7l AA] ALEQJo]& stojg AA] e}
glolel & BAMsH ] ¢st 7|AI7I=d A1A] ofo]€lla} client reference management softwareg EHstT S 3Stch
o] mlEfto]E& ®¢t OpenURL resolver® WU £ Qlt}y J2]u ol Eo] 0|72 one’s own library(=A)
of Y Aol AR AT 4 Y= ek,

> Format

OpenURLE ol §xte] 71 ®a-Auo] £AS Eastn 9t shfol 714 URLw
O Ho APA O Z key-value pairs®] FHEfES Zt1 9100 contextual dataS &35t Q)
+ HY 2EHoz R0 Tt contextual datadl= tiF-20] AA] Ho]go]x|qt, 1.0
8RO A &2, OpenURL ©A] @ 7x}, slolmala= mateln 9= AFY, QAE AJu]|A0]
9% 5ol iRt Auot makd & ook

<<o] 1>>

Citation (as found in an information resource):

Moll JR, Olive & M, Vinson C. Attractive interhelical electrostatic
interactions in the proline- and acidic-rich region (PAR) leucine zipper
subfamily preclude heterodimerization with other basic leucine zipper
subfamilies. | Biol Chem. 2000 Nov 3 ; 275(44):34826-32.
doi-10.1074/jbc. MO04545200

Examples of possible OpenURL's that could be included by the information resource as a means to
allow for open linking for the above citation. The OpenURL's that are shown comply with the current
draft of the OpenURL specifications. They are encoded as HTTP GET requests:
http://sfx1.exlibris-usa.com/demo?

sid=ebsco:medline
&aulast=Moll&auinit=]R&date=2000-11-03&stitle=]%20Biol%20Chem&volume=275&issue=44&spage=34826

<<<%?20: space, %23: #, %2F: / ... >>

http://sfxserv.rug.ac.be:8888/rug



?id=doi:10.1074/jbc.M004545200
Legend:

BASE-URL of service component.. http://sfx].exlibris-usa.com/demo

identifier of the resource where the user clicks the OpenURL: ?sid=ebsco:medline

metadata and identifiers: aulast=Moll&auinit=]JR&date=2000-11-03
&stitle=]%20Biol%20Chem&volume=275&issue=44&spage=34826

BASE-URL of service component.. http://sfxserv.rug.ac.be:8888/rug?
metadata and identifiers: ?id=doi:10.1074/jbc.M004545200

<<o]] 2>>
http://resolver.example.edu/cgi
?genre=book
&isbn=0836218310
&title=The+Far+Side+Gallery+3

9]9] o]]= OpenURLQ] WA (.12 #Bo]| thal 7]|&st QJct.

http://resolver.example.edu/cgi = link-server?] 7]27X9l(base) URL o]|t}.

version 1.09]A] 0|31 c}ut Zo| tha ZolfA|Gt HZe YTolck

http://resolver.example.edu/cgi

?ctx_ver=739.88-2004
&rft_val_fmt=info:ofi/fmt:kev:mtx:book
&rft.isbn=0836218310&rft.btitle=The+Far+Side+Gallery+3

rr
N

A9l query string2 A 2H, ohad 22 sl A dot

1) version 1.0 OpenURL ContextObject: ctx_ver = 739.88-2004
2) 71=tAH(book or journal)o ThsF metadata ZUH:
rft_val_fmt = info:ofi/fmt:kev:mtx:book(journal)
3) an object named 'rft'® o]29] AtE9] TI:
rft = { isbn:"0836218310", btitle:"The Far Side Gallery 3" }

o
e

4>
)
o

OpenURLE 1990¥t] o] Ghent tfdte] AtAIQl Herbert Van de Sompelo] 7§&H513)

* FRBR: Functional Requirements for Bibliographic Records; (/'farbsr/)
FRBR+= IFLAOJA] 7§&3t 7@ A entity-relationship modelo]d, o]71& o] &A} &Hoj
A BEH, 2Rl =AM 553F AA] HojEfo] Ao FEu; FAo] ojjgt o] §AF JFef A

© Zlojtt. Eot AAIZEY] A= A ASUS FEE & A YIS

Als-3sk7] di=ol,



o7l MM Aol dish 2o SAA ¥YE At o Rio]l Fast olfs
P

AACR2U} ISBDS} 22 543t W2 7| %0He APsls)7] mhgolt.

> FRBR entities

Endeawvour

Viiork

realizatio reaslizaticonCGT

Expression

embodirmen ermibadirmes ntof

Manifestatio

exampela exampplaraf

Iternm

partfpartSr relatedEndeawour
Group 1 entities and basic relation

responsilleEntity
responsibleEntityGf

creator
C were D=EEe v
[T, AU
1 ResponsibleEntity
. __ realizar : :
Expression T realizerof : :
i :
Manifestation producer : :
producerof : CorporateBody :

I __ owner f
tem T ownerOf

Group 2 entities and relation

FRBRE QIEJE]S] D502 g

> 1% 1 9E]E]= WEMI(work, expression, manifestation, and item) o]t}. o]ZH &2 X
q s osA welo] A2 mHFHL
> 3F 2 Qg E = AL 7HE, 223 Ao, 1§ 19 A4 E& oed =H3

st MU Ak,



> 15 3 HHe 1§ 1 2§ 29 AF =39 FAolH, 7ig, i, AR, F47t
],

hel aF2(work) ofc}. 9-2]7} “HﬂE‘%ﬂ 9e Egaltt

o ojs) gorez mawc

> Manifestation o]t "oj® AFES EIsh= A AAE oo she] QB E 24

mainfestation& A|AQl ZRIEC} F2]A | & el #elolA L3t S442 241

25 22]A ZA|E manifestationo]2t sty “ 1996 0] v EH 98H w3k

2= manifestationo|t}. H|E 7|EL A= 4H2tE, SE2 manifestationo

de 22 A0 FHzE mdEoE o ¥ WS Teh sthdte, o

Agtolct.” AH "Hstryo] 1996'd Ao theth il N2 HEH wEFs 9
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0] 718 manifestationo]2ty H2r},

» [temo]2t “a manifestation®] @Y ofjo|ct.” ofojdlo g Zol¥l QlEJE]= &HA
olch.” 19964 =l AME Z7he sttel ofoldlolch. L2} HEN @D 9
TotRYo] 1996 AR ARZo] U] Xo =AdolA giEEo L g o, ¢
Moz 57 otol”llof] tfis Yst= Zlojct.
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> Relationships

FRBRS NEJE] Zho] T2]3 1 oto] Qi 2AS AL WAL AelE] 2o Yag
dygsted] Wast 7IRAN £88 AFIoR, AKX, B2, Ei AX| oleo| At T
A Polstels ol gAtE mobRt STl WA 839 ot chea e o] ma

"k

» Equivalence relationships: XA ZHEQ} x{AtHdo] HEL|L A
manifestation?l At {Fo] EXRfjstAY E= AN 2719] AAE *}Oloﬂ EXfste A
olt}. o2& copies, issues, facsimiles and reprints, photocopies, and microfilms}
7o A E(reproductions)o] Tt

rOl’
ol'
ok
2
> ojf]
1o
off
S
olt
o

» Derivative relationships: ¥xAS ZAHZ2 3t MXE2 £ T (modifications) ARo]oj
ZA5H= BAo|tt. do|E& ESo], Editions, versions, translations, summaries, abstracts,
and digests 7} 9t} T2]l1 E3t M2 AAOAT A AEFES IR g JNAE



(Adaptation), 29| W, AE0| A ZRlEl AL AStE Aze AT @

"},

» Descriptive relationships: A&} 3718 7|48t 9= A™ Ato]of| Q= Ax|] AMEE]
9} 71 olEJE]Q] a description, criticism, evaluation, or review Ao]o]] EA|5= BH|o]
T}, 0]79] o= 7|& XAr9] annotated editions, casebooks, commentaries, critiques

L

p. Ixxii <A 3% HEtqo]H>

* Dublin Core

DC tetdol8  &ol&2 3t £2]9] o3 &ojEoly, AV|E FACr AHdg 7|adste
o A& % 9lrt o] golse mE W AYMITe, oju|xl, A Wolx| 5) Teli A
A (Rt ol & AtE ) A2 BE A 7leshet AFEE 4 ok DC HEtHolH &oj&
9] & MJEX= Dublin Core Metadata Initiative (DCMI) websiteo]A] A2 4 QlOo0H,
Dublin Core Metadata Element Set2 <¢2xl XEA O] 15719] HjEtH|o]E &0 N EX T}

o3t e mEolq Azsty YUt

IETF RFC 5013
ISO Standard 15836-2009
NISO Standard Z39.85

DC detdolg & et AHdo] 71z MEH A= g HEHelH 7[&2 7L e

olEfclolE] o312 At Wk opet Y3 dlole] FaHLcel AWE Ao Ao
e vjetdlolel o So) Ha s e Agstet) 7] A8 2 olck.

ol

> Levels of the standard

The Dublin Core standardoll= % 71X]9] £&0] &£Rjsicth Simple and Qualified.
Simple Dublin Core= 15 elements®Z A& o] It} Qualified Dublin Core: 3719] #
7180l @ A5 Z3tetal 9 ©H(Audience, Provenance and RightsHolder), 7 2ot oju]zt
qualifiersgt X2 3t 159 element refinements® =235t QT elements
refinementstt AtALA0] =25 £ & Qe W¥ezr 9459 o9F AFAlste A ¥t

=3

® Simple Dublin Core

The Simple Dublin Core Metadata Element Set (DCMES)9] 15 metadata
elements:



1. Title 2. Creator 3. Subject 4. Description 5. Publisher

6. Contributor 7. Date 8. Type 9. Format 10. Identifier
11. Source 12. Language 13. Relation 14. Coverage 15. Rights

Example of code; <meta name="DC.Publisher" content="publisher-name" >

# The Dublin Core Metadata Initiative ;
oot S4% Y 2R Aldsh] ffste] =4 %Fo]l 7hseh online metadata

standards®] 7fgo] @&t Qe /1A Aol

# DC-dot: Dublin Core metadata editor):

o] MulAEs <l molX]E ZHAMsty HTML tagsAild %+ RDF/XMLAZE 2 mo]x]9]
sectiono] A&sHA e £2 AHEAo® DC oetdolel AJASth Westty, AgAte
HElHo]E = ofg] 7FX] mUI(USMARC, SOIF, IAFA/ROADS, TEI headers, GILS, IMS or
RDF)e 2 A|ZE|AY Hete JEli(form)E ARESHo] HAE 4 Qo

# Editor-Converter Dublin Core metadata;

o] 2219l mz 8o T JIX|9] EZAOoZ AREE 4 QItk a Dublin Core metadata
editor, J2]1 a converter to UNIMARC. UNIMARC formatO 2 wH3lo| o|F20o]X]l &
Efdlol8= o229 stE E2tolHo] an ISO-2709 filez A7%d 4 ot

# DC-assist;
HEIHOlE] ojZ 802 A1 gg/d %+ help utiltyo]] 7|EQ] AZEYOJ0] Q= help
o

pagess HEo|F+=

* SOIF: Summary Object Interchange Format

SOIF: QIEUAe] 215 A S E@stel oS UEYIN 288 4 Ut anag
tettlolglolt}. SOIF= Ul F22te tistolA 7idet Harvest Architecture®] 482 ¢
RtelElgich. AANE S =gt SOIFE 7 AMUo] 7148 AR ARslr] o] shiol
SOIF ~EYo] ofgf 7jo] ZRS B0 A& & At

# Harvest:

o ol
AN [ =
of AR Qo5 7% of &

glo} e SOIFety B2 £/44-3F AEY B2 3 AR

sttt T2 SOIFY] ¢ ZE5L Harvest gathererso] 9Js AdAR=l ©}20f, Harvest
brokerso oJsfj o] &At FME oz APRBEEE AAEQon, Est SOIF summaryE plain
text, SGML (including HTML), PostScript, MIF and RTF formats© 2 AJATE 4~ Qlr}.



* [AFA/ROADS

ROAD templates= ROADS AZEYo]& A}L3}= the subjects serviceso] 25l A}
8=t} o] ’Z3]152 19941H9] the Internet Anonymous FTP Archive(IAFA) templates
S ZAAIZ] Zlojt}. Dublin CoreE o]7l9] ©&3 S 2 mappingst= 712 o2 HlEHolH
TRE o] wgho] 7hsst mulog ARRSHY] $fsfAfoltt.

1) Template

drawing, painting, etc.&® Z2j= o}EQ} letters, shapes or designsE 2A}s}7] 93t sewing(ZAf)ollAl At

L5 = a stencil(@™), pattern or overlay.

> H] %8t similar design, pattern, or styleg 7[X]1 A|2& Ho]x]5 Pre0 AME A} T Fo] iAo
o2} k5ol &2 page layout

> 71HA glolE4 HIAEE JjHA 02 gkEshst off HEafjo] o= 2 S X|5t1 9= a predefined letter?l form

letter

Vv

> sample

® Dublin Core record:

Title: A Unifying Syntax for the Expression of Names and Addresses of Objects
on the Network as used in the World-Wide Web.

Title: (Subtitle) Universal Resource Identifiers in WWW

Creator: Berners-Lee, T.

Subject: IETF, URI, Uniform Resource Identifiers

Publisher: CERN

Date: 1994

Type: Internet RFC

Format (scheme=IMT): text/plain

Identifier(scheme=URL): gopher://gopher.es.net:70/0R0-57601-/pub/rfcs/rfc1630.txt

Relation (type=child)(identifier=URL): http://ds.internic.net/ds/dspglintdoc.html

Relation (type=sibling)(identifier=URL): http://ds.internic.net/rfc/rfc1738.txt

@® JAFA / ROADS template record:

Author-Name: Berners-Lee, T.

Category: Internet RFC

Creation-Date: 1994

Format: text/plain

Keyword: IETF, URI, Uniform Resource Identifiers

Publisher-Name: CERN

Title: A Unifying Syntax for the Expression of Names and Addresses of
Objects on the Network as used in the World-Wide Web.

Title: Universal Resource Identifiers in WWW

Template-Type: DOCUMENT

URI-v1: gopher://gopher.es.net:70/0R0-57601-/pub/rfcs/rfc1630.txt

* TEI(Text Encoding Initiative) headers:

Text Encoding Initiative:= OX|E JHEjZ2 = HIAES HRIHS st &S F=zo=
st fAH2] 5] Y3t a consortiumolt}.  FEAL QIEsh, Atg]afsl, Jeju ¢dojst



of 28g& %WFHFo 7AVIEE HAEQ encoding U

Encoding and InterchangeS st 7}o]lt=2iolS A
TEI-conformant text2 % headeroA]= A} Efo]S m|o]x
3 AAAQl ¥ (descriptive and declarative information)& A|5-Stct.

175t= Electronic Text
ste Zolth. dejln BmE
g vt o] Wag 71&o|

ki mlo

2o

TEI: 198040} o] 2 Al4A0R H5atn 9t UrE Q2stiole] el HAE
AgFA AHABUYE olct. o] HHBUE]: dX] a mailing list, meetings and conference
seriesE W75t Q1o a wiki, a SourceForge repository 712]1 a toolchaindt 22

ol29] Alx7} €t 7|4 BES TSt At

1) A wiki (i/'wiki/ WIK-ee)
02 A d8oiA ARES &71, 817, AAl=S st 9 o3& Uit HlAEL: UREA o2 a simplified
markup language or a rich-text editor2 A=W, 7HAF Q17]9l= wiukaAbd -2 |kipedia©|th.

2) SourceForge
a web-based source code repositoryo]t, £ 8 % Z7JA9Ql source software developmentS EA|st1 2|5t
7] gletol 2mEo] uRolA] MU olge wrh. RRoUN BANA 4 memES 9af o AulATt AE

= o] AFoldct.

3) toolchain
A¥Hoz Eote AFE Zz ool L2 AARE 2L AES Yo AgEt xzIe) £po) AEo)

1

oh 7 270 232 ofg =70 Yo Atgeb] 9lstel o] ETSS chaino A8d 4 9loi}, o] fojk
o]d linked development toolso]gtil ZW 7 221 QIt}.

L a0z Ao TEI Guidelines= A7 AT FJteh Avpzolot. oA
Zoe HAEgoz 4 A4 o JiYE ZRW(ZAIH AR V2R L
1 29l HTML1} OpenDocument)ib= th2rh BE B9 449 AJdl
SIA It oF 500719 A2 o= "EAE LA 9 A9

7}7

. 5) 77he sk ojate] shaEopd] 1 Wel2 =1 9lon] o5

1) The Open Document Format for Office Applications (ODF), also known as OpenDocument,
spreadsheets, charts, presentations and word processing documentsE ¢Jst an XML-based file format 0]
C}. o]Z& office applications2 ¢Jst an open, XML-based file format specificationg A gl Z2xoz
7] At

o]719] BZFE a technical committee in the Organization for the Advancement of Structured
Information Standards (OASIS) consortiumolA 7R3t o0, OpenOffice.org2 ¢t CTZE ZUliQ]
OpenOffice.org XML& 90 2 the Sun Microsystems specification2 7|20 2 3&tal Qt}.

OASIS standard®} H&o], version 1.1 an ISO/IEC international standard, ISO/IEC 26300:2006/Amd
1:2012 — Open Document Format for Office Applications (OpenDocument) v1.12 &% ct.

of BFES % Yoz 7® frk 2w oot EEo] Qb FEAY HAE )&}
tag-by-tag ME°] o] tjyro] &4l mIW(DTD, RELAX NG, W3C Schema)olqe] Tz
A2 AHEAHO2 tag-by-tag FYE S gt »U2 =47t o] rholE2tele] A4kt
S8 Z2AE HRAIEH ke i ?%% SE Bj250] 7|27t He
Unicode(2 5= A4%t Aol =35
FotA] = EAbSe] BES olots 1LER) JOH Toqaa_ Aare erspazled A8



W9t

1) A document type definition (DTD)

St H|EQS] markup declarationso]t}. o]71L SGML-family markup language (SGML, XML, HTML)& 02 A}&
gt chawee] 992 Aoldit. DIDE oy R4Sw Ansel S¥d 989 cRwE ojdo] Uehjo} st
| 222 045 YHSS £SO TAUNE PAA U] Astd UFY U 72E AgU. o
DTD%: the instance documento]A] A}8= 4 9l= QAEJE| S-S Ag 4 9tk XMLE a subset of SGML DTD
£ Agaich

2) RELAX NG (REgular LAnguage for XML Next Generation)

KA 0] XML&e] A7]u} elojolct - RELAX NG ~7]0b= XML documente] %9} ZIEIES HEHL %]
Aottt A RELAX NG schema= 1 A&7} XML documento]A}gF, 3t RELAX NG+ a popular compact,
non-XML syntaxS A|-53tct.

3) The World Wide Web Consortium (W3C)
o]71&the World Wide Web (abbreviated WWW or W3)& &5t the main international standards
organization o]t}

<History>

The World Wide Web Consortium (W3C) was founded by Tim Berners-Lee after he left the European
Organization for Nuclear Research (CERN) in October, 1994. It was founded at the Massachusetts
Institute of Technology Laboratory for Computer Science (MIT/LCS) with support from the European
Commission and the Defense Advanced Research Projects Agency (DARPA), which had pioneered the
Internet and its predecessor ARPANET.

W3C tries to enforce compatibility and agreement among industry members in the adoption of new
standards defined by the W3C. Incompatible (Z24%)versions of HTML are offered by different vendors,
causing inconsistency in how Web pages are displayed. The consortium tries to get all those vendors to
implement a set of core principles and components which are chosen by the consortium.

It was originally intended that CERN host the European branch of W3C; however, CERN wished to
focus on particle physics, not information technology. In April 1995 the Institut national de recherche
en informatique et en automatique (INRIA) became the European host of W3C, with Keio University
becoming the Japanese branch in September 1996. Starting in 1997, W3C created regional offices
around the world: as of September 2009, it has eighteen World Offices covering Australia, the Benelux
countries (Netherlands, Luxembourg, and Belgium), Brazil, China, Finland, Germany, Austria, Greece,
Hong Kong, Hungary, India, Israel, Italy, South Korea, Morocco, South Africa, Spain, Sweden, and the
United Kingdom and Ireland.

In January 2003, the European host was transferred from INRIA to the European Research
Consortium for Informatics and Mathematics (ERCIM), an organization that represents European national
computer science laboratories. In October 2012, W3C convened(A%l5ttH) a community of large Web
players and publishers to establish a MediaWiki wiki that seeks to documents open Web standards
called WebPlatform and WebPlatform Docs.

o] gAtE L RE B Ar%arb Zo] ofuet 1710) stelAE

o] W AR YL
FIAL BEACR ALRRITE THA] TalA, o EWE TEI so|=elelnt pAE shaEop

=

=

o] 7¢7d(chaptern)dd Z17to] stgME0] Ut El1ES zg—a@ 4 Q== AUt 9ok

T3 o] TP P o] GAIEL T Uorby FWE Bt YA T & YL AHAIE local
S o

house style2 <7 & schematron stylesheet
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1) Schematron
ot=aQt AojollA, o] XML trees 40 mjglo] EXfjet HA|o] gt assertions(F7%)E 5t7] $1§t a rule-based
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ol

rlo

validation language o]t}. FEst

o}

250 9459 XPaths AR&St= XMLOA & 24 Azt Qlofo]

2) XPath: the XML Path Language

XML document2HE| nodesS AMEist=0] AlLE]= query language ©o|t}t. 712, XPath= XML document 9]
AR E 2 B E ZFS(e.g., strings, numbers, or Boolean values)g A= A& 4 it

0]71& the World Wide Web Consortium (W3C)of] 2J5f Aoj&]11 Qct.

opx]ato 2 TEI Lites HIAEZS wslr] gt XML o]&3 o Zuio|c}. o]7l2 TEI
Guidelines®] o] Q= Foigh F2l9 o]§ 7ts3t RAERHE OhR7] A AW

HHlsH w2 Zloloh

* GILS: Global Information Locator Service

AEo] 242 WQR S RE AUE BT A7 AES st Auliolck £AT of
£9] 74go] Q= AbHol® L o] AH|AE o]&F £ 9lon, ISO 23950 search
standard& ZA=, title, author, publish, date and place?t L =A% EHofo /j3d&
=gstel, A AP =7 ARAES AT b A ol 4 A Ade gty 9
C}. GILS record:= =A]To] 22 g Fco] Ad=0] 7151 (souped-up version) ©o]ct.

* IMS: IP Multimedia Subsystem or IP Multimedia Core Network subsystem

0]71& Internet Protocol(IP) multimedia servicesS AE3st7] st LxA™ 7|&E E0]
o}, dApd o=z AASH an [P packet-switched networkoA] XrO}:= SOjXsH= a
switched-circuit-style networkoﬂf\i voice call services A|&dll It IPoA I/dolut
71t BEjojYo] Mu|AF APshe diehs WUiiE(e.g., VolP or Skype)s ADFEEOJA O]
& 7t = dAgH JA% boll m&Esh7h HAl XSt IMSE 22t mEehS Al
5

st AR 7|RE ofr}

rlo FU
~
>
@
N

IMS= 2] GSME Hol'de ZHtd U ER IS UAAI7|H = H[%l(vision)o| @2}, the
wireless standards body?l 3rd Generation Partnership Project (3GPP)o]| 2]3f TJX}QI%]
oitt. o]719] #|%x9] formulation(3GPP Rel-5)& GPRSO|A] “QIE{Yl AMH|A"E A3l
A=t o] A2 UHof Wireless LAN, CDMA2000 Z12]1l fixed linesit Z2 GPRSH
o o2 Y EYIE X|YsfoF stck= Qo] w2t 3GPP, 3GPP2 12]il ETSI TISPANY]| 9]
sl 7315 qict.

1) GSM (Global System for Mobile Communications, originally Group Spécial Mobile),

mobile phoneso|A AF8% second generation (2G) digital cellular networks8 Z 2 &322 7]%517] £/6t9] the
European Telecommunications Standards Institute (ETSI)o|A] 7H&tst m&oltt. The GSM standard 2 first
generation (1G) analog cellular networks2 TJA|5}7] ¢5to] 7f2E]glon, Y= full duplex voice telephony
£ FAgS7] 93t digital, circuit-switched networkE 7]&shdth. 0|72 Algto] A|UHA, Hlolg F4AlZoz
S| Qich: &x]-80ll= circuit-switched transport®, 1% t}20|= packet data transport via GPRS (General
Packet Radio Services) and EDGE (Enhanced Data rates for GSM Evolution or EGPRS).

ZAEXM 07, the 3GPP: third generation (3G) UMTS standards, 22]1 Fo]o] ETSI GSM standard®] %



o] ofd fourth generation (4G) LTE Advanced standards2 7j2stgict.

2) General packet radio service (GPRS)
0]71-& mobile communications (GSM)2 &3t the 2G and 3G cellular communication system's global
systemof]A] ©0]F0]X]= a packet oriented mobile data service ©o]tt. GPRSE {df European
Telecommunications Standards Institute (ETSI)o] 2Js] BEZ&3F & 9lon], o]71& o]x9 CDPD and i-mode
packet-switched cellular technologieso] tf-&5}7] &gt Zlojt}. o]71-& A the 3rd Generation Partnership
Project (3GPP)QJsll #a]=] QIth 2] GPRS AlE = AZAA|ZIY] Y QF8 ALSt= circuit switched data
ot= "izdor, AZH Holgo 7o) T2} ag& Fapst ot

GPRS is a best-effort service, implying variable throughput(*2]2F) and latency(£txf&) that depend
on the number of other users sharing the service concurrently, as opposed to circuit switching, where
a certain quality of service (QoS) is guaranteed during the connection. In 2G systems, GPRS provides
data rates of 56-114 kbit/second. 2G cellular technology combined with GPRS is sometimes described as
2.5G, that is, a technology between the second (2G) and third (3G) generations of mobile telephony. It
provides moderate-speed data transfer, by using unused time division multiple access (TDMA) channels

in, for example, the GSM system. GPRS is integrated into GSM Release 97 and newer releases.

l

Ayt = 7 5171 fste], IMSe o|E =91, SIPAE 7hHsstt® oftjoqut
[ETRF m2&F& AR&stct. 3GPPo| me}, IMSE of&& ®&ESIste|+= 7o otye}, 1
O+ fFA3 /4 E1U]H§¥E1 dejojdoiet 4 ofFY A OAl alA
FMC(Fixed-Mobile Convergence(43))9] form& A|&st=d £&2 FC}. o]Z& Au|A
Holoj2R e A YEYIE 1YA]7]E= a horizontal control layerE Ztil 917] wjZo]
7Hsst Aoltt. =e2]Ael —_rL ZHoJA YW, control layer+= 4WtA oz £3A 2jojof o]
o2, MEAES Aol 7152 7 Bar gloy. 1ZX|TE o] A Ad¥sh= 70|
gt A] B8 BAE 3 2l 2 4 Qloh

l~>1

1) The Session Initiation Protocol (SIP)
Internet Protocol (IP) networksolA] voice and video calls?} 72 multimedia communication sessions2 &
Alst7] sl d7] AF2E]+= a signaling communications protocol o]t}

o] T2 EZL establishment, termination and other essential elements of a callg #2|5t= peers 7Ho|
F = HAIRIE FYgtt). SIP= sty £+ th49] t]yo] streams® O] R0]%l sessionsg &1L, WAESHL, &
=23517] Y5t AtEE 4% Qlth SIPE two-party (unicast) or multiparty (multicast) sessions &0 2 AFEE 4
T Qtt. 2 SIP o]Z0jA]= video conferencing, streaming multimedia distribution, instant messaging,
presence information, file transfer, fax over IP and online gamesT 7}%35tt}.

2) Fixed-mobile convergence (FMC)

oj71e =AY FIFYAo|HoA] 1Al T2]1 o|EAl(fixed and mobile) networks ZFe] Alo]E A|AAIF7|=
change ©°]t}. 20040]] the Fixed Mobile Convergence AllianceoflA] W H35}2: “Fixed Mobile Convergencegh
telecommunications industryofA]9] TAAl Ta]7 o]ZA] YEQYITO] xlo]2 FEMoz AAAL & 9=
transition point o]t} 230 2 i fixed broadband®} local access wireless technologiesS ZA35to] Tf
Hulxg AAoeM ol§At A, ALRAL 12 Sold ARIS0] Bas A FEAI ok 9ag
gt 2 ok

BT’s initial FMC service used Bluetooth rather than Wi-Fi for the local access wireless. The advent

o jn %
o g ©
mo rf o

of picocells and femtocells means that local access wireless can be cellular radio technology.

o] AojojjA “fixed broadband”@ DSL, cable or T1o} Z<& Qlgjylozo] M&S olu|stn, “Local access
wireless”= Wi-Fi®} J7137} QA}sH ZAE5& ojulstch. BTS] %7]9] FMC service= local access wireless&0 2
Wi-Fi Hth= BluetoothS A}2-3tC}. picocells(A@A o2 AE U9 offices, shopping malls, train stations,
stock exchanges, etc.y} Z& %S x|ddL dudst= A F29 cellular base stationg 2sitl), or more
recently in-aircraft)y} femtocells( XAFA o=z JpFo|} AR AMAA|OA AFRStE= CgAQlEl a small,

F\



low-power cellular base stationg stch)e] &3o] 2u|st= 71-& local access wireless?t cellular radio
technology¥ & Qltt= Zlojt}.

9JojlA] “seamless services'@F WS35 FMCo tfdl] oJop7|&t o, “seamless” To]= OJA|2 “seamless
handover "& @3ttt of7]A seamless handoverst t}-21t 7Ho] one of the FMCA specification documents®]
gt ZolA dYsi%o], HA3Hcal)E Woll glo] oA UEYIAZRE 1A UEYIZ AFE g u|git:
seamlesstt handoverg <lsto] Z/dolu Hlolg] FGo] ojrst 7Ae LASHK] ¢ghe ZE T (from the
calling party or the called party’s perspective).

* RDF: Resource Description Framework; see p. 186

The Resource Description Framework (RDF)= 92 teldjolg glo]g L@z T]X}
ol®] W3C A= st H=o|rf, 4 mo]X]Q] title, author, modification date, content,
and copyright information 9 Z< 94 XML 7143517] Yt W3C E&Fo]|c}.

* PDF: Portable Document Format

PDF: S8 AZEQo], slEglol, 12jn 2@l SUAY WAoR RUes
#ASHE ol ZTioln, ZiZte] PDF md2 1713 yAaFgo] skt TAg text, fonts,
graphics, 22]a 7]} AHE ISt 9= a fixed-layout flat document &0 Sof 9}
ch. ol E ARAPE BAL DAL BRESAY £ 012 Aol AEE 4 9
L5 THE0l%l oulX|2A nHE E3¥HE FAQ ZE Q4T ZF1 Qe oY =z oty
(Adobe Reader).

* TIFF: Tag Image File Format

TIFF= dutA 0 F graphic artists, the publishing industry, and both amateur
and professional photographers 7oAl Q7] &= raster(™"FAl) graphics imagesS A
AFot7] olst #BE mel mofolr) o] ZUS e Aldus APl HlAT & SWgos ol
S9X]gt, 20092 E Adobe SystemsolA] a]stil QIct.

o]7lo] EA ®st onjx] A&}
o] shFX}L tiff U} tifo]rh; o]@ &t
ojct.

moioz ALRAP} 24814 2 4 9loks 2ol o]
A
(o]

YARS] mbd : 8 G&-2 raster image(bit map style)

* library 2.0

2tojB2fa] 2.02 =AHo] eEet R85 2 Olﬂx} s AL A2 HsiA A
of, 34 MY, 282 RER st= < 2.09 7iEy 7lee =AE Bt 7igeltt. 2005
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> Overview

"Library 2.0" £0j= Michael Caseyo] 9J5] 219 E=z73 LibraryCrunchojA]
Business 2.0 and Web 2.0.& & mA] XL AMR35HY Tt Casey’l @stzd, “< 2.09] e
ear52 =AY ARYE= ALH ZRX7}t ooz, cAH 55 AU

technology-driven services and in non-technology based services & TF9] X}
QITE" 2 SlRIA, o], =AW o Ale] Aol2 EAsl] ojsto] A&Ael Wl ML £A

e Fpsjol gckn Fgstoct

With Library 2.0, library services are frequently evaluated and updated to meet
the changing needs of library users. Library 2.0 also calls for libraries to

encourage user participation and feedback in the development and maintenance of

library services. The active and empowered library user is a significant component
of Library 2.0. With information and ideas flowing in both directions - from the

library to the user and from the user to the library - library services have the

ability to evolve and improve on a constant and rapid basis. The wuser is
participant, co-creator, builder and consultant - whether the product is virtual or
physical.

> Key principles
1) Browser + Web 2.0 Applications + Connectivity = Full-featured OPAC
2) A9 gxpQlat Aoy w=of o] &AL} &o{(Harness:Ob+t, o]-&stch)ghct.
3) o]-&Ate MB|AE Aleet =AEE LA (craft) HetA|H 4 Qlojof sict
4) #%l(peripheral)®] otojtjojet AAtE2 pAISHY =A 1 Au]A RHEo] FA[7ITH
5) A&SHA MBlAS ZARSEL ZHAAAIZIH, AREA] Boh AlEaL £2 AB]A2 A4
NE= g,

= 7E>HS:|:
1) Aw 2oo ZAEoeA0 wAY
?) o2, A2 ARUES FYo2Ael £4Y
3) 7fjol ur

; E%Kéig T]?_} HTML or XHTMLE} CSS, =& 3tH &3 @ mA] A

NS AF2S 915t DOM, JavaScript, A H et H|=7|A 02 folEE ugh
st &2AFSH7] st XML, XSLT, XMLHttpRequest)l} RSS feed.

4) o] &Atet 485k =AY 22FQl A UAE[A( AAIZE HAA, AXH, old, At
SMS, PDA & tokst AHBUFolA TiAS &3] 7IS)

5) AR #8 522 L8ste EAT 2okl FEAS 4] o8t ARPELAL



p. Ixxiv

* MODS: Metadata Object Description Schema, Library of Congress

The Library of Congress' Network Development & MARC Standards Officeo]|A]
2002\ 0] orfet 54 £35] =AY ofE8or AMEY £&= Qe oF R MA @4 2
MODSE 7j¥stct. o]71& an XML-based bibliographic description schema ©°o|H, T
Ao AHEsHs MARC ZW9| 247 DC ulefolele] Jeba ey 1te) BEgos
A 03 ol Aol MARC 21 AXl ERoA U 9452 AT 9t
OMARC o 519] ES E3sln 9lon} £APHel Zucke Qol-oj&y BI15S A1g
st 9itt. o]Ze] 7|&L the Network Development and MARC Standards Office of
the Library of Congress®] X]¥-& 4o} the MODS Editorial Committeeof]A] &a]star Q)
.

> MARC®}Ho] 7
MODS #|Z 5= MARC 2ic2RE Tt HojE 8455 7IH=S HAE AR,
+ MARC BES& BOsIAl= %220, MARC EFO27H taggingﬂ TEo ohefEER
A}%}Kl W=t MODSOl= Hlole 8450 EAish=t. °]7l52 MARC 2icet S8s)
Al 4002 MARCE MODSZ E+ MODSE MARCZ H9s uf ofH Alo] QhAysict,

> B

> 7]E9] A7l gist] =9 oS

~ MARCHT} details}x] £stme, clokst A 2
AT

» 9]Ho] Q) DCU 7|} Br} thedt TS AF85I: item descriptionsE mappedstil
enhanced?g* 2 Qltt,

E N EEL MODSO| mappedd 2

* MOA2 DTD; METS=Z tjA|=l.

The Making of America II Testbed Project= QX|& ZHA] a]of =Qst HETH|0]
51 Qass A Aod AMEY /Y &of UAE =AH A& UﬂEJrEﬂOlEJrQ} A" A
== diAstH L Al=stith. o] HEHolE NEE= XML GRHE RS 7dost MOAZ
DTDE &dll &AlstHl 7Iedez = =th. dA|E A HEtdolE o] E&o st =5
¢ 2E48s Alsste &9 MOAZ DTD+ ©A] Algte Y dA2 ZA|(diaries, still
images, ledgers(¥%), and letterpress books)irS I EStetL & GARRIEITH DTD7F B
o gde] Aggozm, 2719 2o gARQlo] XAl e wAIPE Y 2985 YEHHTH
2 12 DTDE+ 7l& HEEelEY 293 U2 Fulg 71 AT, =35 fFA 0
=20 text-9} image-based AFA-Z #1g 7|=A UIEEO|HE X|Hstr|= gt ©apa o]
2 audio, video, and other time dependent mediao]] Tt ojTst AP = A|55HA] Lo

OlI

=2



of, A Aadte] YA 22m 9RA P35 AFIAC,

ol2st TdolE 25k, MOA2 DTDE TIRE =A% A9 7lent Hajgos uF
ohel dlolH a4 NES O FEES BISH] AT leA ttdE & o 2RI A
o e st

MOA2 DTD 7hA%o] F3FS 7|5 #HA m&E e t2at Zth: Dublin Core, SMARC,
Encoded Archival Description, Indecs Metadata Framework, VRA Core, NISO
Technical Metadata for Digital Still Images, Library of Congress audio/visual
technical metadata, National Library of Australia Preservation Metadata for Digital
Collections, Resource Description Framework, Synchronized Multimedia Integration
Language, MPEG-7

1) EAD: Encoded Archival Description

oj7L ZEA v T2 o53}elr] 95t XML standard o|™, the Technical Subcommittee for Encoded
Archival Description of the Society of American Archivists, in partnership with the Library of Congress
oA Hajsta k. See p.78

2) indecs (an acronym of "interoperability of data in e-commerce systems"; written in lower case)

0]71& 1998-2000 Afolof 4Tro. mjelfolE ZzofA] AFE-E]o]& music, rights, text publishing, authors,
library and other sectorsZ& EJ3}7] ¢J5te] the European Community Info 2000 initiative@t of=] 7]of 9]
3 A2 A|ES wre mazAleo] AHo|ct o]Z9 FE HuAQ W ZEA7F EWE|Q o0, the indecs Metadata
Framework document "Principles, model and data dictionary's 7rekst Q okHo|ct,

o] oloA zehdo] £HZ WHol UEYI eHoA AMEL] e-commerceg & AMEE|= UEIH|O]E{Q]
QPR FAsto] AlFstal ot ojoA sghdoldt FF ARH A|ARA ofE g AREH A|ARIOA 9]
St 2ojof tisto] & 4 QU e o]l2S R Zlo|tHe.g. if A says "owner" and B says "owner", are
they referring to the same thing? If A says 'released" and B says "disseminated", do they mean different
things?).

3) Synchronized Multimedia Integration Language (SMIL (/'smail/))

0]Z1& multimedia presentations2 7]&5t7] 5t World Wide Web ConsortiumojA] Z%sF Extensible
Markup Language (XML) markup language ©|C}. 3t o712 th2 AtES ARo]ofjA] o]F0]X]&= timing, layout,
animations, visual transitions, and media embedding®] #3sF markupg Aolstt;. SMILE text, images,
video, audio, linkset 72 wjtjo] ofo|]dl=5S tfg SMIL ZAIE o]l A& th9] < AHERE 2 g0 Al
+F £ =5 gt SMIL markupe XML2 AAJE 0] HTMLI} f§AMSS 281 Qi)

4) MPEG-7

0]7Zl& multimedia content description standardo]d, ISO/IEC 15938 (Multimedia content description
interface)2 BESHEQICE o7 ol &AL WA Aeg Adetn 5edoR YASES HHME 1 AH]
ATAIA 4 ok MPEG-7+ 3A1A 02 Multimedia Content Description Interfacegt 22t} 1822 o7l
MPEG-1, MPEG-2 and MPEG-4X3 moving pictures®}t audio?] AIAA IYE thg= #mZFo] ofyct o]7le
HEHOlHE A7st7] st XMLE AMESHH, ol§ 50 583 eventsE tagst?] ¢lsto] E= 7S kofiof] o
RA1717] Y5t timecodeo] ¥AHattached)d 4 QU



p. Ixxviii

* EAD(Encoded Archival Description)

EAD DTDQ] 7f¥ m2AE = 19937 the University of California, BerkeleyQ] T A
oA AR QT o] wFe] ZEANEQ RH AHAIEo] ARG e Atrel o] &5 A
o

5171 958t9], archives, libraries, museums, manuscript repositoriesoA] §H=
inventories, registers, indexes, 22]1 7]E} documentset 22 AHLEEE 7|A7H=S 7;‘37]
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p. Ixxxv

* DOI: A Digital Object Identifier

DOl AA} CIRAES} 2e ZAE QUsA Abely] Asto] AgElE BAA(CIAE
AlEANo|t. Atz it HEfHclE= DOI o33 AYste AT, o] HEHelE o=
MG AFES A2 2 ol URLW 7S QX7 metE]y| & sich chRWESR DOI= iAol
A 27191 Yx1et 71E HEtHolH 2 ¥1E = ot DOIz 229 HHMES
#RASH= Zlo] Al URL2R msk= ZEOE 45 g 42 Alsstet, 94114[3}‘11
grel o}® Ab2e] URLO| WRITi®l, HEAl: A2 URLZ 335}7] 9lsto] ol 1
DOIE HEtE]o]ERES 734IsHH &7] mjFolct.
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> DOI names

DOl name&  ISBNoJu} ISRCe} ZE standard identifier registries@t= t}t2Cc}.
identifier registry?] ZA2 EXSH Aho] AIHXIEE Helst= 7191 vrHo, DOI system
o Fa% SAL AUHES WS WAL JPsobA BEL Solek
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2 ol Qith ARAbs 1 0|20 SExt2 UERYe, Aojabs 1 SE2xto] ofs) A
€lo] 7 DOI9 ARY SW AAES Uehdck ool FPH Unicode £AEL of £
Ao mZst=El 4 Qlon ARANS LEsto] sjA=C)

1) The International Standard Recording Code (ISRC)
0]7Z12 sound recordings and music video recordings® S5t Aldst= ZA| BFE FCTo|c},

The code was developed by the recording industry in conjunction with the ISO technical committee
46, subcommittee 9 (TC 46/SC 9), which codified the standard as ISO 3901 in 1986, and updated it in
2001. An ISRC identifies a particular recording, not the work (composition and lyrical content) itself.
Therefore, different recordings, edits, and remixes of the same work should each have their own ISRC.
Works are identified by ISWC(International Standard Musical Work Code). Recordings remastered without
significant audio-quality changes should retain their existing ISRC, but the threshold is left to the

discretion of the record company.

o 2 509, DOI name 10.1000/1820j|4 d5oj= 10.10000]1, FUjAt= 1820]ct. F&=
A9l 1072 1 DOl SEAIE e, Al Gl B4 1000 55418 gtk
219] ofjofjA] EEX}= the International DOI Foundation ©oJt}. E3sh 182= HuOjAto] AL+
ofolel Dol T Al2S UEPATK$IY] o= the DOI Handbook®] %A1 w{Aolc}). DOI
names ©]-&st= AEFoA = doii10.1000/182A1 ®7|sof gttt. Ql-&wo] stolHP Y
Ao DOI namedA] “doi:” AEAIS AMFst, 7 R2lS “http://dx.doi.org/” &
thAlstel slute] URLA ™ Argslz Al 9t} o2 o], DOI name doi:10.1000/182
+ http://dx.doi.org/10.1000/182A8d HIH == ARGttt ©efA] o] URLOIA = J3E
ofolEllo] Astst 22}ol QX2 A X0l uhere xAStE 2 5t= HTTP proxy server?

dxle AzatA =t

oo

DOl name& AREstol AAA Ee= Z2A 8] & 250 ZdEs F2A ARE(
texts, images, audio or video items, and software)d} HIEHA WAl A} £59] FAMA
AEs 128 & AH EZF o] named] ARA WY& ¥sts S SOl AleES
s 2~ Qlty: 12822 DOI name? a journal, an individual issue of a journal, an
individual article in the journal, £+ a single table in that article & &g 4 9}
o MRS SFo digt AE2 siAtolA Z2QUAITE, DOl AJAEOA o]712 the
indecs(interoperability of data in e-commerce systems) Content Modeld]] 273t o]
B AMdE ol&stofof stag, 295t st DOI nameof] ZAgEo Q= WEH OB A
Webn HeiE|ojop st

0

> Resolution

DOI name resolution2 Handle System& &3} A|3% 0, DOl nameg Th}t= ojmst
o] &t &2 o8& & ot &2 st DOI nameoA 28, URLs ZB&|e] &
59 EHSH: URLs, o] -0la} 22 Au|A, E: it ool vjetblole] ofo]dls o]
stutolgel EtolH ol xzfo=z o] gAte] weke £4sH #th. Handle Systemoﬂf\i
DOl name ste] sizol 1A wfjzof 270 ddd g NEQ 32 7HR|L i st
JF9 BEr 4" st HEEAE AT S22 o ZF 59 A2 HolHY ?Tﬂr

ol



ofelg olstn gl 1719 “<type>” WEo| AYH doe] RFTHS shrolat gt
1) The Handle System
oA AEUloA YA Arzdt 7|eF Al A9l AlHXKpersistent identifiers)g vi7st, Telsty, siZd

st7] glat 71& Amolct.

The protocols specified enable a distributed computer system to store identifiers (names, or
handles), of digital resources and resolve those handles into the information necessary to locate,
access, and otherwise make use of the resources. That information can be changed as needed to
reflect the current state and/or location of the identified resource without changing the handle.

DOI name& FA(resolve)stzl®, DOI resolver(d]: www.doi.org)o]] 1718 <12 35}ojof
5o}, #At¥  http://dx.doi.org/E AF&st DOl nameg BIAL += Ut oF =
DOI name 10.1000/182+ oj=#|A “http://dx.doi.org/10.1000/182" 2 s|ZA= Q
Ho]X|L} 7]E} Slo|HEIAE ORUMES2 o]2st FE|Q] Slo|HEIAE PIS
9t} oj® HIIeANEL XI7P7]5(add-on)e ZEC2M, DOIEL T2 HE)o
BEAHS 585t QUHo: CNRI Handle Extension for Firefox). The CNRI Handle
Extension for Firefoxo|Al&= 1719 Be2t2X 2 stojg 173t Handle System T2 E&EFS
AFg-5F= hdl:4263537/4000 == doi:10.1000/19F 72 siEo|ut DOI RURIsY| A 7ts
A st

o > ol

1) The Corporation for National Research Initiatives (CNRI),

1718 0]=9] National Information Infrastructure® Zgsto] "YEQ I -7t AH7]|&0] MFA wxHS Qs
2= ME]"2A 1986 Robert E. Kahnoll 9] A= v]da] 7]o|ct.

CNRI publishes D-Lib Magazine, a journal of digital library research and development. It also

[e]

develops the Handle System for managing and locating digital information.

> Organizational structure
IDF= v]ge]7|Ho= 1998d0] 5o DOl AJAF 9]
DOl Al28lut HAE 2 A& AfiES Bosti 9l i

Stal Q15 #QF otyzl DOI A|AHS] Zidat WA
7132 DOl SEAtA Mu]25 Alg gt o]Al
SE5IH, SEALR stolg e olE et JE] Hlo]
TxE AFYPt 53R E3 IDFY @stol
R

|

== ZYsHA DOl A|2aH9] &4h2 "”*lﬂi 3 1:1 I
A2 AlFstr ot 2419 RAs9] 2]AEXE the International DOI Foundationof 2]3f
2e] i qlct

detrloz 7] A2 DOI names ¥Fst= 712 Fa0|th: o] H]Eo] A&
L IDFE AYsted ALRECh MyoR DOI AALE IDFE Esto] u]geldel ugns
Yoz eqE

> Standardization
DOl A|ARIZ [SOoA 7idst A& BFo|H, 2T BE2 20123 4€ 23 HRESY



t}. DOI= infoURI AE(IETE RFC 4452)91 “Public Namespaceso| AEAIS Zt&E A HA};
At “info” URI scheme®o] w2} S52%= URIo|th info:doi/ = DOIC infoURI
Namespaceo]tt. DOI syntax= 2000409 o]Jo] NISO =®E&Fo] E9th ANSI/NISO
739.84-2005 Syntax for the Digital Object Identifier.

1) info:
KArsto| A o]71& URIsZ B‘YAE|= Library of Congress Identifiers and Digital object identifiersx]2 legacy
namespacesS 5]85F= public namespaceso]| Q= AR} FA| FHAAto] St a Uniform Resource
Identifier (URI) scheme o|C}.

It acts as a bridging mechanism for older information identifiers to be used in the more generalised

and standard URI allocation.

2) a namespace

Aduts o 2 o]7l& gsymbols, names© 2 A2jxl st A EQ] AHAISS T35t 9= a container o]t}
Namespaces provide a level of indirection(7P3A #3l) to specific identifiers, thus making it possible

to distinguish between identifiers with the same exact name. For example, a surname could be thought

of as a namespace that makes it possible to distinguish people who have the same first name. In

computer programming, namespaces are typically employed for the purpose of grouping symbols and

identifiers around a particular functionality.

p. Civ

*n-gram 2]

FAtelojst o g wstolA, n-gramol? MAEL} Qlojo] AHH FARYE of2ojdl
n 7§ ofo]dof ot AEKA SAS etch ZAHAGR] ofold2 24, 32, 24k T,
Ex o2 @ base pairs(d71%8, ol5AME)E = QY. n-gramse ko] HIAEL
Aolo] AgozHE A} size 19 n- gramS “unigram” size 2+ “bigram’(E+
Ao AHEH A= AT “digram’): size 3+ “trigram”ol2til FECh J2]al Hop F Aol
2 T2 I no| o] o) o]go] ZX "k o8 0] “four-gram”, “five-gram”, &

=
o -

2

)

1) n-grams for approximate matching
oIt EEAQ DA tiREoR AgE & 9ot oto]dle #A1S oF MES n-gramO 2 HlE R4, vector
space® A2l 4 Yok AU 1 24 BENY PAOR e FM HET £ Y] HRold) oS &
Qo Ymloz © BAFSo] RAUES 3-gramO2 WHACIR, 92t ofE -AY Amo|AZ A HCHAWA
A9 “aaa’e] WANIES Yo, £ WAL “aab’e] WANES 2|0 RE Jb53 334 ATe M.
Using this representation, we lose information about the string. For example, both the strings "abc"
and "bca" give rise to exactly the same 2-gram "bc" (although {'ab", "bc"} is clearly not the same as
{"bc", "ca"l). However, we know empirically that if two strings of real text have a similar vector
representation (as measured by cosine distance) then they are likely to be similar. Other metrics have
also been applied to vectors of n-grams with varying, sometimes better, results. For example z-scores
have been used to compare documents by examining how many standard deviations each n-gram
differs from its mean occurrence in a large collection, or text corpus, of documents (which form the



"background" vector). In the event of small counts, the g-score may give better results for comparing
alternative models.

It is also possible to take a more principled approach to the statistics of n-grams, modeling
similarity as the likelihood that two strings came from the same source directly in terms of a problem
in Bayesian inference.

n-gram-based searching can also be used for plagiarism detection.

2) Bayesian inference
o2 FEdfofsh= o] A EL F7HAQ WES &l Y Y ALS &5 F&E5h: WHold, 3 5
e 22 ) 0] chet AEE ANskEC] ALBEE Bayes' rulestl BN 29 7

Bayesian inference is an important technique in statistics, and especially in mathematical statistics.
Bayesian updating is particularly important in the dynamic analysis of a sequence of data. Bayesian
inference has found application in a wide range of activities, including science, engineering, philosophy,
medicine, and law. In the philosophy of decision theory, Bayesian inference is closely related to
subjective probability, often called "Bayesian probability". Bayesian probability provides a rational method
for updating beliefs

p. CXxi

* Word lists by frequency

Y] ojg Uol BAEL off 5% =Ao
& HAE AUOA WAT WES 272 Uolsg Austa asod. o
At=(leaners)o] AFAIS9] off] shg =Hof| thste] 249 return(Zih)E =HE5H
Qtt= 3] Al 7] %(basis)S Al5sti Tt 22L} 0|71 ZFZ course writer: =4
§ Zolxl, aAs Agdom oz § e och ool @ x| Fad
(pitfalls)2 the corpus content, the corpus register, and the definition of "word"o|c}.

[0}
g 19 Jjm

% oo o

rﬂ lo

1) a corpus (plural corpora) or text corpus
Aokt 22]1 ARl NEQ] texts (nowadays usually electronically stored and processed)o]t}. They are
used to do statistical analysis and hypothesis testing, checking occurrences or validating linguistic rules

within a specific language territory.

HFE‘Oﬂ ©@o] A7l(counting)= &% @ = Q% ZolX|gt ofAl 204|7] FRIVFA] A
ol 2ol ThpRe] BMoINE ALt Qlon], oS Sof st A B(SUBTLEX
megastudy)ﬂr Ze At corpus(H )9 natural language electronic processing(Xtd

of Ael)olA s ol2ojAln e},

HAIofsolA, frequency list= R1=g 7HAAL Holgs wRE 2{AEOH. of7]A
Mg AdolA mdE £ Qtts oujeprEos Aoz SAoh Ao 2 £5 9
o]y,

Type Occurrences | Rank
the 3789654 1st
he 2098762 2nd

[...]
king 57897 1,356th




boy 56975 1,357th
[...]
stringyfy 5 34,589th
[...]
transducionalify | 1 123,567th

+ Ziphe] HA):
SECI R

= od o=, v 574 ©ol9 ¥z ¥l
= HolZo Qe 249 AFut= vttt Aot metA 7MY =2 §lR9 "ol &
A2 =2 ©ojo ¥lewo) oF 2vf A T, Al ¥R ¥le =2 Toj¥ths 3ui7t 0=
Zlo|t}. o2 Eo, “the Brown Corpus of American English” BIAEO|A, ©o] “the’=

A WlEgTt e tojoln] HA| WIEo] of 7%2 Alx|sti 9l wab x|mo] WAlo] o]
stel, = Wix) =2 Wlwo] tro] “of = oF 3.5%7} Tt

» Theoretical review
A|LHAL log (rank order) and log (frequency)?l =& Al&5to] a log-log graph
oA HolElS 7]U(plotting)dto 2N 71 A WS 2 9ty For example, the word
y = log(69971). It is also

possible to plot reciprocal rank against frequency or reciprocal frequency or

"the" (as described above) would appear at x = log(l),

interword interval against rank. The data conform to Zipf's law to the extent that
the plot is linear.

Formally, let:

> N be the number of elements;
> k be their rank;

> s be the value of the exponent characterizing the distribution.

Zipf's law then predicts that out of a population of N elements, the frequency of
elements of rank k, f(k;s,N), is:

1/E

T N) = oy sy

Zipf's law holds if the number of occurrences of each element are independent

and identically distributed random variables with power law distribution

p(f) = af~ 71"



In the example of the frequency of words in the English language, N is the
number of words in the English language and, if we use the classic version of
Zipf's law, the exponent s is 1. f(k; s,N) will then be the fraction of the time the

kth most common word occurs.

The law may also be written:

1

- T J—
f{k. Ssj\"' } - ksH‘f\r,s

where HN,s is the Nth generalized harmonic number.

The simplest case of Zipf's law is a "1/f function". Given a set of Zipfian
distributed frequencies, sorted from most common to least common, the second
most common frequency will occur % as often as the first. The third most
common frequency will occur % as often as the first. The nth most common
frequency will occur 1/n as often as the first. However, this cannot hold exactly,
because items must occur an integer number of times; there cannot be 2.5
occurrences of a word. Nevertheless, over fairly wide ranges, and to a fairly good

approximation, many natural phenomena obey Zipf's law.

Mathematically, the sum of all relative frequencies in a Zipf distribution is equal to

the harmonic series, and
<1

Z — =

n=1 n

In human languages, word frequencies have a very heavy-tailed distribution, and
can therefore be modeled reasonably well by a Zipf distribution with an s close to
1.

As long as the exponent s exceeds 1, it is possible for such a law to hold with

infinitely many words, since if s > 1 then

where ¢ is Riemann's zeta function.
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> XA L 20] HA(Principle of Least Effort)
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SR oA RS0 Sof st S S B H
Moz FolErke Zoltt. olZe] BAL pY =X
2 of /342 WD U Al Jie] AToz BEd B2 w9, 7 AU 9 oHen
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I ZofolA of2iet HH S Pareto Z4tol2t &&0h o5 =0, & ALAPL AL

AlS #sto] 57kA19] siA Adg ZEal i, of AdsollA 12709 7]Abt 4
Aojetn Jbdel ®Ah Z2ln vt o] ARAPE E ohE 1274e) BA J]AbE &7 e
JE 272 10709 A'9e woRsitin JbAgs) wAh 2w o] elpxte] wejmE &4
bm(Bradford multiplier)= 27} =t} oAl W64, 10/50]ch. A28 12719 7]AS 2712
o]-&st7] flste] o] AFAE bmo| HiTtE W2 AES Hofg Zojok. =, 5, 10, 20, 40,
S0 Adg wlopd Zodl, ol Ao tiREo] A7AELS A4S “there is little

point in looking further.”2t= g 7E =},
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oj2fet Aol w2t dHEE, I XE2 AURA AR HsiE wrdsts HdS A

Bz e9o] HAIL Bradford's law of scattering 72]1 the Bradford distribution© 2
X

Aoof, AZGAAEolA 9] o] PA2 Fo HEHL Aot

* The Pareto principle(the 80-20 rule, the law of the vital few, and the principle of
factor sparsity)

o] ¥AZ 80-20 pAleRE A d2A lonf, w2 Ao QlojAl ZAife] oF 80%7t
oF 20%2] ¥Qloz Ry WAIST= Zlolt.

AA|&HAL Vilfredo Pareto:= ©oJEfj2] ZE2] 80%S Q19 oF 20%2 X
of A85t Itk A WASIYOD, Eat A AN 20%] AR 80%9)
13 waslol o WAIS Apslc.
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* Luhno] 714

Hans Peter Luhn (July 1, 1896 - August 19, 1964)2 IBM9] HAEEH ushAIgon,
the Luhn algorithm®t KWIC (Key Words In Context) indexing®] 7H2fAto|ty, 119 7}4k
Ast AXE = T J}X|= an SDI systemy} the KWIC method of indexingo] T3t ©}o]

TEO] ol R AuiKel Wojolme ZAojz Aol 7kx7t glo} AatEo] WojAl
o} w3 AuEo] olw FAoj=A9] jn]t glojq ML Wolmart mehq F7H)
£o] tolg Mqlojz MAsof gt

# KWIC

KWICo]&+ Key Word In Context®] F3xtojo|ny, &ojAiQl(concordance) linesg& i
oz 7R Addubd o2 AF8E 3 9tk o] A]ABNL Andrea Crestadoroo] ©o]sf 18644 0]
WHE|AE A To|A 71 HA A|5HSE keyword in titlesolal B2t Jfdo] A st Qo).

KWIC index2 8l&7]ate] %ol 9l 7 ol S(stop words A|9])S Cho2 1 AlQ)

oA LY po2 WA 4 Y= PESIT MEPORK FHEMTHform).
oje Hastd F HAE g 2

3
Mo| Qutate]r] AHAL 712 iU 913 ld Aol
o]
LS

olgitt. olE Sof, A1 o] 7|Ate] AW X &(statement)T 97| T rio} Z27AL KWIC A
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22 Zo|t}. KWIC index& A2 t}st @& 02 AMRE o] 2ol o glu
AEE Ao o

Zojolste s Ik

[> mlo
»

KWIC is an acronym for Key Word In Context, ... page 1
. Key Word In Context, the most common format for concordance lines. page 1
the most common format for concordance lines. page 0
In Context, the most common format for concordance lines. page 1
Wikipedia, The Free Encyclopedia page 0
KWIC is an acronym for Key Word In Context, the most ... page 1
KWIC is an acronym for Key Word ... page 1
common format for concordance lines. page 1
for Key Word In Context, the most common format for concordance ... page 1
Wikipedia, The Free Encyclopedia page 0
KWIC is an acronym for Key Word In Context, the most common ... page 1

permuted index(s-@GAQN)S 2O BE £35PH £A(all cyclic permutations of the
headings)g MQIgtth= QuloflA AREA KWIC index®] ® ©f& o]golth. M2 mig 7t
% olg] 7§o] e HE(sections)O 2 LAE D, st )Y Ho|X 5L £F Mol B
ol Bt Oebd sAbs0] A 249 mRo Qe 54 "®olg &5 28 =
ZrS 2 Qlr}, o] e AT KWOC (“Key Word Out of Context™)o 2 a2~
F2 detAQl(common) Zio] ZHIAL QU

1) A concordance

o] Aolu} AAtoA AMEH F 7t Dol FMat I dupdlor AA5] w2 AEo|th. FFHE o]HAY]
ot o]Zg vtclg =™ast A|7F o]y, H|8O=Z QI5lo], the Vedas, Bible, Qur'an or the works of
Shakespeare and other classical Latin and Greek authorse} #2 E£wHs| % Q35 AAFETo] AFAI9] g-of Q]
< 7 Qo

2) Text mining(text data mining, roughly equivalent to text analytics
oj7le HIAEZHYE FA(high quality)?] FEE FEoU+= wio|oh dA9 AEE= HNPAMOF statistical
pattern learningit 722 42 A23to] patterns and trendsZ devising3to 24 Hojxic} o]71e UYubxioz
Y PreS mNSsHE WYDBA 25 Aol S 7k A, AUshe parsing ). ARk cojel2
Ve ES FEett 14, 127 opxoto e Aag WokSIT sldshe S 2 Aok

6|71 'High quality'st some combination of relevance, novelty, and interestingness2 s, AFA 0
2 0]719] AdRo= text categorization, text clustering, concept/entity extraction, production of granular
taxonomies, sentiment analysis, document summarization, 12|11 entity relation modeling (i.e., learning
relations between named entities) 5] Z3tz|o] Qlch

Text analysis involves information retrieval, lexical analysis to study word frequency distributions,
pattern recognition, tagging/annotation, information extraction, data mining techniques including link
and association analysis, visualization, and predictive analytics. The overarching goal is, essentially, to
turn text into data for analysis, via application of natural language processing (NLP) and analytical
methods.

A typical application is to scan a set of documents written in a natural language and either model
the document set for predictive classification purposes or populate a database or search index with the
information extracted.

* Lotka's law,
o7& Alfred J. Lotka} 712t wxlolsl, A= wxlo] olgf 7bx] =¥d S8 WAS



5] shjolc}. o312 EARote] ARt FWe AL Weg HWsty ok thal L
A, ERRoplA nife] Axtee o o] ZA0]A ne 1Mol
Artee 20 Azt 42

More plainly, the number of authors publishing a certain number of articles is
a fixed ratio to the number of authors publishing a single article. As the number
of articles published increases, authors producing that many publications become
less frequent. There are 1/4 as many authors publishing two articles within a
specified time period as there are single-publication authors, 1/9 as many
publishing three articles, 1/16 as many publishing four articles, etc. Though the
law itself covers many disciplines, the actual ratios involved (as a function of 'a')
are very discipline-specific.

The general formula says:
XY = C or Y=C/X",

where X is the number of publications, Y the relative frequency of authors with X

publications, and n and C are constants depending on the specific field (n = 2).

* Moore's law
o712 o=z, AFE stegoje IArA S Foll AN R EHX|AES £

7h o 2dufet oF 2u7h Skstehe WAl

the 2010 update to the International Technology Roadmap for Semiconductors
predicts that growth will slow at the end of 2013, when transistor counts and

densities are to double only every three years.

* 1% rule
QB ZatolA, 1%9] Aol AEY FARUEo] Arlete AT BAY HHo| WA
olty, <Ao]EQSl T©X] 1%2] o|&Ajgto] &l M2 THIES Tre+ ¥ YmX]

99%+= TA] o] &Rt gti(lurk)= Zlojtt.

A variant is the "90-9-1 principle" (sometimes also presented as the 89:10:1
ratio), which states that in a collaborative website such as a wiki, 90% of the
participants of a community only view content, 9% of the participants edit content,
and 1% of the participants actively create new content.

Both can be compared with the similar rules known to information science,

such as the 80/20 rule known as the Pareto principle, that 20 percent of a group



will produce 80 percent of the activity.

D. CXXV1

(ololAAL R L& 71erele gt haA 7]%)
* tree(data structure)

Eg](tree)st abstract data type (ADT) B+ st 22]9] linked nodes2 EJEHO, ¥
B (root)Ql value 9 AFA1Ql subtrees®] AEA Eg] LxE wHlsty Q= ADTe e O
ol fxo] AR F\A AMEEL ok E2] Hlo]
AHFE =Coi sdste)ezr HEgAe=z Y
AHalel gt Hgo] 619 w=E=(the children)of tfjgt
Tzolty. A o] e 2uAl] FEo] gitH ofH Jx fER
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Binary tree

« R-tree 7]%W: 27} HlolEL} Chate dlojeo] &84 Ao] Aelg ¢fF el P&,
R-trees= &4M4 Fds #eh Eel dojf fxojty. ofA] ZsiA], geographical
coordinates, rectangles or polygons(Ch2td)dt 22 txld A EBE Molst=f A&FHC}.
R-treed] Uubsel AME S5t HAEY XY HYMA A2 0|2l streets,
buildings, lakes, coastlines, etc.9] t}zZtgdat e I 7HA ZRR|E XMASHY], o & S0, ¥
AXONA 2kmuiof] = 2E BFEHS AARRL 2he AR A&shA SEehs Aol
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* B-tree

B-treex= 25 fo|E & HWSHL, logarithmic(t4A) timeo 2 BM XA AL
U™, AA7F 7hse ER] Holy FxRo|t}h. B-treew stHe] = E7F 27] 0|49 childreng
7P 4 Qe o]ZA"A ERlE d¥tslsh Zlo|oy. AAR HYS FAISHE o]F Al Ee]of
2], B-treex= AUH 259 HOolHE Y1 2= AAHE AT d¥EAloz o]A
< diolHHolA 9 mpd A|ARIoA ARE-SHCE

o] & £0°], 2-3 B-tree (often simply referred to as a 2-3 tree)ojlA], 2t2+9] YA

T 3709 APAl wEOhe Zher}h B-tree9] 717Ho] YA Lt WO keysD
b & Qlth. o] 7158 1719 S EYE Ur= E2] Y(separation values)O 2 ARE
o2 Sol, WY @ Uhe wcot o] Al wEi} shelEe]E gectd aRe 2
keysE ZPAoleh Stk amt a; MY 9E] 9= BE AES anch AL oln,
S 2219 2E ZE ait a9l Aolol 22 Ao, 1Y L EEdl U sl @

U2 ait 2 ot

L

=
=

1) binary search tree (BST)
0]712 W2 an ordered or sorted binary treeztn = ¥20f, cfgut e 4AE Zt1 9l a node-based

binary tree data structure o]t}:

# The left subtree of a node contains only nodes with keys less than the node's key.
# The right subtree of a node contains only nodes with keys greater than the node's key.
# The left and right subtree each must also be a binary search tree.

# There must be no duplicate nodes.



Generally, the information represented by each node is a record rather than a single data element.
dutsioz WA, 72 Ltof oo BAY FE= shel & Hlojy @4gty] Bk shuo] #Ztolth 1
YRS, APHolat BA0) we), LE5e PlE fRESHoHE A5 keyso] wet ulmEint,
2 golg JxHETH 24 B Eg]o] £ Q5 AML in-order traversal(ET)it Z+HE the related sorting
algorithms and search algorithmso] U2 &8&Aolzgk= Zo|c}. 2% &Al Ea]ll gets, multisets, and
associative arrays®t #2 Bt 4 A Ql(abstract) Hlol8 25 F&5H7] lsto] AHEE= 71242 Holg 1=

olct,

* TV(Telescopic Vector)-tree 7|¥#

of ZlEe Ule ALk AUl F7h) A doleld] ujg agFoe I ¢t Yol
o, R-tree2 26| W ooje] 2AE ALGFICE ®a o)7L R4} %ce_l dolsg 2=

branchst Wg olsidoln §E4 A 2%
w12 FAUGAAR Sof, oF cNet g 35
Be} ChRdes oS 8ol S(ChA] LalA, WEjo] WESQI)S /|£0 branching

st} Aolg gt

E-I-I
_O'L

of #ict

* SS-tree 7|¥

SS-E2|(Similarity Search tree)= SAT: 7} AL AFR5ID, AolQF o|n]x] T|o]
Bo] fAMdZ vlwste [AL=7E =2 o|u]A] HlolHE FAst=H Nadstes AAY &4
o] Aol Lxo|ct. R-E2] AFo A9l xJ} glolg F7FS MBR(Minimum Rectangle
Region)2 #®3tsl= dtH, SS-Eg2]l= L gd(spherical region) 2 dolg Z7HS B3HsH
o} o] 71Me Ao Ao R AXS go|sl ol whH HF o] Wo] wAEto g
M A sS A7t B8-S 7HR AL Qi

* X-tree 7|9
X-treex= of2] Atof] EXfst= Hol8& AZAsH7| st AMEH R-treeg 272 AN
ABQl E] fLxolct o] 7|t R-trees, R'-trees and R'-trees@tQ] Rfol= 1XIHOo =

Ad o A7 EAste] 4z AZd YA s 79| overlaps oY

24 o] 7Y eS| FR5 olYstr] Hstd o ol R EA

WARos S RErF Ho SHAQN Fol, o HolH fFRoA

WAsH= BYUE Holshr] fsto 1 + AP = gt
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1) R*-trees
ojZl2 FUAFEE M| et R-trees?] dFoln], thE R-treesEth v]go] & o SX|T, FAo] pointe}
spatial datag Al¥sh= FEES /AL A

2) An R* tree
o]RAL &% (x, y) coordinates® A]E A&t TIo|E|E AU AMEEHE #doln, 715 Al YRS e
L2 AMRE7|E sttt 7[2X02, R' treex= a tree data structureo|t, ZIMHHE MOI5H=r] AM235t= R

treeQ] dZolrt.

=



wx THEAIC] ZAAHANX]; QBIC(Query By Image Content) T 2ZAE  [BM Almaden A+49]

query by image content (QBIC)Co2 22Xl Content-based image retrieval (CBIR)
Q} content-based visual information retrieval (CBVIR)= T2 Go]E{Ho]A0Al TX]
9 onx& Ao Uept: ojnjx] AA 2AHZ ojdst?] 93 computer vision
techniques®] o] o]jtt. m2tA] Content-based image retrievaldt concept-based
approaches& A= WY& o]t}

oj7]1A4] "Content-based"s+ <2Joj= o]0]X|Q} ZAgrE]o] 9= keywords, tags, or
descriptionse} 72 OElGjo]El Bl T17i0] ojnjx|e] BEHIES RASIE AL ofn]stn,
o]zl wakofA] "content'st 80]%= I o|0|X]9] colors, shapes, textures, or any other
informationE 2s}7|% 3ttt CBIRo| vIAISE 0] 9= most web-based image search
engineso| +415] HEtHo[E o] oJEsty Qlong HAiupNog @ garbages AJAtst7| of
Foltt. st 2RO 2 G|o|EH|o]| A0 Q= o]u]x]ﬁ_ 71141:3 oladste 712 "] § &Aoo
2 Alel, S22 A BA%D T 2 18
wfeb ARl ERIESS 212 olu]A|E filterd ¢ P

S
3% Zlojn, 1 7 4 4 AL Aolct,

mlo |

()9 &tz o] &7|¥HaEQl)
* Query by Humming (QbH): 1995 Z2thsto] Query By Humming(QBH)

o] 71L& title, artist, composer, and genreo] st ¥ E& A|AHIOjA mE 2ok A
A Al ~glolct FESHA ALREE ©Y Hutl BRE ZAE ofieh Zotof o]l AES
L 7jo] AAMA OIEJf 0]71& a user-hummed melody (input query)S 7FotA 7]&9] o]
Bgo]~o] 2AZ Hlwsts A 7FestAl gtth. I8 ofZof o]Z2 1 input query®t 7t
A WHI ool PAES NS A7 HojELh

N

-

* MELDEX: 19979 Al o] Waikato Tfste] MELody in Dex(MELDEX)
0]71& the New Zealand Digital Library's Web-based melody index A]AE! o]O,
240 SH(a few notes)E +71& H|o|E{H|o]|AZRE] melodiesE FAISHo] Ufo|Z2 &3

zr2 oixpelg gt

p. CxXxxi



* (A ezE Q&MU BASHA] il "Cited By' 7152 & &AM HolgyolA

235t Hlojguo]Ag] of):

> ScienceDirect

0]712 Anglo-Dutch publisher ElsevierofA] &%s5t= AO|EZ, 2013WS 7|&0=2
about 11 million articles from 2,500 journals and over 25,000 e-books, reference
works, book series and handbooks2 AXFst1l Q)Ct.

0]719] Sr&7|A=L 4719 #x=Q Yofz ZAdgt Eo] 9tk Physical Sciences and
Engineering, Life Sciences, Health Sciences, and Social Sciences and Humanities.
22T o) fhRE U Ao JASL PER ASE o8 4 9lo0], pEojooli}
pay-per-view purchases &ol PDF T+ HTMLZ A&o] A 4 ot

> SAGE

o]71& journals, books, and electronic media for academic, educational, and
professional markets £o}9] ZA|Ao|1 A xXQ] ZutAto|rt.

19652 E|], SAGEZ business, humanities, social sciences, and science,

technology, and medicine®} 7Z+& 2o}F9] scholars, practitioners, researchers, and
students®] AT JEZ Al5stil ot

—

> PMC

0]712 the U.S. National Institutes of Health's National Library of Medicine
(NIH/NLM)o] 9)+= biomedical and life sciences journal literature® a free full-text
archiveo|t}.

* Bibliographic Database

o] DBY journald}l newspaper articles, conference proceedings, reports,
government and legal publications, patents, books 52 Z3lsto] 7|&o] &1 % =&
R} 2o gAY AN YHAASoLh £ 2= clEr|olt fjxr¥oR, Ax|

dloleHlo] 20] Qe AA] BlREo] CiREe Hs gegRrct: sl slolate 58 e
o], E3t dut" o2 o]Z5L2 keywords, subject classification terms, or abstracts%
gato] oj9 B¥sp) WA FAE mAstn Aok

A7 dlojElo] At Welsh UukAel AR ofel S4 BB Rofw C}RT AL,
gi#2] AA] dlolHylolAs A= WIH2RE = 755 U ARl U 25 AH[A
2HE AFHOR ZolMAS olofgt AHET 4 9t AMUjESo|r)

Jeln g AR dlolefulolArt HAY EATOR Alskste] AlolEl EHIES Sstol
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1) The Entrez(Global Query Cross-Database Search System)
o718 7}23st federated search engine, or web portalo|t, o]&X}&2 3lojZ the National Center for
Biotechnology Information (NCBI) websiteof 9J= %2 health sciences databasesS Al 4~ 9l o 2 it
The NCBI is a part of the National Library of Medicine (NLM), which is itself a department of the
National Institutes of Health (NIH), which in turn is a part of the United States Department of Health
and Human Services.
"Entrez" (a greeting meaning "Come in!" in French)o]&2 tjj%0] NLMojA] o]& 7}535t ZABIES eMisH=
e BT FAS st ek,

* Document-oriented database

o] DBE: semi-structured dataz & 42Xl thFHE-X|IFA HHS XA, AA W]
Stes OARRIE ZFFE =z Ifo|th o]7d2 A9 NoSQL HoJEjHo]A9] o 71E| 129
sturol, "document-oriented database" (or "document store")2h= 80]= NoSQLE At
&stHA 2 717 ARY. 22y o] HAE dolEdo]A0] “"Relations” (%=
“Tables”)ol] tigt 7Ig@at= tH2AQl “Document’ 2= F4A 7IES 7FA|L HARIGH =

£4g 7HA L 9k

> Documents?

R E-X A gojEjyo]A0] SBA JF2 R E: JHFoltt. ZF R H E-A]
A gojejd|o] A0 EX]7} ofZlof gt Zgofo] W&o wet thEX|T, dvtsog o]f=
5 OafESo] ofd &F zUiojy dssty|yo o5 folH (ke FE)E IMA &=
shetths s 7Pdstal Qo ol AREshs desprlge=z= XML, YAML, JSON, and
BSON #ut otuyz}, PDF and Microsoft Office documents (MS Word, Excel, and so
on)et Z& 2% formsk 9T}

E

ol

oo

1) YAML (/jeemal/, rhymes with camel)
o]Z1& C, Perl, and Python¥} 72 programming languages®} 2 mz 729 Aojz2HE 7jde, 121 XML
and the data format of electronic mail (RFC 2822)28.F olo]tjo}& 7}AetA THE a human-readable data
serialization format o]c}.

YAML is a recursive acronym for "YAML Ain't Markup Language'. Early in its development, YAML
was said to mean "Yet Another Markup Language', but it was then reinterpreted (backronyming the
original acronym) to distinguish its purpose as data-oriented, rather than document markup.

2) JSON (/'dzeispn/ JAY-soun, /'dzeisen/ JAY-son), or JavaScript Object Notation,

o] AtFol 942 o Qv HAEZ 0]30}01] attribute-value pairs2 ¥ U|0o]&l objects® A435l7] Y5t an
open standard format oJc}. mafA] o712 XMLO| tietoz Awjet < 01“7}4 glolg Adofl 7E2xez ARE
ot

3) BSON (/'biispn/)

o]Z1& a computer data interchange formato]t, Z==2 the MongoDB databaseo|4] a data storage and
network transfer formatO 2 A}EETI ESF 0]712 simple data structures and associative arrays (called
objects or documents in MongoDB)E& ®35t7] ¢st 2% form&o|n, "BSON" 2t= o|22 JSONE 27 =2 3}



1 9lod, "Binary JSON"S 2jo|ich,

CHAME-AIZA dlo]Ejgo] 20
Qb= o IPR|oIA Hl2EAIR ¢
sfupel 17 A7]ote] AASHA ¢
or keysE 7Zt= 71& otyrt.

w1 dolejyo| o] elncyt 2
Rfol7} itk ThAl WalAl, o] 52

=7} 543t sections, slots, parts,

A
1 of

o onn

4 |m

onﬂ:lll

ka rr orlo

o]
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FirstName: "Bob",
Address: "5 Oak St.",
Hobby: "sailing"

5 WA oHRUES oheat 2

tjo

& 9ck:

FirstName: "Jonathan”,

Address: "15 Wanamassa Point Road",

Children: [
{Name: "Michael", Age: 10},
{Name: "Jennifer”, Age: 8},
{Name: "Samantha", Age: 5},
{Name: "Elena", Age: 2}

SHAUSSE H2x2 R S A 84§ BRAD A A =
o . BE HREs} ARSHA] e WES wzloz
@AY dlolefulo] et Te), 9jo] oo i ol
EAfjstal orech oledt wEe Mz A
88 Ag a7stn dgozA oy 2

> Keys
OFHESS AHlE HEsts fYg 71§ ol ool Af2lg A+t o] 7]+
%% a simple string, a URIL or a path o|5, GoJE{Ho]| A2 RE] T} E% AASH=0

_rE

AL 5 9t AR o2 HolEuol At CHFHE AN £Eg o]
QIS FEA|L 9

> Retrieval
OAUE-XFA go]gHo]AS] EOHE Y3 SA2 RHES AAst=0 Ar8d 5
A= S key-document (or key-value) lookup(@A) o]Qjoll =, Ho]EH|o] AT} o] &A}



AMG &~ e = an API or query languageS A
= g A" ojd deot gEo RE FUES
S 9 &% QUATE o]& 7hs3t query APIs or query language®] 7|5&
I’de ds2 AT ottt £ oAl &fol7t Hot.

* Citation Index

ABARIL O] &AIRZ stojg Waof At EA47F oA AAbd ofH FAE AE=A
d 2 AEF s LEY AA] go]EHo] Aot
QI-gANRIO] HEll= 12A17] slB2jof FuFrloA A2 TNy, HEA Q&M
184710 A= 7, Shepard's Citations (1873)7t 72 Ql-&XHcitators)o]| 2]sH
L9t 1960W9]|, Eugene Garfield's Institute for Scientific Information (ISI)7} &H&%|
ZIAF8 02 | £x0] Ql8MolS AJSHICTE.: first the Science Citation Index (SCI), and
later the Social Sciences Citation Index (SSCI) and the Arts and Humanities
Citation Index (AHCI). 72]1 & ¥a] xF=a}g ol8AH0lS 1997:0|| CiteSeerd]] ©l5] o]
Fojon, ol2igh gojH o] & thE HE A2 Google Scholar o|tt.

> Major citation indexing services; H-80]|HA] Sr&A Q] 0] &M0] Au|A

# ISI (now part of Thomson Reuters)
olAj=ty} CDZ the ISI citation indexesE &FMatil Qlow, o|A
Web of Sciencegt:= o]202 <& E5) I
Web of Knowledge®] Hjo]gjHo]A T-F2o] o]

# Elsevier
AtAutstut Apg]ubstRopo A APt citation browsing and tracking2 {AFSHA AT

sto] 2e2tloz o]§d 4 9l ScopusE EWshi Ut

# Indian Citation Index

o1z oAl &WE peer reviewed journalsg F I35t 9J= an online citation datao|t}.
0]719] Z=Q ZA|= scientific, technical, medical, and social sciences and arts and
humanitieso]®, Q1= %] X9] citation database ©o]r}.

the ISI databases?t Scopuste FL=0|oFS =35} 0]& 7}551A|TF, CiteSeer?t Google
Scholare 2egielo g 9z g ALRsH 4 Qlr},

> Impact factor(IF)

o] sr&Alo] Aa 9] J|Abso] gt 2R £5 wistt AMmolk. o]
5 54 g=X9 duA £242 7tsche proxy(H&=)2 AMEEY|= S, =2 [F9
SheAle R IFY sheAlEo o Fa3t staxlz 0474{1@ o] IF% Eugene Garfield(the
o]& o0, the Journal
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Citation Reportsof] M=l =X &5 Of/fo= 1975WRH Ujd ALrE 1 QIct.

> Citation impac(CI)

Cle o8] 7IA] Yoz JH4E 4 AT oF 7HA] 29 A2 A& AA=E9 the
usage and impact & O ]% St citation counto]t}. o]Z1E citation analysis or
bibliometricsgt 220}, ol BMHog AL og 7IA] AL ZOoA] citation counts= C}&
i gre e oo Fick

# an individual article (Z0f.} Af
# an author (Z|AFE XA Q18 &
# a journal (SF&X]9] 7]A1E HHF ©

E SRte] Clg BEof A Algetstr] ¢4sto] (Idst citation counts o]@lof = W2
AzSo] Aotelgict 7Y & 42ixl AL the h-index® the g-index 0|0, o]Z15L H
AE A EE A8Hole AHEYY discipline-dependence and limitationso]] o] 27|17}t
Al MEMZ ZE-Z 7HR|AL Qo).

1) The h-index

o] &Rt FWEol it At impact(@FE) & ©E FAst= Aoy, olE=2siAte] A
quality® AASH= = 12A] Jorge E. Hirsch(a physicist at UCSD)oj] 95l A|ot=]ict. wataA] w2 Hirsch
index or Hirsch numbergty X =27]|% stci.o] AQle shxjo] 71AF dlo] Q8% =23} C}2 ZTZ2ojA] Q185
20 RS 2A2 sk ok Ea o] AlQle stal, ojst, Wher ofUe} staxlel 2 stxl Mgl tid A

I impacto] &&= 4 Qo).

2) The g-index
o] & I s IHZ WA AGS AFststr] §gt AQlolm, 20060l Leo Eggheoll oJsl Aot ict
o] Mol Bt AEAte] HWEo| Tigh 989] distributiong 2R A4lstch: Q8% Lo wiel Y-AeoR
Agst = gt 2alo] 7]t FojHE o, 4919 g 7IAHE2 Aojw g’ citationsg ZHA HB2, g-indexE Y
x|tjo] 4-olct.

h-index®t OIIZIRIZ, g-index+ & 71X A& O P02 AMZEX|Y 22 numbero|th: gi= (1)
o] Q185 ZIAMY] £, 22|y 2AE 7 7]Ae (2) BRI O R g citationsE 20

2 f

=)

> Eigenfactor score

0]71-2 University of Washington®] Jevin West?} Carl Bergstromo]] 93] 7J& & o
o, #A9 AAA F2de UEUE rating(5w) olth. sheAla2 #2 559 deA
Yot eigenfactord] ©f Ats dFZ 7K =R TMEAIE £ =2 svd FeA2RH U2
citationsa} 34 incoming citations®] £ w2} FFo] ZAAEHG. £QE0 AL Z A,
Eigenfactor score:= oj® sH&X]9] AA|AQ impacts &4stEz2, EXJEOfA HTt =
S impactE AANSH= st A= Hoh AU Eigenfactor scores =

i
\
N

Eigenfactor scores and Article Influence scorest eigenfactor.orgof|A] AAFE] 1l

o, Bgg B 4 9tk The Eigenfactor score?] X2 the origin of the incoming



citationsg efste] wePHTio] stx|o) Fo4e SAsH: Zolu, WIA ATAL ot
U ARE 0 etaA|e] RIS HRE 4 QEAIS Wgsts 202 ofAR|L gtk T

the Eigenfactor scorex= the size of the journalo] JFS ooz i AE9o HIL
(measured as published articles per year)’l & 87} §H 2 K**E = g7t =t
The Article Influence score= dr&X]9] 7|Ato| tist @+ influenceS £X35t8 2 the [SI
impact factorof =A st

T3t Eigenfactor scoresi= 7HQI'E At A|AFZ H71sh7] 5ho] H-index@) 2 ¢shod
AR 7] & gt

* Journal Citation Reports

o]71 & HAZIEWE o], the Science and Scholarly Research division of Thomson
ReutersofA] AJAFSt Q31, the Web of Science?t E3IE]QO0n, the Web of
Science-Core Collectionso|A HB2E 4 9t} o]Zle Est [FE2 Z§hetyl Q= A upstat
Atalmpete] stx|o] tfst AR AZstw 9ot JCRE Y Science Citation Index?] &
22 &0r9lol}, dAjols =3-= Ad]Ao]n, the Science Citation Index Expanded
(SCIE) and the Social Science Citation Index (SSCI)ZFE HAMH citationssS A= A
1 9l

> Basic journal information
7F sh=Ao giste] gt 2 JEE Aol o

1) publisher, title abbreviation, language, ISSNoj Tjst 7] 2X& 91 AMA] A H.
2) At apstof] 17170t At3]utsho]l 54789] the subject categories.

> Citation information
71241 18 dlolH:

1) sl eo] Z@E ] 4
2) 2 8 £ 5% s)Ato] olaf AMA R EE chE staAlo] ofs) 1 staA|e] 7]Abt A
8e384

* Coercive (ZF¥¢A) citation
ol =X HAA} staX]E &Wst7] A 7]Aro] Oisl] spurious($ %) citations

g zlstes Zeste staEwel & QTolct ofdi FozM aA IFE Aol
7 lgHoz <

Manipulation of impact factors and self-citation®] ZZF2 st&A S04 QM= =
AAS xE:Z ok J=EX9E 20129¥9 survey  ZIMoA=  economics, sociology,
psychology, and multiple business disciplines®] XZAF & oF 20%0{|A] coercive citation
2 A Aoz Uep.

|
g
(i)Y
A,
0
1)
ol
ok
2
of
X



* SCImago Journal Rank
SCImago Journal Rank (SJR indicator)= &t&X|o] 2]sh
) =

ALH &
Qlgo] A &&x9 2% E+ prestige(F/3 oS A4tsto] LE

o v

1o

2] 20} 1efgl
W staxlol 1t

st gaF o] tigk Ao|tt. The SJR indicator+ WEYIZ o]ZofA] ALEH eigenvector
(Lf &) centrality measure?] dFoltt. 1L Z2 A 52 F4o =529 AE0
wEo] Faol o Po] BHICE RAS 2712 YEYI Qb w=o £R4S sYst
=

FESH o] indicator= the PageRank algorithmo] ¢Js g7F-& wWropy, ZTHA o Z Tt
Doln  o]dAel  g&A Q& YEYIAN ABEHEE  JfEEHJG. oA
size-independent indicatoro|™, 179] Z5-& sr&X|Q] “average prestige per article”

of me} st&A]S order A|FICt.

1) PageRank
0|72 Google SearcholA] AR&Sh= algorithmolty, EAIQIZIS] A 7HX|AL <UAO]ES A Fst AT
PageRank= was named after Larry Page(one of the founders of Google)d] 2] I o]So] EojFon,
website pages?] %R*é% £k gt woloh

Googleo| T 2WH, “PageRanki= € AlOJEQ] T &g FA517] st J29 40 FAS ALttt 0|79
a3t 71ey 7w° urh 23 YAO|ESL 2 WAolE2YE o e Y35 Wk Zojch — Facts
about Google and Competition.”
JAGH o]zlo] AR Auts viHsH| Ystel AH&SHE Googled] HUgH
ARERE A "ol HA T A ARl darg]Eolt}. Googled AAIA LR YIE AL <l ﬂlolxloﬂ*i UrE e
S al

5t7] 2519 Googlebotzl H 2= an automated web spiderE Ar23st

A

* Acknowledgement index

o] ARl WehEdo] acknowledgments(AtAl |, &R1)E FA skl ARIsh= olct.
Tt2}A the impact of acknowledgmentsE Z|3Fst sttt APA oz SHE7|Ato|= ARt
AEY AR 2 7AEAY TS & Ev AsY AAlY =&2 & funding,
technical staff, colleagues, etc.at &2 dEJE] 50| AFAHacknowledge)st= AMH-E 7HA| AL

otk

p. clxvii
* TRAME A9 giasl 71y
> M7 H(Hofvl e, #¥le, JEavle)
> Ars A H 2 (mutual information)
> A HEEZK(inf. gain)
> FLolHE EAX)

In probability theory and statistics, the chi-squared distribution (also



chi-square or x*-distribution) with k degrees of freedom(At-8&-%) is the distribution
of a sum of the squares of k independent standard normal random variables. It is
one of the most widely used probability distributions in inferential statistics, e.g.,
in hypothesis testing or in construction of confidence intervals.

The chi-squared distribution is used in the common chi-squared tests for
goodness of fit of an observed distribution to a theoretical one, the independence
of two criteria of classification of qualitative data, and in confidence interval
estimation for a population standard deviation of a normal distribution from a
sample standard deviation.

p. clxviii

> }o]H H|o]= B & 7](naive Bayes classifier)
L ohedt 8

284 25719 AFoln, "SYNA 549 2Y

)
rr
o
!

(=oeh) 2ilof] Ho]= 2f(theorem)E 72X o2 A-&skil T},

Naive Bayese 1950t} o]¢ &&siA A-t&lo] Tt o]7l2 1960ty =7]of HA
E M AdoM o4& olge=® AJfEJCn, the features2A ©oj9 Fl=3 7}X|1L
spam or legitimate, sports or politics, etc.¥ Z-& stUo] g 2]y o2 71|22 9
ORAWESO] AKHES o= wAlE UF+ text categorizationg& 02 Q17| 9l wWiio]
T]9itt. Naive Bayes classifierst= learning problemo] JojA] ¥ (features/predictors)
o] Zof A¥AQl parameters?] 42 W& Fto 24, U] scalable d}c}.

o Hlol= &EE s mad, H#o]
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> QAAP R 2 57| (Decision Tree classifier)

o]Z12 AAtoluyr FAlo) melojn, 1719 dugEoly SAIEAPL 7|2 ez OArEA
g Alog - oAl WA, ofE 4X|(quantities)?] 8]il(the unit computational cost&
T2 O|F0JA= B]w)E <& branching operations®] ¢AS UEU= A2 - 0]

Soj e},



> kNN(k-nearest neighbors) classifier

& QlAlo|A], the k-Nearest Neighbors algorithm (or k-NN for short)2 &=
JARA(ESY =1 ¥aE Y HHAHS BUtske AR WUe®  predictioni)
forecasting80 2 4z AIRE= EAA pHo|th)oA AR E+E= a non-parametric
method ojt}. 4Z HFLQ BT T7719] AL feature spaceo] 9J= the k closest training
examplesZ O] Z0A|H, £ 2 k-NN7| EFE o|&st=1} F= 3|EAS o] &3t}

whe} 2R

1) Non-parametric regression

0|72 a predictorg oH U]2] ZAH FH2 F|st= 7ol ofyz}t HlojEH oA U2 R et thtes dF5o
3] M2 LSt} Nonparametric regression parametric modelsg <125t JHEAMEC O Ao AE A
o|==2 "Q9& 5t=d], 1 o]§: gojgjr} 179 ndl jLx¥at ofzt ¥ TIHthe model structure as well

as the model estimates)S A|-Z3fjofst7] wh&Zolct.

2) Nearest neighbor search (NNS)

0]712 proximity search, similarity search T+ closest point searchZ®= %2{A 900, closest (or most
similar) points2 At=d| 9lo] 2|A35} EA|2 b2t 712]1 closeness= AEFA 02 dissimilarity functionC 2
2y "ok fAMdol ojAaE O A2 Y& bR function valuesg Z-=tt

> SVM(Support Vector Machine) classifier
machine learning £0}o|A], support vector machines (SVMs, also support vector
networks)= ClolEl2 BAStL B QAlshe ot YuelEu 2R StERde welzt

=(supervised) stH, 252t Y2 Lo 2 AFEECH

> Al7Zd T (Neural Network) classifier

artificial neural networks: 717 at&at o€l Q1A L8 7ty Q- =80] ZXA|H
AAEN(ES] Tu])oA IS HojA] TS computational models o]t} o]AELS A=
HEYNIES AFEsto] FJES T5TC=EHN o]FojX|= dHozdH U s AT &

Q2 A5 AZA= “neurons’9 A|AEIO=Z THE T QT

p. clxxii

« SALE AR(AAS)

> H8] A4 (distance coefficient)

>> Bhattacharyya distance

EAStolA o7 2 Jje] oMol AY A4AQl Herno] SAPd(similarity)S 57
= Zlojtt. o7& &= 719 AR AEZolyd =AW o FAHY g9 AHxQl the



SRS A7stet AFRE 4 lon, B5of QojA classes?] w#2lE FAst

g 4 .

>> &322 Ag|(Euclidean distance),
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o=
9= & IOIE Z19] "ordinary" distance® &}, Pythagorean formula©of] 9J5l] 4
otk AHgle} WHs|A] o] FAIS AFEFC =Z K, Euclidean space (or even any inner
product space)2 a metric space’t ®Hlt}t. o]71& E3St Euclidean normo|2til: B2,

ol 2£310|A = Pythagorean metrico|2} 221 9t}

>> 13 A7] o E&A(Minincowski metrics)
0]712 the Euclidean distance and the Manhattan distanceS yt3}st Zioj2t o

77 2 9] Euclidean space?] 382 (metric)o|c}.

>> AlE] 25 A 2](city block distance)

194171 =4ojlA] Hermann MindowskiZt A8Ztst Taxicab geometry= 7|35t9] dZ0]
0, 4AMAQl distance function or metric of Euclidean geometryS & 7§9] ZQE Z19]
A2)7t 27159 Cartesian coordinates®] A& xftole] &l A s¥F = TiA|AIZ] Zlo|tt.
The taxicab metric& X3t rectilinear distance, L1 distance or norm (see Lp

space), city block distance, Manhattan distance, or Manhattan length2 424 9t}

1) A Cartesian coordinate system
O 0]

P YEa lon], 54 ZIEZRE

ol

oje sm AAFoR, § 4o 47 AjEz WY ¢ 7 2IEE 89
Zalst 7lo]o] Y2 EA=E T 7)o AZIMZA]|E BEA|SH #g]ojt}. Zt reference lineg a coordinate axis or
1719] origino]t, A2 o]7Z1& ordered pair

just axis of the systemo]2til E 20, o|Zl5o0] Tt point7t
(0, 0)2 AJASIT}. o] B E2 EFH & & AF] ZRIEQ| tjjgt AlZtA|(perpendicular projections) A2 7gold

4 qlc.

> HA&A 4 (association coefficient)

>> FAQl A4 (Cosine coefficient):

2Ho} 8of ZejAEdA 7P Ho| ALREE §8E Hrolc),

Cosine similarity= IAMl ZFe 2 =AX3= inner product space?] & WE 7tof] U
Eftb= SAteo] A o]tk The cosine of 07 & 1 olyf, matA o2 Ztw = 1 €} At
2382 o]Z-& orientation®] THO]X] magnitudex ofych =U3t orientationS ZHil
AE F 71 vectorse a Cosine similarity of 15 7FA0, 90°% F 7Ho] HEHEL a
similarity of 02 ZI=th 22|11 A5 ¥hel &= 7i9] WHE2 a similarity of —1& 7}
, AFAIE59] magnitude@t= = A olct, E35t Cosine similarity= £3] [0,1] 9% (bound)
Atolof| A AFEESHA] A7t e positive spaceof|A] AR&E 1L Qi

558 AL ol2dg JUse of® Adol Mg & gloni, Cosine similarity?}

high-dimensional positive spacesof|A] 71AF debd o g2 AR E 1 Qb= Zolt}, oE &



o], Information Retrieval and text miningofA] Z} &o]= 7|dX C 2(notionally) th2 A}
dofl siFEY oRUMEE 7 AFdQ] fo]l I gRWEA 1 o7t UE= Sl A
st= WE 2 mA|gt I3 th2o] Cosine similarity:= & CFHlEZE A TsiA &
ot M2 fARIAIS UEd= /ot =S At o] 7|2 EF data miningofA
=2 AEQ] ZAlH(cohesion)g F7st=0 = AMEHC.

%35t Cosine distance: positive space, &: De(A, B) = 1 — S=(.A, B)ojA
Hegor Jhg ARgE+E &ojojty. AR o]AZ FESoF sh=tl, ©|AE triangle
inequality property2 ZtA] ¢¥20 2K 2] coincidence axiomS EHEF O 2K proper
distance metric7t ofYzt= Zolt}. coincidence axiom©]¥ to repair the triangle
inequality property whilst maintaining =Y3t orderingS SA|5t= &9 triangle
inequality propertyS A& 3sl=(repair)st= S st}

Cosine similarity7} Q17] 9= st 7}X] o]&

7] g 2of, E¥s}A sparse vectorsE H7}sh=g

—
X] non-zero dimensionstre 1125}

uj$ 7 gAo]7] molct,

>> AHFHE Al4(Jaccard coefficient):
230} go] ZeAEA0N JH4 wo ARHE 88 Aw

The Jaccard index2 Jaccard similarity coefficient (originally coined coefficient
de communauté by Paul Jaccard)2 428 A 9o, ME NEES9 SAtAdI thFAdS H]
wot=g AFEEE EAX|o|t;. ®3F Jaccard coefficient= 3FA = sample sets 7ol S-AF
L =XstH, tf29 ZAIXHE the size of the intersection2 the size of the union of

the sample sets2 U= Zlo|c}:

|-A 2
A =]

J(A, By =
(WY A9} B7} & o} 6]0]/c}Piempty), 221 NAB=12 ol5itt)
g2t APFe Albs 2935 0 < J(.A4, B) = 1. ot}

>> T}o] A A4(Dice coef.)

The Sgrensen-Dice indexst1l = 3tH, & 719 AEZ 7Hof] SALEE H|Wdt=0 AFRE
+ sAXl°lt.

[t was independently developed by the botanists Thorvald Sgrensen and Lee
Raymond Dice, who published in 1948 and 1945 respectively.

The index is known by several other names, usually Sgrensen index or Dice's
coefficient. Both names also see "similarity coefficient”, "index", and other such
variations. Common alternate spellings for Serensen are Sorenson, Soerenson
index and Sorenson index, and all three can also be seen with the —sen ending.

>> of|9t A4 (Hamann coefficient)
AL 542 #ste] &2 genetic researchof|Al AMEEl= 7|¥H = 59 shuo|d.

>>Hamming distance



AuolEolA, §Us Zols 2T Yt £ A A
distancex Af25t=
2AGAN 2 3
QoA che BAiEz

strings) 7F°] Hamming
o] zolc}. o] sl
of 4 Tt shife) 2A}

(
3 (corresponding symbols)?l T2 A]
o2 WHAsH 1 st= Y (substitutions)?] & 4
Hdg o Yetd o e 2459 oo

>'_u

<of|>

The Hamming distance between:

"toned" and '"roses" is 3.
1011101 and 1001001 is 2.
2173896 and 2233796 is 3.

* AR A (correlation coefficient)

> 1mjo]j& A& (Pearson product moment) AFUA S

EAIstofA], Pearson product-moment correlation coefficient (/'porsin/)
(sometimes referred to as the PPMCC or PCC, or Pearson's r)= % 719 ¥4 XY
Ho] AEA A (dependence)oll tigh Awolct. o] A2 +1if -1 Ato]9] g 7HA|HY,
12 AAMACc s A FHAAE, 221l 02 ojhst A glas, 19 -12 AA
Aoz BN GJHHAE Quistt. o2 & W4 1o AgA gERYES 45 &
T2A WA de] ARgE|LL glow 1880ddo] Franceis Galtono] 2Jsf A7H% a
related ideaE 712 Karl Pearsono] 95 7= ict.

* YA Al$(inner product coefficient)

M@ 40 A, an inner product spacex an inner productgtil H2= FIPA Lx
£ 7t3 9l= a vector spaceo|t}. o] FIPA LxoA ZF O] vectors?t the inner
product of the vectorsgtil ¥2{%l a scalar quantityS 2%} (associates)A]|Z1C.

Inner productsoﬂl\ih Hﬂ]ﬂq 710] T _l':_ 13111517]—4 71—59_]- 7PQ xh,]-x—]o] 7]3]-81—7:—1

AsHA ALsta 9o, E3F WE|(zero inner product) 9] Al (orthogonality)
2 Rojste »0e M FsP]E 510, ofH(possibly infinite) 0] ME AmolAZ th2i
Euclidean spaces (in which the inner product is the dot product, also known as
the scalar product)g ¥utstst 7102 functional analysiso|A] A&l Qict.

Eot An inner products= AFAAHA  Z2¥E JiE(morm)s HEst] WOl a
normed vector space ©o|2til % $tC}h 72]1 an inner product’t 9= &ASH AWo|AS
Hilbert spacegti ¥ 20, an inner product’l = E4AXst Afo]AE pre-Hilbert
spacegt BE2Lqd|, 1 0]SL inner producto] 9] ST JEy TAHA TAHL A
A7l BhZofloF Hilbert space?t 7] wfZo|tt. o7l E Thg #ofolA= T2 unitary
spacesctil 220},



p. clxxiv

* Cluster analysis or clustering

o712 &4t IF(a cluster)o] e AFEE0°] ©E dE(clusters)o] A= AleSEO
Hoh RASHA Aless AWEshes tasko|td. o719l & 4F+= machine learning,
pattern recognition, image analysis, information retrieval, and bioinformatics 5-of| A
AHEEl = SAIA Hlolg A9 d¥tAl 7] E3} exploratory data mining ©]T}.

1) Cluster analysis

oA 1 A} shtel Ewg Lae 3
GIAL o0l FAAES PSR 121D Yokt £ENOZ IUEE AL 4 ALA
digt 7H'd(notion)o] +F3| Atol7} U= E%%EJ algorlthrnsoﬂ ol ¢dd 4 Jo.
ElofA] ©o] Ar&ste= 7iEE 22AFH © Z., data space,

intervals or E¥st EAA Bx;U} ‘?3”3

o
o
(@)
)
T
iC)
[e]
=

he
[e]
o
N
(e}
n
g
S}
0,
2
Ho
o
a

21% J&5o|t;. 2382 C(Clustering2 a
multi-objective optimization problem=z ZAIst=l 4~ Qlth. A St clustering algorithm
It parameter settings (A& A2 &<, density threshold £+ JAE ZHAEQ 40
72 W= 5&%3}@1)& 7}7¥o] data set 12|31 1 Autof] ot oJ=A &ro met o 4
ol AHEA Pt opn], AALAOA olojxlt Almet ME =S

o] interactive multi-objective optimizationS Yr&Est= yAo|t, Y= AA9 A=
A8 Tj7tA] data preprocessing 12]il model parameterss &% WH73st7| T stct.

clusteringo]lgt 8o oJQjox= T2 v ooje] 8o} Qltf:  automatic
classification, numerical taxonomy, botryology (from Greek Roétpug “grape") and
typological analysis. 0]83t X}o]7} &% ZA3bo] 8T of|A wWAIstTH data miningo A &
Ayt 382 AI9] thAHthe matter of interest)Ql ¥IHO|, automatic classificationoA]
A E5AIE XES= L of interest o]tk TEtA £ZE data mining 3 machine
learning®] AALZ Atolof] Q&fi7} WASH=U], 1 olf+ 15°] SUsH &ojt TUsH &
V&S AMESHAIRE M2 O S82E 2L Q7] ol

J2]1 Cluster analysis was originated in anthropology by Driver and Kroeber

HJI

0

in 1932 and introduced to psychology by Zubin in 1938 and Robert Tryon in 1939
and famously used by Cattell beginning in 1943 for trait theory classification in

personality psychology.

2) Clustering algorithms

o712 FAH wHlS I ¥Hiehd £ Qo o33 F2AH il
ot o 58t A7z Aot AR 0 R “correct’ 3t FRIAHTY Fa]Eo]
UX|gF Z2E235lof 3= 712 "clustering is in the eye of the beholder'st= Zi0] ]
Aol tigt 7 Aget 2eAEY s A o 2o 8ISt st VHA] F2AE
23 dsshe 1A olf7t EAISHA] d=tH, 335 43 A S = (experimentally)o2 A
E]ojo} gttt REofof st A2 3 3R wd&o=w A dudE2 |45t st

_ﬂl
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al

o

r 1o
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ohfer B2 ZHa Q= HolHy NE| ofHeh ¥ete FX] Rttt o2 S0, k-means(of
o] vAIEA 71§ &AXR)oAE= non-convex(E=3h clustersE AHS 4 ¢

> FHAEY dyg]E9 A&A 7|H: Connectivity based clustering (hierarchical
clustering)

AEA ZAEH o2 48Xl Connectivity based clustering2 Hz] Boj&x 9= AlE
(objects)Bth= A0 Q= AbmE°] HE ©Ho] itk Atzof thgh Al ofojtofo]
71 gt oldl guelEe AMEe 712 2712 dZAsto] "FeARRTE AT Fea
B tiFeo] L Z2AHY B2Es AZ5H] HOH Zask Ag9 Az ndd & U
J2)a A7 AR g2 ZHAESL oA EE F=9 0]E9l "hierarchical clustering”
of AIAEA=AS BAFSHE dendrogramo. 2 Eé% & Qlth: o]& Za2EE2 HlolH Al

o

EQ] ©x %%‘(partltlomng)o A55HAl 4A1gE, 1 giiloll £ A2jolA AMz7F &=
2 AHEY Ui ASE BoFal ot 22]3 dendrogramofA], y &2 2 AHE0]
UL & A= AYE di*lo}L gtHo), AlEE2 22AEE0] AlolA] drs x 55 T2
LRl

Connectivity based clustering2 Hz]S AASH= dAloA] Xto]7t UE+= a whole
family of methods o]jt}. du¥tAl9l distance functions®] AEiit= &2] o] &A= E3H
AHg- linkage criterion(ste] 2| AET7} O] Abg & O]F0]X ooz 79 Az
£ AAtst7] Ygh o9 candidates?t AT )S AAStolof sttt Q7] Qle AElog+=
single-linkage clustering (the minimum of object distances), complete linkage
clustering (the maximum of object distances) or UPGMA ("Unweighted Pair Group
Method with Arithmetic Mean", also known as average linkage clustering)’l t}. =
St hierarchical clustering2 24 &7} (agglomerative - starting with single elements
and aggregating them into clusters) ®AHdivisive - starting with the complete data
set and dividing it into partitions)2 £ T}

\4

> & AZA(single linkage)
o

0]71-& agglomerative hierarchical clustering®] oj2] 7}x] ¥ 5 %o sjto|ct.
A

I
e AAstE oA, ZF eas O Al Z2AE o] Fof ot I SAEE2 17
theol SAPgoz Hop ATt Ze{AH| ARHD, BE 247F SUT FAH =z d
T7ER] AlS" b SANAM, 7P A2 A2l s 220 F Vi 22aEE0] 28"

T}. ‘shortest distance'o] Tfjst Aol of3 agglomerative clustering methods Afo]of X}
o]7} Qt}. single-linkage clusteringo|A], & Z2]AF 719 link: ste] @Y QA pair
5. AR 7P 7ol e & 719 @40 o5l SrEojAlth of' ©AoA o]2ist 7t
A e YIS 1 2L a4% EASL Ub £ 1Y TeAHSES SUATIE AUAL A

== By - =

o, o]z|st W& nearest neighbour clusteringo|atilxz st} o]a1c‘>_} 2] AEHH
| EAstE Agjet 2 AEH9Y §8 &£A4S HoZX:= dendrogramO 2

>> X A A (complete linkage)
o]71%= agglomerative hierarchical clustering®] o2 7}X] & %9 stuolct. o]
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AA AT OpR7HA| 2 3 3R o] o] 2ol R]X|TF, complete-linkage clusteringofA], &
e BE Q4 pairg ZHSHH, 22BN Ae M= otfe el E

= 7 823t Ade F ZAoh ojw DAA ol T A2 P2
S 23t e F NY SELAHSS s8I 242 A, ol
< farthest neighbour clusteringo|2til® $tc}. o]zt S| AE|o] ZAxf IA] 7t

o] WA st= A2l 3 AE ¥ A4S Ho|F+= dendrogramQ = A|Zbetd

L L rl
o=
2 oo cE |4 32

o]

I N o 2 al oy

\2
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15 Hd AZ(group average agglomerative linkage)

Group-average agglomerative clustering or GAACE= THFUE 719 n&E oxAtAdE
AR ZFYAEHY EAS HIIstth matA] single-link and complete-link criteria®] ©4
S g 4 9)ty. GAACE= group-average clustering 12]11 average-link clusteringz2til
L 220, FAdg ZAEY pairsg ZFto] FWHES ZE pairso] Tjgh average
similarityS AJASIc}

>> otE 7| HAZA(Ward's method linkage)

SISOl A, Ward's method2 ASA Z2AFH Ao A&H criterion ©]t}. Ward's
minimum variance method& %% =2 Joe H. Ward, Jr.7l AJA]$t the objective function
approach® E¥st Ao]lA oJtf. Warde <Y¥EAQl  agglomerative hierarchical
clustering procedureg A=, o]A2 ZF @AOA &= S2{AEQ pairg AH
571 st 71&0] =900}, objective function? ZHA e ZA=R st Yot o]
objective functiont= ZAALY] BALS dFYst= o $h("any function that reflects the
investigator's purpose.")¥ 4 9t} W2 FZEA clustering procedureso|= o]zt Uf
UvHAlQl §¥2 EstL Qlon, o] "ARFE 5] fIstoe], Wardy= “objective function
o] error sum of squares’2t= oS AA|5tgi o, o] o= Ward's method £ HC} A

g5 Ward's minimum variance methodo 2 2j%&ct.

> FHAEY &0 HASA 7Y

>> single pass algorithm

=2 A 22EHP 2 S AARIE 2A-sto, ARF A=2(Time window) W

WA AT 2 AR AR Atolof RAM FA=E ALkttt Tref AR <

T2 FAIEE 7R EE, SiE A2 M2 o|flER woeith o, dyiAe
20 4% ol2et RAMd ALt AeA WE 33t 2o 7|8kt Cosine &

A g3,

>> K-means algorithm

0]71L centroid-based clustering ¥Ho|t, ZAHSL W2
SHAl %= % = central vectoro] Osi meIETH o]Zlo] ZAP ZPAHO AY
(prototype) 02 E&5 & 4 ==, 449 #HS ERi
A

AE] ZSHA[Z o 2K HWAEFS(observations)g 22



=289 271 k2 AAE Q2 M, k-means clustering2 &gt A tigh &

AR ol Alg stoh ZelAH AEE A2 oh3of, Z2{AH9 squared distancesE %]
Aststo] 7H 77k ZElAH AE O AlESS wiAgsiot

optimization problem* NP-hard (Non-deterministic Polynomial(t}gtAl)-time hard:
2fal st o]ZlS thee ARHAQl W2 ©A] approximate solutions?hg &S Zi0]
t}. £3] 2 &2 A approximative method2 Lloyd's algorithmo], AXj 2= "k-means

K-means= Aj0]Q)= o|2X AAS o] 7FX|1 QIt}. st cal properties. On the
one hand, it partitions the data space into a structure known as a Voronoi
diagram© g a2zl Lx 2 flolg AmWo|AS HEalsl= Ziol1, E s JjExoz |
On the other hand, it is conceptually close to nearest nelghbor classificationat &4
st Zlojth. E st o o712 classificationg 72 st Y WHEY 4 on,
as a variation of the Expectation-maximization algorithm® ®%9l Lloyd's algorithm

o2 oA 2 gk,

1) Voronoi diagram

S8tolA], o]712 WHol Est BEAS Qe ZRJEE9 72l 2712 HUZ Erae‘ gt Zolt}. That set of
points (called seeds, sites, or generators)= 0O]2] A|AEDH, 7t seedf 02 T2 ZIHETH 1 seedof| B} 7P7he
RE TOIEESZ L% corresponding region”t EXfsict.

>> EM(Expectation Maximization) &¢i12]%

EAIsto A, expectation—maximization (EM) algorithm& WA LAl o1 &0] 9= ¥
Z(unobserved latent variables)o] 9o]&st= EA|RPoA  mMOJEHC  maximum
likelihood estimation(MLE: mean(®)¥} variance(24hH2 Ap8sto] A2x|x] ¢o o
HA4o] 7RSS JHASIT ) == maximum a posteriori (MAP) estimates(74@ A HlolEH & &
M2 WAL A] of= quantity?] point estimateE A=0 AFEE & JUhHE 27| Ysto] A
it = dF2 A widH(jterative method) ©]t}. EM iteratione m2}0]E|Q] R|Al HIIR]E Af
25to F71E log-likelihood?] 7|tho] st 45 AJ4ksh= expectation (E) step, 22|11
E stepold A" e loz‘%—likelihoodE Adiststy] flste metulEE AlitsheE a
maximization (M) step2 Z3jat Afolo] @rjz wagsich 12 il of metule W}
Al g2 t5 ¥ E stepol] &oifle ¥459 225 AR5 9lsto] A&

p.clxxvi

(term-based) 22 AEH: TojQ] Qatrof 7|uF BIAET} whe A 2
(link-based) 28| AEH: o|0|X|7} @ 4 23,

rE r_E
o



>> intra-document link

>> inter-document link
>> out-link
>> in-link
> ¢ (hybrid) 22| AEH
p. clxxx

* Gt 2 T3W(dendrogram: from Greekdendron "tree" and gramma "drawing"):
A Y WS BIshs o oy, ASA ZHAEH™ sl ABAtE S AH

Sof ujde BoI%] Ysto] FF AHGHE URYelo =golch

> Clustering Example
ZHAEHH o2A], o] fo]EgE0] distance metricO 2 Euclidean distanceE A&

sto] ZejAH Hctn spgs) wAk:
G

Zolck:

o

T
=

AT Al
(b J (}Ci/;' {,/D
SERO R
Raw data

oj7i ASA ZAHY WY IE 2 3t




Traditional representation

The top row of nodes represent data (individual observations), and the
remaining nodes represent the clusters to which the data belong, with the arrows
representing the distance (dissimilarity).

W ol A =ESS rows JNEACR WA HolHE UEHWY, UMA] LES2
gyt &3l e FHAHEs UHEUY, olgio stdmse R-E5 1 Ag
(dissimilarity)S UERJCH

<A 778 BEAA Ao>
* Web 1.0, 2.0, 3.0

> Web 1.0

Geocities & Hotmail A]fjol= 227} read-only content and static HTML websites
oo, AtFE2 Yahoo!9| link directoriesg AR&sto] AEHUNS slists & H=stA
c}.

-the mostly read only web

-45million global users(1996)

-focused on companies

-home pages

-owning content

-Britannica Online

-HTML. ports

-web forms

-directories(taxonomy)

-Netscape

-page views



-advertising

> Web 2.0
0]71& wuser-generated content and the read-write webo] st Zlojt}. AGELS
Flickr, YouTube, Digg, etc.i} &L 2271} AJo]EE &3] AHE AZsh #ot ojyz}t &

H|5t1 9itl. The line dividing a consumer and content publisherE JL&3t= 73A|7}
Web 2.0 AljolA+= AR o Zesl Al ot
-the wildly read-write web
-1 billion + golobal users(2006)
-focused on communities
-blogs
-sharing content
-Wikipedia
-XML, RSS
-web applications
-tagging("folksonomy")
-Google
-cost per click

-word of mouth

> Web 3.0

0]71 & semantic web (or the meaning of data), personalization (e.g. iGoogle), At
=719 intelligent search and behavioral advertisingo] st Zio|ct.

-the portable personal web

-focused on the individual

-lifestream

-consolidating dynamic content

-the semantic web

-widgets, drag & drop mashups

1) mashup
o|Z1& M2E& Au|AsS AxRst7] st & 7§ olate] AA EoA U& data, presentation or functionality&
ZAsrsto] AFR5= Web page or application2 @stch o] 0] raw source dataZ AJALSH7] 9J5to] diEA] &
2o} o]R7t otlHete FR3t AabE A7) $45to] open APls and data sourcesg AME-SH] HSt 4A1&45HA &
A= e ustct

o]719] #F£Qst EXNEL combination, visualization, and aggregation °o|t, 7|&9] H|o|H& 7iUA E= A
PA FAor Hoh ¢ {&sh e Fastth. E OF AU|AF9 HojEo Ao r HIsh] fiste, o
al Q

L AuP™ o 2 client applications or hosted onlines°|t}.

-user behavior("me-onomy")
-iGoogle, NetVibes
-user engagement

-advertainment



p. clxxxvi

*

EOdW(Topic Maps) : See Chptr 11.

*

Al9iE] (Semantic Web) : See Chptr 11.

*

L2 E 2 X](Ontology): See Chptr 11

*

RDF(Resource Description Framework)

RDFL W3C ~mo] 3 Fgo|n], U2 vjetelolel tlolgl Be2 rxjels|qic. o]
S }oFsSt syntax notationsdt data serialization formats2 AF2510] A AFHOA] AFRE]
A Qe AEO JNEA V]eolu RElof] ek URHAl wiwio|tt

1) serialization
dlolg A ArEofol|A|, o]HdL o|& Eo], a file or memory buffero] )7L}, network connection linkg 3] A
450} 2 data structures or object state2 AASI] UEo] SUSH SH30A REAT 4 9= muioz HAG
2L 14 wrstcl. serialization formato] web £E£& 0] Adzio] H|ESo] thA] AA mf, o]ZL AUfo] AL=w}
ojojF oz FUSt cloneg TEET AT W referencesE ARESh= SATH AMZOA], olfl a2 AlHA
O 2 o]Ro]X]A] ¢F=t}. object-oriented objectsQ] serialization2 Xof] A2 2461 ddE o] YIHo Jd &
H2 ot AL of7]of] PR A=

AHeS A48HA)7]E olgish "AAMS E3F marshalling an object2til® $20, U] vlo]ES2YE Oo|g
Fx2E2 9F|ste vt 7|52 deserialization (which is also called unmarshalling)eb 2&c}.

> QOverview

RDF dlolg w2 ZRA|-#A £+ Z2iA opojoj 13fyf 22 1/A JgA wHls] 7]
Hap "] &s5ith. 1 ol f= FA-=0o]-ZAA(subject-predicate-object) ®E30] FE|= AIL(F
5] ARMHO|A)S mASMT= ofojtjojolA H]RESI7] wiolth. o]2fst mIAlS tripleso]
2} i, FAl= AMES QUsty, =of= APl &Aooy BE, 2|1 FA|QF A Ato]<]
UAS YErdT

o2 £o0], RDF2 “The sky has the color blue’g2t= 7Jd(notion)2 EJAsH= st 7}
Al e o 22 EE(FAl: “the sky”, &of: “has”, Z2]n ZAl: “the color
blue")2 UfERHE Zlolch. 12|22 RDFE object® Z4A-X|aHa Cixielo] ol QIEjE}-4
’d-%f(entity-attribute- value)_J A 7do] AFEE 4 Qe subjectz HbE & Qi A
Al(sky), %7d(color), Zk(blue). RDF& of2] 7HA] A& mTA(TA] oA md zoi)e=z ¢
sfufe] 244 melolne, £ EJ sfUe] Atgolu} E2l=e REsfel WS mofojTh A}
o7} Wit o] 2 UFhEoR AUS JEste A U Bl RIHE 2TEFO|E £
st 7IAVHE Y AEE A, ﬂs":}, ol gd & =S oz, ofAs ¥t =2 587
1 FAES VAL JEE OE o oW, o2 AlMY o &M Fast Q4T E

oAt



RDF A% 2(statements)ol= 2Axoz RAZ SA€ BE 1xs malsln o}
Ops7HR R, RDF-9EQ dojs 2dle w1y 2ot Jle £52x 2dnce sS4
579 AAlg mdstodl 9olAl woh AFAARICh 2%A% A RDF dolelst gy
context(TA] WsjA] the named graph) 9A] ZF RDF Eg]Z8 02 =& (persist)sittdH, &
= IAIE golgyolAU Triplestoregtrl ¥ 2% native representation, £+ Quad

stores o= £&3511 QJc}.

1) A triplestore
0]71-2& "Bob is 35" or "Bob knows Fred"x&, subject-predicate-object2 A= ¢|o|E{Q] QIEJE|Q] Eg]Z S0

H”ﬂ} S $1eh a purpose-built database oJt}. o]Zio] HAY HlojEHjo] A9t ofe FARSE A2 wLt El

AEojo JEES ARt thaoll M2l dole Argstel 22lE A 4 Qloh. BAIY diolHHo] A0ke] Ato]2 o]
71% EojE5e Agste AAsted AstEo] 9loke Zolth. Helo meti, ERlgs2 d¥EoR RDFY 7]
B 23 AREsto] f2dd 4 o

2) Named graphs
o]712 3t NJEQ9] RDF statements(a graph)E context, provenance information ®+= 7]E} metadata®l 22
statementsS descriptionsst= URIS ARg5te] AlHSHE 2 5t Semantic Web architectureo] a4l 7ido|c}.
I+ RDF data model9] tTsh 7ol x|gt, A4 o] &3d 22

v —

(o]
=]

Named graphse 22z & Ut &
2 8cte a4 T2 HA] Fota

%0

Name

httpz/fexample.org//joe._ttl

@ prefix foaf: —htpasanins. comfoaf/O.1/= .

<=hup:/example. org/joestme=
A foaf:Paerson

Ioat o ~analitos lemasarmniec gz
foanname “Joe Lambda

Sraph

ESF ShEX(Shape Expression)2 RDF J2Z9] constraintsS Eiﬁ} ] 5k Q1ojo]
0, OSLC Resource Shapes®} Dublin Core Description Set Profiles %0
gdAde ¢t =gA Ao WAlsH= cardinality constraints@ EJ(—.—EL Qltt. RDFSet
OWLOA] Boj&o], =+t RDFE 742 F7HHQl ontology languageS A 4+ 9
c}.

1) RDF Schema (Resource Description Framework Schema, variously abbreviated as RDFS, RDF(S),
RDF-S, or RDF/S)

0]71-& RDF AtYS 1Lx35}517] ¢l5te] LE2X]9 7]&89 7|2 Q 4(ch2 U234, RDF vocabulariesgt1 = 22
)5 A|55t= RDF extensible knowledge representation languageS AF83sto] EA HAS 7t 9= a set of
classeso|t}. o]2{3t AtAS2 H2|do] SPARQLE AtEst FIEL 4 QA& a triplestored] Ad & o

2) Web Ontology Language (OWL)
o]Z1& ontologies or knowledge basesZ authoringdt”’| ¢t 2€Z%9] knowledge representation languages or
ontology languages ©]%, Semantic Web2 ¢35t ZAIA semantics and RDF/XML-based serializationsgh=

Jm



4 XLtk OWL= World Wide Web Consortium (W3C)o| 9Jalf &91&]9ot, academic, medical and
commercial interest Zofo|A TAlS L1 Q..
OWL familyof&= v]Z35t o]29] T gpecies, serializations, syntaxes and specifications?t 9120, OWL

and OWL27} Z+ZF 2004 and 2009 specifications@ 2 A2 9ict

> RDF topics
>> RDF vocabulary: RDF specificationo] 2]&] Ao ojgl- o1 o)

1) Classes

<rdf>

® rdf:XMLLiteral - the class of XML literal values

® rdf:Property - the class of properties

® rdf:Statement - the class of RDF statements

® rdf:Alt, rdf:Bag, rdf:Seq - containers of alternatives, unordered containers, and
ordered containers (rdfs:Container is a super-class of the three)

® rdf:List - the class of RDF Lists

® rdf:nil - an instance of rdf:List representing the empty list

<rdfs>

® rdfs:Resource - the class resource, everything

® rdfs:Literal - the class of literal values, e.g. strings and integers

® rdfs:Class - the class of classes

® rdfs:Datatype - the class of RDF datatypes

® rdfs:Container - the class of RDF containers

® rdfs:ContainerMembershipProperty - the class of container membership

properties, rdf:_1, rdf:_2, ..., all of which are sub-properties of rdfs:member

2) Properties

<rdf>

® rdf:type - an instance of rdf:Property used to state that a resource is an
instance of a class

rdf:first - the first item in the subject RDF list

rdfirest - the rest of the subject RDF list after rdf:first

rdf:value - idiomatic property used for structured values

rdf:subject - the subject of the subject RDF statement

rdf:predicate - the predicate of the subject RDF statement

rdf:object - the object of the subject RDF statement

rdf:Statement, rdf:subject, rdf:predicate, rdf:object’= reification(¥'d@9] 1A|3H&o 2

ONORBORONONO



AFE=EITH  (see below).

A
=
o
—
05]
\4

rdfs:subClassOf - the subject is a subclass of a class
rdfs:subPropertyOf - the subject is a subproperty of a property
rdfs:domain - a domain of the subject property

rdfsirange - a range of the subject property

rdfs:label - a human-readable name for the subject
rdfs:comment - a description of the subject resource
rdfs:member - a member of the subject resource

rdfs:seeAlso - further information about the subject resource

ONONORONBONBONOBONO,

rdfs:isDefinedBy - the definition of the subject resource

i)

o]

St

 3P8 RDF Schema®] 7|%2 AM29 & 9},

3) Serialization formats
ey e o3 71X 359 serialization formatso] AFEE 1 Qich:

® Turtle: a compact, human-friendly format.

® N-Triples: a very simple, easy-to-parse, line-based format that is not as
compact as Turtle.

N-Quads; a superset of N-Triples, for serializing multiple RDF graphs.

JSON-LD; a JSON-based serialization.

N3 or Notation 3; a non-standard serialization that is very similar to Turtle, but

ONONO

has some additional features, such as the ability to define inference rules.
® RDF/XML: an XML-based syntax that was the first standard format for
serializing RDF.

RDF/XMLZ djtf= ItdstA RDFet H2+=0 o] Axd Zoltt. efstH o]72
RDFE 7Zgosty e o8 W3C 2¥Z Jhof] A71EQla, dANcz: A WAl W3C &F
RDF serializtion formato]”] ©j<o]jc}. 22 X|9t, RDF/XML formati} FAHA0l RDF 2@
I AAE st Aol Zastd, diustd v]s RDF/XML 2UHo] ofA7hA] ARG &ol2t
stHete, T2 RDF serializationsS O|A] @& RDF AFEAto| Qs AMaSE Q7] mj&0]
W, ®3F o]Z 5L QIZF AlgAol 1, XML QNames®] L8] 9l restriction® 2 Ql5}0]
o] RDF graph+= RDF/XMLOM% #d 4 7] 2ol

Flo

BN

1) QNames
0]71-& URI referencesx]® A}83517] ¢]5tof XML Namespaceso] 23] A7jE]9lon, QNameo|& "qualified
name"2 sttt I2]1 0]71& elements and attributes80 =2 Efdst AEHZIES Aostn, Yubd ozl XML

documentso]] Q)= EWHSE elements or attributes ZARsH=0] AFRE T}



4) Resource identification

RDF statements(2%)9] subject= URI T+ blank nodeo|d, & .} AFY-S UERACT
blank node”’} 7}27]|=(indicate) AFYLS anonymous resources &t 220, Olzi%f RDF
statmentso Al AlFA o2 AEY = Qith. B3 719 soje WAE UEHUE A
9]o]st= URIO|Al, object:= URI, blank node ®+ Unicode string literal ©o]c}.

1) A string literal(2AH}4:)
O] HRE m2 3o &A FEof Q= string values THESICH Aof <lojojA TEE o712 “foo 7} foozt
L 2He 7Rl B2AF AbgofA x = "foo"&X]E a quoted sequence of characters (formally "bracketed delimiters")
S T o714 Q8RS @Y ER2o] ofYW =74 delimitersE AME5}9] escape charactersg ©]8&&
4 9t

AR BRI A4S ERslSts A0S tjobd BoMSo] 9on], S5 wrt BAF F oo e w7)7}
7i70e]l 2Ok ojH=E EXsfiof sh=A] S obAl AT, d-oe 35t ool tiREe] A

‘ I stol sekglo] EAIC,

A o] ZoA, 22]1 RSSQF FOAF Zro] RDFQ] HIWA 17|90 o] ZS0A, A}
< Ao ZAARD glol"ol] Adst=dl AHESH] Hste 1ojH o= URIs2 mAH =

g==y

o] At J2iut RDFOA & Lvtdgoz IHU-O|&Y Ao tiet #7] 8027 Aot
QX oct. AMAIAF, RFPO] o]29Q] URI= ZAF 2518 (derefernceable)o] E|ojA A= ot
tf. ol& E°l, "http:"& AJAsto] RDF #7449 A2 AREE:= URIE YEEA] https S5
AT 2 e AHTE 29T Has glon, B3 Aol YEYIz FT 7t A
dds 2T TRE It - URle 724 ofF Zloj& #d¥ 4 Qlojof oty 23 X|q
ga] 94wt 9le 712 HTTP GET requestolA A& of 30071A|9] ¢dsstel &S 2
®H5h= a bare URI(# symbolo] gl=)= Aol g5t AUl AMLdZ QJulsh= A= A2
g ojof oith= Zlojtt

1) RSS (Rich Site Summary); originally RDF Site Summary: often dubbed Really Simple Syndication
0]71-& blog entries, news headlines, audio, video X3 A& 73AE= AHE FW517] ¢t standard web
feed formats?] ¥dZ-o]ct. RSS document (called "feed", "web feed", or "channel")ol= Eohdmtet AAtHat 7+
2 Efy|o]E{e} full or summarized text’} ZgtE]o] QJct.

RSS feeds™ Atz-o2 FWALZ stojZ Ho|HE Hid(syndicate)st= 712 &3ttt A standard XML file
formato|A]= A2 2 machines/programs 7] 33148 HASIH, ESH 0]l £olst= Ao EZ BE| AA|
o 7Axld FEE 9] UsiAY W2 APO|ERLE UToJEE £ASILAL ol o] &AM =& Fo

Subscribing to a website RSSt&= o] &AI7F Al Y& flsto] WA|EE S£AY0 R A Astoiof sh= BRA
2 HPIA7I0], o] HetO AL K4 9 AjolES RUEst] o A AuE UA|E ot AFFoR o}
2235l 7|1 sttt web-based, desktop-based, or mobile-device-basedst "RSS reader”, "aggregator’, or
"feed reader'= O]&AIO|A RSS feed dataS A|-Z35t0|, o] &A= I feedsoll 7tYsto]of gtk RSS reader: Al
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2) FOAF (an acronym of Friend of a friend)

ojAL A, 159 &, Te1 o Arga AMEHY] #AIE 7]4she a machine-readable ontology o|tt. Y+

7} FOARS olgstol 148 7148 4 9tk FOAFE Algfe] 2§02 slolg FUA Holejlol o] jgt Be

o] AtElA Y EYIE HAIE 4 Q&= stty. FOAF+= Resource Description Framework (RDF) and Web

Ontology Language (OWL)E A}l8-519
%

B = descriptive vocabularyo|tt. ZAEESL o]2{st FOAF profiles&
AMgste] ol g0 ZE §Y AlES S

5 =S T ojZl2 Al E Y TAES AYde=A ggHY. 7



o2l 9Ast AlHANperson's e-mail addresses, a Jabber ID, or a URI of the homepage or weblog of
the person®} Z2)5 7MW, o]A2 ARSI #AE AT o AR&Hh

The FOAF project= 2000d0]] Libby Miller and Dan Brickleyo]] 25 A]AtE]9} o, RDF technologyS
'Social Web'Q] TAIAtol] AZAA|ZI 2] %9] Social Semantic Web application® 2 o] X|1 9)c}.

FEst 2007¢0] Tim Berners-Leex Semantic web conceptg relationships?} networks and documents&
L715= Giant Global Graph® AjAQ]5t¥tt. I+ "[ express my network in a FOAF file, and that is a
start of the revolution."o]2t ZstHA], GGGZ Internet and World Wide Weby}t = Erf ¢jof Qlcta Aizh
shairt.

whetd RDF 2779 AAtatel Aulxbse At Alxtel ofejo] gicy. eja
AX]= H|E RDFA] AFL3517] $15t9] URI spaceo ¥EAOoZ IdE]= Dublin Core
MetadatA|® Qursl g0 2 7kxl EAo|3i7} glcketoiete, RDF 2 Atdlo] @aael 3
< otYt}. <doA RDF-2J&Y 2E2A]5 £Wste =42 RDFOIA HolHE ®dsH7] ¢
stol AbEE AW APEAte] et ARE ujg 3 AdsAL Syl
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o2 =°f, the URL

http://www.w3.org/TR/2004/REC-owl-guide-20040210/wine#Merlot

219} URIE= vintnero] oJsf A4td ZE Merlot 52 Z=39 53& Agst7] Hsto
oj79l ARAE oleAog gtE Zo|ty. tfA] DollA, Yo ofloAe FxRQ FHgo] AJLirst
RE mExo] =38 #AsHY 9lon, o] Hoj= AAzr} RDF thFHMES OWL 2EZX|

=
of sl mALT Qrh. wepA olajst Holo thgt o] 4 BAo| girjw, R} 9o
URI9] o= =59 &7/ diilo t& 24 AtEolzte Axd 285 UE & ok
0]71& ‘bare’ resource identifier’t ofUn], IZHct= F EXES EIEIHA]
fragment identifier2 Op}t8t= URI reference 2t= 7o =2 3sftojo} 3sict.

1) A URI reference
0]71& a full URIQ] HEjo]AY YIEAIHEO] st = E40] & LA QAZ = scheme-specific portiond 4
9ltt. #= A|RtE]= optional fragment identifier= URI reference® £o] UElE £ 9lon # of Q=
references?] Y8 7HHA oz RFPS AWHS 4~ 9l 7 fragment identifier= 7 A}Yo] EX BB AlHs
2 9ltk. o2 S0, HTMLOJA], <img> Q409 <src> £49] e <a> or <link> @49 <href> £AJ9] Zryh opak
7K1, URI reference A|Zst Qict.

URI reference2XE URIE =Z&5l7] 9slo], AmEYo] 1 URI reference® uAH qua]Zo| wat
absolute ‘base’ URIQ} E3MA|Z10 24 'absolute' form@ WigHA]ZIC} o] A|AHIA L H|E AUA oA

7420 1 base?t o]Tst relevance® 7Ztil Q)X] ¢tj2tk, URI referenceS base URIQ] ACHAQl Zloz2 FGgh

T} U5 o]Zlo] I OFHE oA o]Fojfl Mol 9JsiiA = oJF Elojy Ad L2 EZFO] ARZA FAIE A]
2tE=, APA 07 base URI= URI referenceE &Lhstil Q= thFUIES AldHsith grd base URIZ}F fragment
identifieS Z3stn QJotH, EgFupg=ot 7718 BAEch oY fragment identifier’t URI referenceof &XfgH
}H, 7712 merging process SQto] BEECH

Web document markup languages= %% external documents or specific portions of the same logical
document?} 72 o2 AL X|A5H7] Y5te] URI referencesZS AMR517] % st

2) fragment identifier

o]7l& % t}Z primary resourceo| &% 0] 9l AFYPLS WEt= a short string of characters ©]t}. primary
resource= Uniform Resource Identifier (URI)o] 23] Al'HE]|0], fragment identifier= 4% XY XA SHCK
point).



hash mark #& A]&t%]= fragment identifier CFHFHES] URLo| QlojA] MEiRlo 2 o]Fojx|nf, o]7lo] AUdt
Ql syntax+ RFC 398604 ¥5]1 Qlch. 721} URIsO|A] hash mark separator= fragment identifiero] 43}
[e]

orect.

oY)

5) Statement reification and context

g chero] 2o o8] masE AAl9] bodyk 7t £AHE 7 E2]E FA-40-7
A B% dhAQl)o] URIS &ttt dhola], o2 =0 “Jane says that John is the author of
document X'OIMA, Z7b BAS AP 4 At shue A€oz AFwr
reification(LA|gh)o]] @hafo} & Zo|t}. Reification ZF #7402 4l2] &0y f-8 A&

ntotsts] ojsto] muje %@ stch

1) Reification
AAREO] glolA ol The FAol SN E QEH AA 5E
=2 245 fistel A= ot S74(witnesses)o|lA L2 =& 24
T Qlth
HAIA] "John is six feet tall'2 Z1A-Z ZIASHL Q= F70|0, speaker 1719 AMM/dZ st Qlot. ®F

o] the reified statement, "Mary reports that John is six feet tall'= Maryoll7] 22{3t AJ-S n]F= Zlo|ch
oj2gt yAlor FAESL o|dAoR vE TEA] duMe e 4 gtk oF S°, 24 "John is six feet
tall' and "John is five feet tall' & A& HjetRlojlmz oFlsh 4 Qx| EAF "Mary reports that John is six
feet tall," and "Paul reports that John is five feet tall'® & T} Maryl: Paulo] A4S BAEsICH= Aups &
7](conclusive rationale)o]] oJX|gto 24, F=lst 45 AL 7o opct
ES o7l ARE 2] et £4A ofoltojrt %3t data model or other object Z BHJo}Zt= it
ASIeh. reificationo] 9)3fl, o= implicit, unexpressed, and possibly inexpressiblest oj® Zo] £t
SA15tE]o] conceptual (logical or computational) manipulationo|A] o]&% 4 9JA Tt

ox
=

X o

st

6) Query and inference languages
RDF Tz g8o= @45t Y2 Aol SPARQLO|T} SPARQLZ SQL-#32] ddojo|r,
W3Co|A] FH5FaL Q.

> 7139 2E2XS ARESHY ofmej7to] Qe =7he=S UEU= SPARQL #He2l9] of:

PREFIX abc: <nul://sparqgl/exampleOntology#> .
SELECT ?capital ?country
WHERE {
?x abc:cityname “?capital
abc:isCapitalOf ?y.
?y abc:countryname ?country ;
abc:isInContinent abc:Africa.

}
> RDF graphso] #ejsh ®ote ul-mEA wye ofga 2k

® RDQL, precursor to SPARQL, SQL-like
® Versa, compact syntax (non-SQL-like), solely implemented in 4Suite (Python)

® RQL, one of the first declarative languages for uniformly querying RDF schemas



and resource descriptions, implemented in RDFSuite.

® SeRQL, part of Sesame

® XUL has a template element in which to declare rules for matching data in
RDF. XUL uses RDF extensively for databinding.

> Examples
Example 1: Eric Millergt= Atgro] RDF Description

The following example is taken from the W3C website describing a resource
with statements "there is a Person identified by
http://www.w3.org/People/EM/contact#me, whose name is Eric Miller, whose email

address is em@w3.org, and whose title is Dr.

http:ffhwww w3 org/2000M1 Ofswap/ pimfcontact#Pearson

http: s w3, org/1 989 02/22-rdf-synax-nsitype

http.fheww w3 org/People/EM/contacti#ime

ttpfhwwew w3 org 200001 0/swapd/ pimfcontactifullMame

Eric Miller

httpfhwewew w3 org/ 2000010/ swap/pimfcontact#Emailbox

mailto:em@w3 _org

http s w3, orgi20000 10/swapdpimicomact#personal Title

Dr.
Eric MillerS Describingstil )= RDF Graph.

The resource "http://www.w3.org/People/EM/contact#me" = subjecto|C}.

The objects= Th3up Zch

# "Eric Miller" (with a predicate "whose name is"),

# mailto:em@w3.org (with a predicate "whose email address is"), and

# "Dr." (with a predicate "whose title is").

The subject is a URI.

The predicates also have URIs. For example, the URI for each predicate:



# "whose name is"2 http://www.w3.0org/2000/10/swap/pim/contact#fullName,

# "whose email address is"2
http://www.w3.0rg/2000/10/swap/pim/contact#mailbox,

# "whose title is"2 http://www.w3.0org/2000/10/swap/pim/contact#personalTitle.

=R, subject= a type (with

URI

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type)S 71X, 0]Z1& person (with URI

http://www.w3.0rg/2000/10/swap/pim/contact#Person)o]|C}.

Therefore, the following "subject, predicate, object" RDF triples can
expressed:

http://www.w3.org/People/EM/contact#me, http://www.w3.org/2000/10/swap/pim/contact#fullName,
"Eric Miller"

http://www.w3.org/People/EM/contact#me, http://www.w3.org/2000/10/swap/pim/contact#mailbox,
mailto:em@w3.org

http://www.w3.org/People/EM/contact#me,
http://www.w3.0org/2000/10/swap/pim/contact#personalTitle, "Dr."

http://www.w3.org/People/EM/contact#me, http://www.w3.org/1999/02/22-rdf-syntax-ns#type,
http://www.w3.0rg/2000/10/swap/pim/contact#Person

In standard N-Triples format, this RDF can be written as:

<http://www.w3.org/People/EM/contact#me>
<http://www.w3.0rg/2000/10/swap/pim/contact#fullName> "Eric Miller" .

<http://www.w3.org/People/EM/contact#me>
<http://www.w3.0rg/2000/10/swap/pim/contact#mailbox> <mailto:e.miller123(at)example> .

<http://www.w3.org/People/EM/contact#me>
<http://www.w3.0rg/2000/10/swap/pim/contact#personalTitle> "Dr." .

<http://www.w3.org/People/EM/contact#me>
<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type>
<http://www.w3.0org/2000/10/swap/pim/contact#Person> .

Equivalently, it can be written in standard Turtle (syntax) format as:

@prefix eric: <http://www.w3.org/People/EM/contact#> .
@prefix contact: <http://www.w3.0rg/2000/10/swap/pim/contact#> .
@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .

be



eric:me contact:fullName "Eric Miller" .

eric:me contact:mailbox <mailto:e.miller123(at)example> .
eric:me contact:personalTitle "Dr."

eric:me rdf:type contact:Person .

Or, it can be written in RDF/XML format as:

<?xml version="1.0" encoding="utf-8"?>
<rdf:RDF xmlns:contact="http://www.w3.org/2000/10/swap/pim/contact#"
xmlns:eric="http://www.w3.org/People/EM/contact#"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#">
<rdf:Description rdf:about="http://www.w3.org/People/EM/contact#me">
<contact:fullName>Eric Miller</contact:fullName>
</rdf:Description>
<rdf:Description rdf:about="http://www.w3.org/People/EM/contact#me">
<contact:mailbox rdf:resource="mailto:e.miller123(at)example"/>
</rdf:Description>
<rdf:Description rdf:about="http://www.w3.org/People/EM/contact#me">
<contact:personalTitle>Dr.</contact:personalTitle>
</rdf:Description>
<rdf:Description rdf:about="http://www.w3.org/People/EM/contact#me">
<rdf:type rdf:resource="http://www.w3.0org/2000/10/swap/pim/contact#Person"/>
</rdf:Description>
</rdf:RDF>

p. ccvii
<A 8% FrZAAM0] AA>

* Marcia J. Bates?] Berrypicking Model
Batest= "berrypicking'o] ZJE 4O} o] mHlECE o] EAPE HEE ojEr Mt
A Bk & vrgstal lokal skt of2sh RAR2 ojfle] milo] At AgA =
o[ojA QXN HEZ JOE‘OW Z71 Wiwol ofut= U2 4 QI oS S0l A9
AgA 22 Yot thfflE ro] Dadh APA matchz o] Foj{t. T X0 Bates=
of2{gr wpof et %5‘1}7} Fasttte S AAsH. oS
feedbacko] search resultsE 7fAdsted =23 & o5 Aoty &%
Batest= ©AHo] ZIsistH bit by bitZ o]FojXlcti FAsh T
xR0z RE Qe Auo] wgstel &Ko A HAolS Wtk

So], Salton2 user
P AN,
Ajte Auaa

’

ZIcks Zlojet. e

> Jl)i ro ml

o

o2 oot A4 2 JEAMY 242 +85HA] Foh=t, ofubsty g X oY
=0 Ay 9l feedback®] ¥9lo] &7 uj
dA2 bit by bitz o]fojRltt. JyHE W2 & AAlstRed, oE

2, oX

uol QXA DAL o[ §A} WY =S s
golch. At A= il

=0] O]-&#t= footnotesE AmE thgoll I FEHAS FoRIth. I3A] ot o] &A= 1



ZAol dist Al el AEE o= ot Zb9] ol ol &Rt A W 2~ gl
ounj oA YA Klskgtet

VARl ARAARHN = giaRog, T7|E7] RE2 oA wAE EAT m(of
Ute »Ee A2 Of Yz A2 g8 gD O), 152 Sl A(RE AuRteet |
AR AR)TE a4t A Aojeks 7S 2718 sttt o] =H9] a3k A2 1A
of Zm7t 7|EY FMuHEAY AAE 2Tl ABistes Aol opyz), 2AE T s
PR D7 (o] A& 71 &oto] "B BEE A 70

B71571292 A70et =7ollA, Marcia Bates= ®3t oA ©MO] 7S A5G
o AEPAel 1A wdloA, o]&A= 2¥e FE QTS Hl=E mIASUAL SHA|TH A1g}
A Ao A= o] &AM} £ pddoEN FTHANE ofd HFHESS FBo7IHA, &
Alo] AHlE9] BEAFE AMEs & WAslorsts A2 MEA 9o 19 ogof ol &
e AHlEC R ofyzt K}LEJ BB AHA|7E oAl

o
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roh
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AgoR AYS) AAE ALY Uek. olelE HYE ol olgAE HTAE wx 7
e EHA M2 2 A7l 2AEGE 2 2
saq.
ofebd o] RS Rt A% Hejo] os WAt oo A
Ago] xtalo] YWk RE Zlo] matd wbx] AR WAEPYS sl AR sHAA Al
YA Zolet,
7)E0] HuA welute] £ sba] Aol e cheat 2
a) FEeTE GEAolL 2R Zlo| ofyet SIS Fof Matdtct,
b) wAle] Zuks &% Helo] o RE7
WA @Y|E7140R FME kR
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1) Exploratory(&A}) Search
human-computer interaction and cognitive science?] HAXAIEL WWWe A s ArR8t off AfzhSo] ojEA A
BE e3(explore)st=7to] £2-8& gy Qi o]z £79] EMMe mjuj2 exploratory search2til B=20f, Al
S0l ojg7 A9 PP Aoz MH(refine) AN GHMEA] st AHI=9] WA 2dS 7“”7\171“
2 UEHolAS St Z]2AQ At It FRS PAste At
sto] OxpRIE| It IZX|9k exploratory information retrievalo]] 1% L AR
£ % ZAY 71F 5ol s ® Sk QItat JHAIAR M) A AE2 O3
3:-”\] of3r 7lo]0], exploratory search2 R|Uste AJAEIL A=Al AW AN

i

2jsfjopat Zo|c}.

O

2) Natural language searching

AEAMNMS 8 L 9l ® 2 QXA AHAH WO natural language searching o|tt. o]& £o0], American
commercial edutainment websiteQl How Stuff WorksofXl+= H3s}E AtopA vH|HS B3y, O th39 HA|F Al
2 ZropA "] A= ZAHOE WX] B2E2 Ao ™ want to see a funny movie and then eat at a good
Mexican restaurant. What are my options?"Z Efo]lgtoz2xn Solstu AAESE sigS d= AAES AT 4
QIck. v1% 2efat Pol o shsshAl ehAlEh o3l FEMe] QA RWR A holy grailnt 2E 2ol of
7ol Smt tha AEAM n2aos shold AlglolgAlo] 2RSS m2IWe A Zojn, oF Nt

FE0] Hels FR&sh= Wil diste o ol olsfistejor & Zlolnt.

* JISC IE(Joint Information Systems Commitee Information Environment

Jisc(formerly the Joint Information Systems Committee, and still commonly



referred to as JISC)& learning, teaching, research 2] administration oAl A
HEA7]&9 AR st leadership2 Al &30 24, post-16 and higher education, =
2]1l researchE A|Yst= A2 ddsta 9% a United Kingdom non-departmental
public body o|Cc}.

AtEFEo0] Q8= AHAMY - books, journals, research papers, teaching
resources, videos, maps = - 2 O0|& TYsty, I27150] oyl mulog o] Qlgate
AR o= OAIEete] 1 Q.

Information Environment (IE)= AFRISZ stol& AAIS9Q] shs W, F= HL9)
HHE JES g&480|1 gypdoz WEsty T £ Qs MH|AS JfEstl A5k

JISCO A8 Tate gojolct.

> What does the Information Environment mean in practice?

® national resource discovery tools such as the Archives Hub which provides

convenient access to information about unique research collections distributed
across the UK
® software protocols such as SWORD (Simple Web Service Offering Repository

Deposit) which enables files to be easily deposited in digital repositories from
within other applications

® ‘technical’ infrastructure such as the OpenURL router service at EDINA which

enables linking between bibliographic records and the electronic or other copy
of the item referenced to which a user’'s home institution has access

® centres of expertise such as the Digital Curation Centre

® practical guidance such as a methodology for the analysis and costing of the
lifecycle of digital objects

1) EDINA

OlEjUlofA] XM=l data applications® A|Z5l= UK-based data centre (funded by the Joint Information
Systems Committee - JISC)o|, 0]719] B Ha = Z=2 g=9] Higher Education staff and students o|t}.

(o] 2oll4 "data centre"sk YA AR o R R ESIAY Aot 2AT o e 5HI datasetsE Al
e 7182 Uitk o] A olQlo] FxolA £ o Q3 Ho|EAlE = MIMAS ©F UKDA o|t}. o]Z2 E3t U
Q3 oA flolg9] MEof &St research and development (R&D) projectsE 43885t oW, v|E ZI7IAMF
APt ets, (2719 a division of Information Services?l) the University of Edinburghof 93] &d& 1

4o ok

3O o |m of

L

2) Mimas

0]712 J=9] University of Manchesterd] +71& & a nationally designated academic data centre ©o|C}. o]

719 Y7+ knowledge, research, and teaching® ¥ilg A|¥shz ZlojH, 4 W2 A= A7RAMS T
o

st 9loo], AlgEol olaldt AU ARsheT] L& At 0TS WEL k. of 7B Jisco 0AE A
£ SX|5tal 9o E£3] the Economic and Social Research Councilyt 742 AL Q43]e} 7Fst SOjS 71X
011;}
ATt

3) UK Data Archive
0|7 d=oA data archivingZofoll tigh A27]&& Z8%& a national centre o]t} @=9] Arg]asta} Qo]
st 71 Aokt dxjg dlolg M Hdstn 9Jon, AlRE & 9l gX|E XNAU=ZA] the Data Seal of



Approval®] Q15-& wofon, 3t AR EOLS 93t =A| ISO 27001 7|&o)] e Q5 WkTh

>> Current programme activities of the Information Environment

® exploring how digital repositories of research outputs can be made easier to use

® putting digital preservation into practice

® increasing understanding of how metadata for digital resources can be created

automatically.

<A 9% A Qe o] A>

* ORBIT : Questel-Orbit

Questel-Orbit= A|&Ajatdo] e SWat FFAtolch. o7 S5 dlojeuo] 2 7
A, AR golgyolA, T2]11 CAS, COMPENDEX(engineering), INSPEC(scientific and
technical literature®] ZQ2HQl GloJEfHo]x), PASCAL(MfstAAH|o]Efd]o] A0t {79
science, technology and medicineszo}fol] Qe SHAAl wtet7edS Fastth)of] zate|o] Q)
+ H[-53] A2k At o9 2HIEE o5 S0|, Dialogol] °Jsf tlol8 gAMLt A

FEAos S5 Asdo.

* Chemical Abstracts Service (CAS)
0]71& a division of the American Chemical Societyo|tH, 3}tsH8B0o] ¥AMo|il, O]

=9] Q3}o]Q F9] Columbusof )t}

> Q13 AihE

Chemical Abstracts= 2|29 &= st O FHIE O] ¥ HE(disclosures)® summaries
and indexes2 A|Z3l= a periodical index o|d, 277] =7Ie} & 719 =ZA|7]ZoA L=
E3UYL8y gEo] <24 50709 dojm = oF 8,000 journals, technical reports,
dissertations, conference proceedings, and new booksS Ul ZUEst Qo T2}

Chemical Abstracts®= ceased print publication on January 1, 2010¥ 1¥ 1¥dX= 2l

>Databases

M=z OE productsE A|¥st= F 7IA] Q% folgHo]A7} Qlty: CAplus and



Registry.

@® CAplus

CAplus= AAAIQ] st&HX|of] Q= wE ZJAtof Ofst bibliographic information and
abstracts, 2217 RE 7etx], &35, 2 7|} HSETEoA UL Ffsh-o JAE=R L
Helo] glct.

®Registry

Registry= more than 71 million organic and inorganic substances, and more
than 64 million protein and DNA sequenceso] #st JE S :3tstal Qich. DNA vjEA
H = National Institutes of Healthof]A] AArE]d, CAS and GenBankoA 7tAct. gtst
AHE CASOA AAEIH, ststizxo] st E45F CAS registry number, index name,

i)

and graphic representation© & o]JFo{X] 7izto] BSrtES AlHIE 4~ 9Jx & the CAS
Registry Systemo] ©9]s #u|=ct 3s}stAl o]29] vJA L chemical nomenclature rules
for CA index nameso] T2} o]F0]X]X]gF, CA index names+ [UPAC(International
Union of Pure and Applied Chemistry) 9 X0 w2t ZAAo=z2 #®HIHE [UPAC

names®t= 97 Ato]7} U

> Products
CAS databases= %= 71X]9] £Q53t go]gHo]A A]AENOl STN It SciFinderoA o] &

g 4 o

® STN (Scientific & Technical Information Network) International
0]7-& CAS and FIZ KarlsruheoA] #5002 29stu 9Jon], o] yralo]l QlE
t}. CAS databases®} ©j£0],

ojAg AGFORA JEHOR FRAENE BHE 511 9
STN 3 Dialoget 22 tF2 @ dlojejso]2o] h3t A22 AFstL olck

® SciFinder
SciFinder= chemical and bibliographic information® Tjo|E{H|o]A o]H, client
application®] web version< graphics interface2 AF25t9 chemical structures and

reactionsg BT o QL= st

@CASSI



CASSI+= Chemical Abstracts Service Source Index® FwAto] o|t}. CASSI= XA1EH
= sF&A|9] titles and abbreviations, CODEN, ISSN, publisher, and date of first issue

(history)S A&t 9400, Est its language of text and language of summariesS

* Inspec
InspecE st 7] F319 ZQst MOl go]gH|o]Ao|, the Institution of
Engineering and Technology (IET)} Aof= IET'Q] forerunners %9 3UeQl the

Institution of Electrical Engineers (IEE)ofjA &®st1 QlTt.

InspecofAq]l= coverage is extensive in the fields of physics, computing, control,
and engineeringdt Z& ZAA Hols oF1 9Qon, 179 ZA= astronomy,
electronics, communications, computers & computing, computer science, control
engineering, electrical engineering, information technology, physics, manufacturing,

production and mechanical engineering =o]t}.

* PASCAL
o312 INIST (CNRS)o]lA] #2}st 9l 8 Alx| dlo|ejso] A o]ch, PASCALE

dm

H3] & Xtgo RAS ItF0] science, technology and medicine £of9o] Al 23S
Fstw 9t

As of 2012, PASCAL maintains a database of more than 17 million records,

ﬂ

90% of these are author abstracts. Its coverage is from 1973 to present. Its source
documents are composed of journal articles at 88% (3,085 international titles),
proceedings at 9%, and dissertations, books, patents, and reports account

combined for 3%.

* Dialog and the invention of online information services
o7& 19723 Ad AAl AxY FIA 22kl g AMu|Aoltt. Dialogy #alg
ZHE FuYo] MEA A2 QMESH AFale A4S FAT At

@Rl ProQuestd] AREA, 0|3 MBI ARATE F5A7]7] 93t EelES T



752 Asot=tl =2-AE 9WFEi Qty. JAAMAL] Q= corporate, business and

government settings®] H1AES ¢]5t9], ProQuest Dialog= £Q35F QAAA S AL}

k

2R At ARG opRAstT AL 0B 9lgt WeIle g Meeta gick

STN International2 an online database serviceZA] that provides global access
to published research, journal literature, patents, structures, sequences, properties,
and other datao] tigt HAIAIHA LS Asstal AAT Questel-Orbite] FHstile
A&l AAL patent and trademark information ©]Tt. Questel-Orbit’'s retrieval
language?] 312 Dialog?t STN International®] 7713t 7A&Trstth. patent full-textsE
Z3Fsto] Questel-Orbitof| A= 52 ESAHEE FlFstH, Z71E 12]1 2/ E35] AFRA

(of], the European Patent Office)of|A] o]&3&F £~ QJct.

<A 108 FRPA 2] B>

* Precision and recall

Recall-precision

1o 2-Hof|lA At ofo]E2 A4 AZo] Qle vHHo, FAE ofo|HlZ2 B Y
Qbol m3tE|o] Qlot, F2 A|¥2 of2fE UEWL. 9% Hols AMEX] k2 Agst of
o]l =(false negatives)o] Qlot{, §IHo]| QEXo= AestA] 2 AME ofol’l (false
positives)o] It} o8l QlAlTt AW A HotoA, F&E(EE= positive predictive valuezt
nE gh)2 AgeA AAE Jeo] WH(fraction)?l WA, AAE(E= sensitivity= I3

et 490 Tty Jejnz AW ARE E of AP ol

A 9le)e M Mas
o} =

o8] &}¥(scenes)oflA] Z|SS UAAsHE mzaalo] s 9utejel wofo] B ulels} Qi
shipel sheolA 7 7otele Aokckn sbgs) wAl Atobd 21 FolA 4vfel: AasAE 3

rr
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MxTo] ©A] 20m|o] xRt Aot 30T 0| XS Al&stal 40H|0] XS A5t
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as] WA, we ARLAME T AuFol yio] NuA Aus AgsiAl
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"o ofH Zlo] TS YAt BEG)T YHT 2 Uk HsHL

(A& A(T)of] AAstct.” (Hjerland & Sejer Christensen,2002).
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o] grFofA= HiojHyo]AZYE ChFWES HMG mf HAESA] £ AER] Y2X]=
12{5tH, relevance?] 7HEE AT of, F 7HX9Y Aw
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Recall = a : (a + ¢) X 100%,
where a = number of retrieved, relevant documents,
¢ = number of non-retrieved, relevant documents (sometimes termed
"silence").

Ao 1202 CFUES] g Juhy PepHo e o] olHEstE BT Holch
Precision = a : (a + b) X 100%,
where a = number of retrieved, relevant documents,

b = number of retrieved, non-relevant documents (often termed "noise").

Herge Jeoe ChRYE-FAoA ol x| oo #E Awolct

p. cclxxxiv
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1) Bayesian probability
ojlZdL &9 7Ndol Ot M= o SiA F9 E}L}O]Eﬂ evidential probabilities®] ®Zo] &3ttt The
Bayesian interpretation of probability2 #Atvt AHAQ] E3HAsSE A|QFS 71X]1 ZHW(reseasoning)dr 4 =
propositional logicg &ASH Zloz ofAZA 4 Qlth. hypothesis®] &S H71s517] ¢J5t9], the Bayesian
probabilist= o|®l o|fle] &2 S5 3 cFgol, TR AL Holele] BEoR g
gy,

The Bayesian interpretatione o]2{3t AAFS 7] 2J5t0] EFAQ procedures and formulaeS A5t}
2 &3 oMste A= OiRAOC =, Bayesian
2 o]2&og &utst quantity’o]t}. In the
L 4ido, the frequentist viewoA], a

ojd  gAbo] EHEP he "frequency" or ‘“propensity(73gF)"' S
probability2 “2]7} A|AQ] AE| £ WSO JHIE AL
Bayesian view©||A], a probability= a hypothesis©

hypothesis & XA O Z a probabilityz2 A= o] glo] HAE

* Markov model

gt50| oA, Markov 2@ FARZE Wsh= A|ARS 2ASsH7] 9sto] AMEE =
stochastic(F5-87%) model - vj2ie] AEj7t AR AFefoet ESHA] 23S UM 7=
A9 sequencefl= 9JESHA] A=t JMPShH= 2E - O], ©o]Z2 Markov
propertyS 7P/dstt}). d¥tslog olfst /g2 4 YHo 2= thfr] d& ZHo] oigt
ghot.

0

reasoning and computationg& 7}55H

1) Markov property

A 2789 memoryless property?] dAlo|tt. ol W, AFsAF A9 £ X 2kl 76l BAL
o 208 o] £ 2t kw, Lt AUAOR Lo 109uiA] AFY 1 ¢} 102t
2R tte 718 4A =t IX|PH memorylessness:= & o] &Hgo] Edsirin Watch 2AA
AHEAY]  AJEfol ThohAl ‘forget'stn, whY oAl 1 EHEE2 Fuht @2 Al7to] HatglER|d|
9x] ket

e, —[)(
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2) a stochastic (/stoukaestik/) process, or sometimes random process (widely used)
0]71.& AJ7to] RJUHA| ojE A|AEIO] XIgt2 EHSH= a collection of random variables ©]c}.

> Introduction
£ A% JEl BATEA BEA|, E& A2 WAATNES 2AR £YS WEA



Exjo] wje} M@ Che Aol A o|&aHe 4 7Hx]9] YUHEQl Markov modelso] 9lrk:

- | System State 1S partially observable

observable
System 1 Markov chain hidden Markov model
autonomous
System is Markov decision process partially observable Markov decision
controlled process

> Markov chain
o|AZ 7Hg et Markov modelo]t, AJgto] WsHHA siE W50
SHE 2aekettt. ol W=oA, Markov property=  of2]eh ®40] FAto]

BArolgr QEFTET of A7,

-

> Hidden Markov model
OjAZ 1 AEi7l ©X EEAoc=gt WA 75 Markov chain ot} O T=ofA],
AT O AaEo] geje} Bo] YAlgh HAMoR 1 e YA A ot
O

ogh

of 2§ 7}7\] & &2]ZAl hidden Markov modelso] Itk For example, given a

sequence of observations, the Viterbi algorithm will compute the most-likely

corresponding sequence of states, the forward algorithm will compute the

probability of the sequence of observations, and the Baum-Welch algorithm will

estimate the starting probabilities, the transition function, and the observation
function of a hidden Markov model.

One common use is for speech recognition, where the observed data is
the speech audio waveform and the hidden state is the spoken text. In this
example, the Viterbi algorithm finds the most likely sequence of spoken words

given the speech audio.

> Markov decision process

A Markov decision process+ state transitions?t & AMEje} A]AElo] AL action
vectoro] ©]&3sl= Markov chain o]t} AP oz o712 7|t H/idu; W-AG|A old

utility® AIete 4 9t BES| YRS AAtshe] ALgHC

> Partially observable Markov decision process

A partially observable Markov decision process (POMDP)= A]AENO] AMEf7} TFX]
HEXozur WAL= Markov decision process o]t} XZol&= approximation
techniques©o| =0 A] controlling simple agents or robotse} 2+ thFst o] &0 &8

stAl AHEE AL et

> Markov random field
A Markov random field= 2240] Xpdo] £X5t= Autst=El Markov chain ©o]2til



o] AX|2L 9tt. Markov chain9] state:= A]7]&A 02 o]& 9] Arejofqt
Markov random fieldoj|A] Z+ AlEfj= Th40] €WHSF Zof|A] of© wIgH
o &t

Markov random field (often abbreviated as MRF), Markov network or
undirected graphical model+= undirected(Z27} 2E93H graph=Z HAME Markov
propertyg 7HAal Qle WWE W40 AEo|th. oA &L mIAst=U UojA
Bayesian networki} H]£:5tCH o] 7]
acyclic(B]-37148, u]-2A)st A
cyclic®d 4% k= Zlojtt. Izt & Markov networke= cyclic dependenciesA
Bayesian networkofA] & 4 ¢l&= old 9J&EAME B 4 9t ¥iHof|, 0]Z-& induced

\__
dependenciesA|& Bayesian networkoA= & £ 9= ojf oJ&X 8 FAS 4 gt

£ 719] R}o]:= Bayesian networkso| directed and
91 4tHol], Markov networks:= undirected 3}l

Markov random field example

<<An example of a Markov random field. Each edge represents dependency. In this
example: A depends on B and D. B depends on A and D. D depends on A, B, and
E. E depends on D and C. C depends on E.>>

* A Bayesian network, Bayes network, belief network, Bayes(ian) model or

probabilistic directed acyclic graphical model

o] 71 directed acyclic(8]57]A) graph (DAG)E &dll Ml A &/t HE
H20l NES Hst=s E7 m®o AX9l probabilistic graphical model ojt}. o & =
o], Bayesian network: AW} ZAF 7Ho] A AWAH S BAT L Qth ZAto] AlFE
W, I YEHIE tfst A9 £ FES Zitst=td AMEE 4 o

T o2 o2, A A4 €919l = JhA| ARHo| BAIFTID sbgsl WAk shi:
sprinkler2 71 Zloj1, & shte H|7} 0% Zlo|t}h. ESE H|7}F AZF 0] ALRo] A™A
o e ZATL APgE BAHE Wt £ U, Anyset gz A Ao, 1Y e
ol &S offx3 Bayesian network® & I = 7ho]

ol 4 Aot 4 9tk BT 3719 W4y
7Fs38t gk, T (for true) and F (for false)g 7zttt



Sprinkler

Grass wet

<<A simple Bayesian network>>

Rain influences whether the sprinkler is activated, and both rain and the sprinkler

influence whether the grass is wet.

. SPRIMKLER

RA T F T
SPREKLER RARY D
F o4 08 i
T | c0: 099 . 7
\ ;
GRASS WET
iw;

| GRASS WET
SPRINKLER RAMHE T F
F F leo .0
F T ps o0z
T I Y- S % 1
T T | css 0ot

The joint probability function is:
P(G, S R)=P(G|S, RP(S|RP(R)
where the names of the variables have been abbreviated to G = Grass wet

(ves/no), S = Sprinkler turned on (yes/no), and R = Raining (yes/no).
The model can answer questions like "What is the probability that it is raining,

given the grass is wet?" by using the conditional probability formula and summing

over all nuisance variables( nuisance variables= 52 o] 7| 2AQ] 2T H20]X| Tk
O ANl 2 585 IS ¥R ZohAY 9 o] #AQ] giito] ofd ®4 olhY) ¢

= =2 uw

P(G=T,R=T) scrpP(G=T 5 R=T)

PIR=T|G=T)= —
‘ | )= "pa=1 S .nerry PG =T, 5, F)

Using the expansion for the joint probability function P{«, .S, /&) and the
conditional probabilities from the conditional probability tables (CPTs) stated in the
diagram, one can evaluate each term in the sums in the numerator and

denominator. For example,



P(G—=T,S=T,R—=T)
—P(G=T|S=T,R=T)P(S=T|R=T)P(R=T)
=10.99 x 0.01 x 0.2
— 0.00198.

Then the numerical results (subscripted by the associated variable values) are

0.00198 777 + 0288775 + 0.15847p07 + 0 O pp

891
= 54071 ~ 35.7T7%.

P(R=T|G=T) =

<A 1178 AN BRF 2>

* A|HE (Semantic Web)
| o809 7I= ¥9A &&(movement) O]
o ° Aelsta olch. Awolxlo] ojojx ERIES
ZFAZ| =2 Fozy, A|ME AL v-Fx2Ao|1 FA-FPete hFHEZL XJejAQl Ax|
9 g shal Qi ESF o]A9 stack(A L, 4AtH
0])& W3Co] RDF& AHdEict

W3Co|] mt=2™, “Alul"l A& gpplication, enterprise, and community boundaries
Zhol Hlol8 & FRotiL AAMESIES ok 359 T dYIE AlF sk Zoln, o] 8o

L AxgZ %25t a web of data 802 Tim Berners-Leeo] 9J5}] grEo] & ct.

> Purpose
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1) The Twelve Months is a Greek fairy tale collected by Georgios A. Megas in Folktales of Greece.

A young and beautiful girl is sent into the cold forest in the winter to perform impossible tasks. She
must get violets and apples in midwinter. She meets the 12 months personified who help her. The step
mother and sister take the items, without a word of thanks. When the evil stepsister comes and is

rude, they disappear, taking their fire, and leaving the stepsister cold and hungry.....
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I have a dream for the Web become capable of analyzing all the data on the Web - the content,
links, and transactions between people and computers. A "Semantic Web", which makes this possible,
has yet to emerge, but when it does, the day-to-day mechanisms of trade, bureaucracy and our daily

lives will be handled by machines talking to machines. The "intelligent agents"' people have touted(£4d 2
Lt} for ages will finally materialize.

> Limitations of HTML

HMyARorg HEES We mdE2 37 EA human readable documents@t
machine readable data® s 4 Qth. mail messages, reports, and brochures 22
CFFHE L ol7to] ]3] 23] X|0, calendars, addressbooks, playlists, and spreadsheets
22 dolHe 2 UL, FAFE QY ABL 4 e & Z2IAS ALE

=0 ¥ A
=22 = ’ a 12 ’ s M
stes Az

mEA

AR, A2 olulx|e} Y Fub 22 BEOUYo] Atzo] Al Qe BAES AYStH
X markup conventionQl HTMLZ AtdE COhFHES ZQ3t Z2AH=Z At Tt HElH| o]
Bl Bl15e o2 Sof theat 2o FHET & Hojxle] BHES WAL 4 9t WHe

Azt

<meta name="keywords" content="computing, computer studies, computer" />
<meta name="description" content="Cheap widgets for sale" />
<meta name="author" content="John Doe" />

HTML2} o]A& Algshe =(AB2tA AmEYo0], 7§} /A oo]AE)E 7HAL
Ty Hojg ofol’lE 2]AESIY Qle HolXE FHE & Qlth. o] ZIEE mo]x|9]
HTMLO 2  “this document's title is 'Widget Superstore''?} Z<& Zidst
document-level assertions(F4)S s 4 QA|¢H, I HTML AHAlE= o9& Sof, oo™l
WS X5861727F =072 199 S20 M MY "Acme Gizmo“2tn FulstA AGsHAY 2
Zo] AB|ALE AlEol2ty 9 535 VAL QA= ¢t 2 0= HTMLZ ©A] HAE
"X586712°9] spam(¥9])7} "Acme Gizmo" Z2]1 "€199", etc. 2o 9= ojm Zlo|gta

ot mHs 4 k. wetA o]ZL "this is a catalog‘gti BISHAHU AlX]o] "Acme
Gizmo"7} E}o]59] AFolgtAL}, B "€199" JtAolate 7S BAT Wyol A3 ¢l
ojZ1 &gt otet T go] ofg] JHA] B E A FolA I mo|x|o] 2AE &0 Q= 2

ofo|RlEt SASH] 12 o e E AYE UYHE Ad glnt.

ojojdos HTMLZ AFAO= layouts?] detailss A|YsHA A|7Jdt= AET= 20
£ SEIShe 0hE9de] AEARl JFE 8T oE 501, <em>9] AREZ oA E A
Ast= <i>HrF “emphasis™® UERHATE  o]2{st layouts?] details®= Cascading Style
Sheetse} Ao 2H Hopexjo] ALEX|T, o2igh JF+= HUfE oto]=ojn; 74yt 2
< Aol gigt ojo& A|Ash= O oAM= ofHE2 A

ofo| 323X IHe HTML
A7t=d oA oA o
and Schema.org.”7} Z3rg]o] Q)

ruln Mo

g sjstel A, &4, AR, AE}H 2 Ao djstel 7|
=

2 9 5t Qch. SARst A& ol= RDFa, Microdata

1) A microformat (sometimes abbreviated pF)



0|7 RSSet Ze (X)HTMLZ A|¥st= <4 molx|ut 7|ef E2EIAE Q= HEHolE et 78F &/442 A5 9
sty HTML/XHTML tagsS AAH23StE] = semantic markup?] a web-based approach ©|t}. 0] A|EoAlE AT
EQojz2 stojFd Z|E o]|8At 9 &35t A H(contact information, geographic coordinates, calendar events,
and similar information)S A=A o2 x|t = 3Shct.

As of 2010, microformats allow the encoding and extraction of events, contact information, social
relationships and so on. Established microformats such as hCard are published on the web more than
alternatives like schema (microdata) and RDFa.

2) RDFa (or Resource Description Framework in Attributes)
ojlAL < OFHE =0 e FHEF vEHolgo] gt HTML, XHTML Z2]n o2} 7}X] XML-based
document typeso]| St M EQ] &AtE attributed F7HA]7] W3C Recommendation ©]t}. The RDF data-model
mappinge XHTML documentso|A] embedding RDF subject-predicate-object expressions80 2 AR&3 5~ Q)
o1, B3I compliant user agentso] 2]3]] RDF model triples& ¥f|5t= A= 7I5# sict.

The RDFa community9|A= tools, examples, and tutorialsg hostdl7] ¢J$t wiki websiteS 2F35t1 9l

o}.

3) Microdata
o|AL <4 Holx]9] 7|E ZHIEA WEIH OB E nestshi=t] AMgEl:= WHATWG HTML specification o]t} &Al
AllX]l, web crawlers, and browserst= < H|0o]|X]2 2E| MicrodataS w3sto] &2]& &~ 9 Oo0, o]&AIS ¢J5td
a richer browsing experiences Alash=t] °]7-& AMHEF 4 o}, Search engines2 o|2|st st 1Lx9]
glojelo] A Fdohe ASR2EE Aty g W, 2 olfe ARAXICR stofF € Ho]x|o] FEE ofs|
Sta o] &Ao7 ot MG JHE AlEd & YA=F 5P| glEolt,.

Microdatat 2719] &Aoo kS &dst7] $J8t9] an item and name-value pairs® HASIEE a
supporting vocabularyS A}83tCh  Microdata= RDFa 9} microformats2 A}835tH=  SAFSH A= HCH
machine-readable tags’7} 9= annotating HTML elements® Hr} 7HH&EH] Al8stels WS A|lZstals AT

olct,

4) Schema.org
oj7le “A molxoA APstH data markupg st F%9 schema setE HEo] X|¥FstUAF FH=" Bing,
Google and Yahoo! (the operators of the then world's largest search engines)o] 2|3} 2011¥0]] A|AtH an
initiative o]ty, 1 & 11¥0o]] Yandex (whose search engine is the largest one in Russia)’} Ztofstgitt. ol
2 UEHOEE 21 e 9AIESY ERIEE mark upsh?] $45t0] A9 ontology?t HTML5O] e
Microdata®] AFE-S AQtsti Qth T 22 markup search engine spiders and other parsersof 9Jsl ¢

g £ Qlovg 7 AO]EQ] meaningd] ALY 4 JohE Zolo.

> Semantic Web solutions

o 2o] AdlEg do £H2Mo] Qleh], of7]o= Resource Description Framework
(RDF), Web Ontology Language (OWL), and Extensible Markup Language (XML)A#
dlolggoz EEsHA A dolz st Zlo] = dth. HTML2 o]5 119} R4l
EQ} YIS J]&ot=d AMREAIR CiRA 0 R RDF, OWL 22]1 XML AM, 3]9] &
+ H7] 251 22 499 Atm& BAbSh=H AMEEH.

o]™ technologies= ¥ TFWES] ZHEZ WS UJA|5t= descriptionsZ AL
5h7] $stod AREVI= ottt mefA FRIEE dog Fo] 7hHset dlolHuo] 2o XA H
descriptive datax]3, £&= (£= E3] XMLo] AAjEo] 9= XTHMLEZ ¥, = €L 2 A
A cuesg AlEstAY ZolotES ZHE XMLE d) UHFWE YO markup XY, A48
manifest = £ At} 7]A17F=3F descriptionsg £519] content managers= ZEIEQ] 9]

01 v} AT At AN PES FVI2 BAY 4 UL Ak oA PHOR, HEH



L EAE ojAlo] AALS Aeished] gloA Azt Aoiuu Adud vad Aeupge Al
g5to] oju] 9l AWE AL & U, IHCRM PREIS Agsto] ASYRLYL A7
EAPE 29T 4 AdE Aol

a non-semantic web pageof|A] AlEE £ = tagQ] o:

<item>blog</item>

semantic web pageoA] §ASE AW E A5t

]_

ol
rlr

7

o 2

rlo
tlo

Zolck:
<item rdf:about="http://example.org/semantic-web/">Semantic Web</item>

Tim Berners-Leex= Linked Data®] ZAxtzZ ¥Aist Y EY IS HTML-based World
Wide Web¥t tfs]sto] Giant Global Graphztil =3It} Berners-Lee= T A7}
document sharingo]QIt}¥, Ol2l= data sharingol2ty ZASIHA], “how’gl= A Zof of

stol cheat 2o 37txle) ge AAstack

1) a URL should point to the data.
2) anyone accessing the URL should get data back.

3) relationships in the data should point to additional URLs with data.

"Semantic Web'e 82 = go]7ke] Aejo] xfol7} QUx|T, W "Web 3.0'% Eo]o]
2 arget,

> Components

"Semantic Web' 70| & 4 9t EU7} HI=2AS e mf SWlA A1E A}
4=t linked data®] collection, structuring and recovery2 E74sH XAl =0 Q1o A
concepts, terms, and relationships®] ZAIA HAFE A|Z5ts H I =2 Ko 93] 7155}
t}. o]z HZ==2A]= W3C standardsC 2 AsfA oy, thgat Zth

® Resource Description Framework (RDF), a general method for describing
information

@® RDF Schema (RDFS)

® Simple Knowledge Organization System (SKOS)

® SPARQL, an RDF query language

® Notation3 (N3), designed with human-readability in mind

® N-Triples, a format for storing and transmitting data

® Turtle (7t&st RDF Triple Language)

® Web Ontology Language (OWL), a family of knowledge representation
languages

® Rule Interchange Format (RIF), a framework of web rule language dialects



supporting rule interchange on the Web

User interface and applications

Trust

Proof

Unifying logic

Cntologies: Rules:
owL RIF/SWRL

Querying:
SPARQL

Taxonomies: RDFS

fydeibiodhin

Data interchange: RDF

Syntax: XML

Identifiers: URI Character set: UNICODE

Semantic-web-stack

The Semantic Web Stacko]|A]= Semantic WebQ] 125 HoZ1 Qty. 1A QA9
53t Qpge theat Zo] @oke 4 gk

o] ol U ES Zdd ZHNES meaningo] tisto] ojgh semantics® O}A]
A Alssttt. XML
Turtlen} 22 Ot AlZo0] EXAISH do=x, 253 iR+ 490l Semantic Web
technologiesof|A] & = Z(de facto standard)
ojx|gt, FAAQl mESH
> XML Schema
o] XML documentso]] ZgEo] 9l @4F9 X ZRIEE AFst7]| ¢

ofolct.

z
2

> RDF

OFst gyntax=2 BIE 4 9t} RDE Semantic WebQ] 7| &2A9Q] 7]&o|C}.

> RDF Schema
o712 RDFZ &5t  Zlolu], properties?t classes2 ®© Uytd  AS

(generalized-hierarchies)?] semanticsS Ztil Q= RDF-based resources®] properties



@t classesS HAFSH?] st vocabulary o]ct.

> OWL

0|71 properties®} classesE HASH| st © we ol3= FUkst Zlolth:
among others, relations between classes (e.g. disjointness), cardinality (e.g. "exactly
one"), equality, richer typing of properties, characteristics of properties (e.g.
symmetry), and enumerated classes.
> SPARQL
0]71-& semantic web data sources89] protocol and query language ©|C}.
> RIF
o]

718 the W3C Rule Interchange Format o|t, AZEH=Z XA2T 4 J= 4 A&
B i
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® Unicode

® Uniform Resource Identifier
@® XML

® RDF

® RDFS

® SPARQL

® Web Ontology Language (OWL)
® Rule Interchange Format (RIF)
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® Unifying Logic and Proof layers

* Ontology(information science)
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> Components

drio] eEexs we PAA 9AMS Bootl At 1AL BHst: lojet Aug
o]. jFEE9] L2EZXE= individuals (instances), classes (concepts), attributes, and
relations2 HAREIT}H

>> 2ERA9 35 A

® Individuals: instances or objects (the basic or "ground level" objects)

® Classes: objects?] sets, collections, concepts, classes in programming, types
of objects, =+ kinds of things

@® Attributes: objects (and classes)’} 7 4 Q1= aspects, properties, features,
characteristics, or parameters.

® Relations: classes and individuals?7} A2 HZAE]E "8FAl

® Function terms: complex structures formed from certain relations that can

be used in place of an individual term in a statement

® Restrictions: 98 $£AS inputO 2 R 4517 dto] At o]ojof
AGE AL

® Rules: EHsE FEj9] A 0A U2 4 9= logical inferencesg HAPSH= if-then
(antecedent-consequent) sentence 9] FEJZ = statement.

® Axioms: 2E=2X|of tjgt AEtA o]20o0 2 JLAME =2]FEQ] assertions (including
rules).

@® Events: attributes T+ relations® 3},
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> Types of ontologies
® Domain ontology
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1) upper ontology (also known as a top-level ontology or foundation ontology)

o7 BE AA EujQlo] AXA T e Ul WEAQ fdS BASHE 252X olch. o9 FRF V5L o
25279 ‘under’o] Ads} Elo] Yt B H5E AU LERAS Aolo] e mBAQ ofolx A5 LA
= Alsts Aol

it is usually a hierarchy of entities and associated rules (both theorems and regulations) that

2

attempts to describe those general entities that do not belong to a specific problem domain.

Library classification systems predate these upper ontology systems. Though library classifications
organize and categorize knowledge using general concepts that are the same across all knowledge
domains, neither system is a replacement for the other.

® Upper ontology
upper ontology (or foundation ontology)= THFSH ¥H2]o] L &E=2 K| o A
& 4 U= common objects®] ZHEo|tt. o712 thefshal ARt =0

| 1 NIEZo|A] A}
85= 80]5 72]1 associated object descriptionsS &35t 9= core glossarys
SELERDE

AR&O] 7hsgh o2} 7HX]9] #mFSHE upper ontologies?t EAf stt}: of: BFO, Dublin
Core, GFO, OpenCyc/ResearchCyc, SUMO, and DOLCE. oJ"d A}So|Al= upper
ontologyel i o] AAIL WordNet: 912st/] LslA £E2A17} ofyel, o]3le wujel &5
2x2 W97 8 Aoj" =7 ojrt.

1) The Basic Formal Ontology (BFO) is a formal ontological framework developed by Barry Smith and
his associates that consists in a series of sub-ontologies at different levels of granularity. The
ontologies are divided into two varieties: continuant (or snapshot) ontologies, comprehending continuant
entities such as three-dimensional enduring objects, and occurrent ontologies, comprehending processes
conceived as extended through (or as spanning) time. BFO thus incorporates both three-dimensionalist
and four-dimensionalist perspectives on reality within a single framework. Interrelations are defined
between the two types of ontologies in a way which gives BFO the facility to deal with both
static/spatial and dynamic/temporal features of reality. Each continuant ontology is an inventory of all
entities existing at a time. Each occurrent ontology is an inventory (processory) of all the processes
unfolding through a given interval of time. Both types of ontology serve as basis for a series of
sub-ontologies, each of which can be conceived as a window on a certain portion of reality at a given
level of granularity.

2) The general formal ontology (GFO) is an upper ontology integrating processes and objects. GFO has
been developed by Heinrich Herre, Barbara Heller and collaborators (research group Onto-Med) in
Leipzig. Although GFO provides one taxonomic tree, different axiom systems may be chosen for its
modules. In this sense, GFO provides a framework for building custom, domain-specific ontologies. GFO
exhibits a three-layered meta-ontological architecture consisting of an abstract top level, an abstract
core level, and a basic level.



3) Cyc is an artificial intelligence project that attempts to assemble a comprehensive ontology and
knowledge base of everyday common sense knowledge, with the goal of enabling Al applications to
perform human-like reasoning.

#0OpenCyc

The latest version of OpenCyc, 4.0, was released in June 2012. OpenCyc 4.0 includes the entire Cyc
ontology containing hundreds of thousands of terms, along with millions of assertions relating the terms
to each other: however, these are mainly taxonomic assertions, not the complex rules available in Cyc.
The knowledge base contains 239,000 concepts and 2,093,000 facts and can be browsed on the OpenCyc
website.

# ResearchCyc

In addition to the taxonomic information contained in OpenCyc, ResearchCyc includes significantly
more semantic knowledge (i.e., additional facts) about the concepts in its knowledge base, and includes
a large lexicon, English parsing and generation tools, and Java based interfaces for knowledge editing

and querying.

4) The Suggested Upper Merged Ontology or SUMO is an upper ontology intended as a foundation
ontology for a variety of computer information processing systems.

SUMO originally concerned itself with meta-level concepts (general entities that do not belong to a
specific problem domain), and thereby would lead naturally to a categorization scheme for
encyclopedias. It has now been considerably expanded to include a mid-level ontology and dozens of
domain ontologies.

5) DOLCE and DnS

Developed by Nicola Guarino and his associates at the Laboratory for Applied Ontology (LOA), the
Descriptive Ontology for Linguistic and Cognitive Engineering (DOLCE) is the first module of the
WonderWeb foundational ontologies library. As implied by its acronym, DOLCE has a clear cognitive
bias, in that it aims at capturing the ontological categories underlying natural language and human
common sense.

DnS (Descriptions and Situations), developed by Aldo Gangemi (STLab, Rome), is a constructivist
ontology that pushes DOLCE’s descriptive stance even further. DnS does not put restrictions on the
type of entities and relations that one may want to postulate, either as a domain specification, or as an
upper ontology, and it allows for context-sensitive ‘redescriptions’ of the types and relations postulated
by other given ontologies (or ‘ground’ vocabularies). The current OWL encoding of DnS assumes DOLCE
as a ground top-level vocabulary. DnS and related modules also exploit ‘CPs’ (Content ontology design
Patterns), which provide a framework to annotate ‘focused’ fragments of a reference ontology (i.e., the
parts of an ontology containing the types and relations that underlie ‘expert reasoning’ in given fields
or communities). The combination of DOLCE and DnS has been used to build a planning ontology
known as DDPO (DOLCE+DnS Plan Ontology).

Both DOLCE and DnS are particularly devoted to the treatment of social entities, such as e.g.
organizations, collectives, plans, norms, and information objects. It has also been used to study and
create domain ontologies for sovereign states, geopolitical boundaries, and the agentivity of social
entities. The DOLCE-2.1-Lite-Plus OWL version, including a number of DnS-based modules, has been
and is being applied to several ontology projects.

6) WordNet, a freely available database originally designed as a semantic network based on
psycholinguistic principles, was expanded by addition of definitions and is now also viewed as a
dictionary. It qualifies as an upper ontology by including the most general concepts as well as more
specialized concepts, related to each other not only by the subsumption relations, but by other
semantic relations as well, such as part-of and cause. However, unlike Cyc, it has not been formally



axiomatized so as to make the logical relations between the concepts precise. It has been widely used in
Natural language processing research.

7) Unified Foundation Ontology (UFO)

The Unified Foundational Ontology (UFO), developed by Giancarlo Guizzardi and associates,
incorporating developments from GFO, DOLCE and the Ontology of Universals underlying OntoClean in a
single coherent foundational ontology. The core categories of UFO (UFO-A) have been completely
formally characterized in Giancarlo Guizzardis Ph.D. thesis and further extended at the Ontology and
Conceptual Modelling Research Group (NEMO) in Brazil with cooperators from Brandenburg University of
Technology (Gerd Wagner) and Laboratory for Applied Ontology (LOA). UFO-A has been employed to
analyze structural conceptual modeling constructs such as object types and taxonomic relations,
associations and relations between associations, roles, properties, datatypes and weak entities, and

parthood relations among objects.

8) IDEAS

The upper ontology developed by the IDEAS Group is higher-order, extensional and 4D. It was
developed using the BORO Method. The IDEAS ontology is not intended for reasoning and inference
purposes; its purpose is to be a precise model of business.

9) UMBEL

Upper Mapping and Binding Exchange Layer (UMBEL) is an ontology of 28,000 reference concepts
that maps to a simplified subset of the OpenCyc ontology, that is intended to provide a way of linking
the precise OpenCyc ontology with less formal ontologies. It also has formal mappings to Wikipedia,
DBpedia, PROTON and GeoNames. It has been developed an maintained as open source by Structured
Dynamics.

® Hybrid ontology
Gellish ontology+= upper and a domain ontology’t 23" £ ofjo|c}.

S

1) Gellish

o|Zd& H|E 1719 7fdo] thefst AMdol2 ‘names’9t AolE Zu QloisiElet:, AtdojolA ER3H FAA Qo]
o|t}. Any natural language variant, such as Gellish Formal English is a controlled natural language.
Information and knowledge can be expressed in such a way that it is computer-interpretable, as well as
system-independent and natural language independent. Each natural language variant is a structured
subset of that natural language and is suitable for information modeling and knowledge representation
in that particular language. All expressions, concepts and individual things are represented in Gellish by
(numeric) Unique Identifiers (Gellish UID's). This enables a software to automatically generate
expressions that are created in one formal natural language into any other formal natural language.
From a data modeling perspective, Gellish is a universal and extendable conceptual data model that
also includes domain-specific terminology and definitions. Therefore, it can also be called a semantic
data model. The accompanying Gellish modeling methodology thus belongs to the family of semantic
modeling methodologies.

> Visualization

= IR 7 A AR LE 2] A)ZE HU) gl24Y-L indented tree and graph ©]
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Ontologies (VOWL)oJ| AFA|8] et 9lct.



1) commonsense knowledge

Ol FR|5HooA, o]7lL HEAIRGEO] 7| vigt= A AEO] collection o]t}  commonsense knowledge

problem+ TI§29] AFFE0] 7FAAL o, AfAAojE ARESHo] QIFAls Z2 IS ol &5tALt Uvk Aol Hish
C

FEES

fid

togNoe BAY 2E UUAE A|Y

fjo

g1 9l go]gH|o]A9l commonsense knowledge
baseZE TF57] st knowledge representation (a sub-field of artificial intelligence)oA] Al&E 1 Q= T2 Al

Eolc}. o]g]st flojglHo]Ax U¥bE 02 upper ontologiesa} 2= 2E=2%|9] & FEjo|r}.

2) folksonomy
o] contentg SHAGLE WREIE] 9I5to] tagsE BEOR T Welshe AROIAL WHolH fAY BFA
AHElolth o]g|dt 4R+ E3t collaborative tagging, social classification, social indexing, and social tagging
ok A Qo
Folksonomy: @& <@o]x|7} 1719] ZEHIEZ 7|45t 9l machine-readable metadata® =5t Q)
3}

+ Semantic Web2 7&st=t] 1o £Q3t 7]o|t}. T12{3t metadatar= FAMNL A 2 AEA /S =2t
A

2 He ANAZ 2 otk AW thRoln chedt Wnlolx] AREY] ARUEE owA ASAIIN RS
o fefolx|o] AT YT AT 4 = YA vletdolElS FlstES WSshe e FUR ojafe dojck

|J
o
=
2
0
=]
ol
K=l
in}
o
[l
)
o)

AFE2 &2 entry costsZ ZASH ==t st HEHo]E A]ARLZ vjL1 A}
&sh=tl AE-ARRol7] migolct. o]y of wgol], 449 Web authorsfto] Ao} H]= Dublin Core
meta-tagse] AL&o] PAIE 24 2] AEx A Ho|xlo] thgt ek (prominence)}S ERlTialciebE 7
st Dublin Core metadata standardPt2 AR5t Qth. EA|0]§S AtRst= Hr}t A& o]l top-down HHAlO]
B=mot tjxx8 02, folksonomy+= entry costs?7} @& a distributed classification system ©]tt.

R SN LS 50 O& O Aol AojARl web 2.09] dAZ ZEE st7] flsto] mEehd
ZAEE9] AFE ¢Eo], AFAIE9] online public access catalog, or OPACso] tagging featuresS ZF7}stil
At o]2Agtk Zlo] o] GAPA =55 A HhE closed cataloging system& AM&Sh=H] & HEIFI QAT o]
728 o] AEAQ MBS EsH Ak 2ol ohist ] mee siaE Zolt

folksonomy?] ZRAIsh} B5of ot LS folksontologyglil 2t} o712 &2 X]9] §t brancho|i, &
F AAaEgoz Rdlo] £49 featuresIA|E o5 F ZHAO] Eol®7] Y5t} k2 ZAshd taxonomies or

hierarchies 712]1 loosely structured folksonomy 71Q] Ats wAtS &}

*+ ED T (Topic Maps)

B9 2 Ao milut e uds ¢ m&Eolw, FHEO W4 (findability)o] =82
gt=73 9Qlt}, o]Z1& | back-of-the-book index structuresE R HISH= HHAlS A}823510] A
2 rje Hue] Bi AQISS S Bxoe 1990d0] ol HE2 ULt oL
FAIR O 7 [SO/IEC 13250:2003 ®ZEo0| &gt

> B WolAL Thea 2 AE ALgalol YU E B Ack

@® topics: software modules, individual files, and eventsy} WS At =7}, 7] oA
U2 ol" 7igel ¥ ojth



ro
L

® associations: topics 7F°] hypergraph relationshipsS & 3
® occurrences: £t £mo] AMF AuAAS wY T}

Topic —

/ Topic
.3 Topic / ‘P ¥
Tupic
Association —@ Occurrence

Topic Map Key Concepts
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1) A concept map
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2) A mind map
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> Ontology and merging
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> Current standard
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>SUMMARY: Conceptual<

*Data versus Information
Data collections:
»well structured collections of related items

»items are usually atomic with a well-defined interpretation

Information repositories:
» Information, on the other hand is usually semi-structured or unstructured.

» Potential for many interpretations. Potential vagueness.

*Data retrieval versus Information retrieval
» Data retrieval involves the selection of a fixed set of data based on a
well-defined query (e.g SQL, OQL, and many many more).

» Information retrieval (IR) involves the retrieval of documents of natural language.

Not as structured and may be semantically ambiguous.

*Retrieval and Filtering
The main differences are:

»the nature of the information need
»the nature of the document set

Despite these two differences, the same models tend to be used. Documents

and queries are represented using the same set of techniques and similar

comparison algorithms are used.

*User Role
In traditional IR, the user role was pretty well-defined in that a user:

»formulated a query
»viewed the results

» possibly offered feedback



» possibly reformulated query and repeated steps

In more recent systems, with the increasing popularity of more complex interaction
spaces the user usually intersperses browsing with the traditional querying.

*Information Retrieval System Architecture

The main components include:

» A document collection/set and queries

» Pre-processing approaches

» Representation of both documents and queries
(dependent on information retrieval model chosen)

» Comparison algorithm

» Feedback module

*Rough Taxonomy of models
» Boolean
= Classical Boolean
m Fuzzy Set approach
m Extended Boolean

» Vector
m Classical Vector Space Model
m Latent Semantic Indexing

m Neural Networks

» Probabilistic

m Inference Network
m Belief Network

*Information Retrieval Model

We can view any IR model as comprising:

»D is the set of logical representations of the documents
»(Q is the the set of logical representations of the user information needs
(queries)

»F is the mathematical framework adopted



» R is a ranking function which defines an ordering among the documents

with regard to a query qr .

*Basics ..
» Typically, we have a set of index terms ¢1 . . . tn.
»We can assign a weight wi,j to each term # occurring in document dj .
»We can view a document or query as a vector of weights.

*Boolean Model

»Based on set theory and Boolean algebra.

»model also assumes terms are present or absent, hence term weights wi,j are
discrete, i.e., wij 2 {0, 1}.

» A query is viewed a Boolean expression.

»For example, g = {1 * (2 _ —t3). This can be mapped to what is termed
disjunctive normal form, where we have a series of disjunctions, e.g., q =
100 _ 110 _ 111

» Advantages
m clean formalism
m popular, widespread
m relatively simple

» Disadvantages
m not very good performance. Suffers badly from natural language effects of
synonymy etc.
m no ranking of results.
m harbours some difficulty in use.
mterms in a documents are considered independent of each other

*Vector Space Model

Attempts to improve upon the Boolean model by removing the limitation of binary
weights for index terms.

Terms can have a non-binary value both in queries and documents.

Hence we can represent documents and query as

n-dimensional vectors.

aji=(wl,j w2,j,...wnj)
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qg = (wl,gw2,qg.. .wnaq

We can calculate the similarity between a document and a query by calculating the

similarity between the vector representations.

We can measure this similarity by measuring the cosine of the angle between the
two vectors.

Inner product:
ae+* b= lallblcosta b

= cosla, b) = a- b
al 1 bl

We can therefore calculate similarity between document and query as:

sim(di, @ = di*
aillq

= sim( &, @ = Y Wi.j X Wing
i=1

i=1 i=1

*Vector Space - tf-idf weighting
»We need means to calculate the term weights in the document and query vector

representations.

» A term’s frequency within a document quantifies how well a term describes a
document. The more frequent a term occurs in a document, the better it is at
describing that document and vice-versa.

» This frequency is known as the term frequency or ¢f factor.

*idf

» Also, if a term occurs frequently across all the documents that term does little

to distinguish one document from another.

» This factor is known as the inverse document frequency(idf-frequency).



»The most commonly used weighting schemes are known as #f-idf weighting

schemes.

*A tf-idf weighting scheme
For all terms in a document, the can be weight assigned is calculated by:

wi,j = f1,j X logN
ni

where

» f1,j is the normalised frequency of term # in document dj
» NV is the number of documents in the collection

» ni/ is the number of documents that contain term #

A similar weighting scheme can be used for queries. The main difference is that
the tf and idf are given less credence and all terms have an initial value of 0.5
which is increased or decreased based on tf-idf across the document collection.
Weighting schemes due to Salton (1983).

*Vector Space Model - summary
Advantages:
» improved performance over the Boolean model due to weighting schemes

» partial matching allowed which gives a natural ranking

Disadvantages of the Vector Space Model:

»terms are considered to be mutually independent

*Metrics - Introduction
» functional requirements: —standard testing techniques

» performance:

mresponse time
m space requirements
mmeasure by empirical analysis, efficiency of algorithms and data structures

for compression, indexing ..

» retrieval performance. — how useful is the system. Not really an issue In data



retrieval systems where perfect matching is possible (as there exists a correct

answer).

Evaluation of IR systems is usually based on a test reference collection and some
human evaluations.

Test collection usually comprises:

»a collection of documents
»a set of information requests (queries)

»a list of relevant documents for each request

Given some IR system, the evaluation quantifies similarity between the set of

documents retrieved by the IR system and those retrieved by the expert.

Interaction with the system may be:

»one-off batch query

» interactive session

For the former, “quality" of the returned set is the important metric.

For interactive systems, other issues have to be considered—duration of session,
user-effort required etc. These issues make evaluation of interactive sessions more
difficult.

*Precision and Recall

»The most commonly used metrics are: precision and recall
»Given a set D and a query Q:

»Let R be the set of documents relevant to Q

»Let A be the set actually returned by the system

»Let KA be the intersection of R and A

» Precision is defined as |”4
|Al
» Recall is defined as ||}?1|4|
R

Returned documents are usually ranked.

Typically plot precision against recall.

In an ideal system, for a recall value of 1, we would have a precision value of 1.
i.e., all relevant documents have been returned and no irrelevant documents have

been returned.



Usually plot for recall values = 0%, 10% . . . 100%.
Typically calculate precision for these recall values over a set of queries:

P(r) = 2”]1 H]i:)

»Single value measures are often used (Evaluate precision when first relevant
document retrieved, R-precision:

Calculate precision when the final relevant document has been retrieved etc.)

» Precision Histograms

»the harmonic mean, which combines precision and recall into a single value

F(j) = 2
+ -

1 1
p(5)

r(5)

»a variation on the harmonic mean is the £ measure which allows the user to

specify the importance of precision and recall

1+ b?

b2
r(4)

1
0]

* Precision-Recall ??
Precision-Recall values are useful
» widespread use
» give definable measure

» summarise behaviour of IR system

Disadvantages
» Not always possible to calculate recall
» measure effective of queries in batch mode only
» Precision and recall can only be calculated when we have ranking

» Not necessarily of interest to user.

*User-Oriented Measures

» Other approaches try to take into account the user’s knowledge of the document
collection.

»Let U C R which is known to user. Let AU be set of returned documents known
to the user. Let the relevant ones in this set be KRel AU



» Coverage = |Rel AU
AU

»Let NEW be the set of relevant documents returned to user previously unknown

to the user.

» Novelty = New
New+|AU|

» These metrics are often used in interactive sessions to gauge the usefulness of

successive iterations on user interaction.

*Other user measures include:
»recall effort
» Expected Search Length

» Satisfaction and Frustration

*xTest Collections

Many test collections exist for evaluating IR systems. TREC, CACM, CISI and
Medline are among the most commonly used.

TREC provided and provides means to empirically test the performance of systems

in different domains.

»interactive

» expert search

»natural language processing techniques
» cross language

» high precision

» spoken language retrieval

»very large corpus experiments

*Text Properties

» Not all words are equally important for capturing meaning of a document
» Text documents comprise symbols from a finite alphabet

» What is the distribution of the frequency of different words?

» How fast does vocabulary size grow with the size of a document collection?

» Such factors affect the performance of information retrieval



»Can be used to select appropriate term weights and other aspects of an IR
system.

*Word frequencies

» A few words are very common. e.g. the two most frequent words (e.g. “the", “of")
can account for about 10% of word occurrences.

» Most words are very rare. Half the words in a corpus appear only once i.e. a
“heavy tailed"/Zipfian distribution

Frequent Number of Percentage
Word Occurrences of Total
the 7,398,934 2.5
of 3,893,790 25
to 3,364,653 2.7
and 3,320,687 2.6
in 2,311,785 1.8
is 1,509,147 1.2
for 1,313,561 1.0
The 1,144,860 0.9
that 1,066,503 0.8
said 1,027,713 0.8

Frequencies from 336,310 documents in the 1GB TREC Volume 3 Corpus
125,720,891 total word occurrences; 508,209 unique words

*Zipf

» Gives an approximate model for the distribution of different words in a
document

»Rank(r ): The numerical position of a word in a list sorted by decreasing
frequency (f).

»Zipf's law: f X r = constant

» Represents a power law; straight line on a log-log plot

» Accurate model except for extremes

» Model on the Brown corpus
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*Weighting schemes
Quality of performance of information retrieval system depends on the quality of

the weighting scheme
Want to assign high weights to those terms with a high resolving power.

tfxidf is one such approach where weight is increased for frequently occurring
terms but decreased again for those that are frequent across the collection

*BM25/0kapi

N—df, + 05

N ATy
dft+0.5)'tft

tf - log(

BM25(Q,D) = Y, ( i (1)

(RN 4P+ k- ((1—0) + b —
avyg

» Standard benchmark
» Relatively good performance
» Needs to be tuned for collection

* Axiomatic approaches
» Constraint 1
Adding a query term to a document must always increase the score of a document

» Constraint 2
Adding a non-query term to a document must always decrease the score of a

document

» Constraint 3
Adding successive occurrences of a term to a document must increase the score
of a document less with successive occurrences. Essentially any term-frequency

factor should be sub-linear.

» Constraint 4
m Thus, vector length should be a better normalisation factor for retrieval.
However, using the vector length will violate one of the existing constraints.
m Thus, ensuring that the document length factor is used in a sub-linear
function will ensure that repeated appearances of non-query terms are

weighted less.



» New weighting schemes which adhere to all these constraints outperform best

known benchmarks

*Extensions
There exist many extensions to models. This can be broadly categorised as:

» Extensions to the underlying mathematical model
» Ad-hoc extensions to model to incorporate extra sources of evidence.

*Extended Boolean Model
» Attempts to improve upon Boolean model by adopting partial weighting on

terms.
» Allows Boolean queries within a vector space model.
» FEuclidean distances from document points to other points used to calculate

similarity. For example, for a query ¢l _ {2, the distance from the origin can

be used to measure similarity.

*Latent Semantic Indexing
» Attempts to overcome term independance assumption of the classical vector

space model.

» Approach involves mapping the term document matrix to a reduced space
using singular value decomposition.

» The resulting matrix is then used for in comparisons to queries.

» Better performance obtained but difficulty exists in determining the optimal

reduction in matrix size.

*Relevance Feedback
» Attempt to improve performance by modifying the user query; new modified

query is then resubmitted to the system.
» New query is usually created via:

mincorporating new terms

mre-weighting existing terms

*Possible approaches
»feedback from user to recalculate weights



» analysis of document set:
mlocal analysis (returned set)
mglobal analysis (whole document set)

*User feedback
» User examines returned list of documents and marks those which are relevant.
» This feedback allows reformulation of query.
» Advantage: User is shielded from task of query reformulation and from the
inner details of the comparison algorithm.
» Potential problems in query drift.

*Relevance Feedback for the VS Model

» Assumes relevant documents have similarly weighted term vectors.

Let Dr be the set of relevant documents returned
Let Dn be the set of non-relevant documents returned

Let Cr be relevant documents in whole collection

» Assume Cr is known for a query g

» The best vector for a query to distinguish relevant from non-relevant is:

—

1
REr d

IC eyt
»impossible to generate this query as we do not know Cr

»Can make estimate though as we know Dr (CR)
m One well known approach - Rocchio:

= aq+ 12+ - Y,
! o, dED, 7 D)l dED,

o, B, and y are constants which determine
oimportance of feedback
orelative importance of positive feedback over negative feedback

*L.ocal Analysis
»Many scenarios exist where people give short queries and little feedback.



» Documents retrieved are examined at query time to determine terms for query
expansion.

» Typically develop some form of term-term correlation matrix to quantify
correlation between two terms.

» Expand query to include terms correlated to the query terms.

» Main approaches include - associated clusters, scalar clusters and metric

clusters.

* Association cluster
Create matrix M of terms X terms

. freg; ;
’ freq + fTeCIj - freqi,j

i

Each cell Mi,j indicates correlation between i and j.
Can develop an association cluster for each term # :
choose ith row
select top N values from row
For query q, select a cluster for each query term = |qg| clusters.

N is usually small to prevent generation of very large query.

*Metric Clusters
Association clusters do not take into account position within documents.

Metric clusters attempt to overcome this.

Let dis(ti , ¢/ ) be the distance between two terms # and # in the same document.
if # and # are not in same document, then dis(di , dj ) =

Can define term-term correlation matrix by:

1
M, . = -
bJ toi 2D, dis (ti,tj)

Can define clusters as before.

*Scalar Clusters

Based on comparing sets of words.



If two terms have similar neighbourhoods there is a high correlation between
terms.

Similarity can be defined by comparing the two vectors representing the

neighbourhoods.

This measure can be used to define the term-term correlation

matrix and procedure continues as before.

*Pre-processing involves
» Stop-word removal
» Stemming

» Indexing

*Stop word removal

» Stop words are words with poor resolving power.

» Can maintain list of stop words - articles, prepositions etc.

» Can count frequency of terms across the corpus and ignore those with too
high a frequency

» Reduces size of index

»In reality, any good weighting scheme should weight these terms with value
close to zero in case so no influence on weighting schemes should be
detected.

*Stemming
» Goal is to reduce all morphological variations to a common root form.
» Improves performance of the IR system by overcoming problems arising from
user variations in term usage.
» Increases recall; can damage precision.
» Secondary beneficial effect in terms of reducing lexicon and hence side of

resulting index

*N-Gram Stemmers
»Based on counting the number of diagrams (or N-grams)
m computer: co om mp pu ut te er

m computing: co om mp pu ut ti in ng



» Can calculate likelihood of the two being variations of the same word as ratio

of common N-grams to the number of unique N-grams

*Suffix Removers
» Based on a set of rules to remove endings. For example, if word ends in ‘s’,
but not ‘us’ and not ‘es’, then remove s.
Well known approaches:
= Lovin
m Porter

= Krovetz

*Indexes
» Having removed stop words and stemmed remaining terms, we have a list of
terms (stems) and occurrence.
> Need to be able to calculate similarity quickly.
»Need an index on words with information on occurrences
» Type of index required depends on type of queries supported
» Fast lookup on terms - trie, hash, B+-tree
» Need to store occurrences - inverted list approach usually adopted
» Much work on compression of indexes

»Many parallel variations of indexes researched

*Quick recap
» Main mathematical models
» Main ideas behind weighting schemes
» Feedback mechanisms
» Pre processing

» Metrics

*Many subfields in IR
» Collaborative Filtering

»NLP in IR

» Distributed IR
» Visualisation
» Web Search

» [earning



*Collaborative Filtering
» collect human judgments and match people who share same information needs
and tastes users share their judgments and opinions
» echoes “word of mouth” principle
» offers support for filtering/retrieval of items where content cannot be easily
analysed in an automated manner

» ability to filter based on quality/taste

*General approach
Three general steps:
» Find how similar each user is to every other user
(Calculate user correlation)
» Form groups or neighbourhoods of users who are similar
(Select Neighbourhood)
» In each group, make recommendations based on what other users in the

group have rated (Generate Prediction)

» Metrics of coverage and accuracy often used to measure performance

> [ssues arise with new items and new users

> [ssues also exist with temporal aspect

» Robustness to noise current area of research Many systems combining
collaborative with content

» approaches (mainly adhoc)

*Natural Language Processing in IR
» Most of the techniques discussed here have been statistics-based, e.g. in
deriving weighting schemes.
»Large body of work in applying NLP approaches
m obviously in areas like stemming
m also in parts of speech recognition to inform weighting schemes
min query analysis and disambiguation
m Techniques often more computationally expensive and hence often restricted
to applications on query side.

*Distributed IR
» Often repository does not reside at single location

» Different scenarios exist for distributed case



m Collection distributed for efficiency purposes (easy case)

m Set of sites with repositories that we can access freely

m Set of sites with repositories only accessible via interface provided by owner
of collection. We may be dealing with different IR models, weighting schemes,
types of answer sets

» Final case poses some difficult questions

*Main areas
» Site description - how do we best describe a site?
» Source selection - how do we know which site to select for a particular query
(e.g query clustering, query probing)
» Results fusion - how do we merge answer sets?

*Visualisation
» There have been many approaches to interface design and information
visualisation.
» Difficult task as there are many aspect of the information retrieval process
that could be represented:
m Representing queries
m Representing relationship between query and returned documents
m Representing relationship between returned documents and the rest of the
collection
m Overall views on the document collection

m Representing user’s interaction

*Many prototype systems

» There have been many proposed approaches/systems
m Representing queries (e.g VQuery)
m Representing relationship between answer set and query (e.g. Tilebars)
m Representing overall collection (e.g. self organising maps)
m Representing answer set and relationship to query (e.g. kartoo (web

setting))
» Still remain many issues, particulary in the area of evaluation.

*Web search
» Most notable application of information retrieval ideas

» Given massive quantities of data necessitated much emphasis on indexing and



efficiency

» New interesting problems (vague queries, graph structure over collection,
volatile data, diversity in language, adversarial search)

*Evolution

» Ist generation: use only on-page information - word frequency etc. (classical IR)

»2nd generation: link analysis (HITS, Pagerank), click through data (in conjunction
with classical IR)

» 3rd generation: integrate multiple sources of information, context analysis
(spatial, query stream, personal profiling), aiding the user (re-spelling, query

refinement, query suggestion), representation of results/query/collection

» Many interesting questions and areas under research - collaborative search,

query log mining, complex information-rich spaces.

*Learning in IR
» [earning has been used to:
m model users behaviours
m learn means to combine sources of evidence
m improve representations
m classify data
» Earlier examples
m relevance feedback
=» SOMs for clustering
»Lots of hard problems in IR with many potential sources of evidence.
» Excellent domain for learning approaches
» Several notable successes: growing domain (Learning to rank); growing
domain

*So ..

» Looked at main areas (models, evaluation, weighting schemes etc.)

»Looked briefly at some subfields (all worthy of full tutorials in their own right)

>SUMMARY FIN<




