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YH=d

20 (predicate)

=M stBAHI BF StEAM
B
[
=2y | s
=d ) )
i A S (Skolem) 24
20 =2l CNF=2| Bi g
\ &2 St (unification)
| Horn &
! gx 20 =2l
| =0 =212 &8
| Ax 20 =2

4.2 20| =c|

KD

% =0 =2|(predicate logic)

- IR0l W8S CH2Y| 98 M, B SS ZUstD 0|59l Hoj fe
& N0 AYE T2 B =28 B =2

= &O0{(IL3E, predicate)
o 2O 'FO+MZ0"HENO| A M=0{0f s
o CH&O| £4O[L} Chet Zte| A E 7|adte 7=

(=
- HM EE AR US 2E B
- o,

= Student(John)
= Friend(John, Mary)
= Father(Adam, x)




=0 =clo] # &

* &0 =g
= =7| $H™ Af(existential quantifier) 32t & S Af(universal quantifier)
V A

+ P2l WelE MY KA B
e 32 Friend(John, z)
- John2 X317t &t &

i}

(o]}
A

rlo

[
-

e Yz 3yFriend(z.y)
- "SR ®ROF o FE2 ACH

=0 =2lo] £ &

% gk (function)
= FO{TI QIXtOl CHSHA &, HA 20| Ofl LEHEQ
= SOIL}f CFE g2l QIXtE AFE
fl@)  glay)
% GH(term)
= gh=o| QIXt7L E
HO
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(1) AAZE, 5=
(2) byt 0l 25 o, f7b pilel AAE e EF 71EE 9,
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340t
(3) p(.r)ﬂ' %"%‘Ou 7t B5E W, vapl), Japl)s BFHIH
(4) (1), (2), (3)el] o3 BSo)2 & e A &of =go] FFHelh

Vx Vy Horse(x) A Dog(y) — Faster(x,y)

Jy Greyhound(y) A (Vz Rabbit(z) — Faster(y,z))

Horse(Harry)

Rabbit(Ralph)

Vy Greyhound(y) — Dog(y)

Vx Vy Vz Faster(x,y) A Faster(y,z) = Faster(x,z)

=0 =2(9f

0= I(first—order predicate logic, FOL)
0|2 HY SHEARRE =X BHEAME 2 = URF o 20{=2

11X} &0{=2|(high-order predicate logic)
= M@0k otLEt 2, £0]7|2 S0 CishM TE
_I.__XH (P_}x-l |-E 25 A OIEE ol- EO-IL—:E_'
e 35 5(x)
* 3gvx (f(x) = h(g(x))
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(a) Whoever can read is literate. (= &= Y S H 0| OfL|CH)
(b) Monkeys are not literate. (244 0|= 2 O|LC})
(c) Some monkeys are intelligent. (M{TH & 0|= X| X 0|C})

(d) Some who are intelligent cannot read. (X| X 0|0{ = 2 A 4= QUCH) «

ol
of

(a) VzlCanRead(z) — Literate(x))

(b) ¥ z[Monkey(z) — —Literate (z))]
(¢) 3a[Monkey(x) A Intelligent(x)]

(d) 3 z[mtelligent (x) A ~CanRead(z))]

20f =8l &

> £0] £=2|4/9| CNFZo| ##t aby
L R SFYARRL EX) SHALE =240 B
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HQ
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rir
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2. ®H Ao AgtE W
Qlolof gt 3|8
- HE SR A
Yo, Plx) = Plz)
3. ZR SOl A v
c 3= =0 7|25 ZAMeZ Pt &4
o AZdl Sk (Skolem function)
- EX sPEANOl| 2 E HE oiE 20{o| MH sPEAL0| AYE CHE
HESO| ME2 2 N

Ye3ylP)n Qlz.y) ® VYalPla)A Qlr,s(x))

mjo

0 HS A

» Q(x, s(x))E O™ x0f| CHsHAM = He 2 TtE= OH# 9|
function)

o CHE Pi=0f SPH| LIEILEX| §= EX oPg Ao Zg

3z Pz) = Pla)




=0 =2|o =&

o ||:_I-°|"'|-(unification) J_-l-l'xcj

=
» =c2|8Y(resolution)S MY M= HSkl= 2|EAO| ZOIXES,
0| ZHS THE = S|

= 7
HAE X = L

oz

—Anow (John.x) v Hate(John,x) Enow(John, Sim)

Hate(John, Jim)

=0 =8| =&

<+ =0 =2|= X|24]e] Y
(a) ¥ z[CanRead(z) — Literate (z)]
(b) ¥ a[Monkey(z) — —Literate (z)]
(c) 3a[Monkey(x) A Intelligent(z)]

(d) Fzlitelligent(x) A—CanRead(z)] « =W

" " —CanRead(z) v Literate(x) —Intelligent(z)v CanRead(z)
» =l YEiz He

1) =CanRead(z) v Literate(z)

~Monkey(x) v —Literate(z)  —ntelligent(x)V Literate ()
2) —~Monkey(z) v —Literate(z)

(
(
(3) Monkey(A)
(
(

Monkey(A) ~Intelligent (z) v —~Monkey(z )
4) Intelligent(A)
A/x
5) —Intelligent (x )V CanRead(x)
T Intelligent(A) ~Intelligent(A)
(dE =288 =5 0|85t ZYL7| Qs -

False

(d)
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=g T2 90

< Horn & (Horn clause)

» =2[AME =2l HElZ BEHY I, -AKX) v -B(x) v C(x) 2 20| 37

ol Z|E| Y2 AT SjLint 38

< Prolog
* Horn 2Tt 3{&3dt= =2 Z22HT A0

father(noah, shem).

father(noah, ham).

father(shem, elam).

father(shem, arphaxad).

father(arphaxad, caina).

grandfather(X,Y) :- father(X,Z), father(Z,Y).
:- grandfather(X,Y).

= HHE =i Zi(backtracking)2 0| 83510 A&

5 Ol |:|| o}
L] —
& 28
b
nyo
=cl
olgn 28
e gy Jda=
Cgane =3
o0y is-a
! 2 2N
\I has-a [ part-of
A& 2SN FE | =g
pi= g ]
AJBE
2824
s QM S
BE 1A= 29
24018 QA 23
FE DB AAE
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7

< o]|0| 2 (semantic network)
= X|AlZ o]gr BA|(binary relation)o] TTtoZ HH

- oo wEy ZHNoR TS TS S

L C (node)

— CHAE 7', 3, AE, AP
+ 7k (edge)

- AL e LEE 9Z

- Ao w2 ek

- oA 2| 20| & LIEtL £ 218 RO

L=

olojg

< o|n|ge| of

is—a(&%F, §8), is—alZRF, FE8)
has—a(ZF, 218), can(ZF, ¢%7)

can(ZF, &71), is—a(gd, &27)

cannot(F A, &7]), is—a(F2M, 2F)

do(BE, EF), has—a(¥&, 9%)

do(T &, ©I%), has—a(&3F°], @722 &F)
do(E o], &4), is—a(E7, T/F)

do(E7, 24), is—a(ESE, F24)
can(H4, F9) is—a(dly, E7))

do(EF/F, )
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% o|0|Loj A ALRE|E 2HA|(relationship)

= js-a
o o2 SALL 59 A 2A (0, is-a(EF SE) = Eellaet
Ao A (O], is-a(EXELZSZAM)E LIEILO HE BA BH

o ZFO0|H(transitive) BtAH oHE

is—alX.Y) A is—a(Y,Z) — is—a(X.2),
is—a(FH.E2F) A s—a&R.FE) — is—a(@AFE)

* has-a
o HH-FE 2
+ part-ofQ} &2tA
— has-a(X,Y)O| ™ part-of(Y,X) 4 &
. 0% B B1F
has—a(X,Y) A has—a(Y,Z) — has—a(X,Z).
part—of(X,Y) A part—of(Y,Z) — part—of(X,Z).

< Cfe BAE ol 2A = HIHst T 20|y
= 20U o BAUS A
= C}SF 24| = "2 A (relationship)" S "ZHM|(object)’ 2 73810 H S
o A= SH(reification)

+ 0. 280l X't 7HSFE MK 1Yol E 7|21 At
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o is-a BAHQ| M E W2t £F LEE 0|
p| El9| Eg PN

o can(XF, LIt UeEE, HE

< oo F=E
» C|EEZi(default value, 7| 2252 0|83 =2
LS R % e R=

» O = Z|1Ate] 7]=?

or

10



o0 ToA F2
= FOIT XACZREH MER2 A ES 0|20 = FEE 7ts
* fEo ooy B

o Ofl. AbEF10] ALE20f17| AFE1E FH, A2 AFE1E 2835 Eot

— FOIT At "7t Q3| of|A| HHXIE FACH
» AE1=F, ME2=33| AFE1=HX|
» FE ZIh: Q3|7} 8| E 7Hx| 2 ot

+ oln|ate| ZYo Zo| W
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frame-name A frame-name =5
frame-type Class frame-type Class
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- 2L WAL T3 DB
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- UEHYS HWojmaln X2 =Y

= J|2Xoz HMHOI X|Alo| B
© X2 WHOA SHO2 x40l LH8S BB 1Y=E SHe

2 B 2 USE ofof &

» AT E(script)

. 4ot mone
0x R o _II-IJI’EE

— AP iSO RS CHANO| CHSE HE
« Xl Z=Z(entry condition)

- 23”-E 7|gE AASO0| eojLty| Hof| TFL|0fof St Tz
» ZtMH(scene)

- #H LojLis ¥He
o ZAa} ZZ(result)

- 2J-EQ| FUO U= ArHS0| Ao o] F0f
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IYE oF ek

A(track) pES
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2 E 2 X|2} RDF

% 2E ZX|(ontology)

» HSlO|M EMECALm)S 727 e 2

= O FYo| X[ 3Rt ALY = JUCE siT FHo| 7H'E 0t
A E LIEIL = O3 E Felstn 0|5 0|83 X|ME BH 52 A

= F%(domain)ofl A= ZHE, JHE0l ChSt EM A £, 0| E8at &
Aol ch3 M=, G0 U= YL WMol et HE 7t 7| & Glil)

= Y0 Cft I 0% (vocabulary) AL

 FAof chst 3EE olsH x|

* MZ2 7t EO|E Soff ®eE 0|2 g B

 AFEOM OHE = U= HEl2 S0 B

2= 2 X|2} RDF

* 2 EX|2Q| Aty
= Amazon.comQ| 229l AT FIEIZ2
» dmoz(Directory of Mozilla, www.dmoz.org)
. BopHE XM2|3 ClAER| MH|A

[dlim[o]Z] Aoi.

aboutdmez |dmozblog | suggestURL |help |link | editorlogin

Search | advanced

Arts Business Computers

Movies. Television. Music Jobs. Real Estate. [nvesting. Intemer Software. Hardw:
Games Health Home

Video Games. RPGs. Gambling .. Einess. Medicine. Altemative Eanuly. Consumers. Cooking
Kids and Teens DNews Recreation

Auts. School Tune. Teen Life Media. Newspapers. Weathes Iavel Eood. Qutdoors. Humer
Reference Regional 5

Maps. Education. Librarics US Canads UK. Europe Biology. Psychology. Physics
Clothing. Food. Gifts. People. Religion. Issues Bassball. Soccer. Basketball
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2E 2 X|2} RDF

o 2E2X|°| AHY| - cont.
= UNSPSC(United Nations Standard Products and Services Code)
 HIE X MH|2 80

»= WordNet(wordnet.princeton.edu)
+ Hof THo{o] 0|2 =&t 02| =& AHO[Q] Lot 2|0 HAHE 7|

WordNet Search - 3.1

Word to search for. jentology Search WordNet

Display Options: | (Select option to change) ¥ || Change
Display options

Noun

+ S (n) ontology ((computer science) a rigorous and exhaustive organization of some
knowledge domain that is usually hierarchical and contains all the relevant entities
and their relations)

o domain cate
S (n) computer science, computing (the branch of engineering science
that studies (with the aid of computers) computable processes and
structures)

o direct hypernym / inhented | sister term

« S (n) ontology (the metaphysical study of the nature of being and existence)
o direct hypernym / inhented hypernym |/ sister term
o

« W (adj) ontological [Related to: ontology] (of or relating to ontolegy)
“ontological speculations”

2 E 2 X|2} RDF

o 2E2X|9| Al - cont.
» UMLS(Unified Medical Language System)
« 229 o2 BOMAE &

SNOMED-CT(Systematized Nomenclature of Medicine - Clinical
Terms)

* 2|2 80{, RAIO], 2 E

» LOINC(Logical Observation Identifiers Names and Codes)
o HY HAIBE L LY 80 EE HA

* GO(Gene Ontology)
s XL FHXL ME

= FOAF (Friend of a friend)
o JHQIo| EE N CHE AtZHtO| A 7=

= SIOC (Semantically-Interlinked Online Communities Project)
« 221, MY 2 2E, Y S5 M= HBSLY| 2o §E V&

15
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2E 2 X|2} RDF

o 2E2X|9| AHY| - cont.

= Ol 80| 2E2X| SNOMED-CTQ| Z7|(common cold)0]f Cjst &=

Parent(s): Current Concept:
(Select a parent to make it the "Current Concept™.) i .

ully Specified Name
iral er respiratory tract infection (disorder

Conceptld:

Current Concep Defining Relationships:
Common cold (disorder) Isa Viral upper respiratory tract infection (disorder)
"

agent Virys
; Finding site Upper respiratory tract structure (body structure]
Child(ren): Pathological process Infactious process (qualifisr valua)
(N=0) (Select a child to make it the "Current Concept”.)
Qualifiers:
View Qualifying Cl ics and Facts ;

Descriptions (Synonyms):
Fully Specified Name: Com:

Preferred:
Synonym:
Synonym:
Synanym:
Synonym:
Synanym:
Synonym:
Synonym:
Synonym:

Synonym:
Synenym:
Synonym:

2= 2 X|2} RDF

o 2E2X|9| AHY| - cont.
= FOAF (Friend of a friend)

page
’_//’f_( topic

owl:Thing e

lepiction

name I~ @\ bnail
{} | rdisiseoniso \\d“""ﬂs\\\ iy

made maker

based_near

derights
ccirequires
permits [...]

Birthday
nick
givenname
family_name
plan

title  [..]

accountServiceHomepage

holdsAccount

OnlineAccount
accountName

sioc:User

— > inverse
w2 properties:
T W xptyaypex
¥

or_of
sioc:subscriber_of [...]

http://xmins.com/foaf/spec/images/foafspecpg

16
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2E 2 X|2} RDF

o 2E2X|9| AHY| - cont.

= SIOC (Semantically-Interlinked Online Communities Project) Sio(
subClassOf has_scope
Space Site
has_space has_parent has_host has_function 1

Container ; Forum User l
subClassOf K
has_container has_container has_member
subClassOf
Item ﬁ Post Usergfoupl
has_creator
has_reply topic

Tag /
Category

https://www.w3.0rg/TR/hcls-siog;

2 E 2 X|2} RDF

+ 2EEX|O| XA EH
= olD[Ynt oA Hetdol e A== #Y Jts

= RDFS(Resource Description Framework Schema)
* RDFE ALESI0] REEX|E HEAE [ ALY 2T o2 E Moot
2EZX

= RDF(Resource Description Framework)
» Xt0j| Cfh H|EFH| O] E{(metadata, H|O|E{0f| Ciot HIO[E)E 7|
Sl= H M| (specification)

>
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2 E 2 X|2} RDF

+ 2EEX|Q| X|4EH
= RDF(Resource Description Framework)
+ £EH &2 7=t EF(sentence)
- 'FO+ME&0{+FH0'E mhef
— Xp2(CHe; resource) - £H(EF, FO{QF SO A, attribute) - gf
(value)2 &5

« abc 7| 22| 0|1 Y0| kdhong@abc.org?l EUE KA O|at= A
http://www.w3.0rg/2000/10/swap/pim/contact#Person

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type

http://www.abc.org/People/EM/contact#me http://www.w3.0rg/2000/10/swap/pim/contact#fullName
2UE

http://www.w3.0rg/2000/10/swap/pim/contact#mailbox

mailto:kdhong@abc.org

http://www.w3.0rg/2000/10/swap/pim/contact#personalTitle

2 E 2 X|2} RDF

+ 2EEX|O| XA EH
= RDF(Resource Description Framework) — Conf.

- §E gejo 23

http://www.abc.org/People/EM/contact#me, http://www.w3.0rg/2000/10/swap/pim/contact#fullName, "= 25"
http://www.abc.org/People/EM/contact#me, http://www.w3.0rg/2000/10/swap/pim/contact#mailbox,
mailto:kdhong@abc.org

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

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

* XML HEjo]

<?xml version="1.0"?>
<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:contact="http://www.w3.0rg/2000/10/swap/pim/contact#">
<contact:Person rdf:about="http://www.abc.org/People/EM/contact#me">
<contact:fullName>Z Z & </contact:fullName>
<contact:mailbox rdf:resource="mailto:;kdhong@abc.org"/>
<contact:personalTitle> 2% < /contact:personalTitle>
</contact:Person>
</rdf:RDF>

18
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2 E 2 X|2} RDF

* 2EEX|Q X|MEH
= SPARQL
- RDF HEf2 M GlO|E0] Ci2t Holof

+ SQL FAfet 24

PREFIX contact: <http://www.w3.0rg/2000/10/swap/pim/contact#>
PREFIX rdf: < http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
SELECT ?name ?email
WHERE { ?person rdf:type contact:Person.

?person contact:name ?name.

?person contact:mbox ?email. }

or

2 E 2 X|2} RDF

+ 2EEX|O| XA EH
= RIF (Rule Interchange Format)
- FH2 Folstn meety| At A

Prefix(ex <http://example.com/2008/prd1#>)
(* ex:rule_1 *)
Forall ?customer ?purchasesYTD (

If And ( ?customer#ex:Customer
?customer[ex:purchasesYTD->?purchasesYTD]
External(pred:numeric-greater-than(?purchasesYTD 5000)) )

Then Do ( Modify(?customer[ex:status->"Gold"]) ) )

i

£ 5% F0§3%0| $5,0000| &40|H “Gold” SF22 =

EL

rh

19
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2= 2 X|2} RDF

A|GHE! 2l (semantic web)

o Ho|HE 2T ER0f O|HE
7t olsst] XXz &8 ¢
)OVI\EE -5'.% Z—J User Interface & Applications I
o« Aol {2 MATH Tim bernes-Lee?} Trust |
Fget oto|C|of
L] 9 | L

Sl Ef(tag)S HolBto] BA
= 7|2317] S8 XML AR

- 11 2 GlojEl2l ofn| BjAe 98
RDF AL

Ontology:
OowL Rule:

RIF
RDFS |

Query:
SPARQL

c 2EEX 752 Sl Bl X HE}
GHlolEf2l oO] 3o

Data interchange:
RDF

URI/IRI I

Crypto

2= 2 X|2} RDF

+ o0|Ya 22X
- JI FEE 018 X4 2

- oo
8017t Yol

« CHE A[LED S/
X Hof et 23
o TEE B U XM Aol 2y

o
fot
Ho
09

M (interoperability) £ <|sl &2tst

20
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2E 2 X|2} RDF

+ 2EEX PH ET

* Protégé S

. — a1 O . T T
. Al j=Nys]| o_Olo |I:| Ol Z AN QLE |_LL |
XA =25 9 Boig QI3 GUL7|gte| 2F 2~ RERX| HYY
B Classes i@/ 8/x| | Clss description for annulate lamefise ~eex
Waich Beanch + | Seareh: DB s
2 O owtThing
3 O bobgical_process
= O cetular_component IR
20 axonpart I
8O axoneme part
3 © bacteriatype fixgetam part
cot
3 O cellcorex pan Amnoawtiors,
O ectiguiion ste prt rdfs:label annulate lamellae
8O celpncion id GO:0005642
30 cepan
definition Stacks of endoplasmic reticulum (ER) membranes
annulate lamelac «containing a high density of nuclear pores, thought
apical complex to form from excess nuclear membrane components,
apical part of el that have been described in a number of different
ascus epplasm cells. Annulate lamellar membranes are continuous
‘aspartate carbamoytransferase cor with and embedded within the ER.
basal byt has_obo_namespace cellular_component
basal part of cel
basal 1ng of apcal complex
CD20-Lek.Fyn camplex Properties
COELL V| o Fyi oty part_of nuclear outer membrane-endoplasmic reticulum
3 O cel body membrane network
cet dvison ste
§ O cel dision ste part
cell envelope Sec proten transport «
T—
cell perphery
@ O cell pole
@ O cel proieetion
& O cel projection part
@ O cel sepum
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