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1.1 HARMIRRR?

« JNiHE R (Knowledge Representation) 52 2 T3 E LA EE ) 7 2k Faid A
i ) R R TV
* KR = Computational Model of Reality

i K R EI/(J EEL/I\JEH j‘\/% 4 What Is a Knowledge Representation? FEERT

Gate | @ EWO0  [AEE: 78 Ai Magazine

Py %_: Xy_l %: tl:@ H(j m%%*)]_:\‘ -‘Ln F&: RDavis, HShrobe, P Szolovits 198
h ) HE Although knowledge representation is one of the central and in some ways most familiar concepts in Al, the most
fundamental question about it---What is it?---has rarely been answered directly. Numerous papers have lobbied for
N Q Q — A !J one or another variety of representation, other papers have argued for various properties a representation should
b /H ZIK {ZIK //\J XE %n 1% lE\ ﬁ i have, while still others have focused on properties re important to the notion of representation in general. In
this paper we go back to basics to address the question directly. We believe that the answer can best be understood ‘glﬁﬁi%
in terms of five important and distinctly different rales that a representation plays, each of which places d tand
Y i j:% j:/% IE‘ E(J %i{‘%ﬁtﬂ at times conflicting demands on the properties a representation should have, We argue that keeping in mind all five #inE 19935518
of these roles provides a usefully broad perspective that sheds light on some longstanding disputes and can 1 70 10
invigorate both research and practice in the field. 1 This report describes res.. Lok o it
[ ] FH ﬂ:‘ é‘ /& \~l— %: E/J ﬁﬁ é:b *,] 295 . HANDWRITTEN NUMERAL RECOGMITION HANDWRITTEN KANJI RECOGNITION {_J,.«f°'rf
|HJ )( _[/ > /l:l % LOCAL AFFINE TRANSFORMATION ) ”{0,»
DOl doi:10.1016/0167-8655(9390100-R e &
. N 3= 1229 il
« NATERIPLERE S

Davis R, Shrobe H, Szolovits P. What Is a Knowledge Representation?[J]. Ai Magazine, 1993, 14(1).
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CHEIOR (B BR) i  Sp—vany
« 151724 (Predicate Logic) e\ e T
o 1B X M4 (Sementic Net) Animal < Mammal < Bear
o =AU (Production Rule) - \
Whale

« HEZLRS (Framework)

e Jn i (HE) Fos (GEZE. D
o« BHURIN
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. lives in lives in
Fish —————= water
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CREB ST (B B
 HZ% (Predicate Logic)

24 =BrgiZis

i
=
. i Human(x): xj& A\
SN
. j@?ﬁ?\‘/} DIE(X).XK%
== S: %*%?jﬁ
« T A
K7
(Vx) (Human(x) -> Die(x)), Human(s)
. hip

(Vx) (Human(x) -> Die(x)) * Human(s) => Die(s)
&) 1rnarantrn
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s frg o (B 250

o BN % (Sementic Net)

2501 . 1R HLBTTR ZEWordNet
AR 2N RIS 56 = K

P St

EX T %, il T R R 22 8 RS R R

WordNet Search - 3.1

B NSRRI
LR FIRR A TR, Wk

Word to search for: | hamburger | search wordnet |
Z—‘—\‘ %: ,;I:@ )% II‘/EE w\ & %: ,;I:@ I‘Eﬂ E/\J % %[I] —‘[/%‘ Display Options: | (select option to change) v || Change |

Key: "S:" = Show Synset (semantic) relations, "W:" = Show Word (lexical) relations
Display options for sense: (gloss) "an example sentence”

SCHRAR Noun

« S: (n) hamburger, beefburger, burger (a sandwich consisting of a fried cake of
minced beef served on a bun, often with other ingredients)

o direct hyponym ! full hyponym

« 5: (n) cheeseburger (a hamburger with melted cheese on it)
o part meronym

« S: (n) ground beef, hamburger (beef that has been ground)
o direct hyperym ! inherited hypernym ! sister term

« S: (n) sandwich (two (or more) slices of bread with a filling between
them)

« S: (n) snack food (food for light meals or for eating between meals)
« S: (n) dish (a particular item of prepared food) "she prepared
a special dish for dinner”
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1.2 FiRTBAF

s PR (EEL 22O
o =AFCHIN] (Production Rule)

P->QE
IF P THEN Q CF=[0,1]

24 WIH e KRG

o IF 955 N K HE AND 1k
P: WIfE, Q: %5t THEN 5 A5 TR EtE R E ., Bi5E NCF=0.9

CF: BEE
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1.2 5iRERRFT
o [ (FE) Fon Gz, BRED

 BHERRN

Rome Paris Italy France Word k
Rome = [1, 0, 0, O, 0, O, ., O]
Parig = [0y 1y 0, 0, 0 Qp . 4]
Italy = [0, 0, 1, 0, O, O, .., O]
France= [0, 0, 0, 1, 0O, 0, .., 0]

k= AN

One-hoti] ] &

2-gram>KJi: https://zhuanlan.zhihu.com/p/32829048

doc 1

doc_2

doc N

Il

Rome Paris Italy

[32,
[ 2,

France -

12, @, 28,

wan

SFUME N

Word k

12]

3|

AN TA T ] B S0 R AR

i want to eal chinese  food lunch  spend
i 0.002 033 0 0.0036 0 0 0 0.00079
want  0.0022 0 0.66 00011 0.0065 00065 00054 0.0011
to 0.00083 0O 0.0017 0.28 0.00083 0O 0.0025 0.087
eat 0 0 0.0027 0 0.021 0.0027 0056 0
chinese 0.0063 0 0 0 0 0.52 0.0063 0
food 0014 0 0014 0 0.00092 0.0037 0 0
lunch  0.0059 0O 0 0 0 0.0029 0 0
spend 0.0036 0 0.0036 0 0 0 0 0
2-gram [n] &
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- 0.234 1
0.283 A

e FE (BfED) Roas GEZE. KaE0O -0435
-0.934
o« AT e oo | =
0.548
-0.834

0.437
L 0.483

d = [ B4 F << K
iR AR5

X ng#r A ( Embedding)

AU B PSR SCRARL ) 138 5 B 2R
U R 3

Tt 5 T8 S B AR R R 2 S R A Rk et

(Rome, is-capital-of, Italy)

(Paris, is-capital-of, France)

Rome — Italy Paris - France

SR B R K11
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N. F. Noy and D. L. Mcguinness, “Ontology Development 101: A Guide to Creating Your First Ontology,” 2001, [Online]. Available:
http://www.ksl.stanford.edu/people/dim/papers/ontology-tutorial-noy-mcguinness-abstract.html
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BRE

1) B ASAA TR AR [
2) ST A A A
3) HZEEERE

4) & R JZ IR G
5) & SRR
6) & X JEME MR

7) AR S

N. F. Noy and D. L. Mcguinness, “Ontology Development 101: A Guide to Creating Your First Ontology,” 2001, [Online]. Available:
http://www.ksl.stanford.edu/people/dim/papers/ontology-tutorial-noy-mcguinness-abstract.html
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N. F. Noy and D. L. Mcguinness, “Ontology Development 101: A Guide to Creating Your First Ontology,” 2001, [Online]. Available:
http://www.ksl.stanford.edu/people/dim/papers/ontology-tutorial-noy-mcguinness-abstract.html
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BRI

1)
2)
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5)
6)
7)

N. F. Noy and D. L. Mcguinness, “Ontology Development 101: A Guide to Creating Your First Ontology,” 2001, [Online]. Available:
http://www.ksl.stanford.edu/people/dim/papers/ontology-tutorial-noy-mcguinness-abstract.html
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DAML: http://www.daml.org/ontologies/
schema: https://schema.org/

cnSchema: http://cnschema-vocabulary.openkg.cn/

o EMEAYE
unspsc: https://www.unspsc.org/
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2) 5 REEOHT AT H A AR ARIELEZL: https://www.termonline.cn/
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N. F. Noy and D. L. Mcguinness, “Ontology Development 101: A Guide to Creating Your First Ontology,” 2001, [Online]. Available:
http://www.ksl.stanford.edu/people/dim/papers/ontology-tutorial-noy-mcguinness-abstract.html
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2) F BRI BA AL RK>TH

3) FIAEEARE - HER L GEFHED

8) & XKFKIE R FR>R
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6) T Sk ) R Al

7) B S

N. F. Noy and D. L. Mcguinness, “Ontology Development 101: A Guide to Creating Your First Ontology,” 2001, [Online]. Available:
http://www.ksl.stanford.edu/people/dim/papers/ontology-tutorial-noy-mcguinness-abstract.html
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N. F. Noy and D. L. Mcguinness, “Ontology Development 101: A Guide to Creating Your First Ontology,” 2001, [Online]. Available:
http://www.ksl.stanford.edu/people/dim/papers/ontology-tutorial-noy-mcguinness-abstract.html
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5) & SRR

6) & X J& PR

7) AR S

N. F. Noy and D. L. Mcguinness, “Ontology Development 101: A Guide to Creating Your First Ontology,” 2001, [Online]. Available:
http://www.ksl.stanford.edu/people/dim/papers/ontology-tutorial-noy-mcguinness-abstract.html
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2) B AT A4 o« QNS
3) FIASEEALE .« HHwEN
4) 8 SRR 2 IR G5

5) & SCEIEMERICR

6) & M R

7) A sEpl

N. F. Noy and D. L. Mcguinness, “Ontology Development 101: A Guide to Creating Your First Ontology,” 2001, [Online]. Available:
http://www.ksl.stanford.edu/people/dim/papers/ontology-tutorial-noy-mcguinness-abstract.html
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2.3 FFERAEE

( Person \ ( Person

Lname =Tom Hanks J Lﬂame ='Robert Zemeckis' J (Tom Hanks, born, 1956)

born = 1951

born = 1956 (Robert Zemeckis, born, 1951)

(Tom Hanks, roles, Forrest)

(Tom Hanks, acted_in, Forrest Gump)
(Robertz Zemeckis, directed, Forrest Gump)
(Forrest Gump, released, 1994)

ACTED_IN

roles = [Forrest] RECTED

Movie

title = "‘Forrest Gump
released = 1994

Ky = JCAIE
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2.3 FFERAEE

2

IHEATHE: R

« JEMEE (Property Graph) P&
Neod) 1B GHIR AT, T FHE
H iz

« LA

e

o B, BIHRCR S
o« Gt

o = TMEFREST KR

o ANIHTRETENRIE

bR Person Person

: = = T
name = Tom Hanks name = 'Robert Zemeckis’ b

Je 1k ‘I: born = 1956 J born = 1951 Q=)

\l acten N |

N\roles = [Forrest] |

[ DIRECTED |

|

Movie |

title = 'Forrest Gump

E released = 1994 I
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=LA Subject Predicate Object ( EAR-1HA]-2¢44 8% T iE-1HiE-=iE)

O me C s — xx it

iR

S iISA
¥ A2 , AL
FHE | subclassOf E M
B , e
T 9 B 151 S

— o -
EiEE (2ER) - > . L, 1
(IS PLI, isA, 5 5K)

“AiRREE" tﬁﬂ;nu Bl FiR
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https://www.w3.0rg/TR/2014/REC-rdf11-concepts-20140225/
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2.3 FFERAEE

=LA prHE: RDF

W3CiE X fRHEHE B

* RDF(Resource Description Fi 1 SR T
Framework): W3Cif: X M B
T AR R 7S

A H.
* Resource: JL[f. #MAi. KA
— >t AHh é‘z—“g H H
S A R LA e "
(http://XX.XXX.XX/XXX) I
e Description: JETE. FFEA1TE WL
P W 5 5 N o
 Framework: i/, iF 5 X R
LBR IR 1) T

= HENSTHRLT



2.3 FFERAEE

=TCHA R priE: RDF
* Resource: RDFH [ Y5 HHIRIFR TR (HTZE)
(http://www.perceive.net/schemas/relationship/Sokrates,

http://www.w3.0rg/2001/XMLSchematisA,
http://www.perceive.net/schemas/relationship/philosopher)

S VIFPIN S VAR I

—+ SN . W/ .
(TSI, isA, TTH#K) Prefix IRI
xsd: http://www.w3.0rg/2001/XMLSchema#
isA somePrefix: http://www.perceive.net/schemas/relationship
PINIEALS o
HIES
‘ ‘ N RDF
B 1H 1] 1

(somePrefix:Sokrates, xsd:isA, somePrefix:philosopher)

D) % ity AR AT



= TCH R R RDF
e Description: RDFE X 5547 1al 1
o SERAL A
rdf:Statement rdf:subject rdf:predicate rdf:object
o Farinlil
rdf:List rdf:first rdf:rest rdf:nil

o HiAth
rdf:type rdf:langString rdf:Property

25451
(R LB rdf:type 1ESK) HRER AT EARRGE RS B — 52401

https://www.w3.org/TR/rdf11-mt/



= TCH R R RDF
e Description: RDFE X 5547 1al 1
o SERAL A
rdf:Statement rdf:subject rdf:predicate rdf:object
o Farinlil
rdf:List rdf:first rdf:rest rdf:nil

o HiAth
rdf:type rdf:langString rdf:Property

25451
(R LB rdf:type 1ESK) HRER AT EARRGE RS B — 52401

https://www.w3.org/TR/rdf11-mt/
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=LA prME: RDF

e RDFEHPEARAY (=J0d) , ANEAAER L (XML, Turtle.
N-Triples)

<rdf:RDF @ prefix ex: <http:/fex.org/> . < http:/fex.org/cef_adl>
xmlns:ex-schema=http://ex.org/schema#> @prefix ex-schema: <http:/fex.org/schema#> ‘:h“pf‘r fex.org/schemadtspeaker>
<rdf:Description rdf:about="http://ex.org/ccf_adl™= ex:ccf_adl <http://ex.org/acien>.
<ex-schema:speaker rdf:resource="http://ex.org/haofen™/= ex-schema:speaker ex:haofen;
<ex-schema:theme rdf:resource="http://ex.org/KG"/> ex-schema:theme ex:KG. < http://ex.org/cef_adl>
</rdf:Description> :E::E; ::z 'zzgﬁfgima#meme}
</rdf:RDF> i A
XML CxmlD) Turtlek% = C.tth) N-Triplest%z{ C.nt)

ARNATHARATE



2.3 fFSRARE
— LA ZbRME: RDFS -
. RDFS(RDF Schema): fERDF EH & T K

Creator — M EEARYBRERABHTE,
Format WIEFNRRRIA
*E% o _JA EI/J /‘\EXﬁ‘t rdfs:domain rdfs:range Date ERREDARRBEHEN,
. Description SRR R,
\ rdfs:Resource rdfs:Literal Identifier — T TR BRA IS A
- g rdfs:Datatype rdfs:Class e FREPPERRTES.
Publisher A B A RABTRNEE
. %ﬁ ﬁ jﬁ{ rdfs:subClassOf Relation —RRAMEXERAI3|
75 rd fS : S u b P rO p e rtyof Rights BXRRBEFRZAMNZ LARFINESR
. Source — N IHER BRI EURASKIRNZURS | A
o HEF rdfs:member rdfs:Container .. Errm—r—
rdfs:comment rdfs:seeAlso ™ —EERENE
Type BRNBHMER LD,
B o RDFSE I 4MAi Doublin Core u 44
Eéﬁ?}%ﬁ&fﬁ%lﬁﬁﬂ (2% 0L https://www.w3.org/TR/rdf-schema/)

<http://ex.org/Sokrates>

<rdfs: subClassOf> H A e s Sokrates /& Doublin Core G Creator [f 125
<http://purlorg/dc/elements/1.0/Creator>.

https://blog.csdn.net/qq_21460525/article/details/74787220 ‘



2.3 FFERAAR
=LA T prHE: RDFS

* RDFS(RDF Schema): ZERDF "§ & T K
:L%\ *EEILD —,FEI/J/-\EXﬁJE

° }EH jé_%_ 35 ‘& rdfs:domain £ FA
— W e %3 rdf:type A L 47 46 4\ 3] #_F rdfs:range £\ 3]
¢ A -
=+ I
. JHEE AL 42 e 3] rdfs:subclass & 7 # 4\ 4] AE - % R
%8 rdf:type § 7 # A 4] X E 4 & rdf:type R A
HEEE 2541




2.3 fF5RREEL

= TCHEZ b E: OWL
« RDFAIRDFSTE X RIARE ) A 6 Be

W3CiE X B EHE 22

‘ AR IR INAE!
HI G

OWLI =ATiE=

- W/R
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2.3 FFERAEE

« OWLHJIAIL. (RIEHA

exp:1& 3)] 7 owl:equivalentClass exp: A& 5 1% T exp:ancestor rdf:type owl:TransitiveProperty

exp:3k {5 owl:equivalentProperty exp: 145 J& AL 18

exp:iz 3] 1A owl:samelndividualAs exp:/)»H]

S H

exp:ancestor owl:inverseOf exp:descendant

e P H.

exp:hasMother rdf:type owl:FunctionalProperty

exp:Person owl:allValuesFrom exp:Women

AL PR exp:Person owl:onProperty exp:hasMother
exp:friend rdf:type owl:SymmetricProperty JEPE I JRFRA AL AR R e
Jem 1 R R RR 1

D) tanitanLn
OWL 2 Web Ontology Language, RDF-Based Semantics (Second Edition). https://www.w3.org/TR/owl-rdf-based-semantics/ ot Lo o e



2.3 FFERAEE

e OWLH AV

exp:SemanticWebPaper owl:someValuesFrom exp:AAAI exp:Mother owl:intersectionOf _tmp

exp:SemanticWebPaper owl:onProperty exp:publishedIn _tmp rdf:type rdfs:Collection

_tmp rdfs:member exp:Person

JEVEI R FR 2 AR AFAE IR E

_tmp rdfs:member exp:HasChildren

exp:Person owl:cardinality “1”~xsd:integer MRS

exp:Person owl:onProperty exp:hasMother

JEVEI R 2 AL R

@) 1nananin
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S i, %4
BT R [t . Fik fRIMERT A A
EEMA(FEYL)
}Mﬁﬁfﬁﬂ
Tt ‘ 1] E‘Jl%%éﬂ?%ﬂi'fﬁﬁﬁ E@L?Iﬁﬁﬁ
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Rome £[0.91,0.83,0.17.>., 0.41] Rome = [0.91,083,0.17, ...(0.41)
Paris  £]0.92,0.82,0.17.>., 0.98] Paris = [0.92, 0.82, 0.7, ...,0.98)

taly = [Q.32,0.77, 0.67)..., 0.42] taly =1[0.32 0.77,0.67, ...0.42)
France = [0.33, 0.78, 0.66y..., 0.97] France = [0.33, 0.78, 0.66, ...,0.97)
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TransEREZH

« ZhHL (BB -
o WER=Jul<h,r,>AUCRI S LA, AW Lhtr=t
o Wb, hETENE, rExXRIEHNE, v e .
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O

! h+r=t
L]
Rome + is-capital-of = ltaly
Paris + is-capital-of = France
Rome
= (Rome, is-capital-of, Itally}
= |(Paris, is-capital-of, France)

X 3
AR = T4

Rome — Italy Paris - France

HAREFARLTE
Antoine Bordes, et al. Translating Embeddings for Modeling Multi-relational Data. NIPS. 2013. S —
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Algorithm 1 Learning TransE
i input Training set S = {(h, £,¢)}, entities and rel. sets £ and L, margin , embeddings dim. .

AR - Eg
5 SN = FTA )BT B 4R 1: initialize £ < uniform( vl 7?) foreach/ € L
__,t 0 £+ 2L/ |£| foreachf e L

e+ uniform(—%, %) for each entity e € E

: loop
e « e/ ||e|| foreachentity ¢ € E
Spaten —sample(S, b) // sample a minibatch of size b
Thaten < O // initialize the set of pairs of triplets
for (h,?.t) € Spaten do

(W', €,t") <—sample(S(,, , ;) // sample a corrupted triplet
10: Tbatc‘h — Tbatch U { ((h‘: €1 t)‘ (h!1 f?! tf)) }
11:  end for

L. — E E max (U f (h t) + v — f (hf t.f)j 12:  Update embeddings w.r.t. Z V[y+dh+£,t)—dh' +¢,t) N
—_— ™ r § T -
’ ' ' ((hL.).(h" £.4)) € Tharen
(:h.,?",t)ES' (h',r,t')es’ (j ﬁ ﬂ 13: end loop
|Eh-F-E}EI’~JscDre| |Margin||[h.r.t] Er‘ﬂﬁ!ﬁ?kﬂ‘]smrﬂ

/'/ A ﬁ"?‘zﬁgﬂﬁgﬁ%ﬁ fr(hn t) = ”h P t”Llsz

gl O Lo
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« M, hZ2 EEME, r2 X RIEMERE, v e mE.

h+Mr=t
L] h" . M, ¢
Rome + is-capital-of = ltaly ( ) - —
t Rom /-"ig’_"gap;tat_af Paris + is-capital-of = France B \e
v ey 4+
FEES 's—c;’ T TR
e == :(Rome, is-capital-of, Italy) ' -
! : =1
o == \(Paris, _is-capital-of, France) '
rance ‘ H ﬁ%ﬁ
MIRE S R = T4 Jr(h,t) = hM,t

Yang B,

HENATHHATE
YihW T, He X, et al. Embedding Entities and Relations for Learning and Inference in Knowledge Bases. ICLR. 2015 e
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Protégé B M. https://protege.stanford.edu/products.php
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ProtégéfF iy
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R
* Protégé fE it | RS AR N H531E, T A, BRI APE
LI AR AAR
o W] DL P e i SE B A0 (U 5R) B S, T T B S AR T A e
ACIER

* Protégé nJ LLId I py A0 7 AT R Al /1A L Tjaval I AP
o fHEL S HAL A AR @t T 21 5, Protégé He NI ACEE T2 £ b 0 e 4 I,
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Protégé/flis

* S5 (Class modeling): Protégé $&4L | — AN ETEAL AT ) LRI EEAE SR (S i
AR B AR AR

o S|4 %E (Instance editing): NIX 2825 Protégé H 3= 448 B2\ T 2, 48
BRI T S AT A R S S N T RE o

» PIARPE (Model processing):Protégé 43— 284l 142, AJ LLE i X 4501 1)
UL S5 SO AT N o

o BAAUAZ I (Model exchange): 5 25 BRI (ZRATSEA9]) e LL A5 i 24 A B A A e
WAL, B FEXML. UMUFN 28 531 R HE 42 RDF
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