From CIDOC CRM to CRM-ACA

Ontology Extension and Knowledge Graph Construction
for Ancient Chinese Artifacts at the Palace Museum
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Architecture complex
1.9 million artitacts
17 million visitors annually




Why we launched this project

Ad ER|[BEXMEBERERD

Provide better service, let our users easily find what they are looking for.
Provide high-quality data (structured, standardized, machine-readable) to Al.
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1.9 million+ pieces In collection
Digitized 1,075,639 pieces (55.13%)
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Why we launched this initiative
Bl A4 SWRB[BAXMEEBRETH

Provide better service, let our users easily find what they are looking for.

Provide high-quality data (structured, standardized, machine-readable) to Al.
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Y4 women's dragon robe
T=HAR women's festive dress
T ax women's wear/women's clothes
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= a kind of robe

Translation: At present, the knowledge of collection of the Palace Museum
that I have learned has not been able to answer your question. I will answer
with the general knowledge I have learned before. Because the shirt 1s a kind
of modern costume, not a category of the Palace Museum’s collection, you
cannot see any shirts in the Palace Museum.
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Ontology
Controlled Vocabulary
Knowledge Graph




CRM-ACA Methodology

Ontology Development 101: A Guide to Creating Your Ontology Development 101
First Ontology

Natalya F. Noy and Deborah L. McGuinness
Stanford University, Stanford, CA, 94305
noy@smi.stanford.edu and dlm@ksl.stanford.edu

Step 1. CRM-ACA

1 Why develop an ontology? Determine the domain and scope of the ontology

In recent years the development of ontologies—explicit formal specifications of the terms in
the domain and relations among them (Gruber 1993)—has been moving from the realm of

Artificial-Intelligence laboratories to the desktops of domain experts. Ontologies have |ts a | m |S to serve a | | Cu |tu ra | h e rlt a g e | N Stltutl ons

become common on the World-Wide Web. The ontologies on the Web range from large

taxonomies categorizing Web sites (such as on Yahoo!) to categorizations of products for . . .

sale and their features (such as on Amazon.com). The WWW Consortium (W3C) is Step 2. th at h ouse ancl eﬂt Ch INese a I’tlfa CtS tO bette r
developing the Resource Description Framework (Brickley and Guha 1999), a language for Consider reusing existing ontologies . . .

encoding knowledge on Web pages to make it understandable to electronic agents searching O rg anlze COl |eCt| on Cat a | Og uin g d ata .

extending RDF with more expressive constructs aimed at facilitating agent interaction on the
example, has produced large, standardized, structured vocabularies such as SNOMED (Price and Enumerate important terms in the ontology 5 | Ig " ed Wlth th a -te m I no | Ogy an d - eta d ata
example, the United Nations Development Program and Dun & Bradstreet combined their
Ontology Development 101 methOdOIOgy Define the classes and the class hierarchy
* To enable reuse of domain knowledge Step 5. CRM-ACA and the metadata they currently use,

for information. @ The Defense Advanced Research Projects Agency (DARPA), in
conjunction with the W3C, is developing DARPA Agent Markup Language (DAML) by
Web (Hendler and McGuinness 2000). Many disciplines now develop standardized ontologies .
that domain experts can use to share and annotate information in their fields. Medicine, for Step 3. B ase d on Cl D O C C R M / C R M 'ACA 1S fu I’t h er
Spackman 2000) and the semantic network of the Unified Medical Language System
(Humphreys and Lindberg 1993). Broad general-purpose ontologies are emerging as well. For
efforts to develop the UNSPSC ontology which provides terminology for products and SySte M u Sed N C h INese museum Cata | Og N g .
services (WwWw.unspsc.org).
Step 4.
Even users who are not familiar with CIDOC CRM
(Noy et al., 2002) can more easily identify matches between
T software agents T
* To make domain assumptions explicit o .
* To separate domain knowledge from the operational knowledge Define the propertles of classes a | |OW| ﬂg ‘th em to ma p 'th e| r d ata efﬁC'e ntly

* To analyze domain knowledge

Sharing common understanding of the structure of information among people or software

agents 1is one of the more common goals in developing ontologies (Musen 1992; Gruber

1993). For example, suppose several different Web sites contain medical information or Step 6.

provide medical e-commerce services. If these Web sites share and publish the same

underlying ontology of the terms they all use, then computer agents can extract and Define the facets of the slots
aggregate information from these different sites. The agents can use this aggregated

information to answer user queries or as input data to other applications.
Enabling reuse of domain knowledge was one of the driving forces behind recent surge in

ontology research. For example, models for many different domains need to represent the

notion of time. This representation includes the notions of time intervals, points in time, Step 7.

relative measures of time, and so on. If one group of researchers develops such an ontology .

in detail, others can simply reuse it for their domains. Additionally, if we need to build a large Create instances




CRM-ACA Methodology

Ontology Development 101

Step 1.
Determine the domain and scope of the ontology

Step 2.
Consider reusing existing ontologies

Step 3.
Enumerate important terms in the ontology

Step 4.
Define the classes and the class hierarchy

Step 5.
Define the properties of classes

Step 6.
Define the facets of the slots

Step 7.
Create instances

INTERNATIONAL ISO
STANDARD 21127

Third edition
2023-10

SO 21127: 2023

Information and documentation — A
reference ontology for the interchange
of cultural heritage information

Information et documentation — Une ontologie de référence pour
I'échange d'informations du patrimoine culturel

ICS 35.240.30
A 14
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GB/T 37965—2019/1SO 21127.:2014
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Reference number Information and documentation—
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CRM-ACA Methodology

Ontology Development 101

Step 1.
Determine the domain and scope of the ontology

Step 2.
Consider reusing existing ontologies

Step 3.
Enumerate important terms in the ontology

Step 4.
Define the classes and the class hierarchy

Step 5.
Define the properties of classes

Step 6.
Define the facets of the slots

Step 7.
Create instances

Scattered Terms Terms Cluster

(Reign Title) Kangxi reign, Qianlong reign, Yongzheng
reign...

(Process and Technique) famille-rose, blue-and-
white...

Kangxi reign, red, bronze zun, stem cups, Qianlong (Color) red, blue, yellow...

reign, flower watering jugs, plant motif, fans, ruyi, ) .
J 9 JHI5 P . (Object Type) bronze zun, stem cups, flower watering

Yongzheng reign, blue, vase, famille-rose, blue-and-
white, hill-shaped censers, flying-dragon pattern,

jugs, fans, ruyi, vase, hill-shaped censers, jewelry,
robes...

yellow, jewelry, robes, osmanthus flower, kids

object type, decorative motif, creator, periods (Motif and Pattern) plant motit, tlying-dragon pattern,
osmanthus flower...

(Role) kids...

(Metadata) object type, decorative motif, creator,
periods...

Term sources

Terms from our CMS

Terms from dictionaries

descriptive terms
Search record from online collection

platform

collected from several Chinese
museums’ CMS

metadata terms (including the Palace Museum)

Getty CDWA




CRM-ACA Methodology

Scattered Terms Terms Cluster

Ontology Development 101

(Reign Title) Kangxi reign, Qianlong reign, Yongzheng
reign...
Step 1. (Process and Techniaue) famille-rose. blue-and-
Determine the domain and scope of the ontology
Top—-down A h
4 | ciboc crm ob— T PeTet »[ Ontology Draft A
Step 2. e
Consider reusing existing ontologies Y Comparison )
— Improvement CRM-ACA
W Merge
y AN
Step 3. Diverse Term Controlled Ontoloay Draft B
Enumerate important terms in the ontology S | sources erms Vocabulary % ’
N J
Step 4. \/
Define the classes and the class hierarchy Bottom-up Approach
Step 5.
Define the properties of classes Term sources
Terms from our CMS
Step 6. Terms from dictionaries

descriptive terms

Define the facets of the slots

Search record from online collection
platform

Step 7. collected from several Chinese
Create instances ,
museums’ CMS

(including the Palace Museum)
Getty CDWA

Creator metadata terms
E22 Human-Made Object —— was produced by —— E12 Production

E12 Production —— was carried out by — E39 Actor




<Image of CRM extension logo>

Definition of the CRMaca
<An extention of CIDOC CRM to support
ancient Chinese artifacts knowledge
organization>

<Proposal for approval by the CIDOC CRM-SIG>
<Approved by the CIDOC CRM-SIG>

Version <x.x>

At present, we successfully pilot the full workflow of cataloging data reconstruction with CRM-ACA in practice.

CRM-ACA Methodology
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Controlled Vocabulary - Thesauri
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<ZNX D RIE >

<zun by form>

7 -~ C21 Grotto Temple and Carving =

- - BRESREZ }
|

i

' - C19 Historic Site C55 Ancient Kiln Site

| . . N
! E24’Ph‘£|cal Human-Made Thing | E25 Human-Made Feature =)ol St 4 .
|| AT | A 20 Aciont Tomb Art & Architecture Thesaurus

N ~— LR I
g (523)

NQ S~ C57 Mural
N ~—e BEE Zun (vessels)

N
N E78 Curated Holding AAT ID: 300265850
N IKziER '
NN B1 Built Work - C15 Ancient Architecture

~ =
N e EEs P127 has broader term

E56 Language
EET

E57 Material
e

E58 Measurement Unit E98 Currency
P2l &8

E99 Product Type

P ERIRE P127 has broader term
S9 Property Type
Rt

C27 Architecture Type
PR

C28 Group Type C29 Organization and Institution Type
ik Sid) BENNASRE

C30 Process and Technique

TESKRA

C31 Color
B

C32 Period Type

AR

C33 Style Type Kangxi reign, red, bronze zun, stem cups,
)

et Qianlong reign, flower watering jugs, plant motif,
gég;‘esemde"tB°°ksc'a“iﬁcaﬁ°" Sk L el ate ) dsde e et Ve Sl (Object Type) bronze zun, stem cups, flower watering jugs,
== rose, blue-and-white, hill-shaped censers, flyinc- fans, ruyi, vase, hill-shaped censers, jewelry, robes...
< dragon pattern cliS, jewelry, robes, osmanthus
flower, kids......

object type, decorative motif, creator, periods......

R

Bronze zun

s

<K B XD RIE >

<zun by material>

Porcelain zun

RIRE

Enamel zun

Scattered Terms Terms Cluster

(Reign Title) Kangxi reign, Qianlong reign, Yongzheng reign...

(Process and Technique) famille-rose, blue-and-white...

(Color) red, blue, yellow...

E71 Human-Made Thing

Text Type

i

(Motif and Pattern) plant motif, flying-dragon pattern,
osmanthus flower...

(Role) kids...

C36 Object Type
PRl

Snditias
FIPREAE
C38 Administrative Division Type
FTBXKISEE

C39 Role

fte Type

(Metadata) object type, decorative motif, creator, periods...




Controlled Vocabulary - Thesauri

128/

lantern-shaped zun/
nE8/
o I B == <
zZun (vessels) ) ﬁ”m

300265850/ chrysanthemum-shaped zun/
CIT285914/ Y ped

s/
FEBIFEE/
Rigw/
BEQ

a3/
fish-shaped zun/

h&/
Lt 1)

olive-shaped zun/
X b &/
TEG/

HiEe

bronze zun/

wa/

porcelain zun/

TR INg/

r3ici-1) cloisonne enamel zun/

enamel zun/ EELIRE
k HE/

copper zun/

e/ TRy

lacquer zun/

B EE o/
<zun by material>/ £
jade zun/

B/ =¥8/
pottery zun/ tri-color pottery zun/

18/

bamboo zun/

Rme/

glass zun/

KR8/

crystal zun/

B/

agate zun/
RE/
Rz X o %/ plain jian/
<jian by form>/ =R
. (H.) / three-foot jian/

300265827/ EiEs



Knowledge Graph
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We have a plan

CRM-ACA Ontology: develop new property

extend ontology for more scenario
Controlled Vocabulary: enrich & update

Knowledge Graph: annotate more
explore,data with LEMs
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