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Abstract: Oracle Bone Studies (OBS) benefit a lot from the introduction of computer science and artificial intel-
ligence (AI), which changes the traditional way of organization of OBS knowledge, and results in a rapid accumu-
lation of important research data. However, these data are not fully explored, and the processing faces challenges in
the storage, representation, sharing and reuse of OBS big data, due to the lack of knowledge organization and man-
agement tools and knowledge application models for OBS. To address the two outstanding problems faced by OBS
research bottleneck: high dependence on expert knowledge but low degree of knowledge sharing and reuse; poor
computability and interpretability due to qualitative analysis. A new knowledge organization model carved from
multiple dimensions such as refinement, fragmentation, conceptualization, networking, vectorization, and multi-
modal fusion is proposed. The OBS Knowledge application Pyramid (OBSKP) model is proposed from the per-
spective of Computational Oracle Bone Studies (COBS). The OBSKP shows the direction for the OBS research in
the era of Al and provides the storage and representation standards and specifications for the subsequent OBS
research data. Moreover, several important applications based on the OBSKP are presented.
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1.0 Introduction

Since their discovery in 1899, Oracle bone inscriptions
(OBI) have been studied for more than 120 years, and the
research on OBI has gradually formed a renowned interna-
tional science, Oracle bone studies (OBS). Over these years,
an increasing number of participations from institutions
and individuals in OBS research obtained fruitful results: a
large number of photos, rubbings, and facsimiles sorted out,
and tens of thousands of papers and descriptions published.
In particular, the introduction of computer science and
technology generates new data forms such as images, 3D
models, audio, video, animation and so on. These basic data
and literature of OBS bear the characteristic of big data and
multimodality (Xiong et al. 2019; Xiong et al. 2021). Cur-
rently, Xiong et al. collected and sorted out large-scale basic
data and built a knowledge-sharing platform (Xiong et al.
2019) for OBI big data. The platform includes 152 descrip-
tions, 234662 pictures, 33369 literature, and 4697 single
OBI characters, with open access at http://jgw.aynu.edu.
cn/.

Although this platform greatly facilitates the OBS re-
search, it still fails to break through the bottleneck of the
more than 4500 OBI characters discovered so far, about
3000 of which have not been recognized. The contradiction
between the difficulty of OBS research and the small num-
ber of experts has become increasingly prominent. It takes
10-20 years to train an expert, so it is particularly important
to find a method of knowledge organization that is condu-
cive to knowledge sharing and reuse. However, there are two
outstanding problems in the traditional methods of organ-
izing OBS knowledge: 1) the research is highly dependent
on experts' empirical knowledge, but the sharing and reuse
of such empirical knowledge is extremely low; 2) based on
qualitative analysis, the results are poorly interpretable, and
the knowledge organization is not conducive to computer
understanding and processing.

These long-standing challenges have created an urgent
need for new ways of knowledge organization in traditional
OBS research, the main needs of which are:

1. OBI experts badly need a strong knowledge network to
help them find relevant and useful information from a
large number of documents scattered in diversified
sources.

2. The study of OBS needs a lot of domain knowledge and
knowledge reasoning since computer technologies help
little with cognitive intelligence in OBS research. It is
necessary to organize OBS knowledge at an abstract con-
ceptual level.

3. The study of OBS cannot stand apart from the decision-
making of experts, but these analyses are mostly qualita-
tive and easily lead to inconsistency. Thus, current re-
search methods call for convincing quantitative analysis.

4. The study of OBS requires full consideration of multiple
modal data, because the current study treats images and
texts separately by image processing or text mining, thus
their relations are lost in processing.

Taking the detection and recognition of OBI as an example,
the difficulty of automatic OBI detection and recognition
based on single modality lies in the high cost of data anno-
tation, but the low detection/recognition accuracy (Xing et
al. 2019). Furthermore, the processing of Oracle bone/shell
slices suffers from high noise conditions (Shi et al. 2014),
and incompleteness of OBI characters on the edge of the
fragments of the Oracle bone/shell slices. The strokes of
these OBI characters are easily mistaken for the natural tex-
ture of the slices (Xing et al. 2019). In addition, when the
image background contains a large amount of flake noise or
the color of the OBI characters is close to the background,
it is difficult to obtain high-quality image segmentation
(Ying etal., 2018). Traditionally OBI experts seck some aux-
iliary resources for supplementation and verification. These
resources usually appear in different forms, such as interpre-
tations and facsimiles. The combination of these modalities
will aid the verification, and hopefully help to break the
bottleneck.

With the deepening study of OBS, more and more topics
have emerged, the solutions to which call for the integration
of more disciplines, technologies, and methods. The accel-
eration of intersection and integration of the disciplines
have inspired a new stage of OBS research. Figure 1 shows
the schematic diagram of the development of OBS pro-
moted by interdisciplinary integration.

It is worth noting that there are three milestones in this
development process:

1. In 2000, the concept of Oracle Bone Inscriptions Infor-
mation Processing (OBIIP) was put forward, which
marks the beginning of the real and systematic use of
computer science in OBS. Before that, sporadic com-
puter-aided studies existed (Chou and Opstad 1973;
Tongetal. 1977), but the main function of the computer
was to store OBI data (e.g., using Excel and Word) and
display them (e.g., browsing pictures and using PDF).
Later on, a large number of OBS studies were carried out
with computers. OBIIP becomes a typical cross-field be-
tween social science and natural science.

2. In 2015, the concept of Computational Oracle Bone
Studies (COBS) (Jing et al. 2015; Xiong et al. 2015) was
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Figure 1. Interdisciplinarity is closer and closer in OBS research; in particular the proportion of com-

puter science is getting heavier.

put forward. The management and reuse of expert
knowledge is an important issue in OBS. Due to the dif-
ficulty in OBI study, only a few experts can interpret
them at present. Therefore, knowledge engineering is in-
tegrated into OBIIP to realize knowledge representation
and manage the corpus. With the help of experts, we an-
notated the OBI corpus, constructed the OBI language
models and ontologies, and extended the application of
computational linguistics to the field of OBS since its
corpus characteristics are different from that of modern
Chinese.

3. The concept of Oracle Bone Inscriptions big Knowledge
(ObigK) emerged in 2019. Thanks to big data, deep
learning, AI and other technologies, the OBI big data
platform Xiong et al. built (Xiong et al. 2019) has played
an important role. The traditional OBS research has
gradually formed a paradigm of data-driven and
knowledge-driven, and the research focus shifted from
qualitative methods to quantitative methods. Compared
with previous empirical methods, more research conclu-
sions are drawn based on computer algorithms. The rap-
idly accumulated multi-modal data of OBS constitutes a
large-scale knowledge graph (Xiong et al. 2021), which
provides knowledge services for OBS research, and the
OBI big data platform is transformed into a big
knowledge platform.

As can be seen from Figure 1, OBS involves more disciplines,
and the relationship between them is becoming closer,
which increasingly reflects the engineering characteristics,
and there is an urgent need for systematic and scientific

knowledge organization and management methods. This is
also the motivation of this study.
The main contributions of this paper are as follows:

1. Based on OBI big data platform, an Oracle Bone Studies
Knowledge Pyramid (OBSKP) model is proposed. It de-
scribes the basis and application of OBIIP from the data
layer (digitalization), presentation layer (knowledgiza-
tion), and application layer (intellectualization).

2. Transforms the OBS study from traditional qualitative
analysis to a quantitative analysis-based approach supple-
mented by qualitative decision-making. It increases the
automation of information processing and reduces the
burden on the OBI experts to focus on advanced deci-
sion-making activities. It also improves the interpretabil-
ity of the research conclusions.

3. From the perspective of Knowledge Engineering (KE),
the traditional study of OBS is improved, by emphasiz-
ing the refinement, fragmentation, conceptualization,
networking, vectorization, and multimodal fusion of
knowledge. The new approach to knowledge organiza-
tion facilitates the sharing and reuse of OBS knowledge.

The rest of this paper is organized as follows: Section 2 in-
troduces the relevant research. Section 3 introduces the OBI
big data platform and OBSKP model. Section 4 introduces
two typical application examples of the pyramid model. Fi-
nally, section S introduces our conclusions and points out
the next research work.
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2.0 Related work

Knowledge Organization (KO) is about activities such as
document description, indexing and classification per-
formed in libraries, databases, archives etc (Hjorland 2008).
There are various methods of knowledge organization in-
cluding classification systems, facet-analysis, information
retrieval tradition, user-oriented views, bibliometric, do-
main analytic and others (e.g. ontological approach (Herre
2013), and genre and activity-based approach (Andersen
2015)).

Since the OBI was unearthed, experts and scholars began
to study the knowledge organization of OBS. The early
knowledge organization of OBS was based on the classifica-
tion system. The important event was the publishing of
Chia-ku-wen tuan-tai yen-chiu li by Tung Tso-pin (Tso-pin
1933), a famous OBI expert, in which he put forward ten
dating criteria, namely, genealogy, titles, diviners, pit loca-
tion, foreign statelets, persons, divination topic, grammar,
epigraphic form, and calligraphy. According to these stand-
ards, the OBI was divided into S periods, covering the reign-
ing periods of twelve hereditary kings of Shang Dynasty,
each period including between two and four kings. Later, Li
Xueqin and Yushang (1996) wrote Periodization research of
oracle bones € tortoise shells in Yin Ruins and proposed the
introduction of archaeological stratigraphic evidence into
the periodization of OBI. It is also a classification method.
This way of knowledge maintenance is full volume update,
which generates a lot of redundancy and has a long update
cycle.

With the involvement of computer science and infor-
mation technology, OBS knowledge was organized to sup-
portinformation retrieval, such as OBI database (Mao 2010)
and OBI semantic dictionary (Feng et al. 2014), but they
could not solve the problem that the retrieved objects in-
volved OBI images.

Since literature is an important data source for OBS re-
search, the bibliometrics based mapping of knowledge do-
mains (MKD) approach is used for OBS knowledge repre-
sentation and organization, and plays an important role in
constructing the OBS knowledge graph. (Xiong et al. 2019;
Xiong et al. 2020). However, MKD cannot organize the
multimodal knowledge of OBS.

Ontology can provide formal specifications and harmo-
nize the definitions of concepts used to represent the
knowledge of specific domains (Herre 2013). It is therefore
widely used in knowledge organization (Marcondes 2013;
Machado 2021). To fully define the concepts and express the
relations between OBS knowledge entities, Xiong etal. (2011)
studied the OBI ontology and built the OBS knowledge
graph based on this ontology and OBS multimodal data
(Xiong et al. 2020; Xiong et al. 2021). Although these meth-
ods can organize and manage OBS knowledge to some extent,

they play little role in expert knowledge reuse, facilitating re-
use by computer algorithms, or assisting expert decision-mak-
ing. Moreover, in the environment of proliferating data and
increasing interdisciplinarity, there is a lack of a systematic
and comprehensive model for the integrated management of
data, knowledge and applications of OBS. In knowledge or-
ganization domain the existing pyramid model data-infor-
mation-knowledge-wisdom (DIKW) (Bates 2005; Baskarada
and Koronios 2013) was widely used, but nowadays it is gen-
erally considered unsatisfactory (Frické 2019). There is still a
need for development of knowledge services and applications.
In addition, OBS in the new era involves unprecedented en-
gineering characteristics such as big data, big knowledge, and
multimodality, so it is necessary to build a suitable knowledge
organization model according to the characteristics of do-
main knowledge and application needs.

3.0 OBI big data platform and knowledge pyramid
model

After more than 20 years of research efforts and nearly S
years of development, we built an open OBI big data plat-
form entitled Yinqi Wenyuan (http://jgw.aynu.edu.cn/). It
is a knowledge-sharing platform integrating the OBI font li-
brary, OBI description library, and OBI literature library.
This is so far the largest and most comprehensive OBI basic
data service platform. With the continuous increase of the
data and improvement of the platform functions, more and
more applications begin to serve the research of OBIIP.
Based on this platform, we propose the OBSKP model for
applications, as shown in Figure 2.

As can be seen from Figure 2, the model is composed of
three layers: digitalization, knowledgization and intellectu-
alization. The bottom is the data layer, which is derived
from the three foundations of Yingi Wenyuan: font library,
description library, and literature library. The middle is the
presentation layer, which organizes, stores, analyzes, and
represents the OBI digital resources. This part forms the
ObigK. The top is the application layer that is based on the
ObigK. The application layer provides users with intelligent
knowledge services, including, but not limited to, OBI full-
text retrieval, knowledge recommendation, intelligent
Question Answering system (QA), etc.

In OBSKP we implement the following functions that
work as the foundations of this study.

1. We deploy the OBI font library, description library, and
literature library on a unified platform to meet the dif-
ferent needs of OBS research. The three modules are self-
inclusive but are integrated with each other, which
greatly facilitates researchers’ access to literature and de-
scriptions.
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Figure 2. OBSKP model.

2. We use fragmented annotation to label the OBI image-
character in the literature, so as to avoid the failure of re-
trieval of the current literature based on the OBI image-
character.

3. According to the OBI font library, we replace the clerical
simulated characters and unrecognized OBI characters
in the OBI interpretation texts and realize the full-text
literature retrieval based on OBI characters.

4. We build OBSKG as foundation of intelligent
knowledge service, which establishes the relationship be-
tween knowledge entities and provide the function of
knowledge reasoning. This function can aid the experts
in literature study and OBl interpretations, and also pro-
vide OBI enthusiasts with intelligent QA services.

In the OBSKP model, the three layers respectively provide
basic data, big knowledge platform and intelligent
knowledge services for OBIIP. The rest of this section de-
scribes in detail the various layers of OBSKP.

3.1 Digitization layer

The task of the digitization layer is to collect and organize
the basic OBI data, for establishing databases including OBI
literature library, font library and description library. At
present, the Yinqi Wenyuan big data sharing platform we
built manifests the significant progress toward OBI digital-
ization, and the OBI basic data it holds are shared by users
all over the world.

The literature library aims to collect and categorize the
published literature since the discovery of OBI as texts or
images. At present, its capacity has reached 33369. As
shown in Figure 3.

The character glyphs of the font library come from the
handwritings of OBI experts, and are coded by the sixth
plane of Unicode system. At present, its capacity has
reached 4697 OBI characters, as shown in Figure 4.

The descriptions library aims to collect all the published
books and related pictures since the discovery of OBI. The
main storage format is high definition (HD) scanned image.
Its current scale has reached 152 books and 234,662 images,
as shown in Figure S.

3.2 Knowledgeization layer

The knowledgization layer is the core of knowledge organi-
zation since it is responsible for extracting knowledge fac-
tors from the underlying data and making them into a form
that can be easily understood and shared by computers
through knowledge representation methods. It adopts the
organization approach based on knowledge association, ex-
tracting OBS knowledge factors from the digitization layer,
analyzing and synthesizing them, and acquiring knowledge
associations to generate higher-level compound knowledge.
This layer focuses on the refinement, fragmentation, con-
ceptualization, networking, vectorization, and multimodal
fusion of OBS knowledge. Its purpose is to build a large-
scale computable multi-dimensional knowledge network,
to realize the sharing and reuse of OBS knowledge.

Refinement refers to the splitting and processing of basic
data to extract fine-grained knowledge factors. That is, the
OBI image is segmented into units of OBI character images
are extracted (see Figure 6 (a)); Split the OBI characters in
the font according to the radical and extract semantic com-
ponents (see Figure 6 (b)); Separate and sort the images, in-
terpretation texts and modern Chinese Texts in the litera-
ture (see Figure 6 (c)).

Fragmentation is mainly aimed at documents in the OBI
literature, because they are usually published in the form of
a mixed arrangement of image and text. The purpose of
fragmentation is to organize the OBI image-characters in
the documents, as shown in Figure 6(c). Here the OBI im-
age-character refers to images formerly embedded in the
published document as a way to input the character. Other
occasions using OBI image-character include clipping char-
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Figure 4. The font library in the digitization layer.

acters from the rubbings, or storing and displaying hand-
written OBI characters.

The implementation of fragmentation is as follows: sep-
arate image and text in the mixed document, extract the im-
ages of OBI characters in the document to form an image
database, name each image-character with a unique identi-
fier, and record its position in the original document. Here,
the position recorded in the original document refers to the
texts in the range around the position of the recorded image-
character. For example, if the range is 5, there are 5 charac-
ters (including punctuation) before and after the image-
character. If the OBI character corresponding to the image-
character is a recognized one, its modern Chinese character

will be recorded at the same time, and finally all the infor-
mation will be stored as an XML file. An example fragment
is as follows:

<paper>
<title>TE PR E] ASERIE F AOTEIE </ title>
<author> £ F#f</author>
<keyword> B S e iE S RRE</ keyword>
<publisher> H} + 3Tk </publisher>
<publishtime>2011.03</publishtime>

<charlmgs>
<charlmg>

<hanzi>#¥</hanzi>
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Conceptualization refers to abstracting the things involved
in the field of OBS to obtain some semantic models inde-
pendent of the environment. We use ontology to realize
conceptualization, because ontology as a formal, explicit
specification of a shared conceptualization makes it possible
to share and reuse knowledge. We have constructed the
common knowledge ontology, description ontology, litera-
ture ontology and interpretation ontology of OBI.

Networking refers to building a large-scale knowledge
network based on the semantic association between the
knowledge factors after the refinement stage. We achieved
networking by constructing an OBS knowledge graph and
followed the semantic models of the conceptualization stage
during the construction process.

Vectorization refers to the transformation of large-scale
OBI data into vector form, including image vector, word vec-
tor, and graph vector, intending to facilitate calculation by
computer algorithms, especially deep learning models. Vector-
ization is an important embodiment of transforming the
study of OBS from qualitative method to quantitative
method.

Multimodal fusion refers to the comprehensive consider-
ation of the features of multi-source and heterogeneous OBI
data, to remedy the deficiency that current OBI information
processing separates image modality and text modality. It is
achieved by constructing a multimodal knowledge graph
(Xiong et al. 2021) and vector hybrid embedding. A screen-
shot of a multimodal fusion fragment is shown in Figure 7.

The tasks of the knowledgeization layer also include stor-
age and semantic analysis. In terms of knowledge storage,

we adopt different methods for different types of data. Spe-
cifically, the image data (including photos, rubbings, and
facsimiles) are normalized and uniformly encoded and an-
notated with their attributes. Then they are stored in the re-
lational database and displayed on the web page.

Metadata is extracted from the OBI literature, and the
relational database is constructed. Some OBI characters in
the literature have no corresponding modern Chinese char-
acters and cannot be input into texts, therefore the images
of these OBI characters obtained from the image database is
embedded in the literature.

For the OBI font library, the OBI characters are encoded
in Unicode and important information is stored, such as
simplified Chinese characters, traditional Chinese charac-
ters, and Pinyin.

The networked knowledge factors are stored in the graph
database such as Neo4;.

The task of semantic analysis is to conduct deeper level
relevant analysis and knowledge reasoning based on the re-
sults of knowledge representation, such as word frequency
analysis, semantic scene prediction, ontological reasoning,
OBI fragment conjugation verification through interpreta-
tion text, and citation analysis, etc.

3.3 Intellectualization layer

The intellectualization layer is built on the ObigK to provide
services for OBS applications. By using Al technologies such
as big data, deep learning and knowledge graph, we aim to
provide intelligent knowledge services for OBS experts, schol-
ars and enthusiasts. These services include full-text retrieval,
intelligent QA, knowledge recommendation and more.
These are also the innovations of OBS research in the new era
because they extend the traditional OBS study to the field of
application. The rest of this section will deal with these intel-
ligent applications at greater length.

OBI full-text retrieval includes OBI full-text description
retrieval and OBI full-text literature retrieval.

The full-text retrieval of OBI description includes Oracle
bone/shell retrieval, OBI interpretation retrieval, and mutual
retrieval. Specifically, Oracle bone/shell retrieval and OBl inter-
pretation retrieval can be realized according to the input key-
words such as Oracle bone/shell slice number, OBI interpreta-
tion, and OBI character. Oracle bone/shell retrieval returns the
target Oracle bones or shells and the full text of the interpreta-
tion corresponding to the bone/shell; OBI full-text interpreta-
tion retrieval returns the target sentences and gives the links of
Oracle bone/shell slices containing these sentences. When us-
ing OBI characters as input keywords, there are several input
methods: 1) input the modern Chinese characters correspond-
ing to the OBI characters (if the OBI characters are recognized);
2) handwriting input method; 3) select keywords from the OBI
font library; 4) upload the image of OBI character.



https://doi.org/10.5771/0943-7444-2022-7-483
https://www.inlibra.com/de/agb
https://creativecommons.org/licenses/by/4.0/

Knowl. Org. 49(2022)No.7

491

Jing Xiong, Tao Guo, Guoying Liu and Yining Chen. OBSKP: Oracle Bone Studies Knowledge Pyramid Model with Applications

E'S
/
S

Figure 7. An example of multimodal fusion.

The full-text retrieval based on OBI characters is an im-
portant contribution to the field of OBS. When users input
OBI characters or their corresponding image-characters to
search, text retrieval or image retrieval technology will be
called respectively. By using the annotation information in
the XML file described in section 3.2, the search results will
be returned, and the matched OBI characters will be located
in the literature.

The intelligent QA system is implemented based on the
knowledge graph, which is processed as follows: the natural
language processing (NLP) technology is used to analyze
the input item, extract the named entities and relation in the
searching, and obtain the triple <h, r, t> (where h represents
the head entity, t represents the tail entity, and r represents
the relation between h and t). The extracted entity (h or t)
is matched with the entity in the knowledge graph, and the
extracted relation r is matched with the relation in the
knowledge graph. If the matching is successful, it returns
the answers; If there is no matching result, it acquires candi-
date answers through reasoning by the link prediction of
knowledge graph. The specific operation is to use two ele-

ments of <h, r, t> to predict the third one, such as entity
prediction t using h and r (see Figure 8 (a)), relation predic-
tion r using h and t (see Figure 8 (b)), etc.

Content-based recommendation is used in our OBI
knowledge platform, which is different from former recom-
mendation systems based on metadata (authors, affiliations,
and references). The specific implementation adopts the
graph embedding methods, that is, to input the elements h,
1, and t in the triple <h, r, t> into the graphical neural net-
work, and to design the triple scoring function in combina-
tion with the emotional analysis of the academic viewpoint
of OBI (thatis, the difference in opinions to or against some
research idea is an important new research hotspot in COBS

field).
4.0 OBSKP application examples

There are many applications based on OBSKP, including
OBI detection and recognition, automatic conjugation, se-
mantic prediction, intelligent QA, etc. In this section, we
only list two examples for explanation.
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@) +7r->¢

(b)z-4 ->7r

Figure 8. Examples of entity prediction and relation prediction.

4.1 Computer-aided oracle-bones conjugation

Oracle bone/shell conjugation is to splice the broken pieces
of bones/shells together. During thousands of years of bur-
ial, a large number of Oracle bones/shells were broken into
several pieces due to materials aging, the pressure of the
strata, infiltration of water, and archaeological excavation.
This brings many difficulties to OBS research. The OBI ob-
tained through the conjugation of Oracle bones/shells is of
high historical value and importance.

After the fragments of Oracle bones/shells are conju-
gated, the relations between the OBI characters can be
found. Once the original Oracle bones/shells are restored, it
becomes an important historical material for understanding
the society of the Shang Dynasty. In the study of Oracle
bone/shell conjugation, we need to comprehensively con-
sider multiple data sources and features, such as photos,
rubbings, facsimiles, conjugation pieces, conjugation meth-
ods, conjugation time, descriptions, academic papers, etc.
Other necessary information to consider includes the shape
of the Oracle bone/shell pieces, the interpretation texts, the
OBI characters, and the stage divination.

Engaging in Oracle bone/shell conjugation research re-
quires the experts' long-term scientific accumulation and
keen insight into OBI literature. More often, there are many
conjugation clues hidden in the vast amount of OBI basic
data and literature. In addition, in the process of conjugation,
we should combine various data for mutual verification and
supplement. In the case that some rubbings are missing in
conjugation, they can usually be replaced by photos, copies,
or 3D images. In other cases, if the shapes can be combined
correctly for candidate fragments, then the interpretation text
is usually used for verification. There are usually implicit con-
nections between these clues. Once the key points are found,
the efficiency and accuracy of conjugation can be greatly im-
proved. After these clues are stored in the OBSKG, valuable
clues can be found through the node path search, to help OBI
experts conjugate Oracle bone/shell picces.

It is also important to exclude incorrect candidate conju-
gation results of automatic conjugation. On the one hand,

the conjugated fragments are helpful to complete the OBl in-
terpretation texts; on the other hand, the OBI interpretation
can also verify the correctness of candidate conjugations.
Purely relying on the OBI experts for interpretation both has
many difficulties and is quite costly. The knowledge graph
has great advantages in abnormal detection, carried out by al-
gorithms such as retrieval, reasoning, consistency checking,
outlier detection, and community discovery. Similarly, this
advantage can be introduced into the study of Oracle
bone/shell conjugation, and the detection of abnormal con-
jugation can provide clues for OBI experts. An example of
Oracle bone/shell conjugation is shown in Figure 9.

The example shown in Figure 10 is a manual conjugation,
in which the rubbings and facsimiles manifest the compre-
hensive use of the multiple modality data in OBS. From the
shape and outline of the Oracle bone/shell pieces, they co-
incide well, which seems to be a correct conjugation result.
However, by combining the interpretation texts of these
two pieces, it can be found that there are errors in syntax and
semantics, so it is judged as incorrect. This conclusion not
only shows the importance of comprehensive utilization of
multimodal OBI data, but also verifies the effectiveness of
OBSKG in the study of Oracle bone/shell conjugation.

4.2 OBI knowledge QA assistant

The purpose of building OBSKG is to establish links be-
tween OBS knowledge entities and form a large-scale
knowledge network. It can summarize the knowledge chain
from the complicated mass of knowledge points according
to certain logic, so as to realize knowledge retrieval and in-
telligent services. Intelligent QA can be realized by finding
paths in the knowledge graph. On the basis of OBSKG, we
developed an intelligent QA assistant named Wen Xiaoyuan.
At present, it is a lightly complex OBS knowledge QA, as is
shown in Figure 10.

The implementation method of intelligent QA assistant
is described in section 3.3. The entities and relations are
parsed from the user's questioning sentences for matching

in the knowledge graph. The knowledge graph query state-
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anms

amn

Figure 9. An example of oracle bone/shell conjugation.

R BEETHERYE RS

ERURNE-/NIH 16:19:00
y EDVD: )
E Hi, REWERNF-INH

BensSse
3% 16:19:35 ’?
- STERENEE
RS Y 4
E AR E-X/NIN 16:19:35 FHERLREER
| cEEomBERRE: (1) BEE Q) PSS ) B iteicditind
% (4) Tme
32 16:19:43 f?
<

D ERERHFE-/NN 16:19:43
> CHEENEREFE: (1) EEXESRERSSER

TR

XTI

Figure 10. OBS QA assistant Wen Xiaoyuan.

ments are generated and executed, and finally the possible
answers are returned. We use the Neo4j cypher to realize
knowledge graph query. At the same time, according to the
characteristics of the field of OBS, we also adopt the follow-
ing methods:

1. The commonly used word segmentation tools fail to
achieve high accuracy in OBS field, so we have estab-

lished an OBI dictionary to manage OBI terms and com-
mon collocations.

. Usually, the nouns in the question entered by the user are

the candidate elements for the entities, and the verbs are
the candidate elements for the relations. In OBSKG,
however, relations are sometimes expressed by nouns or
polysyllabic words. To improve the quality of QA, we

maintain a list of relation vocabulary that is formed by
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extracting terms from the relation set of OBSKG, with
their synonyms considered.

5.0 Conclusion

To break the bottleneck of OBS research, we reconsider the
knowledge organization of OBS from the perspective of
computer science, whose main goal is to address the sharing
and reuse of expert knowledge, as well as the problems of
computability and interpretability. A knowledge represen-
tation and organization method suitable for OBS is pro-
posed in several dimensions, including refinement, frag-
mentation, conceptualization, networking, vectorization,
and multimodal fusion. A comparison of this method with
existing ones is shown in Table 1.

Based on the OBI big data-sharing platform, we propose
an OBSKP model to serve OBIIP research from the perspec-
tive of knowledge engineering. We introduce the tasks of
each layer of the pyramid model in detail. This model not
only considers the basic research of OBS, but also pays at-
tention to its application research, which has not been in-
volved in previous studies. At the same time, we explain the
teasibility and effectiveness of the model in the application
research in the new era of OBS through two specific cases.
However, at present, the model lacks effective quantitative
indicators to evaluate its maturity. In future research, we
will design and verify some quantitative indicators to im-
prove the performance of the pyramid model.
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