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1 Objective

We early on agreed that we wanted to construct a knowledge graph for
a book, computer game or other fandom. As our group members were from
multiple countries and we had to carter to the knowledge of two nations, we
decided on the internationally well-known book The Three Body Problem
(Z4K) and its sequels The Dark Forst (FEIE#xHK) and Death’s End (FEF#
7KA42) by Liu Cixin (XZ&fik), extrapolating its characters and plot points.

Since one of our group members had a specialization in the construction
of ontologies and ontologies had a major focus later on in the lecture, we
decided on writing an owl file that heavily focused on the aspect of knowl-
edge by inference. Our goal was not only to depict the relevant characters
and scenes of the books, but to remodel the structure of the plot and allow

for deductions relations and involvements into the plot.

2 Related Works and Sources

While OpenGK already has data in the form of a json file with only
about 20 characters, it is far from comprehensive and lacked the detail
knowledge and relations we needed to form comprehensive deductions. We
therefore disregarded it, drawing our knowledge from the Chinese and En-
glish fandom wikis, wikipedia and books themselves. For links to the

sources, please see the end of the report.
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3 Our Ontology

This part of the report explains our ontology, starting from the T-Box
over the A-Box to the SWRL rules. Informations about the R-Box are
implicitly covered in the T-Box section. The ontology was developed using

Notepad++ and Protégé.

3.1 Remark about the Reasoner

The ontology was initially constructed with the Pellet reasoner in mind.
As the work progressed and the ontology became more complex, we switched
to HermiT, noting that the complex SWRL rules we had constructed for
Pellet, also worked for HermiT 1.4.3.456 while also reducing the reasoning
time by a multiple. Therefore, the reasoning with the ontology should be
done with the aforementioned HermiT reasoner. Some hints on the former
use of Pellet like for example the encoding of transitive roles into SWRL

rules can still be found.

3.2 T-Box

The T-Box is held comparatively simple, only consisting of the fol-

lowing classes: Person, Species, Book, Era, Scene, Organization, Fraction
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and Location. To allow a better understanding of the person and its rele-
vance, the class Person is subdivided into the subclasses Main Character,
Side Character, Game Alias and Real World Character, while the Species
has the subclasses Artificial Species and Natural Species in order to allow
creation and ownership of artificial beings like robots. The classes are dis-
tinct and the parent classes have the necessary closing axioms to facilitate
reasoning.

The Book class is constructed in a way that allows for books to have
an order, its individuals creating a linked list. The object properties ”right
after book” and ”right before book” are bilateral links between the neigh-
bors. ”book after book” and "book before book” are adding a transitive
component and facilitate a link to all previous or later books. In the same
way, eras and scenes are ordered. This order allows that situations that
occurred in previous scenes can have a consequence on later scenes. Please

note that the order is chronological, not temporal.

book before book

book before book book before hook

ﬁ /—rﬂ_‘_‘_‘-‘-—“.:\
O right before book O right befare book
e —— e ——

Three Body Problem = The Dark Forest = Death's End

book after book book after book

book after book

i 2: Bidirectional list structure example on basis of the book class and its

individuals.

Besides the classes and roles, the ontology structure also consists of
some data properties. For example, the scenes have a description and a
year, while the persons have a gender, occupations, titles, birth date, and
death date. Some of those properties like the description of the scenes are
fully informative, others like the gender of the person are used during the
reasoning process. The ontology consists of 12 data properties and 51 object

properties. A full list is attached.
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Class Name Number of Individuals
Person 65

Species 3

Scene 41

Era 7

Book

Location 22

Organisation 26

Fraction 3

i 3: Number of Individuals per Class

3.3 A-Box

The A-Box holds the actual individuals. Figure 2 lists the existing in-
dividuals of the ontology. While our main focus was on the characters and
scenes, we extracted the locations where the scenes take place and organi-
zations the characters belong to to combine them and facilitate reasoning.
While the enumeration of characters and the attributes given to them is
detailed, not every single scene of the three books is integrated into the
ontology, as our focus was on reasoning on them rather than retelling the
whole series.

Figure 4a shows an example of the character Ye Wenjie with its asserted
properties. The character is of the type Main Character and therefore by
subsumtion also of type Person. Therefore it can be part of an organization
and the fractions of an organization, as seen in the object property asser-
tions. Each character also belongs to a species, in Ye Wenjie’s case human.
As you can see, Ye Wenjie has her daughter Yang Dong annotated. The
data assertions include her name in both Chinese and English, her occupa-
tion as Professor, gender, and date of birth. Who has read the book knows
that she has more relations than just her daughter. These relations are
implicitly in the ontology as seen in the inferred property assertions after
reasoning in figure 4b. The individuals of each class are just as the classes

themselves distinct of each other.
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(a) Asserted (b) Inferred property assertions

i 4: Individual Ye Wenjie with her type, distinctions and property asser-

tions.

3.4 SWRL rules

The SWRL rules cover transitivity and role axioms to facilitate reason-
ing both with HermiT and Pellet, as much as rules for asserting information
about the on-goings in the books and the relations between the characters.
The latter have to cope with the delicacies of the open world assumption.
While the individuals and classes are both distinct which eases the task
of reasoning, it would have been to complex and not in the spirit of an
open world ontology to close all the roles. Therefore, the used negative
statements has to be handled with care. Nonetheless, our ontology allows
comprehensive reasoning, as can be seen in the next section. There are 27

rules in total. A complete list is in the appendix.

4 Example Queries

Now let’s test the ontology with a few examples. The following sub-
sections include each a goal, a DL query, an explanation of the rules and
axioms that are triggered and the output of the inquiry. Other possible
inquiries would be for example which characters interacted during a scene,
on which locations they must have been, which characters were coworkers
or which characters must know each other. For simplicity, we assume that
characters who are related or are in the same organization also know each

other.
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4.1 Who are the Wallfacers?

The easiest type of query is just to extract pre-coded knowledge, for
example, all of the characters that have the title ” Wallfacer”. In this case,
we only need to query all the individuals and find those have the attribute
Title with the value ”Wallfacer”.

Title value "Wallfacer”

Execute | Add to ontology

Query results

Instances (4 of 4)
& Ch_Bill_Hines
& Ch_Frederick_Tyler
&ch_Luo_Ji
& Ch_Manuel_Rey_Diaz

4.2 Who of the male characters has a child?

To assert which of the characters in the ontology have a child, we need
the child_of object property, the Gender data property and SWRL rule for
fatherhood. The former two are part of the static information we have

embedded into our ontology. The SWRL rule has the following form:

Gender (?x, ) ~ parent_of (?x, ?7y) ->

father_of (?x, 7y)

The rule implies that somebody who is male and the parent of a child,
is also automatically the father of that child. We can now use this rule to

find out who is a father by using this rule.

4.3 Is Mike Evans already death at in the last scene of
the first book?

To answer this question, we need to know in which scene Mike Evens

died and whether this scene is before or after the scene ” Ye Wenjie reflects”
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father_of some Person

Execute  Add to ontology

Query results

Instances (4 of 4)
& Ch_shi_giang
@& Ch_Wang_Miao
& Ch_Yang_Weining
@ Ch_Ye_Zhetai

which is the last scene of the first book. Here, the list structure in which
we ordered the scenes helps to find a conclusion since we have a strict
order for each and every scene and therefore can compare them and deduce

information for a future scene.

person_dies_in_scene (?7x, ?y) ~ scene_after_scene(

?yl, ?y) -> person_dead_in_scene(?x, 7yl)

In the book, Mike Evans dies during the ambush on his ship f{edemption
Daywhich happens a few chapters before the conclusion of the book. As can
be seen, the output tells us that Mike Evans indeed has already died before

the final scene.

{Ch_Mike_Evans} and person_dead_in_scene some {Sc011_YeWenjie_reflects}

Execute  Add to ontology

Query results

Instances (1 of 1)
& Ch_Mike_Evans

4.4 Who hates whom?

The rules state two different reasons why a Person could have an an-
imosity towards another Person. The first one is, that they belong to the
same organization, but different fractions, as is the case for several members
of the ETO. The rule stating this fact looks as follows:
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belongs_to_frac(?pl, 7f1)
?7f2) ~ differentFrom(?f1, ?f2) ~

fraction_of (?f1, 70) -~ fraction_of (7£f2, 7o)

belongs_to_frac(?p2,

-> has_animosity_towards(?pl, ?7p2)

The second reason is, that the individuals belong to rivaling species,
for example the Trisolarians and the humans. This rule is quite easily to

embed:

belongs_to_species (?pl, ?7sl)
species_hates_species(?7sl, 7s2)
belongs_to_species (7p2, 7s2)

-> has_animosity_towards(?pl, ?p2)

Now we also want that, a species who belongs to another species like
the Sophons, shares its owner’s animosity. We therefore add a role axiom

using the species_belongs_to_species role.

inverse has_animosity_towards some {Ch_Shen_Yufei}

Execute| Add to ontology

Query results
Instances (5 of 5)
& Ch_Mike_Evans
.Ch_Pan_Han
& cn_sophon
.Ch_Sophons
@ ch_Trisolarians

An additional useful restriction of the rule would be that people of
organizations that have a positive inclination towards a species are exempt
from hating it. But this rule is hindered by the open world assumption.
If one was to set an organization as positive not only would all characters
belonging to this organization be exempt from hating the species in question,

but also all other persons in the ontology. The reason is that while it
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isn’t explicitly stated, the ontology allows the possibility that all characters
belong to the organization. Therefore they also could all be positive towards
the species. The rule would be rendered useless. Here we come to the limits

of ontologies based on the open world assumption.

5 Evalution with OOPS!

To validate our ontology, we used the ontology pitfall scanner, better
known as OOPS!. This online app points out the major flaws of an ontology.
The pitfalls are classified as critical, important or minor. Since the whole
ontology was too big for OOPS! to process, we excluded individuals and
rules from the check and therefore searching the T-Boy for flaws.

The ontology had no critical errors, but some delectable minor issues
and two important remarks. The majority of the pointed out flaws were
attributed to stating the domains and ranges implicitly rather than writing
them explicitly to every property even if they were already inferred. If
the ontology is imported with its inferred axioms, this pitfall vanishes. We
nonetheless added the domains and ranges to each property in order to fulfill
the demands of the pitfall scanner. To declare a license, we imported dc
and used its rights annotation property.

Most of the missing reverse relationships are not needed because they
are either not relevant for our ontology or already declared by SWRL rules,
but we added additional symmetric properties where needed. The property
chain pitfall doesn’t give any indication of the place in which it occurs nor
does any property chain actually have only one property. The remaining
annotation pitfall is minor and caused by actions like using special symbols
and spaces in the annotated labels, so we simply interchanged forbidden

symbols.

6 Critique and Conclusion

Our ontology introduces a comprehensive overview of the characters,

organizations and scenes in the —4£ universe. It also spans a web, allowing
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Pitfall Importance ‘ Number ‘
Missing domain or range properties Important 33

No license declared Important

Inverse relationships not explicitly declared Minor 26
Misusing ontology annotations Minor 36
Creating a property chain with just one property | Minor 1

K 5: Pitfalls detected by OOPS!

a deduction on the temporal order between the books, eras and scenes, and
the relation of the characters to each other and to the happenings of the
books.

To address possible shortcomings; as our group members are from di-
verse origin, the ontology is partly English, partly Chinese. This might
impede the usage for individuals that are not able to understand both
languages. It also displays the common problems of ontologies that are
equipped with the whole force of both STROIQ(D) and SWRL, slowing
down considerable with increasing size. We therefore had to do a trade-
off between size and reasoning speed. Nonetheless, the ontology is a good
example of the might and limits of complex ontologies.

As for further work, the ontology has the capacity to be further ex-
panded by rules that infer interesting facts about the characters and books’
contents. For example, while we annotated the dates of eras, scenes and
events like death and birth, they are not yet included into the reasoning,
because reasoning on dates and numbers is not in the scope of traditional
ontologies. Nonetheless, they could be used for further information gather-

ing.

7 Sources

e https://santi.huijiwiki.com/wiki/

e https://three-body-problem.fandom.com/wiki/Three_Body_Problem_Wiki
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e https://www.douban.com/group/topic/16436745/7_1=3233689cM2QT3P

https://zhuanlan.zhihu.com/p /397302462

https://zhuanlan.zhihu.com/p/94194566

https://www.jianshu.com/p/ad2d1c8f39d2

https://de.wikipedia.org/wiki/Die_drei_Sonnen

https://three-body-problem.fandom.com/wiki/Three_Body_Problem_Wiki

8 Appendix

8.1 Object Property List

Name Domain Range
belongs to frac Person Fraction
belongs to orga Person Organization
belongs to species Person Species

book after book Book Book

book before book Book Book

born at Person Location
boyfriend girlfriend of Person Person
brother of Person Person

child of Person Person
coworker of Person Person
daughter of Person Person

died at Person Location

era after era Era Era

era before era Era Era

era in book Era Book

father of Person Person
fraction of Fraction Organization
friends with Person Person



https://www.douban.com/group/topic/16436745/?_i=3233689cM2QT3P 
https://zhuanlan.zhihu.com/p/397302462 
https://zhuanlan.zhihu.com/p/94194566 
https://www.jianshu.com/p/ad2d1c8f39d2 
https://de.wikipedia.org/wiki/Die_drei_Sonnen 
https://three-body-problem.fandom.com/wiki/Three_Body_Problem_Wiki 
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has animosity towards Person Person
has members Organization Person
in romantical relationship with | Person Person
know each other Person Person
lives near Person Person
married to Person Person
mother of Person Person
parent of Person Person
person alive in scene Person Scene
person at location Person Location
person dead in scene Person Scene
person dies in scene Person Scene
person in scene Person Scene
positive towards species Organization Species
related to Person Person
right after book Book Book
right after era Era Era
right after scene Scene Scene
right before book Book Book
right before era Era Era
right before scene Scene Scene
scene after scene Scene Scene
scene at location Scene Location
scene before scene Scene Scene
scene in book Scene Book
scene in era Scene Era
scene includes person Scene Person
sibling of Person Person
sister of Person Person
son of Person Person

species belongs to species

Artificial Species

Natural Species

species hates species

Species

Species
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was taught by Person

Person

8.2 Data Property List

Name Domain

Range

Chinese Name Person

string

Date Of Birth Person

int

Date Of Death Person

int

English Name Person

string

Era Begin Era

decimal

Era End Era

decimal

Gender Person

string

Name Person

string

Occupation Person

string

Scene Description | Scene

string

Scene Year Scene

decimal

Title Person

string

8.3 Rules

it child_of(?x, 7y)* “male™*rdf PlainLiteral) -> ThreeBodyProblem:son_of(?x, ?y)
child_of(?x, 7y)* hild_of(?z. 7)-> )_of(?x, 72)
daughter_of(, %) > , . YemaleretPlainL teral)

r_of(?x, ?%y) > h “male™rdf-PlainLiteral)
ThreeBodyProblem:era_before_era(?x, ?y) * _before_era(?y, 72) -> ra_before_era(?x, 72)
ister_of(?x, 7y) -> iy “female™rdf PlainLiteral)
_olt2%, ) Gender(?x “male™*rctPlainLteral) - ThresBocyProblem-brother_of(?x, %)
ibling_of(?x, 7y) * “female™*rdf PlainLiteral) -> ThreeBodyProblem:sister_of(?x, ?y)

% child_of(?x, 7y) * “female™raf PlainLiteral) -> ThreeBodyProblem:daughter_of(?x, ?y)

, 1to(%, %) > , 1 t0(%%, 72)

ThreeBodyProblem:Sce (751, 7e) * Year(?s2, %) * before_scene(?s1, ?s3) * ThreeBodyProblem:scene_after_scene(?s2, ?s3) -> ThreeBodyProblem:Scene_Year(?s3, ?e)

ThreeBodyProblem scene_before_scene(?x, %) * ThreeBodyProblem scene_before_scene(?y, 72) > ThreeBodyProblem scene_before_scens(?x, 72)
ThreeBodyProblem:person_dies_in_scene(?x, %y) * ThreeBodyProblem:scene_after_scene(?y1, ?y) -> ThreeBodyProblem:person_dead_in_scene(?x, ?y1]

ThreeBodyProblem:species_hates_species(?s1, 752) * ThreeBodyProblem'species_belongs_to_species(?s3, 2s1) > ThreeBodyProblem:species_hates_species(?s3, 252)

father_of(?x, %) > 3 “male™raf PlainL iteral)
ther_ol(7x, %) > ‘Gender(?x, female™rdt PlainL teral)

ThreeBodyProblem positive_towards_species (20, 752)  ThreeBodyProblem:species_belongs_to_species(?s3, 252) -> ThreeBodyProblem positive_towards_species(?0, 753)
ThreeBodyProblem Gender(?x, “male™rdf PlainLteral) * Lof2x. %) > o7, %)

2 _to_0rga(?p1,70) _to_orga(?p2, 20)* p1,292) - (_ol7p1,%02)
ThreeBodyProblem person_dies_in_scene(?p, 75)* ThreeBodyProblem:scene_a_location(?s, 7) > ThreeBodyProblem died_al(?p, 71)
ThreeBodyProblem:book_before_book(?x, 71)* k_before_book(%, 72)-> D00K_before_book(?x, 72)
ThreeBodyProblem Gender(?x, emale™*rdt PlainL teral) Lof(2x, %) > mother_of(?x, 7)

% _to_frac(?p1, 711)* _to_frac(7p2, 712)* 1, 712) % \_of(211, 20)* X

odyPr _in_era(?s1,76)* (752, 70)* _before_scene(?s1, 753) ThreeBodyProblem'scene_after_scene(?s2, 753) > ThreeBodyProblem'scene_in_era(?s3, 7¢)
s0n_ol(?x, %) > “male™raf Plainteral)

ThreeBodyPr

frac(2p, 70)* of(21, 20) > belongs_to_orga(?p, 20)

ThreeBodyProblem belongs_to_species(?p1, 7s 1) ThreeBodyProblem:species_hates_species(?s1, 752)  ThreeBodyProblem belongs_to_species(?p2, 752) > ThreeBodyProblemhas_animosity_towards(?p1, 202)

_animosity_towards(?p1, 7p2)
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