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> AFMREEFHNENLENXRBEI P EERTRT, RANREBEEFNEHEEMBEXESR
> BEENFFSRTERAEENEERT, NEEMTNERES, 5328 EES

> IR BEAERN > BT RN, B AEERE R IENCE.
KG Embeddings = Entity Vector & Relation Vectors = Distributed Representations of Knowledge Graph

Knowledge Graph .
/ ge Brap e3frE N
Michael Jordan Kobe Bryant

plays for/sWork as nationality _ /\plays for
“ nationalit < work as e
Chicago {0 _oeT Lakers
Bulls -~

N USA Basketball
locate in Player
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plays for/ywork as o /\plays for
na’|9na Ity ~a

—» Known Triples
- - -» Triples to Predict

1. YIEBER : EITEMERNFT
2. HERBE : WAL R BB

TransE, DistMult, RotatE, R-GCN, CompGCN, -

Wang, Quan, et al. "Knowledge graph embedding: A survey of approaches and applications." TKDE 2017. 5/23
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Mingyang Chen, Wen Zhang, Yuxia Geng, Zezhong Xu, Jeff Z Pan, Huajun Chen. Generalizing to Unseen Elements: A
Survey on Knowledge Extrapolation for Knowledge Graphs. IJCAI 2023.

Jiaoyan Chen, Yuxia Geng, Zhuo Chen, Jeff Z. Pan, Yuan He, Wen Zhang, lan Horrocks, Huajun Chen. Zero-shot and
Few-shot Learning with Knowledge Graphs: A Comprehensive Survey. Proceedings of the IEEE 2023. 6/23
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( William Shakespeare, book/author/works written, Romeo and Juliet )

)

William Shakespeare was an
English poet, playwright, and
actor, ...

Xie, Ruobing, et al. "DKRL: Representation learning of
knowledge graphs with entity descriptions." AAAI 2016.

word embeddings

knowledge graph

head
relation
tail

1

Romeo and Juliet is a tragedy
written by William Shakespeare

early in his career ...

Julia Lindig

Julia Lindig is a German
actress starring in several
independent films.

aggregation W€

train KGC model

text-based entity
embeddings v
e . Vdulia_Lindig

graph-based entity &
relation embeddings u

Suit of
armour

has part

Armet

graph-based and text-based
embeddings u, v aligned

learn
transformation WP

apply KGC model

¢(lllmap (Vuulia_Lindig), Starred_in, ?>

/SR ( VJulia_Lindig )

Xie, Ruobing, et al. “IKRL: Image-embodied knowledge
representation learning." IJCAI 2017.

Shah, Haseeb, et al. “OWE: An open-world
extension to knowledge graph completion
models." AAAI 2019.

S a
vy, 1= P99 (le,vw2, ---,’an)

score(h,r,t) = ¢(\Ilm“p(vh), Upy ut)
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Basketball, Sport . Team, Chicago Bulls
1946, Founded Time (NBA, has athlete, Michael Jordan ) Nationality, American
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: . ! [ ), 5% Zradio station in city (witnt, Chicago) RAE —
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T R
PR AR GAN S
( \ . | —> EEE ?
= = 7| 53 RS
t = e N
. 7 . GAN 2 4535 & T AL TR
N NSO Rivers that flow . TFIDF radio station in city . S E
XAE=RRIEX cridein on o —® KR A KEARKREE
y imme iately 7 N \
MHERE e N = — = [@%&; J —> ? WL
ty... tu mm ,
EmVI:/e:Ir;ng has office in city s Xu 1‘

+HE A B (dragon air, Hong Kong) _)[ REAE T BL & ]

Qin, Pengda, et al. "Generative adversarial zero-shot z~N'(0,1) o
relational learning for knowledge graphs.” AAAI 2020. A 5k & has office in city X T A 9/23
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Ontological Schema

Seen KG Relation: oimens an organization whose]
radio_station in_city rifs:subClassO goal is to make money
— — = =

Textual Descriptions —— H [_radio station | Biidomain

. L ) rdfs:domain”™
radionstationincity: specifies e o
that a particular radio station is / KA 3T % radio g?ytion in —df:subPropertyOf-
headquarted in a particular city dfs:comment

.. , ndfs: rdfs:range
hasofficeincity: specifies that a u irane frang : :

. specifies... a particular company
partlcular company has offices Unseen KG Rela tiOIl' city [has offices ... in a particular mty]
in a particular city R

- / has office in_city

The Ontological Schemas contains different kinds of
relation knowledge including textual names and
descriptions, and relation semantics from RDFS and OWL.

Yuxia Geng, Jiaoyan Chen, Zhuo Chen, Jeff Z. Pan, Zhiquan Ye, Zonggang Yuan, Yantao Jia, and Huajun Chen.
OntoZSL: Ontology-enhanced zero-shot learning. WWW 2021.
Yuxia Geng, Jiaoyan Chen, Wen Zhang, Yajing Xu, Zhuo Chen, Jeff Z. Pan,Yufeng Huang, Feiyu Xiong, and Huajun

Chen. Disentangled Ontology Embedding for Zero-shot Learning. KDD 2022. 10/23
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g O 7 mm GAN 2. DN G EFAELENLT
rafs:domain” radio station in city Yy vz ﬁs B
: ~ v =
radio station in ~—dfs:subPropertyOf- ﬁh F = : \
rdfs:range rdfs:range Gicomment 0 u | T B ﬁ @ ﬁ . % =
specifies... a particular company L y
has offices ... in a particular city has office in city . u T

TR W E

(dragon air, Hong Kong) —)[ %ﬁ%ﬁ%ﬁ ]

| xARMpAGEEE | AEDIREX
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Yuxia Geng, Jiaoyan Chen, Zhuo Chen, Jeff Z. Pan, Zhiquan Ye, Zonggang Yuan, Yantao Jia, and Huajun Chen.

OntoZSL: Ontology-enhanced zero-shot learning. WWW 2021. 11/23
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|competes_with| I'! | country_cities | Y
1
rdfs:domain ; | rdfs:range |
= Og
rdfs:domain  rdfs: i i in ci
Ifs rdfs:range R ALK radio station in city

[ has_office_in_city ]
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rdfs:subPropertyOf
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[ radiostation_in_city ] \P

has office in city

[organizaﬁon_acts_in_location]
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Yuxia Geng, Jiaoyan Chen, Wen Zhang, Yajing Xu, Zhuo Chen, Jeff Z. Pan,Yufeng Huang, Feiyu
Xiong, and Huajun Chen. Disentangled Ontology Embedding for Zero-shot Learning. KDD 2022. 12/23
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|competes_with|. " |country_cities| : | GCN 5 _
rdfs:domain rdfs:range (wfmt, Chicago)
== - O @ «— | o s

e s S c ~ (knpr, Las Vegas)
; rdfs:range h s O§>"O__ GON —> Q\?>‘O—9 Wh FEAARAE [0 &
N/

>

[ has_office_in_city } .o
ﬁ O — . <+— (dragon air, Hong Kong)

rdfs:subPropertyOf c, | GCN N 0327) | “7; l’ VUREE

[ radiostation_in_city ] rdfs :subPl\“op ertyOf
AL ¥

[ 1

[organizaﬁon_acts_in_location]

1. BXEHE 2. ASRIFHIERE 3. BiImEms

. 1 if sim(ck ) > H* — (A H o W= leZk
Ar(i,j) = P27 =o0(AH, ®)) =K
 RARAR RIS k) { 0 otherwise : Tk W = Wi ([Z1; Zos s Zk])
—> | & i Yuxia Geng, Jiaoyan Chen, Wen Zhang, Yajing Xu, Zhuo Chen, Jeff Z. Pan,Yufeng Huang, Feiyu

— > A EE Xiong, and Huajun Chen. Disentangled Ontology Embedding for Zero-shot Learning. KDD 2022. 13/23
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» OOKB entity: Out-of-Knowledge-Base entity

4 R v = Ve if n =0,
- -1 1 .
OOKB entity Knowledge Graph ¢ P(S D (e)u SV (e)), otherwise,
I . .
| Blade-Runner %‘ """"""" P Science-fiction
[
(3) is-a? Snead(€) = {Thead(Vas; b, 7, €) | (B, 7, €) € Ni(e)},
(2) is-aT Stail(e) — {Crtail(vt; €T, t) | (67 T, t) < M(e)}a
Do-Androids-Dream R R R R R S SR AR SR R AT SRR
_Af [~ 2 1 % v q : ,
(1) based-on of-Electric-Sheep’ : o . KG :
_J = F N Ty :
i ,-' Ameﬂcap Basketpall Player i
— BH/I%K=T4A iChicaga Bulls ¢ % g 2 P
— Wy=x4 - 1
| = R = SONTI i S
News live_in
Hamaguchi, Takuo, et al. "Knowledge transfer for out-of-knowledge- Article Emerging Entity

base entities: A graph neural network approach." 1JCAI 2017.
srap PP Wang, Peifeng, et al. ”LAN: Logic attention based neighborhood

aggregation for inductive knowledge graph embedding." AAAI 20109. 14/23
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score

1€V
2. Label the nodes w.r.t the target nodes to identify 3. Pass messages across the (sub-)graph to predict a score indicating
| Sample th losi b h d their structural role. Uniquely labels target nodes to how strongly the structure around the target link supports its logical
. Sample the enclosing sub-graph aroun mark them for the model. plausibility.

the link to be predicted (target link).
score(u, Ty, v) = WT[hé(u,v’rt) ohlohlee,,]
FEIFRR+ LW R+ ELERT+RERR (FBHIR1L)

Teru, Komal, Etienne Denis, and Will Hamilton. “GralL: Inductive relation prediction by subgraph reasoning.” ICML 2020. 16/23
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daughter_of . THT
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Yuxia Geng, Jiaoyan Chen, Jeff Z. Pan, Mingyang Chen, Song Jiang, Wen Zhang, Huajun Chen. Relational Message
Passing for Fully Inductive Knowledge Graph Completion. ICDE 2023. 17123
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father_of
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SPO (rdfs:subPropertyOf)

SCO (rdfs:subClassOf)

logical Sch
- 9 Ontological Schema )
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Yuxia Geng, Jiaoyan Chen, Jeff Z. Pan, Mingyang Chen, Song Jiang, Wen Zhang, Huajun Chen. Relational Message
Passing for Fully Inductive Knowledge Graph Completion. ICDE 2023. 18/23
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Support Query

relation-specific
meta information

(Satya Nadella, \fCEOof;\ Microsoft) l
I

7 7 7 7 S = ( h. t~) __, Relation-Meta
(Tim Cook, CEOof, Apple) (Jack Dorsey, (CEOof, ?) " v Learner
- \ ,

T, - — - —— = —— =
>

Support Step

. Embedding S
. . ( . . | I Leamer {(h17t1)}
(Sundar Pichai, |CEOof, Google) | Relational l N |
Learner ! i !
............................................... [P oocccccccccascccecccccccccccacccadecennns
\ I
"""""" Query Step @‘- grad-meta «------------
, ) ) v ) G, = Vg, L(S;)
S | relation-specific R7. = Ry, — BGT,
| meta information Embedding S{(hs .
(China, CountryCapital, Beijing) l Q, = (h it j) >
| ) .
(Russia, CountryCapital, Moscow) (USA, CountryCapital, ?)
| \ )

(UK, \kCountryCapital;\ London)

Mingyang Chen, Wen Zhang, Wei Zhang, Qiang Chen, Huajun Chen. MetaR: Meta relational learning for few-
shot link prediction in knowledge graphs. EMNLP2019. 19/23
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Triple Label y € {0,1}

|Enc;,der] [Embedd...gs ; ﬁ

KG_ BER‘T(a) I <s> Johannes Kepler was a German astronomer .. I <s> An astronomer is a scientist in the field of . .. Kepler <mask> to have had an epiphany on . |

texty i text;

T t

( Johannes Kepler JeIIIT.ELL, I Astronomer )

{ | J

T AT o -
Head Entity Relation Tail Entity Wang, Xiaozhi, et al. KEPLER: A unified model for knowledge

embedding and pre-trained language representation.

Yao, Liang, Chengsheng Mao, and Yuan Luo. "KG-BERT: BERT for
knowledge graph completion." arXiv 2019.

( (" Label: 1 for pos triple and O for neg triple { Label: 5@ > g4’
N B | Classification Objective: BCE Loss £°¢ | | Contrastive Objective: Hinge Loss £* |
Knowledge Subgraph Knowledge Linearization Model Training € o — 7 W) O
g g ——1 & s
! Reasoning path 1 i | BERT l 0.6 =) § MLP with
ipresiaem,of Fm N capital_ofO f‘, o Binary Classifier l s — —[Ju — v|| for Structure Learning
Theodore T v __________ e {Target trple Reasoning path 1 | Inference 55 r Akin to Trans-based Emb: —||g(h,T) — t||p
Roosevel e - Sa Interact by v o
i Reasoning path 2 ! ‘ BERT ‘ Seore g [u;u X v,u — v,v] u
. @pmsident_ol m capital_of O , Aggregation
Rooene? S DC. J  [Terget triple Reasoning path 2 | o ~ N,
______________________________________________________________________________ o w v
Frankiin g '08, paraf
Segeepl SRR R AR R RR A ey L L L L L e - <o ( Transformer Encoder with Pooler )----»(Transformer Encoder with Pooler I—J/
! arget triple ' BERT o S
1 i su A T Neg: [CLS] animal oil [SEP] shared
; Franklin Y\ Work-at . | g o [CLS] rock oil [SEP] hypernym [SEP]
' D.C. | fmemmesemesSieeeeaann 5 2 Pos: [CLS] fossil fuel [SEP]
Voo s el D SO o BESRES S 4 \Ta_’Qe_‘_"_‘p_'?_*fe_“_S?T’F?Pf‘_"_”_ ==
%) Text Concatenation of Head Entity and Relation Text of Tail Entity

Zha, Hanwen, Zhiyu Chen, and Xifeng Yan. "BERTRL: Wang, Bo, et al. "StAR: Structure-augmented text representation
Inductive relation prediction by BERT." AAAI 2022. learning for efficient knowledge graph completion." WWW 2021. 21/23
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Embedding Matrix Conditional Soft Prompt Frozen Pre-trained Language Model

Entity Embeddings

. !
— pr ) L) a7 ) (s ) m.g%
<San Bernardino> 3
= - — — D —— 55)14%&‘%
<Steve Jobs> — P LM
Relation Embeddings
L L B T J Eas[ B [Esel B ] Esen 5] -
A A
<Place of Birth> } 1 1
[ Ecstevejobs> | | E<praceof Biren>| Steve Jobs [SEP] Place of Birth [SEP] 1955-02-24

Chen, Chen, et al. “Dipping plms sauce: Bridging structure
and text for effective knowledge graph completion via
conditional soft prompting.” ACL 2023.

now we want to know what kind of trophy does entity A win? Given this question, we have the
following information as background: A works for entity B, and B often plays against entity C, and C
won trophy of superbowl; also, B also known as entity D, and D won trophy of superbowl; and also B
won trophy of superbowl. Please answer the question given at the beginning.

Based on the information provided, Entity A works for Entity B, which is also known as Entity D. Both
Entity C and Entity D have won the trophy of the Super Bowl. Therefore, it can be inferred that Entity
A, being part of Entity B (or D), has also won the trophy of the Super Bowl.

O BT AEBEHEAIINRERBN XA+ EHER ? XAHEE X
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