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A large quantity of literatures Papers, a major mean to disseminate knowledge
geoscience papers contain abundant multimodal data Papers thus have time and spatial characteristics
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BGAKG

GAKG’s schema-graph consists of 11 concepts connected by 19 relations. Five of them (has_concluded, has_designed,
Is_located _in, has_developed and earn_in_the way of ) have a upper class relation acer:mention_knowledge. Since
GAKG is the union of academic concepts and their relations, we manage GAKG as linked open data (LOD), we provide
#sameAs axioms linking to the entities in other datasets, 271 thousands in total.
The Graph base namespace (Graph IRI1) is https://www.acekg.cn, all the concepts and relations shared.
To our knowledge, GAKG is currently the largest and most comprehensive geoscience academic knowledge graph,
consisting more than 68 million triples, including 8 millions concepts and 41 million links.

‘ Table 1: Statistics of GAKG Concepts (Up to May 30, 2021).

Concept Count Concept Count
S o paper 1,122,094 | knowledge 62,576
e author 908,933 | illustration 3,562,816
ACE:P, APET BL affiliation 27,175 papertable 760,054
topic 765,184 location 784,279
journal 194 geohash 996,731
timescale 1,701 Total 8,991,737

has_theme
luction: Plume tecton H
ientifi ry that finds its has_desu o
learn_in_the_way_of

the
or has_developed
ift§

ACE:PAPER

. Table 2: Statistics of GAKG Relations (Up to May 30, 2021).
: : .
ACE:KNOWLEDGE with the topic of _ i Relation Count Relation Count
= N is_cited_by 17,704,495 | mention_knowledge 704,899
;K K- GEO:LOCATION on_the_topic_of 10,401,972 | mention_location 759,260
\:_“,':};' [T Tast knownin | is_written_by 3,547,077 | has_geohash 1,021,870
Ay iy is_published_in 1,122,094 | mention_timescale 1,120,398
| #sameAs | . = = - - -
> el ACE:TOPIC ACE:AUTHOR is_last_known_in 662,850 in_the_period_of 189
|“ || I — is_located_in 25,019 before 155
SameAs
WIKIDATA 7 has_illustration 3,562,816 | #sameAs 271,156
W|KI:ENT|TY ACE:AFF'L'T'ON has_table 760,054 Total 41,664,304
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Snorql for GAKG Home SPARQL-Endpoint Svirgl Downloads HITL  Github  AboutUs

Snorgql for GAKG is an extension of Snorgl. Use basic endpoint for application.

* Query examples are provided below (or right-hand side of) the text area. See also GAKG RDF dataset for the general description.
Example for paper: The early Precambrian odyssey. of the North China Craton: A synopti i G A KG
Example for affiliation: Utrecht University TH dal 2 Acad ic K 1 Js Graph
Example for author: M. Santosh

Example for timescale: miocene

Example for location: kaitake Q
Example for illustration: illustration/42989303

SPARQL query:
PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema# > Snorql Map Search Svirql
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema# > o] e L
PREFIX foaf: <http://xmins.com/foaf/0.1/>
PREFIX skos: <http://www.w3.0rg/2004/02/skos/core#>
PREFIX iswc: <http;, i i X i iswc.daml# >
PREFIX acep: <https://www.acekg.cn/property/>
PREFIX acer: <https://www.acekg.cn/relation/>
PREFIX ace: <https://www.acekg.cn/concept/>
PREFIX geop: <https://www.acekg.cn/property/geo/>
PREFIX geor: <https://www.acekg.cn/relation/geo/> : v
PREFIX geo: <https://www.acekg.cn/concept/geo/> = b
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

=== Query Examples ===
Papers about organic matter and chemistry

Images about organic matter and chemistry oriented par.
Show the pictures of the paper which aims at Cardiology
Show the pictures of the Luca Pozzoli's papers if the pag
What kind of concepts did the paper which mention carb.
Which afiliation is undergoing researching organic matte
Who is undergoing researching organic matter

Papers in the field of chemistry published in 2020

Show me the papers written by Guigian Tang published I
Papers which is in the field of Organic matter

Show me the earliest paper that proposed concept Orga
Show me the earliest paper that designed the concept o
Show me the author who first proposed the concept Che:
Show me the venue where Guigian Tang first published |
Show me the locations related to paper which has a titie
Show me the locations that author Camille is interested i .

Results: | Browss v || RunQuery |

A
o Acvmop
Powered by awiedes Graph

AUTHOR] ] AFFILIATION] | YEAR{  TITLE] ] CONCEPT] [EasysPARQL

Snorg! for GAKG v1.00. Use basic SPARQL endpoint for your

Ioc Shanghai Jiao Tong Universey

® Ref: SNORQL:
https://github.com/kurtjx/SNORQL

® Ref: Virtuoso:
GAKG Snorql https://virtuoso.openlinksw.com/

GAKG SPARQL



https://www.acekg.cn/sparql
https://snorql.acemap.cn/
https://github.com/kurtjx/SNORQL
https://virtuoso.openlinksw.com/
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Abstract

The crustal growth and stabilization of the North China
Craton (NCC) relate to three major geological events in the
Precambrian: (1) a major phase of continental growth at ca. 2.7 Ga;
(2) the amalgamaf* * Pl a;

Extract the Knowledge Entities,
Locations and Timescales

1. Introduction

However, the mechanism of aggregation of the Early Precambrian
continental blocks to form a supercraton is equivocal, and the various
models proposed take into consideration rifting, density-inversion,
back arc basin formation, arc-arc accretion, subduction of
oceanic lithosphere
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Benchmark-CD

Table 5: Statistics of Community Detection Benchmarks.

0.6 (el
n ry 0 A 0.5 =t
Number of Nodes in Edges in Nodes in Edges in Average . .
Benchmarks communities Nodes Edges Largest WCC | Largest WCC Largest SCC Largest SCC | Cluster Coefficient Triangles | Diameter 04
GPCN 194 842,121 | 16,034,510 | 838,219 (0.995) | 16,031,892 (0.999) 0 0 0.0699 38,789,469 176 0.3
GACN 194 860,280 | 5.381,861 | 752,718 (0.875) | 5,282,032 (0.972) | 752,718 (0.875) | 5,282,032 (0.972) 0.6897 43,502,542 15 0.2
Email-Eu-core 42 1,005 25,571 986 (0.981) 25,552 (0.999) 803 (0.799) 24,729 (0.967) 0.3994 105,461 7 o1
CORA 7 2,708 5,429 2,485 (0.918) 2,604 (0.493) 13 (0.005) 14 (0.003) 0.1314 1,630 15
DBLP (Collaboration Network) 2,547 317,080 | 1,049,866 | 317,080 (1.000) | 1,049,866 (1.000) | 317,080 (1.000) | 1,049,866 (1.000) 0.6324 2,224,385 21 00 Geen CORA Email-Eu-core
Amazon (Product Network) 5,000 334,863 | 925,872 | 334,863 (1.000) | 925,872 (1.000) | 334,863 (1.000) | 925,872 (1.000) 0.3967 667,129 44 (1) Directed Network Community Detection (2) Undirected Network Community Detection

Figure 9: Community Detection Evaluation Results.

Benchmark-KE

Table 7: Results of Link Prediction Task.
Table 6: Statistics of KRL Benchmarks. FB15K WN18 GA16K

Models
MR hit@10 | M hit@10 | M hit@1
Benchmark | relation entity triple R hit@10 R @10 R @10
RESCAL | 683 0.441 1,163 0.528 4300 0.001
FB15K 1,345 14951 433,142 TransE | 125 0.471 251  0.892 280  0.320
WN18 18 40,943 141,442 TransH | 84 0585 | 303 0867 | 337 0325
GA16K 10 16,363 151,662 ' ) ’

RotatE 40  0.384 309 0.959 214 0.366
SimpIE 74 0376 412 0.947 311 0.260
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B GAKG

» We propose a multimodal GeoScience Academic
Knowledge Graph (GAKG) framework by fusing
papers’ images, text, and bibliometric data.

» With a world map, all the illustrations, text, and geologic
time scale extracted from the selected geoscience papers
can be highly connected to the geographical information

» We put forward a Human-In-the-Loop knowledge
extraction pipeline to extract paper’s knowledge entities
and mapping them to a crowd-sourcing knowledge
taxonomy.

Multimodal Geoscience Academic Knowledge Graph

Intro. | Ontologyl Pipelinel Summaryl

+ Availability.
* Dump files
« SPARQL Endpoint
« Snorgl Query System
» Papers on the Map
 Source Code on Github

« Quality.
« Data sources: Acemap, DBpedia, DDE
 \erified partially by Geoscientists

 Limitations
 Lack of annotation during the Human-In-The-Loop

13



® Geographic Information Retrieval. We provide a knowledge
based search engine on a geographical map for the literature
of geoscience.

® |f the researcher drags the window, the distribution of the
papers will change accordingly.

® L INK: https://gakg.acemap.info/

€9GAKG Home  SPARQL-Endpoint  Svirgl  Downloads  HITL  Github
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Silicate and carbonate melt inclusions associated with diamo...
Andrey V. Korsakov, Jorg Hermana,

Remagnetization of carbonate rocks in southern Tibet: Pers...
‘Wentao Huang, Petes €. Lippert, Yang Zhang, Michael ), Jackson, Mark J. Dekders, Juan Li, Xiu

Fluorine contents of Permian carbonate rocks in central Japan
H Akaiw, $. Auzawa

to g marine sour... atieet
Hengfi Yn, Shocheng Xie, uaxin Yan, Chaoyong Hu, Jushus Husmg, Tenger. Wenkun Qie, Xusn \
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o
Koichi Aoyap, George V. Chiingarin
Tectonic evolution and ification of rock... 5 ke e
s Xo. Quanghs Chen, Chenghia Cho, Guosoag Li, Cuage Liv, Zheng Sha oo
Carbon isotope compositions of the Late Permian carbonate ... s wm_ﬂ o
Longyi Shas, Pengfei Zhang. Jisswei Dov, Shuzhong Shen } Py For ey
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Oxygen, carbon, and strontium isotope geochemistry of dia... y e -
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Carbon isotope composition and comparison of Lower Trias...
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https://gakg.acemap.info/

@® Geoscience KBQA. Based on GAKG, research can know @ One-hop queries, such as returning papers targeting a particular topic,
more information about the relation between papers. These

template-based queries can be applied in scientific research ® Two-hop queries, such as querying illustrations in a specific field,

and academic communication. These questions are also ® Three-hop queries, such as querying geographic locations that a certain
generally inextricable by existing Q&A systems and search affiliation often studies,
engines.

® Four-hop queries, such as querying the relationship between geographic
locations and affiliations.
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Future Works

« Academic Knowledge System Construction with Human-In-the-Loop.
« Social Community Detection in Geoscience.

* Scientific Articles’ Geographical Information Extraction.
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GAKG https://gakg.acemap.info/

Multimodal Geoscience Academic Knowledge Graph
Github: https://github.com/davendw49/gakg

Thank You!

GAKG: A Multimodal Geoscience Academic Knowledge Graph Presented by Cheng Deng
. ) §
Cheng Deng!, Yuting Jia', Chong Zhang!, Jingyao Tang’, Hui Xu!, Luoyi Fu!, Weinan Zhang', * http://www.big-cheng.com
Haisong Zhang?, Xinbing Wang!, Chenghu Zhou® https://github.com/d avendw49
Shanghai Jiao Tong University, “Tencent Al Lab
*Institute of Geographical Science and Natural Resources Research, Chinese Academy of Sciences bl davendw@sjtu .edu.cn

{davendw,hnxxjyt, yiluofu}@sjtu.edu.cn,hansonzhang@tencent.com,zhouch@lreis.ac.cn
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