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Abstract: Utilizing accident explosjon investigation reports characterized by multi-source, heterogeneous, and overlapping
information to construct an acéidental £3plosion damage knowledge graph plays a significant role in enabling data-driven®
explosion assessment and raeeabilifys, To extract the overlapping and nested event commonly present in accidental explosion
investigation data, a kngwledge graph construction method centered on joint extraction of Chinese events was proposed. This
construction process involved four key steps: semi-automatic ontology construction, corpus building, joint extraction of Chinese
event based on dyfami¢ mask, and event coreference resolution. During semi-automatic ontology construction, TextRank was
employed to compute keyword importance scores, and K-Means clustering was applied to identify core domain terminology,
then, domain knowledge was used to analyze the clustering results. 13 top-level ontologies and four types of accidental explosion
events were obtained. Subsequently, a corpus for accidental explosion damage was built by annotating texts gathered from online
explosion investigation reports. The annotation was performed using a method that combines human effort and prior knowledge.
To enhance the capability of recognizing overlapping and nested events, a GlobalPointer layer was integrated into the pre-trained

RoBERTa(Robustly optimized Bidirectional Encoder Representations from Transformers approach) to form the RoBERTa-
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GPointer model in this paper, and the ROBERTa-GPointer model was trained on the constructed corpus. Finally, extracted entities
was aligned based on semantic and syntactic similarity, and the extracted events with same time and location were aligned. The
constructed knowledge graph was applied to trace the explosion source of the Beirut port explosion on August 4, 2020. Initially,
common explosion source materials were categorized into 11 types based on domain knowledge. The accidental explosion
knowledge graph was then vectorized using confidence-optimized embedding. Descriptive texts of the Beirut port explosion
phenomena were extracted, and cosine similarity was used to retrieve a set of similar historical explosion cases from constructed
knowledge graph. Finally, a Bayesian classifier was applied to predict the type of explosion source material. The traceability
analysis correctly identified the explosion source of the Beirut port explosion. The experimental results of knowledge graph
construction show that the proposed RoBERTa-GPointer improves the F1 scores for event classification and event element
classification on the accidental explosion damage corpus by at least 2% and 5.4%, respectively, compared to existing extraction
models. The traceability results demonstrate that the knowledge graph-based approach offers substdptialgmprovements in both
speed and accuracy compared to traditional manual traceability methods. Furthermore, it alsp dem@strates that the constructed
knowledge graph for accidental explosions can be adapted to downstream applications related/toxdamage effects.
Keywords: accidental explosion; knowledge graph; event extraction; explosion traceability
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Table 1 Example of nested and overlapping events in accidental explosion damage
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Table 2 Event types, trigger words, ontological roles and ontelogical-elements in the field of accidental explosive damage
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Table 3 Entity alignment algorithm based on semantic and syntactic similarity
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10. 5 Sim(entl,ent2) =1- cos(vec2,veel)

11, IRAFRIEAIA TR

12. FIF NTLK FEiRliZzgrtidailrentl 76 senl i fi 1 flagl, ent2 7€ sen2 Hffii 1 flag2

13. if flagl==flag2:

14. Pos(entd,ent2)=1

15. else

16. Pos(entl,ent2)=0

17. if Pos(entd,ent2)*Sim(entl,ent2) <T:

18. return

19. return len(entl)>len(ent2)?entl:ent2
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Table 4 Example of entity alignment based on semantics and syntax
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Table 5 Triples extracted from Report 1
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Table 6 Triples extracted from Report 2
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PR NE EXTARIS 20 NFET. 60 5245

BRIE EXTAR IS ] IX B 3km JE R 18 AN & T HR T FKIEIE 11500 £ 448
Kk EXLOC_IS IR AR G IR FTT A R BT R ) 4 T B BR A &
IR EXDAM_IS H%

IR EXSOUR_IS LR, LT BEBR LI5E 5y R ol S Ak

i HL K AE LGNIEXSOUR LR, LT BEBR LI5E 5y R ol S Ak




B 5 b
Explosion and Shock Waves

1RIE EXSOUR_IS R AT RRBAR TN 2k
KR IGNI_EXSOUR K AR AN 2
£ 7 MR 3 PERW=T4A
Table 7 Triples extracted from Report 3
SHIN KA SHIN
HEIE EXTIME_IS 2008 £ 8 A 26 H 6 i} 40 4y
1BIE EXLOC_IS YR JE 2 AR B BR ST A R TR )T 4E A TR A IR A
1RIE EXTAR IS 3£ 11500 % 4 BFARBR AL
1BIE EXTAR IS S520 AFET:. 60 N5
1BIE EXTAR IS 3£ 11500 % £ B AR B
1BIE EXDAM IS ik
1BIE EXDAM_IS KK
ki DAMAGE_TAR A BN, BHR. RS ENGIG B &, i
ek DAMAGE_TAR 3 MG
Fk DAMAGE_TAR D fik
B AN B
REE LB 12 TAREXTENT 87N
SR EIE
T 1Y) s TAREXTENT SN
Y%
% X Mﬂ;/‘ F20... 4£11500...
@ y
» q e \:}w\w‘? @,,%‘“5%
"y < - —, @ I % K

B 3 RAMEAE BB R P S5
Fig.3

2 LSRR

2.1 LWHEE

Hes R A B R YR BL A LI R LT HR ) 40k A I A4 7, LA NTRL
Library). NASA (National Aeronautics and Space Administration). DHS
Security) SFBUBAE P MIRITR T, kARt , AR A AMEEIE Ak i
PRREMR
2.2 WAL

Instance of knowledge graph for accidental explosion damage

(National Technical Reports
(Department of Homeland
A 2 IR AU AR E



B 5 b
Explosion and Shock Waves

X B BEATARVE, ARvERE AN 4 FroR.  “text” JYRRHE N A BB RE i IOCAS,  “event_list” Oy
FESCA text TS BLII T EAMBIE S U T RIS, “event_type” FRICFAFHIZEAL,  “trigger”
Frac SC A i B A fh % 4], “ trigger_start_index 10 3% filh &% 6] 7E 4% dh B SO A A L B 47 B
“argument_start_index” iR TCAERHIBCCA P BLAL E,  “role” NIRJTA T, “argument” Hrid
SCARH LR TC o 0 TR0 5 B EBE LA 7 I 254« MASEANSIESE , HLfFl o 80%. 109641 10%.
{"text": " Explosion at A city intersection”,  "id": "01",
"event_list":[
{"event_type": "explosion event", "trigger": "explosion", "trigger_start_index": 7,
"arguments":[{"argument_start_index": 0, "role": "location", "argument": "A city", "alias":[]}]

}

Kl 4 MRS S bRE R
Fig.4 Format of accidental explosion damage event label
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similarity threshold
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Fig.5 Precision vs. similarity threshold curve
2.5 SLIWERDIF
NIRAIESR Y AR AE A BT 55 TR PR RS, 7 R R A MERNE S TR AR L 70 Joll NFRA: 2 2 AT
FAF TR R T AT LA . EF M RLI T, EH T BERT-BILSTM-CRF (BERT
Bidirectional Long Short-Term Memory Conditional Random Field) . BiLSTM-CRF 1 DMCNN[( Dynamic
Multi-pooling Convolutional Neural Network) £ %t LAY . 76 F0F R 0 2AE 55+, 1B T C-BiLSTM
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(Cascade BiLSTM) . BERT-QA (BERT for Question Answering) 1 DMCNN #E47 %} b %o Hb 45 5
* 8 MK 9 Fion.

* 8 SRR

Table 8 Comparison of event classification

TR P R FI
BERT-BiLSTM-CRF 71.4% 49% 57%
BiLSTM-CRF 52.1% 44% 47.7%
DMCNN 66.5% 53% 58%
RoBERTa-GPLinker 69.2% 55% 61.0%

% 8 {78, RoBERTa-GPLinker {F & #MENE S 1ERIE I B B B3 1 HAr A BT %%
L el 25 & YERE FI {E. RoBERTa-GPLinker ] [F1% R #H LT BERT-BiLSTM-CRF Al BiLSTM-
CRF 3 20 6%F1 11%, X T #4525 T RoBERTa-GPLinker £ [ % S B fih i 1] 58 s o] R R, X
PRl R A R AR AN A TR B, B S T AR G0 T B AR VR A BT A R A 5 I T UG 1) R
RoBERTa-GPLinker fI¥5HiE P B8{%T BERT-BILSTM-CRF, X% dP: H¥s b sl B 55y 5¢ Rl
55, fi A 3R] VR 0 52 208 ek BGR ZE 5210 o 5 R 2 B A 4l OB DMENN AH L, RoBERTa-GPLinker
RG2S P A [F12E R A3 2.7%F1 2%,

ROEHRARTEULER

Table 9 Comparison of evenpelement classification

et P R FI
C-BiLSTM 47.3% 46.6% 46.9%
BERT-QA 562% 50.7% 53.3%
DMCNN 55.3% 52.2% 53.7%
RoBERTa-GPLinker 63.4% 55.4% 59.1%

#* 9 1, RoBERTa-GPLinker /E 6 7 R Mgi Gk Refabs FI BN T HABEB . MLT C-
BILSTM, RoBERTa-GPLinker f&#*RP F14 [ R 43 H$EE 16.1%M1 8.8%, FEJFRET EHIET
FAFRE, MELARIGT B S MiRE R . i T BERT-QA, RoBERTa-GPLinker fEF5Hi% P M1 B R
FRTET 7.2%H0 4.7%, 152G R B A A iA HERD SR, S $E B R SCiE . 5 DMCNN M E,
RoBERTa-GPLinker 7E & H%-PFI 4 [F1 R R o0 BIFETH2) 8.1%F1 3.2%.

NT 53T S AN E AR RV RE IS, R AR I SO TR G i E R E S
. BAERENESGRLUSIRE LG . R R T E AR £ 10 AAREIE T, S8
R AR BREHIER Py R 10 ATLLE H, INANIREME S HANSCAR )G, BRI EE FRE %
P AT RS AR IREMESFHMM A+, RoBERTa-GPLinker tt DMCNN K% P #25
6.3%.

R 10 FEHBTEGI AEHELLER

Table 10 Comparison of the precision of event type classification under different datasets

LS T K TREMERF; TaREMER R
BERT-BiLSTM-CRF 71.4% 82.2% 64.7%
BiLSTM-CRF 52.1% 68.3% 43.2%
DMCNN 66.5% 78.6% 60.5%
RoBERTa-GPLinker 69.2% 81.0% 66.8%
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Table 11  Type and description of explosion source
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