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[ = Z Z [y +d(h+£,t) —d(h' +£,1)],

(h,l,t)eS (h’,e,t’)ESEh,e’t)

Algorithm 1 Learning TransE

input Training set S = {(h,¢,t)}, entities and rel. sets £ and L, margin 7y, embeddings dim. k.
1: initialize £ < uniform(—-%, ) foreach £ € L

vk’ Vk

2: L« £/ | £| foreachl € L

3: e < uniform(— %, %) for each entity e € £

4: loop

5. e+« e/ | el foreachentitye € E

6:  Shatch <sample(S, b) // sample a minibatch of size b

7: Tpateh < O // initialize the set of pairs of triplets

8. for (h, l, t) € Spatcn do

9: (h',2,t") <—sample(S€ hat, 1t)) // sample a corrupted triplet
10: Tbatch <~ Tbatch U { ((ha ga t)a (hla Ea t/)) }
11:  end for
12:  Update embeddings w.r.t. Z Viy+dh+et)—dh' +¢,1t)] N

((hae)t)7(h/ ,f,t’)) ETbatch
13: end loop




ERNIE: Enhanced Language Representation with Informative Entities
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(@', ..., o} = ME-ATT({w{"™ ", ..., wi™Y}),
&\, . ..,ég,?}:MH—ATT({egz 1>,...,egi—1>}).

h (Wt(Z)QI)§Z) _|_ We(z)ég") _|_ E(Z))7
wi” = o(Wh; + b)),
el) = o(WPh; +b0).

h; = o(WwD + 5O,
( ) (W(Z)h + b(z))

.7



exp(linear(’wf;’) ‘ ej)

P = S exp(Linear (wh) -ex)’



ERNIE: Enhanced Representation through Knowledge Integration
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Basic-level Masking [mask] Potter is series [mask] fantasy novels [mask] by British author J. [mask] Rowling
Entity-level Masking Harry Potter is a series [mask] fantasy novels [mask] by British author [mask] [mask] [mask]

Phrase-level Masking Harry Potter is [mask] [mask] [mask] fantasy novels [mask] by British author [mask] [mask] [mask]
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In September 2006, married Cecilia Cheung. They had two sons,
the older one is Zhenxuan Xie and the younger one is Zhennan Xie.

IRFREE, XTREBR%EH, = . RREBEHITIRA LRI EFTHIT
N—H R =N RAR .
The Reform Movement of 1898, also known as the Hundred—-Day Reform,

was a bourgeois reform carried out by the reformists such as
and Qichao Liang through Emperor Guangxu.
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Hyperglycemia is caused by defective secretion or impaired
biological function, or both. Long—term hyperglycemia in diabetes
leads to chronic damage and dysfunction of various tissues,
especially eyes, kidneys, heart, blood vessels and nerves.
BAFTR—NEERXEANAEREXER, HEHI - EABFIREF &K
RIEPNERMERFI12ZREF KR, ERENAR=REAE, HUERZMHE ™
HOBERE—MNER.

Australia is a highly developed capitalist country with __ as
its capital. As the most developed country in the Southern
Hemisphere, the 12th largest economy in the world and the fourth
largest exporter of agricultural products in the world, it is also
the world's largest exporter of various minerals.

EPEMWENEINZRZE, KB THERKERBENINGIE, 5
(ZERX) CKitfe) (LOHEF) FARATELTROARE,

is a classic novel of Chinese gods and demons, which
reaching the peak of ancient Romantic novels. |t is also known as
the four classical works of China with Romance of the Three
Kingdoms, Water Margin and Dream of Red Mansions.

BN RXTH=EM5HER, £BH Bz,

Relativity is a theory about space—-time and gravity, which was
founded by
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ERNIE 2.0 © A Continual Pre-training framework for Language Understanding

Application

Text Similarity Question Answering Sentiment Analysis
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BASE model LARGE model
Task(Metrics) Test Dev Test
BERT ERNIE 2.0 | BERT XLNet ERNIE2.0| BERT ERNIE 2.0

CoLA (Matthew Corr.) 52.1 55.2 60.6 63.6 65.4 60.5 63.5

SST-2 (Accuracy) 93.5 95.0 93.2 95.6 96.0 94.9 95.6
MRPC (Accurary/F1) 84.8/88.9 86.1/89.9 | 88.0/- 89.2/- 89.7/- 85.4/89.3  87.4/90.2
STS-B (Pearson Corr./Spearman Corr.) | 87.1/85.8 87.6/86.5 | 90.0/- 91.8/- 92.3/- 87.6/86.5 91.2/90.6
QQP (Accuracy/F1) 89.2/71.2 89.8/73.2 | 91.3/- 91.8/- 92.5/- 89.3/72.1 90.1/73.8
MNLI-m/mm (Accuracy) 84.6/83.4 86.1/85.5 | 86.6/- 89.8/- 89.1/- 86.7/85.9 88.7/88.8

QNLI (Accuracy) 90.5 92.9 92.3 93.9 94.3 92.7 94.6

RTE (Accuracy) 66.4 74.8 70.4 83.8 85.2 70.1 80.2

WNLI (Accuracy) 65.1 65.1 - - - 65.1 67.8

AX(Matthew Corr.) 34.2 37.4 - - - 39.6 48.0

Score 78.3 80.6 - - - 80.5 83.6




KEPLER

KEPLER: A Unified Model for Knowledge Embedding and Pre-
trained Language Representation
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KEPLER

KEPLER: A Unified Model for Knowledge Embedding and Pre-
trained Language Representation
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Method MR MRR HITS@1 HITS@3 HITS@10

TransE (Bordes et al., 2013) 109370 25.3 17.0 31.1 39.2
DistMult (Yang et al., 2015) 211030 25.3 20.8 27.8 334
ComplEx (Trouillon et al., 2016) 244540  28.1 22.8 31.0 37.3
SimplE (Kazemi and Poole, 2018) 115263 29.6 25.2 31.7 37.7
RotatE (Sun et al., 2019) 89459  29.0 23.4 32.2 39.0

Table 4: Performances of different KE models on WikidataSM (%).

Model P R F-1
BERT 67.2 64.8 66.0
BERT; rrcE - - 70.1
RoBERTa 71.1 70.5 70.8
ERNIE 70.0 66.1 68.0
MTB - - 71.5
KnowBERT 716 714 71.5
RoBERTa* 71.3 69.8 70.5
KEPLER-Wiki 72.8 722 T2.5

KEPLER-WordNet 730 69.3 71.1
KEPLER-W+W 725 T72.1 72.3




KnowBert

Matthew E. Peters!, Mark Neumann!, Robert L. Logan IV2, Roy Schwartz 1 -3,
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TuckER: Tensor factorization for knowledge graph completion

Model Scoring Function Relation Parameters Space Complexity
RESCAL (Nickel et al., 2011) el W, e, W, € Ré’ O(nede + npd2)
DistMult (Yang et al., 2015) (es, Wr,€0) w, € Rde O(nede + npde)
ComplEx (Trouillon et al., 2016) Re({e;, W,,&,)) w, € Cde O(nede + npde)
ConvE (Dettmers et al., 2018) f(vec(f(les; w,] *w))W)e, w, € R O(nede + nrdy)
SimplE (Kazemi and Poole, 2018) %((hes, Wr,te,) + (he, , W,—1,te,)) w, € R O(nede + npde)
HypER (BalaZevié et al., 2019) f(vec(es * vec™ 1 (w,H))W)e, w, € R O(nede + nyd,)
TuckER (ours) W X1 es Xo Wy X3 €, w, € Ror O(nede + nd,)




Towards AGI




