


























































 

30 

 

The foregoing description of the exemplary embodiments of the disclosure has been 

presented only for the purposes of illustration and description and is not intended to be 

exhaustive or to limit the disclosure to the precise forms disclosed.  Many modifications 

and variations are possible in light of the above teaching. 

The embodiments were chosen and described in order to explain the principles of 5 

the disclosure and their practical application so as to enable others skilled in the art to 

utilize the disclosure and various embodiments and with various modifications as are suited 

to the particular use contemplated.  Alternative embodiments will become apparent to those 

skilled in the art to which the present disclosure pertains without departing from its spirit 

and scope.  Accordingly, the scope of the present disclosure is defined by the appended 10 

claims rather than the foregoing description and the exemplary embodiments described 

therein.   
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CLAIMS 

What is claimed is:  

1. A system comprising a computing device, the computing device comprising a

processer and a storage device storing computer executable code, wherein the

computer executable code, when executed at the processor, is configured to:

provide a document; 

embed a plurality of entities in the document into a plurality of embedding 

vectors; and   

predict one of a plurality of relations between a first entity in the document 

and a second entity in the document based on a first embedding vector and a second 

embedding vector, the first embedding vector of the plurality of embedding vectors 

representing the first entity, and the second embedding vector of the plurality of 

embedding vectors representing the second entity,   

wherein the computer executable code is configured to embed and predict 

using a language model stored in the computing device, each of the plurality of 

relations has an adaptive threshold, and the one of the plurality of relations is 

determined to exist when a logit of the relation is greater than a logit function of 

corresponding one of the adaptive thresholds of the relations.   

2. The system of claim 1, wherein the computer executable code is configured to embed

each of the plurality of entities by summarizing at least one hidden representation of

at least one mention of the entity using LogSumExp (LSE).

3. The system of claim 1, wherein the computer executable code is configured to predict

one of a plurality of relations by calculating a local context pooling for a pair of

entities selected from the plurality of entities using:

𝐴(𝑠,𝑜) = 𝐴𝑠
𝐸 ∙ 𝐴𝑜

𝐸,

𝑞(𝑠,𝑜) = ∑ 𝐴𝑖
(𝑠,𝑜)𝐻

𝑖=1 ,  

𝑎(𝑠,𝑜) = 𝑞(𝑠,𝑜)/1𝑇𝑞(𝑠,𝑜), and
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𝑐(𝑠,𝑜) = 𝑯𝑇𝑎(𝑠,𝑜),   

wherein the pair of entities comprises a subject entity and an object entity, 𝐴𝑠
𝐸  

is a token-level attention heads of the subject entity, 𝐴𝑜
𝐸  is a token-level attention 

heads of the object entity, 𝐴(𝑠,𝑜) is a multiplication of 𝐴𝑠
𝐸  and 𝐴𝑜

𝐸 , H in ∑ 𝐴𝑖
(𝑠,𝑜)𝐻

𝑖=1  is a 

number of attention heads, 𝐴𝑖
(𝑠,𝑜)

 is an i-th multiplication of H multiplications, 𝑎(𝑠,𝑜) 

is normalization of 𝑞(𝑠,𝑜)  to sum 1, 𝑯  in 𝑯𝑇𝑎(𝑠,𝑜)  is last layer embedding of the 

language model that is pre-trained, and 𝑐(𝑠,𝑜) is the local context pooling for the pair 

of entities.   

 

4. The system of claim 3, wherein hidden states of the subject entity and the object 

entity are determined by:  

𝑧𝑠
(𝑠,𝑜) = 𝑡𝑎𝑛ℎ(𝑾𝑠𝒉𝑒𝑠 +𝑾𝐶1𝑐

(𝑠,𝑜)), and  

𝑧𝑜
(𝑠,𝑜) = 𝑡𝑎𝑛ℎ(𝑾𝑜𝒉𝑒𝑜 +𝑾𝐶2𝑐

(𝑠,𝑜)),   

wherein 𝒉𝑒𝑠 is the embedding of the subject entity, 𝑧𝑠
(𝑠,𝑜)

 is hidden state of the 

subject entity, 𝒉𝑒𝑜 is the embedding of the object entity, 𝑧𝑜
(𝑠,𝑜)

 is hidden state of the 

object entity, and 𝑾𝑠, 𝑾𝑜, 𝑾𝐶1, and 𝑾𝐶2 are model parameters.   

  

5. The system of claim 4, wherein the computer executable code is configured to predict 

relation between the subject entity and the object entity using:   

𝑙𝑜𝑔𝑖𝑡𝑟 = ∑ 𝑧𝑠
𝑖𝑇𝑾𝑟

𝑖 𝑧𝑜
𝑖𝑘

𝑖=1 + 𝑏𝑟,  

wherein 𝑙𝑜𝑔𝑖𝑡𝑟 is logit function of the subject entity 𝑒𝑠 and the object entity 

𝑒𝑜  in regard to the relation r, k is a positive integer, dimensions of the 𝑧𝑠
(𝑠,𝑜)

 are 

divided by k to form a plurality of 𝑧𝑠
𝑖 , dimension of the 𝑧𝑜

(𝑠,𝑜)
 are divided by k to form 

a plurality of 𝑧𝑜
𝑖 , and 𝑾𝑟

𝑖  and 𝑏𝑟 are model parameters; and  

wherein when the 𝑙𝑜𝑔𝑖𝑡𝑟  is greater than a logit function of a learnable 

threshold TH of the relation r, the subject entity 𝑒𝑠 and the object entity 𝑒𝑜 have the 

relation r.   
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6. The system of claim 5, wherein the dimensions of the 𝑧𝑠
(𝑠,𝑜)

 and the dimensions of the 

𝑧𝑜
(𝑠,𝑜)

 are 768, and k is 12.   

 

7. The system of claim 1, wherein the language model comprises at least one of a 

bidirectional encoder representations from transformer (BERT), a robustly optimized 

BERT approach (roBERTa), SciBERT, a generative pre-training model (GPT), a 

GPT-2, and a reparameterized transformer-XL network (XLnet).   

 

8. The system of claim 7, wherein loss function for training the language model is 

determined by:   

𝑙𝑜𝑔𝑖𝑡𝑟 = ∑ 𝑧𝑠
𝑖𝑇𝑾𝑟

𝑖 𝑧𝑜
𝑖𝑘

𝑖=1 + 𝑏𝑟,   

𝐿1 = −∑ log (
𝑒𝑥𝑝(𝑙𝑜𝑔𝑖𝑡𝑟)

∑ 𝑒𝑥𝑝(𝑙𝑜𝑔𝑖𝑡𝑟′)𝑟′∈𝑃𝑇∪{𝑇𝐻}

)𝑟∈𝑃𝑇 ,   

𝐿2 = − log (
𝑒𝑥𝑝(𝑙𝑜𝑔𝑖𝑡𝑇𝐻)

∑ 𝑒𝑥𝑝(𝑙𝑜𝑔𝑖𝑡𝑟′)𝑟′∈𝑁𝑇∪{𝑇𝐻}

), and   

𝐿 = 𝐿1 + 𝐿2,   

wherein 𝑙𝑜𝑔𝑖𝑡𝑟 is logit function of the subject entity 𝑒𝑠 and the object entity 

𝑒𝑜  in regard to the relation r, k is a positive integer, dimensions of the 𝑧𝑠
(𝑠,𝑜)

 are 

divided by k to form a plurality of 𝑧𝑠
𝑖 , dimension of the 𝑧𝑜

(𝑠,𝑜)
 are divided by k to form 

a plurality of 𝑧𝑜
𝑖 , 𝑾𝑟

𝑖  and 𝑏𝑟 are model parameters, TH is a learnable threshold of the 

relation, 𝑃𝑇  represents positive classes of relations, and NT represents negative 

classes of relations.    

 

9. The system of claim 1, wherein the computer executable code is further configured 

to: use the first entity, the second entity, and the predicted one of the plurality of 

relations between the first entity and the second entity to construct a knowledge 

graph.   

 

10. The system of claim 1, wherein the computer executable code is further configured 

to, when a question comprises the first entity and the second entity, and the document 
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is predetermined to comprise an answer to the question: use the predicted one of the 

plurality of relations to form the answer.   

 

11. A method comprising:   

providing, by a computing device, a document;   

embedding, by a computing device, a plurality of entities in the document into 

a plurality of embedding vectors; and   

predicting, by a computing device, one of a plurality of relations between a 

first entity in the document and a second entity in the document based on a first 

embedding vector and a second embedding vector, the first embedding vector of the 

plurality of embedding vectors representing the first entity, and the second embedding 

vector of the plurality of embedding vectors representing the second entity,   

wherein the steps of embedding and predicting are performed by a language 

model stored in the computing device, each of the plurality of relations has an 

adaptive threshold, and the one of the plurality of relations is determined to exist 

when a logit of the relation is greater than a logit function of corresponding one of the 

adaptive thresholds of the relations.   

 

12. The method of claim 11, wherein the steps of embedding of each of the plurality of 

entities is performed by summarizing at least one hidden representation of at least one 

mention of the entity using LogSumExp (LSE).   

 

13. The method of claim 11, wherein the step of predicting comprises calculating a local 

context pooling for a pair of entities selected from the plurality of entities using:  

𝐴(𝑠,𝑜) = 𝐴𝑠
𝐸 ∙ 𝐴𝑜

𝐸,   

𝑞(𝑠,𝑜) = ∑ 𝐴𝑖
(𝑠,𝑜)𝐻

𝑖=1 ,   

𝑎(𝑠,𝑜) = 𝑞(𝑠,𝑜)/1𝑇𝑞(𝑠,𝑜), and   

𝑐(𝑠,𝑜) = 𝑯𝑇𝑎(𝑠,𝑜),   

wherein the pair of entities comprises a subject entity and an object entity, 𝐴𝑠
𝐸  

is a token-level attention heads of the subject entity, 𝐴𝑜
𝐸  is a token-level attention 
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heads of the object entity, 𝐴(𝑠,𝑜) is a multiplication of 𝐴𝑠
𝐸  and 𝐴𝑜

𝐸 , H in ∑ 𝐴𝑖
(𝑠,𝑜)𝐻

𝑖=1  is a 

number of heads, 𝐴𝑖
(𝑠,𝑜)

 is an i-th multiplication of H multiplications, 𝑎(𝑠,𝑜)  is 

normalization of 𝑞(𝑠,𝑜)  to sum 1, 𝑯  in 𝑯𝑇𝑎(𝑠,𝑜)  is last layer embedding of the 

language model that is pre-trained, and 𝑐(𝑠,𝑜) is the local context pooling for the pair 

of entities.   

 

14. The method of claim 13, wherein hidden states of the subject entity and the object 

entity are determined by:  

𝑧𝑠
(𝑠,𝑜) = 𝑡𝑎𝑛ℎ(𝑾𝑠𝒉𝑒𝑠 +𝑾𝐶1𝑐

(𝑠,𝑜)), and  

𝑧𝑜
(𝑠,𝑜) = 𝑡𝑎𝑛ℎ(𝑾𝑜𝒉𝑒𝑜 +𝑾𝐶2𝑐

(𝑠,𝑜)),   

wherein 𝒉𝑒𝑠 is the embedding of the subject entity, 𝑧𝑠
(𝑠,𝑜)

 is hidden state of the 

subject entity, 𝒉𝑒𝑜 is the embedding of the object entity, 𝑧𝑜
(𝑠,𝑜)

 is hidden state of the 

object entity, and 𝑾𝑠, 𝑾𝑜, 𝑾𝐶1, and 𝑾𝐶2 are model parameters.    

 

15. The method of claim 14, wherein the step of predicting relation between the subject 

entity and the object entity is performed using:   

𝑙𝑜𝑔𝑖𝑡𝑟 = ∑ 𝑧𝑠
𝑖𝑇𝑾𝑟

𝑖 𝑧𝑜
𝑖𝑘

𝑖=1 + 𝑏𝑟,   

wherein 𝑙𝑜𝑔𝑖𝑡𝑟 is logit function of the subject entity 𝑒𝑠 and the object entity 

𝑒𝑜  in regard to the relation r, k is a positive integer, dimensions of the 𝑧𝑠
(𝑠,𝑜)

 are 

divided by k to form a plurality of 𝑧𝑠
𝑖 , dimension of the 𝑧𝑜

(𝑠,𝑜)
 are divided by k to form 

a plurality of 𝑧𝑜
𝑖 , and 𝑾𝑟

𝑖  and 𝑏𝑟 are model parameters; and  

wherein when the 𝑙𝑜𝑔𝑖𝑡𝑟  is greater than a logit function of a learnable 

threshold TH of the relation r, the subject entity 𝑒𝑠 and the object entity 𝑒𝑜 have the 

relation r.   

 

16. The method of claim 15, wherein the language model comprises a bidirectional 

encoder representations from transformer (BERT) or SciBERT, and the loss function 

for training the language model is determined by:  
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𝑙𝑜𝑔𝑖𝑡𝑟 = ∑ 𝑧𝑠
𝑖𝑇𝑾𝑟

𝑖 𝑧𝑜
𝑖𝑘

𝑖=1 + 𝑏𝑟,   

𝐿1 = −∑ log (
𝑒𝑥𝑝(𝑙𝑜𝑔𝑖𝑡𝑟)

∑ 𝑒𝑥𝑝(𝑙𝑜𝑔𝑖𝑡𝑟′)𝑟′∈𝑃𝑇∪{𝑇𝐻}

)𝑟∈𝑃𝑇 ,   

𝐿2 = − log (
𝑒𝑥𝑝(𝑙𝑜𝑔𝑖𝑡𝑇𝐻)

∑ 𝑒𝑥𝑝(𝑙𝑜𝑔𝑖𝑡𝑟′)𝑟′∈𝑁𝑇∪{𝑇𝐻}

), and   

𝐿 = 𝐿1 + 𝐿2,   

wherein 𝑙𝑜𝑔𝑖𝑡𝑟 is logit function of the subject entity 𝑒𝑠 and the object entity 

𝑒𝑜  in regard to the relation r, k is a positive integer, dimensions of the 𝑧𝑠
(𝑠,𝑜)

 are 

divided by k to form a plurality of 𝑧𝑠
𝑖 , dimension of the 𝑧𝑜

(𝑠,𝑜)
 are divided by k to form 

a plurality of 𝑧𝑜
𝑖 , 𝑾𝑟

𝑖  and 𝑏𝑟 are model parameters,, TH is a learnable threshold of the 

relation, 𝑃𝑇  represents positive classes of relations, and NT represents negative 

classes of relations.   

 

17. The method of claim 11, further comprising:  

using the first entity, the second entity, and the predicted one of the plurality 

of relations between the first entity and the second entity to construct a knowledge 

graph; or  

when a question comprises the first entity and the second entity, and the 

document is predetermined to comprise an answer to the question: using the predicted 

one of the plurality of relations to form the answer.   

 

18. A non-transitory computer readable medium storing computer executable code, 

wherein the computer executable code, when executed at a processor of an active 

computing device, is configured to:   

provide a document;   

embed a plurality of entities in the document into a plurality of embedding 

vectors; and   

predict one of a plurality of relations between a first entity in the document 

and a second entity in the document based on a first embedding vector and a second 

embedding vector, the first embedding vector of the plurality of embedding vectors 
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representing the first entity, and the second embedding vector of the plurality of 

embedding vectors representing the second entity,   

wherein the computer executable code is configured to embed and predict 

using a language model stored in the non-transitory computer readable medium, each 

of the plurality of relations has an adaptive threshold, and the one of the plurality of 

relations is determined to exist when a logit of the relation is greater than a logit 

function of corresponding one of the adaptive thresholds of the relations.   

 

19. The non-transitory computer readable medium of claim 18,   

wherein the computer executable code is configured to predict one of a 

plurality of relations by calculating a local context pooling for a pair of entities 

selected from the plurality of entities using:   

𝐴(𝑠,𝑜) = 𝐴𝑠
𝐸 ∙ 𝐴𝑜

𝐸,   

𝑞(𝑠,𝑜) = ∑ 𝐴𝑖
(𝑠,𝑜)𝐻

𝑖=1 ,   

𝑎(𝑠,𝑜) = 𝑞(𝑠,𝑜)/1𝑇𝑞(𝑠,𝑜), and   

𝑐(𝑠,𝑜) = 𝐻𝑇𝑎(𝑠,𝑜), wherein the pair of entities comprises a subject entity and an 

object entity, 𝐴𝑠
𝐸  is a token-level attention heads of the subject entity, 𝐴𝑜

𝐸  is a token-

level attention heads of the object entity, 𝐴(𝑠,𝑜) is a multiplication of 𝐴𝑠
𝐸  and 𝐴𝑜

𝐸 , H is 

a number of heads, 𝐴𝑖
(𝑠,𝑜)

 is an i-th multiplication of H multiplications, 𝑎(𝑠,𝑜)  is 

normalization of 𝑞(𝑠,𝑜) to sum 1, and 𝑐(𝑠,𝑜) is the local context pooling for the pair of 

entities;  

wherein hidden states of the subject entity and the object entity are determined 

by:  

𝑧𝑠
(𝑠,𝑜) = 𝑡𝑎𝑛ℎ(𝑾𝑠𝒉𝑒𝑠 +𝑾𝐶1𝑐

(𝑠,𝑜)), and  

𝑧𝑜
(𝑠,𝑜) = 𝑡𝑎𝑛ℎ(𝑾𝑜𝒉𝑒𝑜 +𝑾𝐶2𝑐

(𝑠,𝑜)) , wherein 𝒉𝑒𝑠  is the embedding of the 

subject entity, 𝑧𝑠
(𝑠,𝑜)

 is hidden state of the subject entity, 𝒉𝑒𝑜 is the embedding of the 

object entity, 𝑧𝑜
(𝑠,𝑜)

 is hidden state of the object entity, and 𝑾𝑠, 𝑾𝑜, 𝑾𝐶1, and 𝑾𝐶2 

are model parameters; and   

wherein the computer executable code is configured to predict relation 
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between the subject entity and the object entity using:   

𝑙𝑜𝑔𝑖𝑡𝑟 = ∑ 𝑧𝑠
𝑖𝑇𝑾𝑟

𝑖 𝑧𝑜
𝑖𝑘

𝑖=1 + 𝑏𝑟, wherein 𝑙𝑜𝑔𝑖𝑡𝑟 is logit function of the subject 

entity 𝑒𝑠 and the object entity 𝑒𝑜 in regard to the relation r, k is a positive integer, 

dimensions of the 𝑧𝑠
(𝑠,𝑜)

 are divided by k to form a plurality of 𝑧𝑠
𝑖 , dimension of the 

𝑧𝑜
(𝑠,𝑜)

 are divided by k to form a plurality of 𝑧𝑜
𝑖 , 𝑾𝑟

𝑖  and 𝑏𝑟 are model parameters, and 

when the 𝑙𝑜𝑔𝑖𝑡𝑟 is greater than a logit function of a learnable threshold TH of the 

relation r, the subject entity 𝑒𝑠 and the object entity 𝑒𝑜 have the relation r.   

 

20. The non-transitory computer readable medium of claim 18, wherein the language 

model comprises a bidirectional encoder representations from transformer (BERT), 

and the loss function for training the language model is determined by:  

𝑙𝑜𝑔𝑖𝑡𝑟 = ∑ 𝑧𝑠
𝑖𝑇𝑾𝑟

𝑖 𝑧𝑜
𝑖𝑘

𝑖=1 + 𝑏𝑟,   

𝐿1 = −∑ log (
𝑒𝑥𝑝(𝑙𝑜𝑔𝑖𝑡𝑟)

∑ 𝑒𝑥𝑝(𝑙𝑜𝑔𝑖𝑡𝑟′)𝑟′∈𝑃𝑇∪{𝑇𝐻}

)𝑟∈𝑃𝑇 ,   

𝐿2 = − log (
𝑒𝑥𝑝(𝑙𝑜𝑔𝑖𝑡𝑇𝐻)

∑ 𝑒𝑥𝑝(𝑙𝑜𝑔𝑖𝑡𝑟′)𝑟′∈𝑁𝑇∪{𝑇𝐻}

), and   

𝐿 = 𝐿1 + 𝐿2,   

wherein 𝑙𝑜𝑔𝑖𝑡𝑟 is logit function of the subject entity 𝑒𝑠 and the object entity 

𝑒𝑜  in regard to the relation r, k is a positive integer, dimensions of the 𝑧𝑠
(𝑠,𝑜)

 are 

divided by k to form a plurality of 𝑧𝑠
𝑖 , dimension of the 𝑧𝑜

(𝑠,𝑜)
 are divided by k to form 

a plurality of 𝑧𝑜
𝑖 , 𝑾𝑟

𝑖  and 𝑏𝑟 are model parameters, TH is a learnable threshold of the 

relation, 𝑃𝑇  represents positive classes of relations, and NT represents negative 

classes of relations.   
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