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Objectives & related work

1. https://www.buoyhealth.com/symptom-checker/

Objectives:

1. Reduce the waste resource and unnecessary dialogue times 
for user.

2. Predict higher precise answer of symptom.

3. Easier to manage and extend the database.

Related work:

1. Deep learning method makes better performance than 
traditional machine learning method in text understanding.

2. Knowledge graph has a better represenation of data 
compared with the traditional relational database.



Deep learning method

Deep learning has been widely used in natural language processing area. The main 
representative methods including Recurrent Neural Network (RNN4), Long-short 
Term  Memory (LSTM5) and so on. The main creative idea of those methods is they 
consider the sentence based on the time sequence. That means the previous 
inputted words will be considered to predict and understand the next new words. 

Attention3 has been proposed in 2017 which is a method to focus on the keywords 
in a sentence. This performance will be really useful to make sentence analysis and 
highlight the most important parts of a sentence. Google has published the BERT2

in 2018 which is also based on Attention.

1. https://github.com/LuJunru/Sentences_Pair_Similarity_Calculation_Siamese_LSTM
2. https://github.com/google-research/bert
3. http://papers.nips.cc/paper/7181-attention-is-all-you-need
4. https://www.isca-speech.org/archive/interspeech_2010/i10_1045.html
5. https://www.mitpressjournals.org/doi/abs/10.1162/neco.1997.9.8.1735



Knowledge graph

Compared with traditional relational databases, knowledge graph1 is better at building 
complex relational networks, and have a higher efficiency of relational queries. 

At the same time, graph-based storage is very flexible in design. Generally, only local 
changes are needed, while relational database modification has to "pull the trigger and 
move the whole body", which is less flexible. Therefore, in the system of knowledge graph, 
we can realize the "interconnection of all things" and mine the value of data more 
efficiently in the massive relationship.

1. https://en.wikipedia.org/wiki/Knowledge_Graph



Highlights of the project: Deep learning + knowledge graph

At present, most chatbots use traditional machine learning and statistical methods, 
such as logistic regression, naive Bayesian and decision tree. These methods can 
realize the decision-making process through multiple rounds of dialogue. But one 
obvious problem is that many of these chatbots have preset rules and templates. 
When the user enters a long question, the system may not understand the user's 
meaning well.  

So, in our project, we try to use deep learning and knowledge graph to better 
understand user question and we found LSTM + Attention1 and BERT2 can make the 
highest score among most of the method.

1. https://github.com/LuJunru/Sentences_Pair_Similarity_Calculation_Siamese_LSTM
2. https://github.com/google-research/bert



Results



Chatbot web

GUI design: https://github.com/dineshsambasivam/Chatbot_Project
https://pypi.org/project/simple-websocket-server/
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What key methods we use?

There are three modules in our project.
1) Question classification module
We use Aho-Corasick algorithm1 which is a classical pattern matching algorithm for the 

user inputted question and classify the question by using 10 different categories.
2) Question analysis module
We use LSTM + Attention which is based on word embedding. The main idea is to 

highlight the high weight word in a sentence. 
3) Query sentence translation module
In this step, we use the Cypher query language to search in the knowledge graph and 

give user feedback.

Question understanding

Establishment of Knowledge graph 

We design the entity, property and relationship in the knowledge graph and load the 
medical data into the knowledge graph.

1 https://en.wikipedia.org/wiki/Aho%E2%80%93Corasick_algorithm



System architecture



A Question and Answer Framework that Combines Knowledge Graph and HBAM

1. https://pypi.org/project/pyahocorasick/
2. https://github.com/LuJunru/
Sentences_Pair_Similarity_Calculation_Siamese_LSTM
3. https://neo4j.com/



A sample about if the answer can be found in medical knowledge graph



Hierarchical BiLSTM Attention Model



Evaluation



Dataset Description

[1] https://data.quora.com/First-Quora-Dataset-Release-Question-Pairs
[2] https://www.nhsinform.scot/symptoms-and-self-help/a-to-z
[3] https://www.healthnavigator.org.nz/health-a-z/
[4] https://ehealthforum.com/health/health_forums.html
[5] https://questiondoctors.com/blog/
[6] https://www.webmd.com/a-to-z-guides/qa

Experiment 1:
⚫ Train and test dataset: The Quora duplicate questions dataset [1]. The number of question pairs is 400,000.
⚫ Medical disease and symptom dictionaries are collected from two New Zealand medical websites [2] [3]. The 

number of disease and symptom keywords is 668 and 2367 respectively.
⚫ 70,000 medical-related records from the Quora dataset has been matched with the dictionary.
⚫ 10,000 records from the 70,000 medical-related records have been randomly collected (Positive: negative = 1:1) 

as the experiment data. The dataset has been divided by 6:2:2 for training, validation, and testing.

Experiment 2:
⚫ For the remaining around 50,000 medical-related records which have not been training, validation, and testing, 

those data have been used to the evaluation. 
⚫ The medical-related keywords tags from the three other famous medical websites (ehealthforumQAs [4], 

questionDoctorQAs [5], and webmdQAs [6]) have been used to find out the medical-related question pair from 
the remaining 50,000 medical-related records respectively.

⚫ 1000 matched question pairs for each website have been found out to do experiment 2.



Some examples in Quora medical subset

https://data.quora.com/First-Quora-Dataset-Release-Question-Pairs



Storage scale of the medical knowledge graph

https://neo4j.com/
https://www.healthnavigator.org.nz/apps-videos/b/
https://www.nhsinform.scot/illnesses-and-conditions/a-to-z
https://www.medicinenet.com/diseases_and_conditions/article.htm

https://neo4j.com/
https://www.healthnavigator.org.nz/apps-videos/b/
https://www.nhsinform.scot/illnesses-and-conditions/a-to-z
https://www.medicinenet.com/diseases_and_conditions/article.htm


Experiment 1: Methods comparison in Quora medical question pair

7. https://github.com/google-research/bert
9. https://github.com/LuJunru/Sentences_Pair_Similarity_Calculation_Siamese_LSTM

Methods Average Evaluation Accuracy Range of change by 30 times 

experiments

BERT [7] 78.2% (-1.8%, +1.3%)

MaLSTM [9] 78.4% (-2.9%, +2.0%)

HBAM 81.2% (-2.4%, +2.2%)



Experiment 2: Evaluation result for the three medical websites

https://github.com/LasseRegin/medical-question-answer-data
https://ehealthforum.com/health/health_forums.html
https://questiondoctors.com/blog/
https://www.webmd.com/a-to-z-guides/qa

Medical website name Method name Average Evaluation 

accuracy

Range of change by 10 

times experiments

ehealthforumQAs BERT 78.5% (-1.8%, +1.1%)

HBAM 81.3% (-1.2%, +1.1%)

MaLSTM 78.4% (-2.9%, +1.5%)

questionDoctorQAs BERT 78.2% (-1.4%, +0.9%)

HBAM 80.9% (-2.1%, +2.5%)

MaLSTM 78.1% (-1.7%, +1.9%)

webmdQAs BERT 78.1% (-1.6%, +0.9%)

HBAM 81.2% (-1.2%, +1.3%)

MaLSTM 78.5% (-1.5%, +1.9%)
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Potential Market

In this project, we consider the situation of single-turn question-and-answer dialogue, 
use the method of deep learning, and combine the knowledge graph to present data 
well. 

In the future, the project can be considered in community hospitals or school clinics, 
which can help patients to solve some common diseases.



Thank you  


