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Lecturer	

•  Chris Lin 
•  Sr. Software Engineer @Trend Micro 

•  Enthusiast in 
–  Big data technologies 
– Deep learning 

•  In charge of 
–  Threat identification by graph mining 
–  Email writing style identification 
–  IoT Security Solution 

 

https://www.linkedin.com/in/tsungfulin/ 



Timeline	

6/18	 7/9	6/30	 7/29	7/6	 7/16	 7/23	

Sprint#0	 Sprint#1	

Selected notice	

Data release	

Sprint#2	 Sprint#3	

Data exploration 
Feature extraction	

Train models 	

Hyper-parameter and 
ensemble models	

•  CNN 
•  LSTM 
•  MLP + VAE 
•  All-in-one	

Prepare Environment 
Data Exploration	



Timeline <Sprint#0, 1>	

6/18	 7/9	6/30	 7/29	7/6	 7/16	 7/23	

Sprint#0	 Sprint#1	

Selected notice	

Data release	

Sprint#2	 Sprint#3	

Data exploration 
Feature extraction	

Train models 」	

Hyper-parameter and 
ensemble models	

•  CNN 
•  LSTM 
•  MLP + VAE 
•  All-in-one	

Prepare Environment 
Data Exploration	



104 Job Match Recommendation	

•  Task 
–  Predict whether user will apply the certain job or not 

•  Data 
– User behavior log 

•  user_log.csv 
–  Job information data  

•  company.csv 
•  job_structured_info.csv 
•  job_description.csv 
•  department.csv 
•  district.csv 
•  industry.csv 
•  job_category.csv 

uid|action|jobNo|invoice|dateTime|source|url|deviceType   
2228|viewJob|8420823|11081274|2017-03-15 23:59:17|app||1 
2228|viewJob|8420823|11081274|2017-03-17 11:47:35|app||1 
2228|viewCust||11081274|2017-03-16 11:43:24|app||1  
2228|viewJob|8420823|11081274|2017-03-16 11:05:47|app||1 
2228|saveJob|8916004|4268726|2017-03-15 23:58:55|app||1 
2228|viewCust||16450993|2017-03-16 05:23:14|app||1 
2228|applyJob|8420823|11081274||app||1 

資料來源: 2017年年104資訊科技Hackathon 
https://github.com/104corp/2017-104Hackathon-Recommendation	



Environment	

•  Data 
–  S3 cross account bucket access 

•  Machine 
–  EMR (feature extraction) 
–  EC2 (Train model) 

•  Tool 
–  Athena  
– Quicksight 
–  Pig 
–  Splunk 
–  Sklearn, numpy, pandas 
–  Keras, Elephas, Hyperas 



Data Exploration	

action count =1  
98%  Non-apply!!!!!	
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Preprocess – User Behavior Log	
•  Group by (uid, JobNo) 
•  Action Sequence (30*4) 

–  3 actions 
•  viewJob   (1, 0, 0) 
•  saveJob   (0, 1, 0) 
•  viewCust (0, 0, 1) 

–  Time interval 

Ex: viewJob, saveJob, viewJob, saveJob, viewCust, viewJob, saveJob, viewCust, … 
          t0      <      t1     <      t2    <      t3    <      t4      <     t5     <     t6     <     t7  …	
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95% action sequence length < 30 	



Preprocess – Job information	

•  Get the Job categorical data 
–  Jobcat, edu, role, period, language, … etc 

•  Reduce dimension to get Job hidden space 
 
  
  
  
  
  
  
  
 



工程研發類人員, 
硬體工程研發, 
電子產品系統,  
光電工程研發 
太陽能技術, 
熱傳工程師, 
通訊工程研發 
 … 

生產管理類, 
工廠主管, 
工業工程師, 
協調工廠內人員, 
製程規劃類人員, 
生產／製程工程師 
…	

軟體／工程類人員, 
電子商務技術, 
通訊軟體工程師, 
軟體設計工程師, 
韌體設計工程師, 
電腦系統分析師 
…	

餐飲類人員, 
餐飲服務生, 
中餐廚師, 
西餐廚師, 
麵包師 
…	

業務銷售類人員, 
國內業務主管, 
國內業務人員, 
貿易類人員, 
國貿人員, 
保稅人員, 
…	

金融專業相關類人員, 
金融專業主管, 
金融研究員, 
金融交易員, 
金融營業員, 
金融理財專員, 
銀行辦事員, 
…	 行政／總務／法務類, 

行政主管, 
總務主管, 
總務人員, 
秘書, 
資料輸入人員, 
…	

業務銷售類人員, 
國內業務主管, 
國內業務人員, 
貿易類人員, 
國貿人員, 
保稅人員, 
…	

Category  



Industry 軟體及網路相關業, 
電腦系統整合服務業, 
電腦軟體服務業, 
電信及通訊相關業, 
通訊機械器材相關業, 
光電及光學相關業, 
半導體業, 
半導體製造業, 
其他半導體相關業, 
…	

住宿服務業, 
旅館業, 
餐館業, 
餐飲業, 
飲料店業, 
…	

金融機構及其相關業, 
銀行業, 
信用合作社業, 
信託投資業, 
郵政儲金匯兌業, 
投資理財相關業, 
證券及期貨業, 
產物保險業, 
金融投顧及保險業, 
…	

食品什貨批發業, 
零售業, 
食品什貨零售業, 
鞋類, 
布類, 
家庭電器, 
文教／育樂用品批發業, 
鐘錶／眼鏡批發業, 
… 

建築或土木工程業, 
土木工程業, 
建築工程業, 
不動產業, 
不動產經營業, 
景觀設計業, 
舞台架設及視聽工程業, 
…	



Majorcat 
電機電子工程相關, 
材料工程相關, 
化學工程相關, 
…	

一般數學相關 
資訊工程相關, 
應用數學相關, 
數理統計相關, 
…	否	

一般商業學類, 
會計學相關, 
企業管理相關, 
財稅金融相關, 
公共行政相關, 
其他商業及管理相關, 
…	
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User-Job feature vector	

•  User’s browsed jobs à Averaging job  
•  Using user behavior log to get some features 

User’s browsed job set = 
{Job1, Job2, …, Jobi} 
avg_job_vec =  
Sum(Jobset)/count(Jobset) 

0	 0.01	 0.02	 0.03	 0.04	 0.05	 0.06	 0.07	 0.08	 0.09	

viewJob	
saveJob	
viewCust	

app	
web	

mobileWeb	
android	

ios	
user_total_view_job	
user_total_save_job	
user_total_view_cust	

user_total_app	
user_total_web	

user_total_mobile_web	
user_total_android	

user_total_ios	
job_total_view	
job_total_save	
job_total_app	
job_total_web	

job_total_mobile_web	
job_total_android	

job_total_ios	
size	

job_vec1	
job_vec2	

avg_job_vec1	
avg_job_vec2	

�����
Feature Importance	



Timeline <Sprint#2>	

6/18	 7/9	6/30	 7/29	7/6	 7/16	 7/23	

Sprint#0	 Sprint#1	

Selected notice	

Data release	

Sprint#2	 Sprint#3	

Data exploration 
Feature extraction	

Train models	

Hyper-parameter and 
ensemble models	

•  CNN 
•  LSTM 
•  MLP + VAE 
•  All-in-one	

Prepare Environment 
Data Exploration	



Data Clean/Sampling	

•  Filter Noise (total action count = 1) 
•  Split balanced Training/Testing Data (8:2) 

•  Final Model version 
– Using class weight to against unbalanced data 



Modeling	

•  Convolutional neural network (CNN) 
•  Long Short-Term Memory neural network (LSTM)  

•  Multi-Layer Perceptron (MLP) + Variational AutoEncoder (VAE) 
•  All in One 

–  CNN 
–  LSTM  
–  MLP + VAE 



All-in-One Model Architecture	
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Result (balanced data)	

Model	 Accuracy	
CNN	 57%	
LSTM	 67.04%	
MLP (VAE)	 68.2%	
All-in-One	 69%	

l  Training : Testing = 8:2   
l  Non-apply : Apply = 1:1 
	



Result (unbalanced data)	

Model	 Accuracy	
CNN	 74.6% (remove maxpooling)	
LSTM	 70.3%	
MLP (VAE)	 76%	
All-in-One	 77.6%	

l  Training : Testing = 8:2 
l  Non-apply : Apply = 3:1 
	



Timeline <Sprint#3>	

6/18	 7/9	6/30	 7/29	7/6	 7/16	 7/23	

Sprint#0	 Sprint#1	

Selected notice	

Data release	

Sprint#2	 Sprint#3	

Data exploration 
Feature extraction	

Train models	

Hyper-parameter and 
ensemble models	

•  CNN 
•  LSTM 
•  MLP + VAE 
•  All-in-one	

Prepare Environment 
Data Exploration	



Distributed Deep Learning with Keras & 
Spark	
• Two-level distribution 

– Distributed Training Data (Elephas) 
– Distributed Model Parameter (Hyperas) 



Distributed Training Data (Elephas)	

•  Parallelize Training Data 
–  --total-executor-cores 
–  --executor-cores 
–  numPartition 



Distributed Model Parameter (Hyperas)	

•  Deep architecture 
– Choice {64, 128, 256 …} 
– Uniform {0, 1} 
–  Epochs 
–  Batch Size 
–  Layers 

•  Algorithm 
– Cluster 

•  Random Search 
–  Local 

•  Tree of Parzen Estimators 
•  Annealing 



Ensemble (Hard Voting)	

•  CNN 
•  LSTM 

•  MLP (VAE) 

•  All-In-One 



Summary	

•  Action sequence  
•  Job hidden space 

– High feature importance 
–  Increase the more user feature for user de-identification 

•  Ensemble models can cover more aspects 

•  Combine features from different views to correlate 
–  Action sequence feature + user-job feature 



Thank You	



Retrospective	

•  Do more on data exploration 
–  Traditional ML 
– DL 

•  Centralized preprocessing procedure 

•  Agile end-to-end 

•  Minimize memory usage  
–  Train on batch 


