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« Chris Lin
« Sr. Software Engineer @Trend Micro

 Enthusiast in

— Big data technologies
— Deep learning

* [n charge of
— Threat identification by graph mining
— Email writing style identification
— loT Security Solution

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

¥, TREND



Timeline
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Data release
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ﬂ Train models
« CNN Hyper-parameter and
LSTM ensemble models

MLP + VAE
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104 Job Match Recommendation

e Task
— Predict whether user will apply 1
e 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

BEHRR: 2017 F104 &R Hackathon
https://github.com/104corp/2017-104Hackathon-Recommend

Name
invoice
jobno
job
jobcatl
jobcat?2
jobcat3

edu

salary_low

salary_high

role
languagel
language?
language3
period
major_cat
major_cat?2
major_cat3

industry

Description
N ERAR
BRI
HHs 28

BRI

BRI RI2

B3
2F

e
(LOW)

HEFE
(HIGH)

TERIAE

TERER(EF)
M RRR
HEBRRERI2
RN RRR3

RE|EXF

me|source|url|deviceType
'7412017-03-15 23:59:17|app]||1
'74|2017-03-17 11:47:35|app||1
7-03-16 11:43:24|app||1
'74|2017-03-16 11:05:47|app||1
26|2017-03-15 23:58:55|app||1
7-03-16 05:23:14|app||1
274||app||1
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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
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Data Exploration

Acti apply . _
cgulr?tn Non-apply apply ratio a Ctl O n CO u nt — 1
1 19171207 0 "

2 5301283 261070 0/ N _ I

3 BB 650607 ] 98 0 On app y'””

4 1388611 533568

5 27475 3RBS 0.454188653

6 E0B200 313405 0.515299244

7 432447 BIXT 0.553286299

8 325463 192660 0.591956639

9 247753 15265 061682057

10 195299 12837% 0633889574 Q|

11 154260 945 06472515 -
12 125463 0. it [ true
13 10285

14 85285

15 70

16 60719

17 51938 ]

12 44510 v Action count

19 3R605 53

2 33826 2170 0.6542524%4



Preprocess — User Behavior Log

* Group by (uid, JobNo)

» Action Sequence (30*4) ——>

95% action sequence length < 30

— 3 actions
« viewdob (1, 0, 0)
« savedJob (0, 1, 0)
 viewCust (0, 0, 1)

— Time interval
Ex: viewdob, savedob, viewdob, savedob, viewCust, viewdob, savedob, viewCust, ...
t0 < t11 < 2 < 33 < ¥4 < t < 6 < {7 ..
| ] ] ] ] ] ] ] 2
1, 0, 1, 0, 0, 1, 0, 0,
0, 1, 0, 1, 0, 0, 1, 0,
0, 0, 0, 0, 1, 0, 0, 1,
0 t1-t0 t2-t1 t3-t2 t4-t3 t5-t4 t6-t5 t7-16
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Preprocess — Job information

» Get the Job categorical data
— Jobcat, edu, role, period, language, ... etc

» Reduce dimension to get Job hidden space
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Industry
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User-Job feature vector

» User’s browsed jobs - Averaging job

« Using user behavior log to get some features

User’s browsed job set =
{Job,, Job,, ..., Job}
avg_job vec =
Sum(Job.)/count(Job..,)

Feature Importance

job_total_ios

job_total_android

job_total_mobile_web

job_total_web
job_total_app
job_total_save

job_total_view e——

user_total_ios

user_total_android

user_total_mobile_web

user_total_web
user_total_app
user_total_view_cust
user_total_save_job

user_total_view_job
jos AE—

android ~ —

mobileWeb — m—

web T
app ' E—
viewCust
saveJob I

viewlob TEE——
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Timeline <Sprint#2>

Selected notice

Data release
Sprint#0 / Sprint#1 Sprint#2 Sprint#3
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Train models

« CNN
LSTM
MLP + VAE
All-in-one




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
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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

f9) TREND



All-in-One Model Architecture

Q

User

Behavior

action

sequence

J

Q

User-Jdob

feature
vector

LSTM

N

Concatenaje| :

A || || f—> Apply
: : Non apply

- .

Fusion Phase
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Result (balanced data)

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

Model | Accuracy

CNN 57%
LSTM 67.04%
MLP (VAE) 68.2%
All-in-One 69%
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Result (unbalanced data)

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

Model | Accuracy

CNN 74.6% (remove maxpooling)
LSTM 70.3%

MLP (VAE) 76%

All-in-One 77.6%
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Timeline <Sprint#3>

Selected notice

Data release
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Hyper-parameter and
ensemble models




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

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

Create Spark Context
S
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Distributed Training Data (Elephas)

¢ Para”ellze Tralnlng Data from keras.models import Sequential

. --t()tfﬂI-f})(f;(:l]t()r-(:C)rfafs from keras.layers.core import Dense, Dropout, Activation
from keras.optimizers import SGD
model = Sequential()
— --executor-cores nodel..add(Dense(128, input_din=784))
Pgn model.add(Activation('relu’))
— numPartition model.add (Dropout (.2))

model.add(Dense(128))
model.add(Activation('relu'))

model.add(Dropout(0.2))

model.add(Dense(10))

model.add(Activation('softmax'))
model.compile(loss="categorical_crossentropy', optimizer=SGD())

from elephas.utils.rdd_utils import to_simple_rdd
rdd = to_simple_rdd(sc, X_train, Y_train)

from elephas.spark_model import SparkModel
from elephas import optimizers as elephas_optimizers

adagrad = elephas_optimizers.Adagrad()
spark_model = SparkModel(sc,model, optimizer=adagrad, frequency="epoch', mode="asynchronous', num_workers=2)
spark_model.train(rdd, nb_epoch=20, batch_size=32, verbose=0, validation_split=0.1)
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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

from keras.models import Sequential
from keras.layers.core import Dense, Dropout, Activation
from keras.optimizers import RMSprop

model
model
model
model
model
model
model
model
model

rms =

model.

model

= Sequential()

.add(Dense(512, input_shape=(784,)))
.add(Activation('relu'))

.add(Dropout ({{uniform(@, 1)}}))
.add(Dense({{choice([256, 512, 1024])}}))
.add(Activation('relu'))

.add(Dropout ({{uniform(@, 1)}}))
.add(Dense(10))
.add(Activation('softmax'))

RMSprop()
compile(loss="categorical_crossentropy', optimizer=rms)

Fit(X_train, Y_train,

batch_size={{choice([64, 128])}},
nb_epoch=1,

show_accuracy=True,

verbose=2,
validation_data=(X_test, Y_test))

score, acc = model.evaluate(X_test, Y_test, show_accuracy=True, verb
print('Test accuracy:', acc)
return {'loss': -acc, 'status': STATUS_OK, 'model’': model.to_yaml(),
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Ensemble (Hard Voting)

« CNN
« LSTM
 MLP (VAE)
 All-In-One
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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
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Thank You
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Retrospective

Do more on data exploration
— Traditional ML
— DL

« Centralized preprocessing procedure
* Agile end-to-end

* Minimize memory usage
— Train on batch
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