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Course Recommendation
Related courses
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Problem Definition
Input: Historical enrolled courses of a user before t

Output:

Candidate Courses:

Most possible courses to be enrolled at t+1
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Challenges

Data 
Structure

Programming 
Foundation

Operation 
System

Logic
Calculus

Contemporary 
Physics Psychology 

Big Data
Systems

Real target 
course

11.50 9.63 3.32 3.00 0.39

Linear 
Algebra

3.77 1.80 5.43

Random target 
course

Historical courses

Historical courses

Recommendation 
probabilityAttention coefficients

Data 
Structure

Programming 
Foundation

Operation 
System

Logic
Calculus

Contemporary 
Physics Psychology 

5.43 4.64 5.65 5.15

Linear 
Algebra

4.51 6.57 4.25

Financial
Management

0.42

• Users’ enrolled courses are usually diverse. The contributing courses may be
diluted by noisy courses

• Even if no courses can contribute in predicting a random target course, each
historical course will still be assigned an attention coefficient.

Contributing
courses

Noisy
courses

Contributing
courses

Attention
coefficients

[He’18] 
Positive
instance

Negative
instance
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Data Analysis

(A bigger #categories/#courses indicates the user is more distractive)

A large number of users
enrolled diverse courses

The recommendation performance based
on the diverse profiles is impacted

Users Courses Categories Time
82,535 1,302 23 2016.10.1-2018.3.31

User-course pairs
458,454
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Idea to Deal with the Challenges

• Revise the user profiles by removing the
noisy courses instead of assigning an
attention coefficient to each of them.
– But how to determine which courses should be
removed?

– Without the supervised information, can we
automatically learn the pattern?
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Solution
Revise the user profiles based on the feedbacks from the recommender

Profile
Reviser Recommender

Feedback

EnvironmentAgent

The revising process of a user profile: a sequential decision process
• The profile reviser (agent)

• Revise the profile
• Gets a delayed reward from the recommender
• Update its policy

• The recommender (environment)
• Update its parameters based on the profiles revised by the profile reviser

Revised
profiles
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Framework

Internal reward G

Original profile

al1<latexit sha1_base64="kIHVcnY7j1VVHbIJieYqn/zSpvU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2e8mSvb1jd04IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9zhPXRsTqAacJ9yM6UiIUjKKVOlU68B5ldVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzH8nQ6E5Qzm1hDIt7K2EjammDG1CJRuCt/ryOmnXa55b8+7rlcZtHkcRzuAcLsGDK2jAHTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gAghY7D</latexit><latexit sha1_base64="kIHVcnY7j1VVHbIJieYqn/zSpvU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2e8mSvb1jd04IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9zhPXRsTqAacJ9yM6UiIUjKKVOlU68B5ldVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzH8nQ6E5Qzm1hDIt7K2EjammDG1CJRuCt/ryOmnXa55b8+7rlcZtHkcRzuAcLsGDK2jAHTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gAghY7D</latexit><latexit sha1_base64="kIHVcnY7j1VVHbIJieYqn/zSpvU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2e8mSvb1jd04IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9zhPXRsTqAacJ9yM6UiIUjKKVOlU68B5ldVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzH8nQ6E5Qzm1hDIt7K2EjammDG1CJRuCt/ryOmnXa55b8+7rlcZtHkcRzuAcLsGDK2jAHTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gAghY7D</latexit><latexit sha1_base64="kIHVcnY7j1VVHbIJieYqn/zSpvU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2e8mSvb1jd04IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9zhPXRsTqAacJ9yM6UiIUjKKVOlU68B5ldVCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzH8nQ6E5Qzm1hDIt7K2EjammDG1CJRuCt/ryOmnXa55b8+7rlcZtHkcRzuAcLsGDK2jAHTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gAghY7D</latexit>

al2<latexit sha1_base64="xlDxksMnzdRu9clnl6F+YCJK/OU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2e8mSvb1jd04IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9zhPXRsTqAacJ9yM6UiIUjKKVOlU6qD/K6qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFuTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9OhkJzhnJqCWVa2FsJG1NNGdqESjYEb/XlddKu1zy35t3XK43bPI4inME5XIIHV9CAO2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AEiDI7E</latexit><latexit sha1_base64="xlDxksMnzdRu9clnl6F+YCJK/OU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2e8mSvb1jd04IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9zhPXRsTqAacJ9yM6UiIUjKKVOlU6qD/K6qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFuTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9OhkJzhnJqCWVa2FsJG1NNGdqESjYEb/XlddKu1zy35t3XK43bPI4inME5XIIHV9CAO2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AEiDI7E</latexit><latexit sha1_base64="xlDxksMnzdRu9clnl6F+YCJK/OU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2e8mSvb1jd04IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9zhPXRsTqAacJ9yM6UiIUjKKVOlU6qD/K6qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFuTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9OhkJzhnJqCWVa2FsJG1NNGdqESjYEb/XlddKu1zy35t3XK43bPI4inME5XIIHV9CAO2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AEiDI7E</latexit><latexit sha1_base64="xlDxksMnzdRu9clnl6F+YCJK/OU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2e8mSvb1jd04IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9zhPXRsTqAacJ9yM6UiIUjKKVOlU6qD/K6qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFuTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9OhkJzhnJqCWVa2FsJG1NNGdqESjYEb/XlddKu1zy35t3XK43bPI4inME5XIIHV9CAO2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AEiDI7E</latexit>

P (y = 1|Êu, ci)
<latexit sha1_base64="7+PdycnkBfWNdTGY+8xY/dy6JOc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigm6EigguK9gHNDFMptN26GQSZiZCiNm58VfcuFDErb/gzr9x0mah1QMXDufcy733+BGjUlnWl1Gam19YXCovV1ZW19Y3zM2ttgxjgUkLhywUXR9JwignLUUVI91IEBT4jHT88UXud+6IkDTkNyqJiBugIacDipHSkmfuNmvJmX3vjJBKnQCpEUYsvcyy2/gQe/TAM6tW3ZoA/iV2QaqgQNMzP51+iOOAcIUZkrJnW5FyUyQUxYxkFSeWJEJ4jIakpylHAZFuOvkjg/ta6cNBKHRxBSfqz4kUBVImga8781PlrJeL/3m9WA1O3ZTyKFaE4+miQcygCmEeCuxTQbBiiSYIC6pvhXiEBMJKR1fRIdizL/8l7aO6bdXt6+Nq47yIowx2wB6oARucgAa4Ak3QAhg8gCfwAl6NR+PZeDPep60lo5jZBr9gfHwDdE+ZCA==</latexit><latexit sha1_base64="7+PdycnkBfWNdTGY+8xY/dy6JOc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigm6EigguK9gHNDFMptN26GQSZiZCiNm58VfcuFDErb/gzr9x0mah1QMXDufcy733+BGjUlnWl1Gam19YXCovV1ZW19Y3zM2ttgxjgUkLhywUXR9JwignLUUVI91IEBT4jHT88UXud+6IkDTkNyqJiBugIacDipHSkmfuNmvJmX3vjJBKnQCpEUYsvcyy2/gQe/TAM6tW3ZoA/iV2QaqgQNMzP51+iOOAcIUZkrJnW5FyUyQUxYxkFSeWJEJ4jIakpylHAZFuOvkjg/ta6cNBKHRxBSfqz4kUBVImga8781PlrJeL/3m9WA1O3ZTyKFaE4+miQcygCmEeCuxTQbBiiSYIC6pvhXiEBMJKR1fRIdizL/8l7aO6bdXt6+Nq47yIowx2wB6oARucgAa4Ak3QAhg8gCfwAl6NR+PZeDPep60lo5jZBr9gfHwDdE+ZCA==</latexit><latexit sha1_base64="7+PdycnkBfWNdTGY+8xY/dy6JOc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigm6EigguK9gHNDFMptN26GQSZiZCiNm58VfcuFDErb/gzr9x0mah1QMXDufcy733+BGjUlnWl1Gam19YXCovV1ZW19Y3zM2ttgxjgUkLhywUXR9JwignLUUVI91IEBT4jHT88UXud+6IkDTkNyqJiBugIacDipHSkmfuNmvJmX3vjJBKnQCpEUYsvcyy2/gQe/TAM6tW3ZoA/iV2QaqgQNMzP51+iOOAcIUZkrJnW5FyUyQUxYxkFSeWJEJ4jIakpylHAZFuOvkjg/ta6cNBKHRxBSfqz4kUBVImga8781PlrJeL/3m9WA1O3ZTyKFaE4+miQcygCmEeCuxTQbBiiSYIC6pvhXiEBMJKR1fRIdizL/8l7aO6bdXt6+Nq47yIowx2wB6oARucgAa4Ak3QAhg8gCfwAl6NR+PZeDPep60lo5jZBr9gfHwDdE+ZCA==</latexit><latexit sha1_base64="7+PdycnkBfWNdTGY+8xY/dy6JOc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigm6EigguK9gHNDFMptN26GQSZiZCiNm58VfcuFDErb/gzr9x0mah1QMXDufcy733+BGjUlnWl1Gam19YXCovV1ZW19Y3zM2ttgxjgUkLhywUXR9JwignLUUVI91IEBT4jHT88UXud+6IkDTkNyqJiBugIacDipHSkmfuNmvJmX3vjJBKnQCpEUYsvcyy2/gQe/TAM6tW3ZoA/iV2QaqgQNMzP51+iOOAcIUZkrJnW5FyUyQUxYxkFSeWJEJ4jIakpylHAZFuOvkjg/ta6cNBKHRxBSfqz4kUBVImga8781PlrJeL/3m9WA1O3ZTyKFaE4+miQcygCmEeCuxTQbBiiSYIC6pvhXiEBMJKR1fRIdizL/8l7aO6bdXt6+Nq47yIowx2wB6oARucgAa4Ak3QAhg8gCfwAl6NR+PZeDPep60lo5jZBr9gfHwDdE+ZCA==</latexit>

Reward R

eu1<latexit sha1_base64="Wp/RmXHSjZh6hGlj4s/EuAELAng=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2c8mSvb1jd08IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTm7nfeUKleSwfzDRBP6IjyUPOqLFSp4oD7zGtDsoVt+YuQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxbnzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5r+TIVfIjJhaQpni9lbCxlRRZmxCJRuCt/ryOmnXa55b8+7rlcZtHkcRzuAcLsGDK2jAHTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gA0Vo7Q</latexit><latexit sha1_base64="Wp/RmXHSjZh6hGlj4s/EuAELAng=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2c8mSvb1jd08IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTm7nfeUKleSwfzDRBP6IjyUPOqLFSp4oD7zGtDsoVt+YuQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxbnzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5r+TIVfIjJhaQpni9lbCxlRRZmxCJRuCt/ryOmnXa55b8+7rlcZtHkcRzuAcLsGDK2jAHTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gA0Vo7Q</latexit><latexit sha1_base64="Wp/RmXHSjZh6hGlj4s/EuAELAng=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2c8mSvb1jd08IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTm7nfeUKleSwfzDRBP6IjyUPOqLFSp4oD7zGtDsoVt+YuQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxbnzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5r+TIVfIjJhaQpni9lbCxlRRZmxCJRuCt/ryOmnXa55b8+7rlcZtHkcRzuAcLsGDK2jAHTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gA0Vo7Q</latexit><latexit sha1_base64="Wp/RmXHSjZh6hGlj4s/EuAELAng=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2c8mSvb1jd08IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTm7nfeUKleSwfzDRBP6IjyUPOqLFSp4oD7zGtDsoVt+YuQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxbnzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5r+TIVfIjJhaQpni9lbCxlRRZmxCJRuCt/ryOmnXa55b8+7rlcZtHkcRzuAcLsGDK2jAHTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gA0Vo7Q</latexit>

eu4<latexit sha1_base64="ZrCfoIH1JINmLTWbDvyFfxcYiNE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DevAYwTwkWcPspJMMmdldZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SxbDBIhGpdkA1Ch5iw3AjsB0rpDIQ2ArG1zO/9YRK8yi8N5MYfUmHIR9wRo2VHsrYSy+mj0m5Vyy5FXcOskq8jJQgQ71X/Or2I5ZIDA0TVOuO58bGT6kynAmcFrqJxpiyMR1ix9KQStR+Oj94Ss6s0ieDSNkKDZmrvydSKrWeyMB2SmpGetmbif95ncQMrvyUh3FiMGSLRYNEEBOR2fekzxUyIyaWUKa4vZWwEVWUGZtRwYbgLb+8SprViudWvLtqqXaTxZGHEziFc/DgEmpwC3VoAAMJz/AKb45yXpx352PRmnOymWP4A+fzBwCtj98=</latexit><latexit sha1_base64="ZrCfoIH1JINmLTWbDvyFfxcYiNE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DevAYwTwkWcPspJMMmdldZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SxbDBIhGpdkA1Ch5iw3AjsB0rpDIQ2ArG1zO/9YRK8yi8N5MYfUmHIR9wRo2VHsrYSy+mj0m5Vyy5FXcOskq8jJQgQ71X/Or2I5ZIDA0TVOuO58bGT6kynAmcFrqJxpiyMR1ix9KQStR+Oj94Ss6s0ieDSNkKDZmrvydSKrWeyMB2SmpGetmbif95ncQMrvyUh3FiMGSLRYNEEBOR2fekzxUyIyaWUKa4vZWwEVWUGZtRwYbgLb+8SprViudWvLtqqXaTxZGHEziFc/DgEmpwC3VoAAMJz/AKb45yXpx352PRmnOymWP4A+fzBwCtj98=</latexit><latexit sha1_base64="ZrCfoIH1JINmLTWbDvyFfxcYiNE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DevAYwTwkWcPspJMMmdldZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SxbDBIhGpdkA1Ch5iw3AjsB0rpDIQ2ArG1zO/9YRK8yi8N5MYfUmHIR9wRo2VHsrYSy+mj0m5Vyy5FXcOskq8jJQgQ71X/Or2I5ZIDA0TVOuO58bGT6kynAmcFrqJxpiyMR1ix9KQStR+Oj94Ss6s0ieDSNkKDZmrvydSKrWeyMB2SmpGetmbif95ncQMrvyUh3FiMGSLRYNEEBOR2fekzxUyIyaWUKa4vZWwEVWUGZtRwYbgLb+8SprViudWvLtqqXaTxZGHEziFc/DgEmpwC3VoAAMJz/AKb45yXpx352PRmnOymWP4A+fzBwCtj98=</latexit><latexit sha1_base64="ZrCfoIH1JINmLTWbDvyFfxcYiNE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DevAYwTwkWcPspJMMmdldZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SxbDBIhGpdkA1Ch5iw3AjsB0rpDIQ2ArG1zO/9YRK8yi8N5MYfUmHIR9wRo2VHsrYSy+mj0m5Vyy5FXcOskq8jJQgQ71X/Or2I5ZIDA0TVOuO58bGT6kynAmcFrqJxpiyMR1ix9KQStR+Oj94Ss6s0ieDSNkKDZmrvydSKrWeyMB2SmpGetmbif95ncQMrvyUh3FiMGSLRYNEEBOR2fekzxUyIyaWUKa4vZWwEVWUGZtRwYbgLb+8SprViudWvLtqqXaTxZGHEziFc/DgEmpwC3VoAAMJz/AKb45yXpx352PRmnOymWP4A+fzBwCtj98=</latexit>

Revised profile

Recommendation probability

Basic Recommendation ModelProfile Reviser

pi
<latexit sha1_base64="Zp9d2XqnsnkeNas4OwpT+4/eKOc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BFvBU0l60WNBDx4r2FZoQ9hsJ+3SzSbsTool5J948aCIV/+JN/+N24+Dtj4YeLw3w8y8MBVco+t+W6WNza3tnfJuZW//4PDIPj7p6CRTDNosEYl6DKkGwSW0kaOAx1QBjUMB3XB8M/O7E1CaJ/IBpyn4MR1KHnFG0UiBbdf6CE8YRnlaBDkvaoFddevuHM468ZakSpZoBfZXf5CwLAaJTFCte56bop9ThZwJKCr9TENK2ZgOoWeopDFoP59fXjgXRhk4UaJMSXTm6u+JnMZaT+PQdMYUR3rVm4n/eb0Mo2s/5zLNECRbLIoy4WDizGJwBlwBQzE1hDLFza0OG1FFGZqwKiYEb/XlddJp1D237t03qs3bZRxlckbOySXxyBVpkjvSIm3CyIQ8k1fyZuXWi/VufSxaS9Zy5pT8gfX5A6Ctk6Q=</latexit><latexit sha1_base64="Zp9d2XqnsnkeNas4OwpT+4/eKOc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BFvBU0l60WNBDx4r2FZoQ9hsJ+3SzSbsTool5J948aCIV/+JN/+N24+Dtj4YeLw3w8y8MBVco+t+W6WNza3tnfJuZW//4PDIPj7p6CRTDNosEYl6DKkGwSW0kaOAx1QBjUMB3XB8M/O7E1CaJ/IBpyn4MR1KHnFG0UiBbdf6CE8YRnlaBDkvaoFddevuHM468ZakSpZoBfZXf5CwLAaJTFCte56bop9ThZwJKCr9TENK2ZgOoWeopDFoP59fXjgXRhk4UaJMSXTm6u+JnMZaT+PQdMYUR3rVm4n/eb0Mo2s/5zLNECRbLIoy4WDizGJwBlwBQzE1hDLFza0OG1FFGZqwKiYEb/XlddJp1D237t03qs3bZRxlckbOySXxyBVpkjvSIm3CyIQ8k1fyZuXWi/VufSxaS9Zy5pT8gfX5A6Ctk6Q=</latexit><latexit sha1_base64="Zp9d2XqnsnkeNas4OwpT+4/eKOc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BFvBU0l60WNBDx4r2FZoQ9hsJ+3SzSbsTool5J948aCIV/+JN/+N24+Dtj4YeLw3w8y8MBVco+t+W6WNza3tnfJuZW//4PDIPj7p6CRTDNosEYl6DKkGwSW0kaOAx1QBjUMB3XB8M/O7E1CaJ/IBpyn4MR1KHnFG0UiBbdf6CE8YRnlaBDkvaoFddevuHM468ZakSpZoBfZXf5CwLAaJTFCte56bop9ThZwJKCr9TENK2ZgOoWeopDFoP59fXjgXRhk4UaJMSXTm6u+JnMZaT+PQdMYUR3rVm4n/eb0Mo2s/5zLNECRbLIoy4WDizGJwBlwBQzE1hDLFza0OG1FFGZqwKiYEb/XlddJp1D237t03qs3bZRxlckbOySXxyBVpkjvSIm3CyIQ8k1fyZuXWi/VufSxaS9Zy5pT8gfX5A6Ctk6Q=</latexit><latexit sha1_base64="Zp9d2XqnsnkeNas4OwpT+4/eKOc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BFvBU0l60WNBDx4r2FZoQ9hsJ+3SzSbsTool5J948aCIV/+JN/+N24+Dtj4YeLw3w8y8MBVco+t+W6WNza3tnfJuZW//4PDIPj7p6CRTDNosEYl6DKkGwSW0kaOAx1QBjUMB3XB8M/O7E1CaJ/IBpyn4MR1KHnFG0UiBbdf6CE8YRnlaBDkvaoFddevuHM468ZakSpZoBfZXf5CwLAaJTFCte56bop9ThZwJKCr9TENK2ZgOoWeopDFoP59fXjgXRhk4UaJMSXTm6u+JnMZaT+PQdMYUR3rVm4n/eb0Mo2s/5zLNECRbLIoy4WDizGJwBlwBQzE1hDLFza0OG1FFGZqwKiYEb/XlddJp1D237t03qs3bZRxlckbOySXxyBVpkjvSIm3CyIQ8k1fyZuXWi/VufSxaS9Zy5pT8gfX5A6Ctk6Q=</latexit>

qu
<latexit sha1_base64="qwhDPG3m9RsyAvzl/9rCi7fsFiI=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCp5L0oseCHjxWsB/QhrDZbtqlm03cnRRLyD/x4kERr/4Tb/4bt20O2vpg4PHeDDPzgkRwDY7zbZU2Nre2d8q7lb39g8Mj+/iko+NUUdamsYhVLyCaCS5ZGzgI1ksUI1EgWDeY3Mz97pQpzWP5ALOEeREZSR5ySsBIvm3XBsCeIAizx9zP0rzm21Wn7iyA14lbkCoq0PLtr8EwpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DZUkYtrLFpfn+MIoQxzGypQEvFB/T2Qk0noWBaYzIjDWq95c/M/rpxBeexmXSQpM0uWiMBUYYjyPAQ+5YhTEzBBCFTe3YjomilAwYVVMCO7qy+uk06i7Tt29b1Sbt0UcZXSGztElctEVaqI71EJtRNEUPaNX9GZl1ov1bn0sW0tWMXOK/sD6/AG0f5Ox</latexit><latexit sha1_base64="qwhDPG3m9RsyAvzl/9rCi7fsFiI=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCp5L0oseCHjxWsB/QhrDZbtqlm03cnRRLyD/x4kERr/4Tb/4bt20O2vpg4PHeDDPzgkRwDY7zbZU2Nre2d8q7lb39g8Mj+/iko+NUUdamsYhVLyCaCS5ZGzgI1ksUI1EgWDeY3Mz97pQpzWP5ALOEeREZSR5ySsBIvm3XBsCeIAizx9zP0rzm21Wn7iyA14lbkCoq0PLtr8EwpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DZUkYtrLFpfn+MIoQxzGypQEvFB/T2Qk0noWBaYzIjDWq95c/M/rpxBeexmXSQpM0uWiMBUYYjyPAQ+5YhTEzBBCFTe3YjomilAwYVVMCO7qy+uk06i7Tt29b1Sbt0UcZXSGztElctEVaqI71EJtRNEUPaNX9GZl1ov1bn0sW0tWMXOK/sD6/AG0f5Ox</latexit><latexit sha1_base64="qwhDPG3m9RsyAvzl/9rCi7fsFiI=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCp5L0oseCHjxWsB/QhrDZbtqlm03cnRRLyD/x4kERr/4Tb/4bt20O2vpg4PHeDDPzgkRwDY7zbZU2Nre2d8q7lb39g8Mj+/iko+NUUdamsYhVLyCaCS5ZGzgI1ksUI1EgWDeY3Mz97pQpzWP5ALOEeREZSR5ySsBIvm3XBsCeIAizx9zP0rzm21Wn7iyA14lbkCoq0PLtr8EwpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DZUkYtrLFpfn+MIoQxzGypQEvFB/T2Qk0noWBaYzIjDWq95c/M/rpxBeexmXSQpM0uWiMBUYYjyPAQ+5YhTEzBBCFTe3YjomilAwYVVMCO7qy+uk06i7Tt29b1Sbt0UcZXSGztElctEVaqI71EJtRNEUPaNX9GZl1ov1bn0sW0tWMXOK/sD6/AG0f5Ox</latexit><latexit sha1_base64="qwhDPG3m9RsyAvzl/9rCi7fsFiI=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCp5L0oseCHjxWsB/QhrDZbtqlm03cnRRLyD/x4kERr/4Tb/4bt20O2vpg4PHeDDPzgkRwDY7zbZU2Nre2d8q7lb39g8Mj+/iko+NUUdamsYhVLyCaCS5ZGzgI1ksUI1EgWDeY3Mz97pQpzWP5ALOEeREZSR5ySsBIvm3XBsCeIAizx9zP0rzm21Wn7iyA14lbkCoq0PLtr8EwpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DZUkYtrLFpfn+MIoQxzGypQEvFB/T2Qk0noWBaYzIjDWq95c/M/rpxBeexmXSQpM0uWiMBUYYjyPAQ+5YhTEzBBCFTe3YjomilAwYVVMCO7qy+uk06i7Tt29b1Sbt0UcZXSGztElctEVaqI71EJtRNEUPaNX9GZl1ov1bn0sW0tWMXOK/sD6/AG0f5Ox</latexit>

Embeddings

pu
1<latexit sha1_base64="mwiDX8Mt4UVtOysTDpl9LIPGLfw=">AAAB+XicbVBNT8JAEJ3iF+JX1aOXRjDxRFoueiTRg0dM5COBSrbLFjZst83ulEga/okXDxrj1X/izX/jAj0o+JJJXt6bycy8IBFco+t+W4WNza3tneJuaW//4PDIPj5p6ThVlDVpLGLVCYhmgkvWRI6CdRLFSBQI1g7GN3O/PWFK81g+4DRhfkSGkoecEjRS37YrPWRPGIRZMut7j2mlb5fdqruAs068nJQhR6Nvf/UGMU0jJpEKonXXcxP0M6KQU8FmpV6qWULomAxZ11BJIqb9bHH5zLkwysAJY2VKorNQf09kJNJ6GgWmMyI40qveXPzP66YYXvsZl0mKTNLlojAVDsbOPAZnwBWjKKaGEKq4udWhI6IIRRNWyYTgrb68Tlq1qudWvftauX6bx1GEMziHS/DgCupwBw1oAoUJPMMrvFmZ9WK9Wx/L1oKVz5zCH1ifPxK9k0c=</latexit><latexit sha1_base64="mwiDX8Mt4UVtOysTDpl9LIPGLfw=">AAAB+XicbVBNT8JAEJ3iF+JX1aOXRjDxRFoueiTRg0dM5COBSrbLFjZst83ulEga/okXDxrj1X/izX/jAj0o+JJJXt6bycy8IBFco+t+W4WNza3tneJuaW//4PDIPj5p6ThVlDVpLGLVCYhmgkvWRI6CdRLFSBQI1g7GN3O/PWFK81g+4DRhfkSGkoecEjRS37YrPWRPGIRZMut7j2mlb5fdqruAs068nJQhR6Nvf/UGMU0jJpEKonXXcxP0M6KQU8FmpV6qWULomAxZ11BJIqb9bHH5zLkwysAJY2VKorNQf09kJNJ6GgWmMyI40qveXPzP66YYXvsZl0mKTNLlojAVDsbOPAZnwBWjKKaGEKq4udWhI6IIRRNWyYTgrb68Tlq1qudWvftauX6bx1GEMziHS/DgCupwBw1oAoUJPMMrvFmZ9WK9Wx/L1oKVz5zCH1ifPxK9k0c=</latexit><latexit sha1_base64="mwiDX8Mt4UVtOysTDpl9LIPGLfw=">AAAB+XicbVBNT8JAEJ3iF+JX1aOXRjDxRFoueiTRg0dM5COBSrbLFjZst83ulEga/okXDxrj1X/izX/jAj0o+JJJXt6bycy8IBFco+t+W4WNza3tneJuaW//4PDIPj5p6ThVlDVpLGLVCYhmgkvWRI6CdRLFSBQI1g7GN3O/PWFK81g+4DRhfkSGkoecEjRS37YrPWRPGIRZMut7j2mlb5fdqruAs068nJQhR6Nvf/UGMU0jJpEKonXXcxP0M6KQU8FmpV6qWULomAxZ11BJIqb9bHH5zLkwysAJY2VKorNQf09kJNJ6GgWmMyI40qveXPzP66YYXvsZl0mKTNLlojAVDsbOPAZnwBWjKKaGEKq4udWhI6IIRRNWyYTgrb68Tlq1qudWvftauX6bx1GEMziHS/DgCupwBw1oAoUJPMMrvFmZ9WK9Wx/L1oKVz5zCH1ifPxK9k0c=</latexit><latexit sha1_base64="mwiDX8Mt4UVtOysTDpl9LIPGLfw=">AAAB+XicbVBNT8JAEJ3iF+JX1aOXRjDxRFoueiTRg0dM5COBSrbLFjZst83ulEga/okXDxrj1X/izX/jAj0o+JJJXt6bycy8IBFco+t+W4WNza3tneJuaW//4PDIPj5p6ThVlDVpLGLVCYhmgkvWRI6CdRLFSBQI1g7GN3O/PWFK81g+4DRhfkSGkoecEjRS37YrPWRPGIRZMut7j2mlb5fdqruAs068nJQhR6Nvf/UGMU0jJpEKonXXcxP0M6KQU8FmpV6qWULomAxZ11BJIqb9bHH5zLkwysAJY2VKorNQf09kJNJ6GgWmMyI40qveXPzP66YYXvsZl0mKTNLlojAVDsbOPAZnwBWjKKaGEKq4udWhI6IIRRNWyYTgrb68Tlq1qudWvftauX6bx1GEMziHS/DgCupwBw1oAoUJPMMrvFmZ9WK9Wx/L1oKVz5zCH1ifPxK9k0c=</latexit>

pu
2<latexit sha1_base64="emobw2sXgMY56GNkKqKERqR0Kk0=">AAAB+XicbVBNT8JAEJ3iF+JX1aOXRjDxRFoueiTRg0dM5COBSrbLFjZst83ulEga/okXDxrj1X/izX/jAj0o+JJJXt6bycy8IBFco+t+W4WNza3tneJuaW//4PDIPj5p6ThVlDVpLGLVCYhmgkvWRI6CdRLFSBQI1g7GN3O/PWFK81g+4DRhfkSGkoecEjRS37YrPWRPGIRZMuvXHtNK3y67VXcBZ514OSlDjkbf/uoNYppGTCIVROuu5yboZ0Qhp4LNSr1Us4TQMRmyrqGSREz72eLymXNhlIETxsqURGeh/p7ISKT1NApMZ0RwpFe9ufif100xvPYzLpMUmaTLRWEqHIydeQzOgCtGUUwNIVRxc6tDR0QRiiaskgnBW315nbRqVc+teve1cv02j6MIZ3AOl+DBFdThDhrQBAoTeIZXeLMy68V6tz6WrQUrnzmFP7A+fwAURJNI</latexit><latexit sha1_base64="emobw2sXgMY56GNkKqKERqR0Kk0=">AAAB+XicbVBNT8JAEJ3iF+JX1aOXRjDxRFoueiTRg0dM5COBSrbLFjZst83ulEga/okXDxrj1X/izX/jAj0o+JJJXt6bycy8IBFco+t+W4WNza3tneJuaW//4PDIPj5p6ThVlDVpLGLVCYhmgkvWRI6CdRLFSBQI1g7GN3O/PWFK81g+4DRhfkSGkoecEjRS37YrPWRPGIRZMuvXHtNK3y67VXcBZ514OSlDjkbf/uoNYppGTCIVROuu5yboZ0Qhp4LNSr1Us4TQMRmyrqGSREz72eLymXNhlIETxsqURGeh/p7ISKT1NApMZ0RwpFe9ufif100xvPYzLpMUmaTLRWEqHIydeQzOgCtGUUwNIVRxc6tDR0QRiiaskgnBW315nbRqVc+teve1cv02j6MIZ3AOl+DBFdThDhrQBAoTeIZXeLMy68V6tz6WrQUrnzmFP7A+fwAURJNI</latexit><latexit sha1_base64="emobw2sXgMY56GNkKqKERqR0Kk0=">AAAB+XicbVBNT8JAEJ3iF+JX1aOXRjDxRFoueiTRg0dM5COBSrbLFjZst83ulEga/okXDxrj1X/izX/jAj0o+JJJXt6bycy8IBFco+t+W4WNza3tneJuaW//4PDIPj5p6ThVlDVpLGLVCYhmgkvWRI6CdRLFSBQI1g7GN3O/PWFK81g+4DRhfkSGkoecEjRS37YrPWRPGIRZMuvXHtNK3y67VXcBZ514OSlDjkbf/uoNYppGTCIVROuu5yboZ0Qhp4LNSr1Us4TQMRmyrqGSREz72eLymXNhlIETxsqURGeh/p7ISKT1NApMZ0RwpFe9ufif100xvPYzLpMUmaTLRWEqHIydeQzOgCtGUUwNIVRxc6tDR0QRiiaskgnBW315nbRqVc+teve1cv02j6MIZ3AOl+DBFdThDhrQBAoTeIZXeLMy68V6tz6WrQUrnzmFP7A+fwAURJNI</latexit><latexit sha1_base64="emobw2sXgMY56GNkKqKERqR0Kk0=">AAAB+XicbVBNT8JAEJ3iF+JX1aOXRjDxRFoueiTRg0dM5COBSrbLFjZst83ulEga/okXDxrj1X/izX/jAj0o+JJJXt6bycy8IBFco+t+W4WNza3tneJuaW//4PDIPj5p6ThVlDVpLGLVCYhmgkvWRI6CdRLFSBQI1g7GN3O/PWFK81g+4DRhfkSGkoecEjRS37YrPWRPGIRZMuvXHtNK3y67VXcBZ514OSlDjkbf/uoNYppGTCIVROuu5yboZ0Qhp4LNSr1Us4TQMRmyrqGSREz72eLymXNhlIETxsqURGeh/p7ISKT1NApMZ0RwpFe9ufif100xvPYzLpMUmaTLRWEqHIydeQzOgCtGUUwNIVRxc6tDR0QRiiaskgnBW315nbRqVc+teve1cv02j6MIZ3AOl+DBFdThDhrQBAoTeIZXeLMy68V6tz6WrQUrnzmFP7A+fwAURJNI</latexit>

pu
4<latexit sha1_base64="2sc5ng7FaIiwCqx8SasXTW94WP8=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WWwFTyUpgh4LevBYwX5AG8tmu2mXbjZhdyItIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82PBNTjOt1XY2Nza3inulvb2Dw6P7ONyW0eJoqxFIxGprk80E1yyFnAQrBsrRkJfsI4/uZn7nSemNI/kA8xi5oVkJHnAKQEjDexytQ9sCn6Qxtkgvcwek+rArjg1ZwG8TtycVFCO5sD+6g8jmoRMAhVE657rxOClRAGngmWlfqJZTOiEjFjPUElCpr10cXuGz40yxEGkTEnAC/X3REpCrWehbzpDAmO96s3F/7xeAsG1l3IZJ8AkXS4KEoEhwvMg8JArRkHMDCFUcXMrpmOiCAUTV8mE4K6+vE7a9Zrr1Nz7eqVxm8dRRKfoDF0gF12hBrpDTdRCFE3RM3pFb1ZmvVjv1seytWDlMyfoD6zPH+c/lFY=</latexit><latexit sha1_base64="2sc5ng7FaIiwCqx8SasXTW94WP8=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WWwFTyUpgh4LevBYwX5AG8tmu2mXbjZhdyItIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82PBNTjOt1XY2Nza3inulvb2Dw6P7ONyW0eJoqxFIxGprk80E1yyFnAQrBsrRkJfsI4/uZn7nSemNI/kA8xi5oVkJHnAKQEjDexytQ9sCn6Qxtkgvcwek+rArjg1ZwG8TtycVFCO5sD+6g8jmoRMAhVE657rxOClRAGngmWlfqJZTOiEjFjPUElCpr10cXuGz40yxEGkTEnAC/X3REpCrWehbzpDAmO96s3F/7xeAsG1l3IZJ8AkXS4KEoEhwvMg8JArRkHMDCFUcXMrpmOiCAUTV8mE4K6+vE7a9Zrr1Nz7eqVxm8dRRKfoDF0gF12hBrpDTdRCFE3RM3pFb1ZmvVjv1seytWDlMyfoD6zPH+c/lFY=</latexit><latexit sha1_base64="2sc5ng7FaIiwCqx8SasXTW94WP8=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WWwFTyUpgh4LevBYwX5AG8tmu2mXbjZhdyItIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82PBNTjOt1XY2Nza3inulvb2Dw6P7ONyW0eJoqxFIxGprk80E1yyFnAQrBsrRkJfsI4/uZn7nSemNI/kA8xi5oVkJHnAKQEjDexytQ9sCn6Qxtkgvcwek+rArjg1ZwG8TtycVFCO5sD+6g8jmoRMAhVE657rxOClRAGngmWlfqJZTOiEjFjPUElCpr10cXuGz40yxEGkTEnAC/X3REpCrWehbzpDAmO96s3F/7xeAsG1l3IZJ8AkXS4KEoEhwvMg8JArRkHMDCFUcXMrpmOiCAUTV8mE4K6+vE7a9Zrr1Nz7eqVxm8dRRKfoDF0gF12hBrpDTdRCFE3RM3pFb1ZmvVjv1seytWDlMyfoD6zPH+c/lFY=</latexit><latexit sha1_base64="2sc5ng7FaIiwCqx8SasXTW94WP8=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WWwFTyUpgh4LevBYwX5AG8tmu2mXbjZhdyItIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82PBNTjOt1XY2Nza3inulvb2Dw6P7ONyW0eJoqxFIxGprk80E1yyFnAQrBsrRkJfsI4/uZn7nSemNI/kA8xi5oVkJHnAKQEjDexytQ9sCn6Qxtkgvcwek+rArjg1ZwG8TtycVFCO5sD+6g8jmoRMAhVE657rxOClRAGngmWlfqJZTOiEjFjPUElCpr10cXuGz40yxEGkTEnAC/X3REpCrWehbzpDAmO96s3F/7xeAsG1l3IZJ8AkXS4KEoEhwvMg8JArRkHMDCFUcXMrpmOiCAUTV8mE4K6+vE7a9Zrr1Nz7eqVxm8dRRKfoDF0gF12hBrpDTdRCFE3RM3pFb1ZmvVjv1seytWDlMyfoD6zPH+c/lFY=</latexit>

ah
<latexit sha1_base64="KiBo/41QesrkVx8pv/7aheEcxFQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9zhPXRsTqAacJ9yM6UiIUjKKVWlX6OK4OyhW35i5A1omXkwrkaA7KX/1hzNKIK2SSGtPz3AT9jGoUTPJZqZ8anlA2oSPes1TRiBs/Wxw7IxdWGZIw1rYUkoX6eyKjkTHTKLCdEcWxWfXm4n9eL8Xw2s+ESlLkii0XhakkGJP552QoNGcop5ZQpoW9lbAx1ZShzadkQ/BWX14n7XrNc2vefb3SuM3jKMIZnMMleHAFDbiDJrSAgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kD8yCOGw==</latexit><latexit sha1_base64="KiBo/41QesrkVx8pv/7aheEcxFQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9zhPXRsTqAacJ9yM6UiIUjKKVWlX6OK4OyhW35i5A1omXkwrkaA7KX/1hzNKIK2SSGtPz3AT9jGoUTPJZqZ8anlA2oSPes1TRiBs/Wxw7IxdWGZIw1rYUkoX6eyKjkTHTKLCdEcWxWfXm4n9eL8Xw2s+ESlLkii0XhakkGJP552QoNGcop5ZQpoW9lbAx1ZShzadkQ/BWX14n7XrNc2vefb3SuM3jKMIZnMMleHAFDbiDJrSAgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kD8yCOGw==</latexit><latexit sha1_base64="KiBo/41QesrkVx8pv/7aheEcxFQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9zhPXRsTqAacJ9yM6UiIUjKKVWlX6OK4OyhW35i5A1omXkwrkaA7KX/1hzNKIK2SSGtPz3AT9jGoUTPJZqZ8anlA2oSPes1TRiBs/Wxw7IxdWGZIw1rYUkoX6eyKjkTHTKLCdEcWxWfXm4n9eL8Xw2s+ESlLkii0XhakkGJP552QoNGcop5ZQpoW9lbAx1ZShzadkQ/BWX14n7XrNc2vefb3SuM3jKMIZnMMleHAFDbiDJrSAgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kD8yCOGw==</latexit><latexit sha1_base64="KiBo/41QesrkVx8pv/7aheEcxFQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9zhPXRsTqAacJ9yM6UiIUjKKVWlX6OK4OyhW35i5A1omXkwrkaA7KX/1hzNKIK2SSGtPz3AT9jGoUTPJZqZ8anlA2oSPes1TRiBs/Wxw7IxdWGZIw1rYUkoX6eyKjkTHTKLCdEcWxWfXm4n9eL8Xw2s+ESlLkii0XhakkGJP552QoNGcop5ZQpoW9lbAx1ZShzadkQ/BWX14n7XrNc2vefb3SuM3jKMIZnMMleHAFDbiDJrSAgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kD8yCOGw==</latexit>

Eu
<latexit sha1_base64="kL1N2eiX+FV+ykiTLUiearJ0X84=">AAAB+HicbVDLSsNAFL3xWeujUZduBlvBVUm60WVBBZcV7APaWCbTaTt0MgnzEGrol7hxoYhbP8Wdf+OkzUJbDwwczrmXe+aECWdKe963s7a+sbm1Xdgp7u7tH5Tcw6OWio0ktEliHstOiBXlTNCmZprTTiIpjkJO2+HkKvPbj1QqFot7PU1oEOGRYENGsLZS3y1VehHWY4J5ejN7MJW+W/aq3hxolfg5KUOORt/96g1iYiIqNOFYqa7vJTpIsdSMcDor9oyiCSYTPKJdSwWOqArSefAZOrPKAA1jaZ/QaK7+3khxpNQ0Cu1kllIte5n4n9c1engZpEwkRlNBFoeGhiMdo6wFNGCSEs2nlmAimc2KyBhLTLTtqmhL8Je/vEpatarvVf27Wrl+nddRgBM4hXPw4QLqcAsNaAIBA8/wCm/Ok/PivDsfi9E1J985hj9wPn8AP5iSzw==</latexit><latexit sha1_base64="kL1N2eiX+FV+ykiTLUiearJ0X84=">AAAB+HicbVDLSsNAFL3xWeujUZduBlvBVUm60WVBBZcV7APaWCbTaTt0MgnzEGrol7hxoYhbP8Wdf+OkzUJbDwwczrmXe+aECWdKe963s7a+sbm1Xdgp7u7tH5Tcw6OWio0ktEliHstOiBXlTNCmZprTTiIpjkJO2+HkKvPbj1QqFot7PU1oEOGRYENGsLZS3y1VehHWY4J5ejN7MJW+W/aq3hxolfg5KUOORt/96g1iYiIqNOFYqa7vJTpIsdSMcDor9oyiCSYTPKJdSwWOqArSefAZOrPKAA1jaZ/QaK7+3khxpNQ0Cu1kllIte5n4n9c1engZpEwkRlNBFoeGhiMdo6wFNGCSEs2nlmAimc2KyBhLTLTtqmhL8Je/vEpatarvVf27Wrl+nddRgBM4hXPw4QLqcAsNaAIBA8/wCm/Ok/PivDsfi9E1J985hj9wPn8AP5iSzw==</latexit><latexit sha1_base64="kL1N2eiX+FV+ykiTLUiearJ0X84=">AAAB+HicbVDLSsNAFL3xWeujUZduBlvBVUm60WVBBZcV7APaWCbTaTt0MgnzEGrol7hxoYhbP8Wdf+OkzUJbDwwczrmXe+aECWdKe963s7a+sbm1Xdgp7u7tH5Tcw6OWio0ktEliHstOiBXlTNCmZprTTiIpjkJO2+HkKvPbj1QqFot7PU1oEOGRYENGsLZS3y1VehHWY4J5ejN7MJW+W/aq3hxolfg5KUOORt/96g1iYiIqNOFYqa7vJTpIsdSMcDor9oyiCSYTPKJdSwWOqArSefAZOrPKAA1jaZ/QaK7+3khxpNQ0Cu1kllIte5n4n9c1engZpEwkRlNBFoeGhiMdo6wFNGCSEs2nlmAimc2KyBhLTLTtqmhL8Je/vEpatarvVf27Wrl+nddRgBM4hXPw4QLqcAsNaAIBA8/wCm/Ok/PivDsfi9E1J985hj9wPn8AP5iSzw==</latexit><latexit sha1_base64="kL1N2eiX+FV+ykiTLUiearJ0X84=">AAAB+HicbVDLSsNAFL3xWeujUZduBlvBVUm60WVBBZcV7APaWCbTaTt0MgnzEGrol7hxoYhbP8Wdf+OkzUJbDwwczrmXe+aECWdKe963s7a+sbm1Xdgp7u7tH5Tcw6OWio0ktEliHstOiBXlTNCmZprTTiIpjkJO2+HkKvPbj1QqFot7PU1oEOGRYENGsLZS3y1VehHWY4J5ejN7MJW+W/aq3hxolfg5KUOORt/96g1iYiIqNOFYqa7vJTpIsdSMcDor9oyiCSYTPKJdSwWOqArSefAZOrPKAA1jaZ/QaK7+3khxpNQ0Cu1kllIte5n4n9c1engZpEwkRlNBFoeGhiMdo6wFNGCSEs2nlmAimc2KyBhLTLTtqmhL8Je/vEpatarvVf27Wrl+nddRgBM4hXPw4QLqcAsNaAIBA8/wCm/Ok/PivDsfi9E1J985hj9wPn8AP5iSzw==</latexit>

10

Êu
<latexit sha1_base64="qgxRuiMHa4tgBr8IGbAw5nfA5Do=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IreCpJL3osqOCxgq2FJpaX7aZdutmE3Y1QQsG/4sWDIl79Hd78N27aHLR1YGGYeY83O0HCmdKO822VVlbX1jfKm5Wt7Z3dPXv/oKPiVBLaJjGPZTcARTkTtK2Z5rSbSApRwOl9ML7M/ftHKhWLxZ2eJNSPYChYyAhoI/Xto5o3Ap15EegRAZ5dT6cPaa1vV526MwNeJm5BqqhAq29/eYOYpBEVmnBQquc6ifYzkJoRTqcVL1U0ATKGIe0ZKiCiys9m8af41CgDHMbSPKHxTP29kUGk1CQKzGQeUy16ufif10t1eOFnTCSppoLMD4UpxzrGeRd4wCQlmk8MASKZyYrJCCQQbRqrmBLcxS8vk06j7jp197ZRbV4VdZTRMTpBZ8hF56iJblALtRFBGXpGr+jNerJerHfrYz5asoqdQ/QH1ucPLEuVnA==</latexit><latexit sha1_base64="qgxRuiMHa4tgBr8IGbAw5nfA5Do=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IreCpJL3osqOCxgq2FJpaX7aZdutmE3Y1QQsG/4sWDIl79Hd78N27aHLR1YGGYeY83O0HCmdKO822VVlbX1jfKm5Wt7Z3dPXv/oKPiVBLaJjGPZTcARTkTtK2Z5rSbSApRwOl9ML7M/ftHKhWLxZ2eJNSPYChYyAhoI/Xto5o3Ap15EegRAZ5dT6cPaa1vV526MwNeJm5BqqhAq29/eYOYpBEVmnBQquc6ifYzkJoRTqcVL1U0ATKGIe0ZKiCiys9m8af41CgDHMbSPKHxTP29kUGk1CQKzGQeUy16ufif10t1eOFnTCSppoLMD4UpxzrGeRd4wCQlmk8MASKZyYrJCCQQbRqrmBLcxS8vk06j7jp197ZRbV4VdZTRMTpBZ8hF56iJblALtRFBGXpGr+jNerJerHfrYz5asoqdQ/QH1ucPLEuVnA==</latexit><latexit sha1_base64="qgxRuiMHa4tgBr8IGbAw5nfA5Do=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IreCpJL3osqOCxgq2FJpaX7aZdutmE3Y1QQsG/4sWDIl79Hd78N27aHLR1YGGYeY83O0HCmdKO822VVlbX1jfKm5Wt7Z3dPXv/oKPiVBLaJjGPZTcARTkTtK2Z5rSbSApRwOl9ML7M/ftHKhWLxZ2eJNSPYChYyAhoI/Xto5o3Ap15EegRAZ5dT6cPaa1vV526MwNeJm5BqqhAq29/eYOYpBEVmnBQquc6ifYzkJoRTqcVL1U0ATKGIe0ZKiCiys9m8af41CgDHMbSPKHxTP29kUGk1CQKzGQeUy16ufif10t1eOFnTCSppoLMD4UpxzrGeRd4wCQlmk8MASKZyYrJCCQQbRqrmBLcxS8vk06j7jp197ZRbV4VdZTRMTpBZ8hF56iJblALtRFBGXpGr+jNerJerHfrYz5asoqdQ/QH1ucPLEuVnA==</latexit><latexit sha1_base64="qgxRuiMHa4tgBr8IGbAw5nfA5Do=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IreCpJL3osqOCxgq2FJpaX7aZdutmE3Y1QQsG/4sWDIl79Hd78N27aHLR1YGGYeY83O0HCmdKO822VVlbX1jfKm5Wt7Z3dPXv/oKPiVBLaJjGPZTcARTkTtK2Z5rSbSApRwOl9ML7M/ftHKhWLxZ2eJNSPYChYyAhoI/Xto5o3Ap15EegRAZ5dT6cPaa1vV526MwNeJm5BqqhAq29/eYOYpBEVmnBQquc6ifYzkJoRTqcVL1U0ATKGIe0ZKiCiys9m8af41CgDHMbSPKHxTP29kUGk1CQKzGQeUy16ufif10t1eOFnTCSppoLMD4UpxzrGeRd4wCQlmk8MASKZyYrJCCQQbRqrmBLcxS8vk06j7jp197ZRbV4VdZTRMTpBZ8hF56iJblALtRFBGXpGr+jNerJerHfrYz5asoqdQ/QH1ucPLEuVnA==</latexit>

: eu2<latexit sha1_base64="rf0RYKuHV5wR/Xjt1iyKHIU4iso=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2c8mSvb1jd08IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTm7nfeUKleSwfzDRBP6IjyUPOqLFSp4qD+mNaHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35t3XK43bPI4inME5XIIHV9CAO2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AE13Y7R</latexit><latexit sha1_base64="rf0RYKuHV5wR/Xjt1iyKHIU4iso=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2c8mSvb1jd08IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTm7nfeUKleSwfzDRBP6IjyUPOqLFSp4qD+mNaHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35t3XK43bPI4inME5XIIHV9CAO2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AE13Y7R</latexit><latexit sha1_base64="rf0RYKuHV5wR/Xjt1iyKHIU4iso=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2c8mSvb1jd08IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTm7nfeUKleSwfzDRBP6IjyUPOqLFSp4qD+mNaHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35t3XK43bPI4inME5XIIHV9CAO2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AE13Y7R</latexit><latexit sha1_base64="rf0RYKuHV5wR/Xjt1iyKHIU4iso=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TKghWUE8wHJGfY2c8mSvb1jd08IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTm7nfeUKleSwfzDRBP6IjyUPOqLFSp4qD+mNaHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35t3XK43bPI4inME5XIIHV9CAO2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AE13Y7R</latexit>

01 1
al3

<latexit sha1_base64="YpZ5sH/N+tSwZrom/0/6k98gnFw=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5WUAcZKMDAWiX6gNlSO67RWbSeyHaQq6q9gYQAhVn4OG/8Gp80ALU866em9O93dC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek+vM7zxRpVkk7800pr7AI8lCRrCx0kMVD9KL2SOvDsoVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8MpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+7qlcZNHkcRTuAUzsGDS2jALTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH+s9j9E=</latexit><latexit sha1_base64="YpZ5sH/N+tSwZrom/0/6k98gnFw=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5WUAcZKMDAWiX6gNlSO67RWbSeyHaQq6q9gYQAhVn4OG/8Gp80ALU866em9O93dC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek+vM7zxRpVkk7800pr7AI8lCRrCx0kMVD9KL2SOvDsoVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8MpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+7qlcZNHkcRTuAUzsGDS2jALTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH+s9j9E=</latexit><latexit sha1_base64="YpZ5sH/N+tSwZrom/0/6k98gnFw=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5WUAcZKMDAWiX6gNlSO67RWbSeyHaQq6q9gYQAhVn4OG/8Gp80ALU866em9O93dC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek+vM7zxRpVkk7800pr7AI8lCRrCx0kMVD9KL2SOvDsoVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8MpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+7qlcZNHkcRTuAUzsGDS2jALTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH+s9j9E=</latexit><latexit sha1_base64="YpZ5sH/N+tSwZrom/0/6k98gnFw=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5WUAcZKMDAWiX6gNlSO67RWbSeyHaQq6q9gYQAhVn4OG/8Gp80ALU866em9O93dC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek+vM7zxRpVkk7800pr7AI8lCRrCx0kMVD9KL2SOvDsoVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8MpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+7qlcZNHkcRTuAUzsGDS2jALTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH+s9j9E=</latexit>

al4<latexit sha1_base64="+T5sy6yXBDO7hJiLazYdRgovNS0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbBD0W9OCxgv2Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyXXmd56o0iyS92YaU1/gkWQhI9hY6aGKB+nF7JFXB+WKW3PnQKvEy0kFcjQH5a/+MCKJoNIQjrXueW5s/BQrwwins1I/0TTGZIJHtGepxIJqP50fPENnVhmiMFK2pEFz9fdEioXWUxHYToHNWC97mfif10tMeOWnTMaJoZIsFoUJRyZC2fdoyBQlhk8twUQxeysiY6wwMTajkg3BW355lbTrNc+teXf1SuMmj6MIJ3AK5+DBJTTgFprQAgICnuEV3hzlvDjvzseiteDkM8fwB87nD+zFj9I=</latexit><latexit sha1_base64="+T5sy6yXBDO7hJiLazYdRgovNS0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbBD0W9OCxgv2Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyXXmd56o0iyS92YaU1/gkWQhI9hY6aGKB+nF7JFXB+WKW3PnQKvEy0kFcjQH5a/+MCKJoNIQjrXueW5s/BQrwwins1I/0TTGZIJHtGepxIJqP50fPENnVhmiMFK2pEFz9fdEioXWUxHYToHNWC97mfif10tMeOWnTMaJoZIsFoUJRyZC2fdoyBQlhk8twUQxeysiY6wwMTajkg3BW355lbTrNc+teXf1SuMmj6MIJ3AK5+DBJTTgFprQAgICnuEV3hzlvDjvzseiteDkM8fwB87nD+zFj9I=</latexit><latexit sha1_base64="+T5sy6yXBDO7hJiLazYdRgovNS0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbBD0W9OCxgv2Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyXXmd56o0iyS92YaU1/gkWQhI9hY6aGKB+nF7JFXB+WKW3PnQKvEy0kFcjQH5a/+MCKJoNIQjrXueW5s/BQrwwins1I/0TTGZIJHtGepxIJqP50fPENnVhmiMFK2pEFz9fdEioXWUxHYToHNWC97mfif10tMeOWnTMaJoZIsFoUJRyZC2fdoyBQlhk8twUQxeysiY6wwMTajkg3BW355lbTrNc+teXf1SuMmj6MIJ3AK5+DBJTTgFprQAgICnuEV3hzlvDjvzseiteDkM8fwB87nD+zFj9I=</latexit><latexit sha1_base64="+T5sy6yXBDO7hJiLazYdRgovNS0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbBD0W9OCxgv2Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyXXmd56o0iyS92YaU1/gkWQhI9hY6aGKB+nF7JFXB+WKW3PnQKvEy0kFcjQH5a/+MCKJoNIQjrXueW5s/BQrwwins1I/0TTGZIJHtGepxIJqP50fPENnVhmiMFK2pEFz9fdEioXWUxHYToHNWC97mfif10tMeOWnTMaJoZIsFoUJRyZC2fdoyBQlhk8twUQxeysiY6wwMTajkg3BW355lbTrNc+teXf1SuMmj6MIJ3AK5+DBJTTgFprQAgICnuEV3hzlvDjvzseiteDkM8fwB87nD+zFj9I=</latexit>
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Original profile

• A hierarchical Markov Decision Process
• The agent firstly performs a high-level task to determine whether to revise

the whole profile or not
• If it decides to revise, the agent performs a low-level task of multiples

actions to determine whether to remove each historical course or not
• The overall task is finished after the low-level task is finished or the high-

level task decides to make no revision.

30% users are
attentive, and
recommendations
are already
correct.
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The High-level Task
• Determine whether to revise the whole profile !" or not

– State: 
• The average cosine similarity between the embedding vectors of each 

historical course in !" and the target course #$.
• The average element wise product between the embedding vectors of each 

historical course in !" and the target course #$.
• The probability % & = 1 !", #$ of recommending #$ to user * by the basic 

recommender. 
(The lower recommendation probability is, more effort should be taken to revise
the profile)

– Action:
• {Revise, keep}

– Delayed reward:

Policy function: two-layer NN

The difference between the log-likelihood after and before the profile is revised.
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• Determine whether to remove a historical course !"# ∈ %# or not
– State: 

• The cosine similarity between the embedding vectors of the current historical course !"# and 
the target course &'.

• The element wise product between the embedding vectors of the current historical course !"#
and the target course &'.

• Effort taken in the course. 

– Action:
• {Remove, Keep}

– Reward:
• Add an internal reward

– speed up local learning and does not propagate to the high-level.

• )(+", , .", ) :  calculate the average cosine similarity between each historical course and the 
target course after and before the profile is revised.

The low-level Task

Effort: we calculate the ratio between the watch duration and the total duration of a video as the watch ratio, and use 
the maximal watch ratio of all the videos in a course to represent the effort taken by the user in the course
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Objective Function

• Maximize the expected reward:

• Update the policy network with policy gradient:

Sampling
probability

The reward for the
sampled sequence

A sequence of the sampled
actions and the transited states
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Training Procedure

Pre-train +joint train

Sample actions and
transited states and
get rewards

Update profile reviser
and recommender
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Experiment Results

User-item
model

Item-item
model,
average

Attention
model

RL model
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Compared with One-level RL

• The average #Categories/#Courses of 
the revised profiles:

• Two-level RL: 0.73
• One-level RL: 0.75

• The revised profiles by the two-level
HRL are more consistent 

The high-level task of the two-level RL:
• The average #Categories/#Courses of

• the kept profiles: 0.57
• the revised profiles: 0.69

• High-level task tends to keep more 
consistent profiles

(A bigger #categories/#courses indicate the user is more distractive)
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Compared with Greedy Revision

The greedy reviser
• firstly decides to revise the whole profile if ! " = 1 %&, () < µ1
• and then removes the course *+& ∈ %& if its cosine similarity with () is

less than µ2
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Compared with Attentions
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Conclusion
• We present the first attempt to solve the problem of course 

recommendation in MOOCs platform by a hierarchical RL 
model.

• The model jointly trains a profile reviser and a basic 
recommendation model, which enables the hierarchical RL
model effectively to remove the noisy courses to the target 
course, and enables recommendation model to be improved on 
revised user profiles by an agent.

• The experimental results on a real dataset collected from 
XuetangX validate the effectiveness of the proposed model.
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Thank you！


