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Nowadays



Spotify

• > 100 Mio monthly active users

• > 30 Mio songs

• > 2 billion Spotify playlists
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Spotify

„ We now have more technology than ever before to ensure that if you’re […] 

doing something that only 20 people in the world will dig, we can now find those 

20 people and connect the dots between the artist and listeners “ - Matthew Ogle 
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Sonnad, Nikhil. “The magic that makes Spotify’s Discover Weekly Playlist so damn good”. 
URL: http://qz.com/571007. [Online; last accessed June 2016]
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Explicit Feedback Implicit Feedback

• relies on the explicit input by 

users

Actual Rating
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Explicit Feedback Implicit Feedback

• relies on the explicit input by 

users

Actual Rating
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• extracted out of the users 

behavior

Predicted Rating
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Track: May 16

Artist: Lagawagon

Album: Let‘s Talk About Feelings

Release: 1998

Content-Based Filtering
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3. Content-Based Filtering

Basic Idea:

Compare sets of features which represent the items in a meaningful way

Usage:

Spotify Radio
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- Artist

- Album Cover

- Lyrical Meaning

- Audio Signals

- …

But which features to compare?
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Figure 1. Audio Features for a Spotify-Track



The semantic gap in music

• the characteristics that affect user preference aren’t equal to the corresponding 

audio signal.

• some properties are impossible to obtain from audio signals
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Predictable Recommendations
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Spotify Radio

Create a Radio Channel based on:

• Song

• Album

• Artist

• Playlist
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Spotify Radio

• User plays radio -> load 250 nearest neighbors and shuffle

• Thumbs up -> Load more tracks from the thumbed-up song

• Thumbs down -> remove that song / re-weight tracks
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Nearest Neighbors
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May 16



Spotify Radio

• User plays radio -> load 250 nearest neighbors and shuffle

• Thumbs up -> Load more tracks from the thumbed-up song

• Thumbs down -> remove that song / re-weight tracks
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Collaborative Filtering
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Basic Idea:

What do other people (with a similar music taste) listen to?

Usage:

Discovery Weekly Playlist
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B:A:



A very big matrix…
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30mio items

100mio users



Nearest Neighbors
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Person A



Implicit Matrix Factorization
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Users

Songs

min
𝑥,𝑦



𝑢,𝑖

𝑐𝑢𝑖 𝑝𝑢𝑖 − 𝑥𝑢
𝑇 ∗ 𝑦𝑖

2 + λ(

𝑢

𝑥𝑢
2 +

𝑖

𝑦𝑖
2)

• 𝑝𝑢𝑖 =
1, 𝑢𝑠𝑒𝑟 𝑢 ℎ𝑎𝑠 𝑙𝑖𝑠𝑡𝑒𝑛𝑒𝑑 𝑡𝑜 𝑠𝑜𝑛𝑔 𝑖

0, 𝑢𝑠𝑒𝑟 𝑢 ℎ𝑎𝑠𝑛′𝑡 𝑙𝑖𝑠𝑡𝑒𝑛𝑒𝑑 𝑡𝑜 𝑠𝑜𝑛𝑔 𝑖

• Goal : 𝑥𝑢*𝑦𝑖 = 𝑝𝑢𝑖

• 𝑐𝑢𝑖 : describes the confidence, that user u likes
song i

• λ :  regularization penalty to avoid overfitting
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ቐ

ቐ
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Alternating Least Squares

1. Initialize user & item vectors

2. Fix item vectors and solve for optimal user vectors

- Take the derivative of loss function with respect to user‘s vector,                                     

set equl to 0 and solve

3. Fix user vectors and solve for optimal item vectors

4. Repeat until convergence
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B:A:
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The Harry-Potter Effect:
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The Cold-Start Problem:The Harry-Potter Effect:





Discover Weekly Playlist
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Discover Weekly Playlist
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Spotify
finds songs

that fit 
your

profile

Discover
Weekly Playlist

- ….
- ….
- ….
- ….
- ….
- ….
- ….

Spotify
identifies

similar
songs

Develops
„Taste 

Profile“

You listen to
and save songs

Other users create
billions of Playlists
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Figure 2. The Spotify Blob



Conclusion

Music Profile Content

Other Songs Content
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Content-Based Filtering
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Conclusion

Music Profile Content Music Profile Other users

Other Songs Content Songs they listened to
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Content-Based Filtering Collaborative Filtering
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