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! Multi-Objective Music Sequencing 
     Rank songs from a large set of candidates to meet user-and creator-centric objectives 

" Multiple Objectives in Music Recommendation 
     Potential and difficulty of jointly satisfying multi-stakeholder goals  

# Mostra 
     Transformer-based encoder-decoder framework for flexible recommendations 
     With a novel beam search algorithm 

• submodular multi-objective scoring 
• counterfactual performance on user metrics ^˘˘˘˘ŔŜŎÃ
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$ Data Context 
• Spotify radio-like music streaming sessions 
• 10M users 
• 500M sessions 
• 1B interactions 
• 7 days

% (Binary) Objectives 
• Short-term user satisfaction (SAT): prediction of user—track completion probability 

• Boost: whether a track is being boosted by the platform for strategic importance 
• Exposure: whether a track belongs to an emergent artist 
• Discovery: whether a track belongs to an artist a given user has never listened to
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Objectives Interplay
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& Objectives correlation with SAT 
• Boost & Exposure are not correlated with user satisfaction 
• Discovery has strict negative correlation with user satisfaction
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' Plotting the % songs in a session from different objectives 

( Music sessions are very diverse 
• Some sessions only have songs belonging to one objective 
• Many sets have songs belonging to each of these objectives 

) We anticipate more severe competition across objectives in certain sessions than others
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' Plotting the % songs in a session from different objectives 

( Music sessions are very diverse 
• Some sessions only have songs belonging to one objective 
• Many sets have songs belonging to each of these objectives 

) We anticipate more severe competition across objectives in certain sessions than others

' Plotting the SAT metric distribution for each objective 

* User satisfaction varies across tracks 
• SAT varies significantly across tracks with Exposure & Boost 
• Discovery tracks usually have a much lower SAT 

) Selecting the right creator-centric songs can keep SAT high



Mostra: Multi-objective Set Transformer  
with Counterfactual & Submodular Beam Search



Approach Overview
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! Multi-Objective Music Sequencing 
     Rank songs from a large set of candidates to meet user-and creator-centric objectives 

" Desiderata 
• Set-aware method 
• Multi-Objective decision making 
• Dynamic & flexible control for changing business strategy needs
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! Multi-Objective Music Sequencing 
     Rank songs from a large set of candidates to meet user-and creator-centric objectives 

" Desiderata 
• Set-aware method 
• Multi-Objective decision making 
• Dynamic & flexible control for changing business strategy needs

# Mostra: Multi-objective Set Transformer 
     Transformer-based encoder-decoder framework for flexible recommendations 
     With a novel beam search algorithm 

• submodular multi-objective scoring 
• counterfactual performance on user metrics 
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# Mostra: Multi-objective Set Transformer 
Transformer model for flexible recommendations through multi-objective counterfactual decoding
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Mostra: Representation Layer
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Simple module mapping User, Track and Joint features onto a vector space
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Mostra: Encoder
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Set Transformer encoder giving contextualised features for each track in the pool through L layers
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Set Transformer encoder giving contextualised features for each track in the pool through L layers
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Steps:
1. Induced self-attention block 

Multi-head self-attention via K induced points
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Steps:
1. Induced self-attention block 

Multi-head self-attention via K induced points
2. Feed-forward block 

2-layer MLP projecting each track’s features
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Set Transformer encoder giving contextualised features for each track in the pool through L layers

ɽ ɾ ɿ

}ÓĬįÓĳÓČĻ°ĻóēČˉT°ŗÓį

�ÏÏˉ̒
ˉ[
ēįċ

°ąóŞÓ

�ÏÏˉ̒
ˉ[
ēįċ

°ąóŞÓ
/ ࣸ

į88
į88

į88
į88

Z
?
�

$ČÉēÏÓį

 óĳÉēŔÓįŗ
$ŖĬēĳŀįÓ
�ēēĳĻóČé

Ļɽ Ļɽ

Ļɽ

Ļɾ Ļɾ Ļɾ

Ļɿ Ļɿ

Ļɿ

Ļʀ Ļʀ

Ļʀ

Ļʀ
B^JXMJ\M�MNLYMSXQ

<_V^S̐>KTNL^S`N�2Y_X^N\OJL^_JV�BLY\SXQ

ZŀąĻóʵaÈÿÓÉĻóŔÓˉ
 ÓÉēį°Ļēįˉ

į88
į88

į88
į88

ZŀąĻóʵaÈÿÓÉĻóŔÓˉ�Ó°ċˉ�Ó°įÉï

7UDFN UW 02

Ļɽ ���� 1�$

Ļɾ ���� ([S�

Ļʀ ���� 'LVFR�

7UDFN UW 02

Ļɽ ���� 1�$

Ļɾ ���� ([S�

Ļʀ ���� 'LVFR�

7UDFN UW 02

Ļɽ ���� 1�$

Ļɾ ���� ([S�

Ļʀ ���� 'LVFR�

UPD[�UW
UPD[

�ṛ UW� �UW���J�02�

<_V^S̐>KTNL^S`N�
2Y_X^N\OJL^_JV�

BLY\SXQ

Steps:
1. Induced self-attention block 

Multi-head self-attention via K induced points
2. Feed-forward block 

2-layer MLP projecting each track’s features
3. Repeat for L layers
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Steps:
1. Induced self-attention block 

Multi-head self-attention via K induced points
2. Feed-forward block 

2-layer MLP projecting each track’s features
3. Repeat for L layers
4. Mapping layer 

Project features into “set-aware” relevance scores

Predicted scores
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Steps:
1. Induced self-attention block 

Multi-head self-attention via K induced points
2. Feed-forward block 

2-layer MLP projecting each track’s features
3. Repeat for L layers
4. Mapping layer 

Project features into “set-aware” relevance scores

Set Transformer 

• Does not model position ➡ permutation-invariant representations 

• Induced self-attention scales to large input sets for K ≪ N
Predicted scores
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Counterfactual scoring 
Filter out tracks whose predicted SAT scores are  
≥ε points away from the next best track 
➡ limits potential losses wrt training metric (SAT)
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Predicted scores Counterfactual 
filtering (ε)

Multi-objective  
beam scoring

Submodular Multi-Objective Beam Scoring 
Encourage selection of tracks from different objectives 
➡ tracks from objectives not well represented in the 
    beam so far are scored higher
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Multi-Objective 
Counterfactual  

Scoring

Predicted scores Counterfactual 
filtering (ε)

Multi-objective  
beam scoring

Submodular Multi-Objective Beam Scoring 
Encourage selection of tracks from different objectives 
➡ tracks from objectives not well represented in the 
    beam so far are scored higher

+

+

+

+
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# Mostra: Multi-objective Set Transformer 
Transformer model for flexible recommendations through multi-objective counterfactual decoding
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$ Data 
• Spotify radio-like music streaming sessions

+ Baselines 
• Single-objective item-level models 

 Relevance ranker 
 DNN 

• Single-objective set-level models 
 SetRank (Pang et al., SIGIR’20) 
 Encoder—decoder models (e.g. SetTransformer—GRU)

• Multi-objective set-level models 
 MO-LTR 
 Mostra-WtSum 
 Mostra
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Track-level VS. set-level models 
 On par 
 Set-level methods are more efficient

Loss function 
 Point-wise (RMSE) > list-wise (AttRank)

Multi-Objective models
 Naive LTR models don’t work well 

 Decoding with a weighted sum  
  performs better, but hard to control 

 Mostra (counterfactual + submodular  
  scoring) affords finer control
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Performance by competition within sessions 
• Boost & Exposure: Increase with SAT 
• Discovery: Decreases SAT

Are we just showing more, or are they getting streamed as well? 
• Mostra surfaces more tracks across all creator-centric objectives 
• The number of streamed tracks increases too

Relaxing SAT constraints 
• As we increase ε, creator- 

centric objectives increase 
• Important: We can control  

this more than before
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% Multi-Objective Recommendations 
• Typical of multi-stakeholder digital platforms 
• Analysis in music recommendations revealed complex interplay among objectives 

, Just-in-time Multi-Objective Optimisation 
• Mostra: end-to-end method for scalable and flexible multi-objective recommendations 

  Flexibility given by a novel beam search algorithm  
  Significant gains over creator-centric objectives wrt SOTA with no drop in user metric 

- Next: extensions to cross-session objectives, trainable systems for causal decisioning 

. Code is available online: github.com/spotify-research/mostra

http://github.com/spotify-research/mostra


Conclusion

17BUGLIARELLO ET AL. | MOSTRA: A FLEXIBLE BALANCING FRAMEWORK TO TRADE-OFF USER, ARTIST AND PLATFORM OBJECTIVES FOR MUSIC SEQUENCING

% Multi-Objective Recommendations 
• Typical of multi-stakeholder digital platforms 
• Analysis in music recommendations revealed complex interplay among objectives 

, Just-in-time Multi-Objective Optimisation 
• Mostra: end-to-end method for scalable and flexible multi-objective recommendations 

  Flexibility given by a novel beam search algorithm  
  Significant gains over creator-centric objectives wrt SOTA with no drop in user metric 

- Next: extensions to cross-session objectives, trainable systems for causal decisioning 

. Code is available online: github.com/spotify-research/mostra

Thank you

http://github.com/spotify-research/mostra

