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Q. Which keywords 
are co-evolved?

Q. Any shifting 
patterns?

Q. Any other aspects 
to analyze?



Problem definition

• Given: the most recent ℓ-long tensor
• Forecast: ℓ!-steps ahead tensor continuously
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DISMO: a new streaming tensor factorization method



Preview of the results
• Trend analysis on Video-on-demand services
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Preview of the results
• Trend analysis on Video-on-demand services
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Dynamic interaction:
• Multi-aspect factors that represents latent groups of attributes
• Interaction relationships (network) between latent groups
• All-aspect factors can evolve for recent data

Dynamic interaction



Preview of the results
• Trend analysis on Video-on-demand services
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Time components in DISMO:
• Interpret 4 types of relationships
• Generate latent dynamics effectively

Dynamic interaction



Preview of the results
• Trend analysis on Video-on-demand services
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#2 On-demand
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DISMO automatically finds meaningful latent groups

Dynamic interaction



Preview of the results
• Trend analysis on Video-on-demand services
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#3 TV-based
subscription services

#1 Representative
video sharing service 

#2 On-demand
subscription services 

DISMO automatically finds shifting patterns

Shift!

2012 2013



Outline
•Motivation
•Problem definition
•Proposed model
•Proposed algorithms
•Experiments
•Conclusion
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Proposed model: overview

• Key idea: dynamic interaction and seasonality
• Step 1. Non-linear dynamical system for interactions
• Step 2. Interaction-based tensor factorization
• Step 3. Multi-aspect factor set for shifting trends
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1. Non-linear dynamical system
• Background: Interactions between species 
determine population dynamics

• modeled by a non-linear dynamical system:
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𝑑𝑥!
𝑑𝑡

= 𝑎!𝑥! 1 −
∑"#$% 𝑐!"𝑥"

𝑏!

Intrinsic growth rate

Carrying capacity

Interaction strength



1. Non-linear dynamical system
• Q. How to model interactions?
• Idea: Latent Interaction system (LIS): 𝜃 = 𝒂, 𝒃, 𝑪

• Species = Users
• Population dynamics = Trends (e.g., user attention) 
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𝒄𝒊𝒋 𝒄𝒋𝒊 Relationship
+ + Competing
− − Cooperating
− + Parasitic
− 0 Commensal



1. Non-linear dynamical system
• Q. How to model interactions?
• Idea: Latent Interaction system (LIS): 𝜃 = 𝒂, 𝒃, 𝑪

• Example: interaction coefficients as a graph
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Matrix 𝐶 Nodes: latent groups
Edges: Relation types



2. Multi-aspect mining for latent interactions
• Q. How to find latent groups?
• Idea: Interaction factor set:

𝒟 = 𝑊 ! , … ,𝑊 " , 𝜃

WebConf 2023 ©2023 Kawabata et al. 16

N1

N2

ℓ

𝑘! 𝑾(")

𝑘!

N1 𝑾($)

𝑘!

𝑾(%)

$𝒳&

⟺
Dynamic	Interaction

ℓ

LIS:	𝜃 ⟹
Generate

!𝒳. =$
/01

2!

𝒘/
1 ∘ ⋯ ∘ 𝒘/

3 ∘ 𝒘𝒊
351

Time components are 
generated by 𝜽

N2

Non-negative 
elements



2. Multi-aspect mining for latent interactions
• Q. How to extract seasonality?
• Idea: Seasonal factor set:

𝑆 = 𝑆 " , … , 𝑆 # , 𝑆
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3. Dynamic interactions
• Q. How to detect shifting trends?
• Idea: Sets of multi-aspect components: 
𝒲 " , … ,𝒲 # , Θ
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Proposed model
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Full model set of DISMO
ℱ = 𝒲 ' , … ,𝒲 ( , Θ, 𝑆

• Goal: Estimate and  update a full parameter set ℱ for 𝒳



Automatic tensor compression
• Q. How to estimate ℱ automatically?
• Idea: Minimum description length (MDL) principle
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< 𝒳;ℱ > =< ℱ > +< 𝒳|ℱ >

Model complexity

Error

Best total cost

Model cost Encoding costTotal cost

DISMO determines # of components automatically



Automatic tensor compression
• Model cost:

• Data encoding cost: Negative log-likelihood
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Normalized for skewed # of 
dimensions of each aspect
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DISMO factorization
• Given: a multi-order tensor 𝒳 ∈ ℕ$!×⋯×$"×ℓ, 𝑘( , 𝑘!
• Object: min

𝒟,𝒮
𝒳 − 5𝒳( − 5𝒳!

• Idea: Alternating updates of multi-aspect factors
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DISMO factorization
• Given: a multi-order tensor 𝒳 ∈ ℕ$!×⋯×$"×ℓ

• Object: min
𝒟,𝒮

𝒳 − 5𝒳( − 5𝒳!
• Idea: Alternating updates of multi-aspect factors
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Streaming DISMO factorization
• Given: a multi-order tensor 𝒳 ∈ ℕ$!×⋯×$"×ℓ

• Object: Estimate 𝒟, 𝒮 that minimizes Δ < 𝒳;𝒟, 𝒮 >
• Idea1: Alternating shifts in dynamic interaction set 𝒟
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Streaming DISMO factorization
• Given: a multi-order tensor 𝒳 ∈ ℕ$!×⋯×$"×ℓ
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Streaming DISMO factorization
• Given: a multi-order tensor 𝒳 ∈ ℕ$!×⋯×$"×ℓ

• Object: Estimate 𝒟, 𝒮 that minimizes Δ < 𝒳;𝒟, 𝒮 >
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Dynamic	Interaction
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Streaming DISMO factorization
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• Given: a multi-order tensor 𝒳 ∈ ℕ$!×⋯×$"×ℓ

• Object: Estimate 𝒟, 𝒮 that minimizes Δ < 𝒳;𝒟, 𝒮 >
• Idea2: Smoothly update 𝒮 to extract long-term patterns

Incremental CP decomposition

Computed with
𝒟)'*+



Outline
•Motivation
•Problem definition
•Proposed model
•Proposed algorithms
•Experiments
•Conclusion

WebConf 2023 ©2023 Kawabata et al. 29



Experiments
• Q1. Accuracy
• Q2. Scalability
• Q3. Effectiveness
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Experiments
• Datasets

• 13 years (2008 ~ 2020)
• 50 states of the US
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https://trends.google.com/home

https://trends.google.com/home


Q1. Accuracy
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Accurate to forecast multi-steps ahead tensors



Q2. Scalability
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DISMO (ours) CubeCast DeepAR

DISMO: scalable at any time



Q3. Effectiveness
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DISMO can effectively model
dynamic interactions and seasonality



Conclusion

Interpretable Dynamic Automatic
Our non-linear model reveals 
important relationships 
between latent groups in multi-
order tensor streams

Shifting trends can be detected 
in real time by maintaining 
multiple multi-aspect factors

The number of any factors 
composed by our method are 
determined without any 
parameter tuning
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Thank you!
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Code & datasets


