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Adaptive Systems – Definitions 
  behavior: 

  (set-valued) input/output (I/O) function of a system 
  does not require knowledge about system internals 

  adaptable system: 
  provides means to change its behavior  

  adaptation: 
  change of internal system structure (invisible) and behavior 

(visible) 
  context: 

  (operational) environment,  
  user context [Dey 2000 & 2001] 
  data (i.e. input/output values and their characteristics) 
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Adaptive Systems – Definitions 

  A system is (context) adaptive iff 

1)  it behaves different in different contexts given the 
same input 

AND 

2)  the respective adaptation (i.e. the difference in 
behavior) is goal-driven in that it aims to optimize the 
system’s behavior in the given context according to 
some pre-defined measure. 

06.07.2010 FIN-Doktorandentag  -  Sebastian Stober  -  Adaptive User-Centered Organization of Music Archives 4 



Adaptive Systems 
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Approaches to Adaptive MIR 
  context-adaptive feature extraction 

  Johannes Reinhard, Sebastian Stober & Andreas Nürnberger. 
Enhancing Chord Classification through Neighborhood Histograms. 
(CBMI’08). 

  user-adaptive music similarity 

  user-adaptive genres 
  Valentin Laube, Christian Moewes & Sebastian Stober.  

Browsing Music by Usage Context. (LSAS’08). 
  Sebastian Stober, Matthias Steinbrecher & Andreas Nürnberger.  

A Survey on the Acceptance of Listening Context Logging for MIR 
Applications. (LSAS’09).   

  focus-adaptive visualization 
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USER-ADAPTIVE  
MUSIC SIMILARITY 
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Multi-Facet Music Similarity 
  music has many facets: 

  melody, harmony, rhythm, dynamic, timbre, key, … 
  structure 
  instruments, musicians, producers, … 
  lyrics, rhyme, … 

  each with: 
  respective feature(s)  
  appropriate distance / similarity measure 

  distance between songs = aggregation of facet distances 

  allow users to specify what is important for them 
  adaptable aggregation function (weighted sum) 
  problem: hard to specify weights explicitly 
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General Idea 

learn facet weights  
by deriving similarity constraints  

from user-interaction 
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BeatlesExplorer: Re-Arranging Songs 
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  re-arranged song should be more similar to user-assigned 
cluster than to any other 
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rank # decreased (j < i) 
  songs originally at j to i-1 are less similar 
  song at j-1 is more similar 

… 

i 

… 

j 

j+1 

… 

Deriving Constraints from Re-Ranking 

rank # increased (j > i) 
  songs originally at i+1 to j are more similar 
  song at j+1 is less similar 

  retrieve list of similar songs for a query 
  let user change ranking order according to his similarity: 



Metric Learning 
  additional constraints on weights: 

  non-negative 
  sum constant 

  metric learning approaches: 
  quadratic optimization 

  Sebastian Stober & Andreas Nürnberger. Towards User-Adaptive 
Structuring and Organization of Music Collections. (AMR’08) 

  gradient descent 
  Korinna Bade, Andreas Nürnberger & Sebastian Stober. Everything in its 

right place? Learning a user's view of a music collection. (NAG/DAGA’09) 
  Korinna Bade, Jörg Garbers, Sebastian Stober, Frans Wiering & Andreas 

Nürnberger. Supporting Folk-Song Research by Automatic Metric 
Learning and Ranking. (ISMIR’09)  

  (linear) support vector machine optimization 
  interpretation as a classification problem [Cheng & Hüllermeier ‘06] 

(submitted to AMR’10) 
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FOCUS-ADAPTIVE 
VISUALIZATION 
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Motivation 
  finding suitable music for … 

8 GByte 
1200 tracks 

  lesson learnt: 
lists work only as long as you know what you are looking for 
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Exploratory Search Problem 
  unclear information need 

  i.e. no query !!! 
  I just know, it is the right track when I found it  ;-) 

    
   How can my computer help me? 

  strategy: 
  give a general overview of what is available 
  let the user decide what region to explore deeper 
  provide guidance during exploration 
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Galaxy Metaphor  
  get general overview of what is available: 

  1200 tracks as stars 
  brightness = last.fm listening frequency 
  some tracks as album covers for orientation 

  4 filter modes: 

  neighbors are similar 
  … well, mostly (except for “projection errors”) 
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collapse all focus sparse expand all 



  cause: 
  dimensionality reduction 

during projection: 

high-dimensional feature space 

2D display 

“Projection Errors” 
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“Projection Errors” in Related Work 

  Can’t we fix these “projection errors”? 
  No, we can’t (without causing damage elsewhere) 
  … but we can exploit them for exploration… 

    …using the wormhole metaphor 
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Islands of Music 
[Pampalk et al. 2003] 

MusicMiner 
 [Mörchen et al. 2005] 

SoundBite for Songbird 
 [Lloyd 2009] 



General Idea 

temporarily fix / highlight  
the neighborhood in focus 
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Multi-Focus Adaptive SpringLens Distortion 
  primary fisheye lens 
 enlarges region of interest 
 more space for details 
 preserves context 

  secondary fisheye lenses: 
 extends focus to nearest neighbors  
 wormholes become evident 
 neighbors come closer together 
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MusicGalaxy Prototype 
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demo video at http://www.dke-research.de/aucoma  



Evaluation of Adaptive SpringLens 
  retrieval task: finding photos for given topics 

  photos unknown to users (no bias) 
  similarity and relevance quickly assessable 

  4 collections (each 350 images and 5 non-overlapping topics) 
1    (training) 
2/3 pan & zoom 
3/2 fisheye 
4    combined 

  30 participants 
  40% female 
  19-32y old 
  30-60’ each 

(submitted for ACM Multimedia) 
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Evaluation of Adaptive SpringLens 
usability : comparison with traditional panning & zooming: 

N=30 

usefulness : percentage of annotated images by focus region 

N=914  

(submitted for ACM Multimedia) 
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Table 2: Percentage of marked images (N = 914)
categorized by focus region and topic of the image
in primary focus at the time of marking.
focus region primary ext. primary secondary none

same topic 37.75 4.27 30.74 4.38
other topic 4.49 13.24 2.08
no focus 3.06

total 37.75 8.75 43.98 9.52

by a participant, the location of the image at the time of
marking was determined. There are four possible regions:
primary focus (only the central image), extended primary
focus (region covered by primary lens except primary focus
image), secondary focus and the remaining region. Further,
there are up to three cases for each region with respect to
the (user-annotated or ground truth) topic of the image in
primary focus. Table 2 shows the frequencies of the result-
ing eight possible cases. (Some combinations are impossi-
ble. E.g., the existence of a secondary focus implies some
image in primary focus.) The most interesting number is
the one referring to images in secondary focus that belong
to the same topic as the primary because this is what the
secondary focus is supposed to bring up. It comes close to
the percentage of the primary focus that – not surprisingly
– is the highest. Ignoring the topic, (extended) primary and
secondary almost contribute equally and only less than 10%
of the marked images were not in focus – i.e. discovered only
through P&Z.

2.3.3 Emerging Search Strategies
For this part we again analyze only interaction with the

combined interface. A small group of participants exces-
sively used P&Z. They increased the initial thumbnail size in
order to perceive the depicted contents and chose to display
all images as thumbnails. To reduce the overlap of thumb-
nails, they operated on a deeper zoom level and therefore
had to pan a lot. The gaze data shows a tendency for sys-
tematic sequential scans which were however difficult due
to the scattered and irregular arrangement of the thumb-
nails. Further, some participants occasionally marked im-
ages not in focus because of being attracted by dominant
colors (e.g. for the aquarium topic). Another typical strat-
egy was to quickly scan through the collection by moving
the primary focus – typically with small thumbnail size and
at a zoom level that showed most of the collection but the
outer regions. In this case the attention was mostly at the
(extended) primary focus region with the gaze scanning in
which direction to explore further and little to moderate
attention at the secondary focus. Occasionally, participants
would freeze the focus or slow down for some time to scan the
whole display. In contrast to this rather continuous change
of the primary focus, there was a group of participants that
browsed the collection mostly by moving (in a single click)
the primary focus to some secondary focus region – much
like navigating an invisible neighborhood graph. Here, the
attention was concentrated onto the secondary focus regions.

2.3.4 User Feedback
Many participants had problems with an overcrowded pri-

mary fish-eye in dense regions. This can be alleviated by
temporarily zooming into the region which lets the images

drift further apart. However, there are possibilities that re-
quire less interaction such as automatically spreading the
thumbnails in focus with force-based layout techniques. Work-
ing on deeper zoom levels where only a small part of the col-
lection is visible, the secondary focus was mostly useless as
it was usually out of view. To better integrate P&Z and SL,
off-screen visualization techniques should be used to facili-
tate awareness of and quick navigation to secondary focus
regions out of view. Further, the increasing ”empty space”at
deep zoom levels should be avoided – e.g. by automatically
increasing the thumbnail size as soon as all thumbnails can
be displayed without overlap. An optional re-arrangement
of the images in view into a grid layout would ease sequen-
tial scanning. Another help would be to visualize which
regions have already been explored similar to the (option-
ally time-restricted) ”fog of war” used in strategy computer
games. Some participants would welcome advanced filtering
options such as a prominent color filter. An undo function
or reverse playback of focus movement would be desirable
and can easily be implemented by maintaining a list of the
last images in primary focus. Finally, some participants re-
marked that it would be nice to generate the secondary focus
for a set of images (belonging to the same topic). In fact, it
could be even possible to adapt the similarity metric used
for the nearest neighbor queries automatically to the task
of finding more images of the same to topic. This opens an
interesting research direction for future work.

3. CONCLUSIONS

In this paper we evaluated a novel interface for browsing
multimedia collections in a user study. The results show
that the interface is helpful while at the same time being
easy and intuitive to use. Based on user feedback, several
directions for further development have been identified.
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Focus-Adaptive Visualization 
  strategy implementation: 

  give a general overview of what is available 
  projection & filtering (galaxy metaphor) 

  let the user decide what region to explore deeper 
  (primary) focus 

  provide guidance during exploration 
  fish-eye (preserves context) 
  secondary focus (wormhole metaphor) 
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Conclusions & Open Issues 
  adaptive methods improve access to music collections 

  adaption to the user’s way of comparing music pieces 
without explicit preference statement 

  fix “projection errors” of the visualization temporarily 
depending on the user’s current focus 

  applicable in other domains – e.g. images, texts, … 

still open: 
  extend MusicGalaxy GUI to allow song re-arrangement 
  adaptive facetted nearest neighbor index 

  scalability of the GUI 
  integration of the adaptive methods into a single system 
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Thank you for your attention! 
demo video: http://www.dke-research.de/aucoma/  
contact: stober@ovgu.de 
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Behind the Scenes: Facet Distances 
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Definition. Here is a new definition

Definition. Here is a new definition

1 Facet Definition

Definition. Given a set of features F , let S be the space determined by the
feature values for a set of objects O. A facet f is defined by a facet distance
measure δf on a subspace Sf ⊆ S of the feature space, where δf satisfies the
following conditions for any x, y ∈ O:

• δ(x, y) ≥ 0 and δ(x, y) = 0 if and only if x = y

• δ(x, y) = δ(y, x) (symmetry)

Optionally, δ is a distance metric if it additionally obeys the triangle inequality
for any x, y, z ∈ I :

• δ(x, z) ≤ δ(x, y) + δ(y, z) (triangle inequality)

Note: δ is actually defined on the features of x,y,z!

2 Facet Distance Aggregation

In order to computer the distance between images a, b ∈ I w.r.t. to the facets

f1, . . . , fl, the individual facet distances δf1(a, b), . . . , δfl(a, b) need to be aggre-

gated. Here, we use the weighted sum:

d(a, b) =
l�

i=1

wiδfi(a, b) (1)

which is a very common weighted aggregation function that allows to control the

importance of the facets f1, . . . , fl through their associated weights w1, . . . , wl.

Per default, all weights are initialized as
1
l , i.e. considering all facets equally

important.
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Behind the Scenes: BeatlesExplorer Facets 
  acoustic  
 CoMIRVA features: 
 Fluctuation Patterns (FP) 

[Pampalk] 
 timbral audio features 

[Aucouturier and Pachet] 
 timbral audio features  

[Mandel and Ellis]  
 Marsyas features: 
 MIREX’07 similarity task 

[Tzanetakis] 

  harmonic 
 chord histograms covering 

major and minor chords 
 key (compare set of tones) 

  production 
 creator(s) / composer(s) 
 producer(s) / rec. engineer(s) 
 recording location(s) (studio) 
 recording date(s) 
 (guest) musicians /instruments 

  textual (standard TfIDF vectors) 
 title 
 album 
 lyrics 

  visual (only used for GUI) 
 album covers 
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Behind the Scenes: Quad. Optimization 
  Object o assigned to cluster cs: 

  Moving o to cluster ct – change sim such that: 

  optimize: 
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Behind the Scenes: Offline Preprocessing 
  extract features 

  pre-compute per-facet 
distances 

  select representative 
landmark sample 

  store only facet 
distances to landmarks 
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distortion projection 

Behind the Scenes: Online Processing 
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