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PhD Summary

• Industrial PhD done at Warsaw University of Technology and host company Synerise

• Supported by my NCN PRELUDIUM grant "MAD-NLP: Multiaspectual Diagnostics of 
NLP Systems"

• Research commercialized in 2 platforms.

• A part of the research was published as open source:
• https://github.com/MI2DataLab/WildNLP

• https://github.com/Synerise/cleora

• Research awarded with top places in international research competitions:

KDD Cup Twitter RecSys 
Challenge

SIGIR eCom 
Rakuten Challenge

https://github.com/MI2DataLab/WildNLP
https://github.com/Synerise/cleora


What is Recommendation?

UserInteractions with a 
datasource: reading, 
browsing, clicking...
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A Multimodal and 
Interpretable 
Recommender System for
Massive Datasets

• Multimodal Embedding Systems
• Collaborative Recommendation
• Content-based Uni-modal 

Recommendation
• Content-based Multimodal 

Recommendation
• Intepretability & Robustness 

Methods



Research Hypotheses

1. Certain forms of graph neural networks (GNNs), usually found in recommender systems, can be 
simplified by removing weight optimization and non-linearities to obtain a purely unsupervised 
algorithm based on weighted averaging of node embeddings. Such simplified algorithm can 
hold high quality of performance. At the same time, it can be much faster to train than a full 
GNN.

2. Density estimation-based modeling of user item spaces allows to increase the quality in top-k 
recommendation.

3. Centroid-based image retrieval combined with a neural model allows to increase quality and 
speed of unimodal image-based content recommendations.

4. Transformation of embeddings from non-matching feature spaces to a unified feature space 
allows to both increase the quality and speed of cross-modal content recommendation.

5. Increasing the resilience of models against some adversarial examples allows to strengthen the 
model against related adversarial examples.



Cleora
• Node embedding algorithm for 

graph data
• Very fast and scalable
• Inspired by Graph Neural 

Networks



Cleora

Graph Convolutional Network

Cleora: A Simple, Strong and Scalable Graph Embedding Scheme. Barbara Rychalska, 
Piotr Bąbel. Konrad Gołuchowski, Andrzej Michałowski, Jacek Dąbrowski, 
Przemysław Biecek. Proceedings of ICONIP 2021
Evidence for this phenomenon also found in:
 Simplifying graph convolutional networks. Wu, F., Souza, A., Zhang, T., Fifty, C., 

Yu, T., & Weinberger, K. (2019, May). International conference on machine 

learning (pp. 6861-6871). PMLR.



Cleora

Cleora: A Simple, Strong and Scalable Graph Embedding Scheme. Barbara Rychalska, 
Piotr Bąbel. Konrad Gołuchowski, Andrzej Michałowski, Jacek Dąbrowski, 
Przemysław Biecek. Proceedings of ICONIP 2021



EMDE
• An encoding method which 

allows to create a user 
behavioral profile out of items 
they 
purchased/viewed/clicked/...

• The encoding very adequately 
represents sets of items

• Can be used to move the 
aggregate profile building out of 
the neural network. E.g. 
Transformer processes item 
sequences within the network 
and it is very time- and 
resource-consuming. With 
EMDE we can use a simple 
feed-forward network.



EMDE

Count-Min Sketch

Random partitioning of the 
embedding space

Density-aware partitioning of the 
embedding space

An Efficient Density Estimator for All Recommendation Systems. Jacek Dąbrowski*, Barbara Rychalska*, 
Michał Daniluk, Dominika Basaj, Konrad Gołuchowski, Piotr Babel, Andrzej Michałowski. * -
equal contribution. Proceedings of ICONIP 2021



EMDE

An Efficient Density Estimator for All Recommendation Systems. Jacek Dąbrowski*, Barbara Rychalska*, 
Michał Daniluk, Dominika Basaj, Konrad Gołuchowski, Piotr Babel, Andrzej Michałowski. * -
equal contribution. Proceedings of ICONIP 2021



EMDE

An Efficient Density Estimator for All Recommendation Systems. Jacek Dąbrowski*, Barbara Rychalska*, 
Michał Daniluk, Dominika Basaj, Konrad Gołuchowski, Piotr Babel, Andrzej Michałowski. * -
equal contribution. Proceedings of ICONIP 2021



Uni-modal 
Retrieval
• Uni-modal retrieval is the task 

of recommendation within a 
single modality (e.g. pictures) 
where there is no interaction 
data, only picture similarity.

• We introduce the concept of 
item centroid and use it for 
both training and prediction

• Item centroids:
• Decrease training time
• Decrease prediction time
• Regularize the model and 

increase metric scores



Uni-modal Retrieval
Instance-based Retrieval

Centroid-based Retrieval

On the Unreasonable Effectiveness of Centroids in Image Retrieval. Mikołaj Wieczorek*, 
Barbara Rychalska* and Jacek Dąbrowski. * - equal contribution. Proceedings of ICONIP 2021



Uni-modal Retrieval

On the Unreasonable Effectiveness of Centroids in Image Retrieval. Mikołaj Wieczorek*, 
Barbara Rychalska* and Jacek Dąbrowski. * - equal contribution. Proceedings of ICONIP 2021



T-EMDE
Multimodal 
Retrieval
• Multimodal retrieval is the task 

of recommendation within 
multiple modalities (e.g. 
pictures and item descriptions) 
where there is no interaction 
data, only picture similarity.

• We introduce the concept of 
trainable EMDE – movable 
cluster centroids instead of 
static item assignments.

• This increases both speed and 
metric performance.



T-EMDE Multimodal Retrieval

T-EMDE: Sketching-based GlobalSimilarity for Cross-ModalRetrieval. Barbara Rychalska*, Mikołaj 
Wieczorek*, Jacek Dąbrowski. * - equal contribution. Preprint



T-EMDE Multimodal Retrieval

T-EMDE: Sketching-based GlobalSimilarity for Cross-
ModalRetrieval. Barbara Rychalska*, Mikołaj Wieczorek*, 
Jacek Dąbrowski. * - equal contribution. Preprint



Interpretability & 
Robustness

• Recommender systems in 
production need to be 
monitored for vulnerabilities 
(such as other production 
systems).

• We introduce WildNLP - a 
method 
for detecting vulnerabilities and 
fixing them by adversarial 
training.



Interpretability & Robustness

Models in the Wild: On Corruption Robustness of NeuralNLP Systems. Barbara Rychalska, 
Dominika Basaj, Alicja Gosiewska, PrzemysławBiecek. Proceedings of ICONIP 2019



Commercialization

Synerise Monad - Real-
Time Multimodal BehavioralModeling.
Jacek Dąbrowski, 
Barbara Rychalska. Proceedings of the 
31st ACM International Conference on 
Information and Knowledge 
Management (CIKM ’22)

Synerise Monad –A Foundation Model 
for BehavioralEvent 
Data. Barbara Rychalska, Szymon 
Łukasik, 
Jacek Dąbrowski. Proceedings of the 
46th International ACM SIGIR 
Conference on Research and 
Development
in Information Retrieval (SIGIR ’23)
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