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Topic: Integrating Index-based Vector Similarity Computations into MonetDB

A machine learning pipeline includes three core phases: preprocessing, learning, and infe-
rence. Preprocessing requires a sequence of data cleaning steps to extract, combine and
transform data of interest from different database and/or tables. Data normalization, tokeni-
zation and embedding are next to fit the data to the learning algorithm [3]. Learning includes
iterative numerical computations to update weights. For different tasks the concrete computa-
tions vary. But the core is to make data storage and access pattern fit the computations and
minimize the overhead of data copy/movement/transformation. Inference leverages weights to
make decision. For example, the learned weight vectors are used to find the top-k most similar
weight vectors for a recommendation/translation task. Inference usually needs to be accele-
rated with an index and handle concurrent queries. Numerous studies [1] have demonstrated
that database systems with efficient data processing and indexing techniques offer significant
benefits for inference.

The goal of this Bachelor Thesis is to extend MonetDB with relational operations that support
vector search, implement index-based inference of the solution, and evaluate the performance
and applicability.

Example:

As a running example we use a database with a relation r with schema Rating(User, Movie,
Score).

The training process uses stochastic gradient descent to factorize r into relations uw and mw.
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In a word, for every user and movie shown in attributes U and M in relation r, the training al-
gorithm learns vector representations for these users and movies that capture the preferences
expressed by attribute S in relation r.

For our illustrations we use d = 2.

Our goal is to implement vector similarity searches over relations uw and mw to e.g. query the
most similar users and movies according to the weights of the vectors. Example queries with
possible SQL formulations are the following:

Similarity search: e.g. for user u2, return the top 5 movies for which the similarity (measured
by the dot product) between their vector representations is largest.

SELECT M

FROM uw, mw

WHERE U=u2

ORDER BY dot(F,G) DESC

LIMIT 5;

Similarity join: return all user/movie pairs where the similarity (measured by the dot product)
between their vector representations is larger than 3.

SELECT U,M

FROM uw, mw

WHERE dot(F,G) > 3;

For example, the, respectively, dot product and cosine similarity between vectors u2 = [1.0,−0.5]

is m4 = [2.1,−0.6] are 2.4 and 0.982872. For a nested join implementation, the pairwise dot
product (or cosine similarity) of all vectors in F with vectors in G is computed.

Nested loop joins are not efficient if the the number of users and movies grow. Existing ap-
proaches for fast similarity joins leverage indexes. Or compute approximate similarity joins by
trading precision and recall for efficiency [1, 2].
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The tasks of this Bachelor Thesis are described below. At the end a carefully worked out report
that describes the solutions must be handed in.

Task 1: Implementation of SIMILARITY JOIN (nested loop join)

• familiarize yourself with the architecture of MonetDB and the deployment of the systems.

• extend the SQL syntax and symbol tree (sql parser.y) so that the system recognizes the
new syntax for similarity queries

• extend the relevant part of the relation tree (rel select.c) and statement list (rel bin.c) to
convert similarity queries to executable functions

• extend the execution backend (batcalc.c, gdk calc.c, bat extension.c) to implement ne-
sted loop similarity queries

• evaluate the performance of your implementation

Task 2 Evaluating and improving nested loop join with index-based techniques

• perform clustering (e.g. k-means) on all vectors to get k centroids for the vectors

• when performing similarity search, consider vectors with the same centroid to get the top
k most similar vectors.

• Evaluate the trade-off between the granularity of clustering and the performance of simi-
larity search

Task 3 Evaluating multi-threading potentials of techniques (optional)

• utilize pthread for multi-threading to make the system fully leverage modern hardware for
index-building and query processing

• Evaluate the performance and communication overhead for different hyperparameters
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