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Bachelor's Thesis: lmplementation and Performance Evaluation of Multi-dimensional

Fast Fourier Transform Algorithms on Stream¡ng Data using Apache Flink

Centralized database systems and large distributed systems have served applications for

decades, but the rate of data production poses new challenges to data processing. With

centralized systems, the database acts as a single source of truth, which makes it slow if there

are many data ingestion pipelines and makes it a single point of failure. With distributed sys-

tems at scale it gets a challenge to maintain a cons¡stent global state. To overcome these

challenges, streaming architectures have been proposed. Such systems allow data records

to continuously flow from data sources to applícations and between applications. There is no

single database that holds the global state for the entire data. lnstead continuously moving

streams provide local consistency.

There are many domains that have to process massive data streams, one of which is Radio

Astronomy. The Australia Square Kilometer Array Pathfinder (ASKAP) roughly produces 2.5

GB/s, approximately 216 TB/day and 100 PB/year. One of the most basic and fundamental op-

erations applied on Radio Astronomy raw data is the Fast Fourier Transform (FFT) to produce

images. The goal of this Bachelor thesis is to design, implement and evaluate FFT algorithms

on the Apache Flink streaming platform.

What is Discrete Fourier Transform And Fast Fourier Transform?

There are cases where we need to determine the frequency content of a time-domain signal.

The discrete Fourier transform (DFT) converts a finite sequence of equally-spaced samples of

a function into a same-length sequence of equally-spaced samples of the discrete-time Fourier

transform (DTFT), which is a complex-valued function of the frequency,
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F[n] is the Discrete Fourier Transform of sequence f[k]. For 1-D data the complexity of DFT is

o(N').

An FFT computes the DFT and produces exactly the same result as evaluating the DFT defini-

tion directly. The most important difference is that an FFT is much faster with time complexity

O(N logN). A two dimensional DFT is given as:
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2D DFT/FFT is carried out by 1D transforming all rows of the 2D function ll^,rl and then 1D

transforming all columns of the resulting matrix. The order of the steps is not important [2].

Tasks

1. Literature study on Apache Flink [1] and Fast Fourier Transform [2][3].

2. Build a streaming pipeline for Calibrated Visibility Dataset as follows.
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figure 1: Streaming Pipeline

3. lmplement Radix-2, Radix-4 and Split Radix FFT Algorithms.

4. Evaluate the run-time performance of the above mentioned algorithms.

5. Write a thesis (approximately 50 pages).

6. Present your thesis in a DBTG meeting

OptionalTask

1. lmplement parallel version of Radix-2 in Apache Flink [a].
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