
High-Speed Context Switching on FPGAs 

FPGAs provide thousands of simple configurable 
logic blocks combined with a programmable 
interconnect network to implement virtually any 
digital circuit. FPGAs have become very popular 
throughout the last years and state of the art 
devices provide sufficient resources to integrate a 
hundred CPUs on a single chip. The circuitry on 
the FPGA is defined by configuration data that 
may be exchanged arbitrarily at runtime. 
 

The purpose of this master thesis is to design a 
configuration manager for rapidly swapping 
modules over time.  
This comprises solving the following problems: 
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 Design of a hardware module for filtering the state  
out of configuration data that is read back from an FPGA. 

 Development of techniques for setting back a module‘s state. 
 Design and implementation of a demonstrator system. 
 Writing the master thesis. 
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High Speed Sensor Data Processing on FPGAs 

Music-related motion can be very fast, e.g. 
as in the case of drumming. Multimodal 
sensor data collection and processing 
represent a huge computational challenge 
in real-time applications and live 
performance settings. This requires very 
high-speed and synchronized processing of 
sensor inputs, and would benefit from 
parallel processing in FPGA.  
The goal of this project is to design an FPGA-
based system for fast real-time and 
synchronized processing of sensor data 
(including feature extraction) where partial 
run-time reconfiguration is applied for 
dynamic change of the functionality. 
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Simulating Runtime Reconfigurable Systems 

FPGAs (Field Programmable Gate Arrays) are 
devices that can be reconfigured after 
manufacturing. Some FPGAs allow for changing 
fractions of the circuitry loaded to the device 
while keeping the rest of the system running. This 
process is called partial runtime reconfiguration. 
Among manifold further advantages, this 
technique allows to implement systems on 
smaller - and therefore cheaper and less power 
hungry - chips. However, designing runtime 
reconfigurable systems is difficult, because of a 
lack in adequate verification techniques. 
 

Throughout this thesis, a simulation framework 
has to be designed that is in particular capable of 
simulating effects originating from partially recon-
figuring a system on an FPGA. The simulation will 
be verified with original test data from an FPGA. 
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Virtial Reconfigurable Machine 

With shorter cycles of development, the long term 
availability of electronic components becomes a 
critical issue. A plane, for example, may be 
produced for more than a decade and operated for 
more than two. One possibility to address this issue 
is to implement hardware functionality in an 
abstracted manner such that hardware modules 
may be hosted on various different hardware 
platforms over time. This idea is adopted from the 
Java concept where a bytecode can be executed on 
completely different host CPUs. 
The mission of this thesis is to examine the 
feasibility of FPGAs to act as a virtual reconfi-
gurable machine. One possible solution can be to    
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define a universal reconfigurable architecture including a corresponding configuration 
scheme that can be mapped to different host FPGAs. For enhancing efficiency, 
functional units of the universal reconfigurable architecture may be directly mapped to 
physical resources of the host FPGA.  



Module Placement on FPGAs: Onine FPGATris 

When FPGAs (Field Programmable Gate Arrays) 
are reconfigured at runtime, module placement 
positions have to be determined. In the case of a 
two-dimensional layout of the reconfigurable chip, 
the packing problem has three dimensions when 
considering the execution time of the modules. 
This problem can be seen as solving a 3-D version 
of the game Tetris. Modules (our Tetris bricks) 
posses an arbitrary shaped groundplane and a 
height corresponding to their execution time. The 
task is to pack a random sequence of modules 
onto a two dimensional ground plane (the FPGA) 
such that the total execution time (the height of 
all the packed modules) is minimized. 
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Exactly solving such combinatory problems requires an enormous amount of processing 
power. Consequently, adequate heuristics will have to be developed that can be used to 
place modules in an embedded system at runtime. In this master thesis, evolvable 
techniques will be used to generate the placement heuristics. These techniques have 
already demonstrated brilliant performance for similar packing problems. 



High-Speed Sorter for Database Acceleration 

Database management systems have traditionally 
been implemented entirely in software. However, 
adding hardware to database cluster servers to 
gain more speed has its price. Firstly, the cost of 
the hardware itself, secondly the increased power 
consumption from the numerous processors that 
have to be used. 
The purpose of this study is to investigate how 
partial run-time reconfiguration in FPGAs can be 
used to accelerate databases. It aims to show how 
an FPGA-based query processor can work in 
collaboration with a regular software database 
to accelerate certain queries.  
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The project builds on a finished master project (2012) 
having implemented a framework for decomposing SQL 
queries into hardware modules. This work as well as 
this open project is to be implemented on a Maxeler 
Technologies  MAX 3 platform with a Virtex-6 FPGA. 
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