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ML-based System Management for Energy Neutral Operati-
on on IoT Gateways
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A common IoT architecture for monitoring involves low-power sensors
connected to a gateway transmitting samples to a cloud server. Due to
their location and numbers, the sensors are powered on battery, while
the gateway is powered by energy harvesting (e.g., solar panels), adding
power uncertainty at runtime. In this context, it is necessary to switch
power-consumingmodules on and off depending on the available energy
in order to maximize the gateway’s uptime and minimize data loss. This
power management cannot be done on a fixed schedule, but must be
adaptive to fluctuations in the availability of power.
In this project, the student investigates the use of Machine Learning (e.g., Reinforcement Learning) al-
gorithms to learn and adapt energy management strategies at runtime. A large dataset provided by an
already developed simulator is available.

Requirements: Python programming, Machine Learning interest
Type of Work: Theory (30%), Conception (30%), Implementation (40%)
Supervisor: Pierre-Louis Sixdenier (pierre-louis.e.sixdenier@fau.de)

and Stefan Wildermann (stefan.wildermann@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Simulation of processors with
non-volatile memory hierarchies in gem5

Energy harvesting is one of the most promising techniques for powe-
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ring embedded systems in the Internet of Things (IoT). However, this
can lead to frequent interruptions in execution due to an unstable power
supply. Novel non-volatile memory technologies are therefore incre-
asingly considered as a means to efficiently bridge program executi-
on across power interruptions. Together with the register contents, the
cache contents are transferred to the non-volatile parts of the memo-
ry system during power failures (so-called checkpointing). At the sa-
me time, transactions must also be supported to maintain consistency
across power failures.
In this thesis, gem5 (www.gem5.org), a simulator for computer architec-
tures, shall be extended to simulate non-volatile memory hierarchies.
Particularly, suitable cache strategies as well as techniques for checkpointing and hardware transaction
support will be investigated.

Voraussetzungen: Programmierkenntnisse in C/C++
Art der Arbeit: Theorie (20%), Konzeption (30%), Implementierung (50%)
Ansprechpartner: Stefan Wildermann (stefan.wildermann@fau.de), Pierre-Louis Sixdenier (pierre-

louis.e.sixdenier@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Design Space Exploration in Chisel
In the field of Approximate Computing (AC), the correctness of com-
putations is abandoned in favor of reducing costs (e.g., delay, energy
consumption). To find the best trade-off between correctness and
delay/energy consumption, a process called Design Space Explorati-
on (DSE) is carried out.
The modern hardware description language Chisel presents a more
abstract approach to hardware when compared to classical langua-
ges such as VHDL or Verilog. It allows to easily implement large hard-
ware projects (e.g., a Multi-Core-RiscV-System). The Chisel compiler
is open-source software that can easily be extended.
The aim of this thesis is to extend Chisel/the Chisel compiler with a
DSE framework.
Goals of this thesis are:

• Understanding AC + DSE works
• Understanding the hardware description language Chisel
• Implementing a DSE framework in Chisel

Prequisites: Knowledge in FPGA programming (e.g. Verilog/VHDL) helpful, Scala helpful
Type of Work: Concept (50%), Implementation (50%)
Supervisor: Oliver Keszöcze (oliver.keszoecze@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen

tel:+4991318525145
mailto:oliver.keszoecze@fau.de


Training of DNNs on Embedded Processor Arrays
An open challenge in making Internet-of-Things sen-
sor nodes “smart” and self-adaptive is to enable on-
chip Deep Neural Network (DNN) training on low-
power embedded systems. For the sake of having a
high energy efficiency, embedded accelerators dedica-
ted to DNN inference and training are required. Tightly
Coupled Processor Arrays (TCPAs) are a class of highly
customizable coarse-grained reconfigurable architec-
tures used as hardware accelerators perfectly enable
fast and low-power acceleration of DNNs.
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The figure depicts the simplified data flow of one single layer of a DNN is shown. During the forward pass,
the input tensor X (blue) is multiplied and accumulated with the trainable weight tensor W (red) and the
resulting output tensor Y (green) is produced. During the backward pass (training), the gradients tensor
dY (green) and the stored activation feature map X compute the weight updates dW (red).
In this work, it should be explored and implemented how to enable training of DNNs on TCPAs. It will
be investigated how much additional resources and time the training on an exemplary TCPA architecture
requires for exemplary DNN models from the TinyML benchmark suite.
Requirements: Knowledge in C++, Python and Neural Networks
Type of thesis: Theory (20%), concept (40%), implementation (40%)
Supervisor: Christian Heidorn (Christian.Heidorn@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Near-data processing using FPGAs

A recent study evaluated four applications (including the
Chrome browser, TensorFlow machine learning inference,
and video encoding and decoding) and showed that 62% of
energy was consumed by data movement. As a remedy, data
should be processed as close as possible to its source. One
possibility for doing so is using so-called SmartSSDs, which,
in addition to the SSD chips, also contain an FPGA to process
data directly in the drive.

To make access to databases as efficient as possible, indexes
are commonly used, which make it possible to locate indivi-
dual tuples on the drive quickly. In this work, a management
system for such indexes is to be designed directly on the FPGA, with the goal of updating the index on-
the-fly when writing to the drive in hardware. If data is later received from the network interface, it can
be written directly to the drive without the CPU having to intervene, while still ensuring that the CPU can
access data efficiently if necessary.

Prerequisites: Basic knowledge in C++ and VHDL
Type of Work: Theory (20%), Conception (40%), Implementation (40%)
Supervisors: Tobias Hahn (tobias.hahn@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Dependency-Aware DNN Filter Pruning
One of the most effective techniques for com-
pressing and accelerating deep neural net-
works (DNNs) is filter pruning. It allows DNNs
to be used in energy- and resource constrained
environments such as microcontrollers. Pru-
ning is typically performed iteratively during
the training of a DNN, with heuristics guiding
the algorithm as to which filters to remove
next. In theory, this decision is based on glo-
bal redundancies in the trained weights of the DNNs. However, many currently used heuristics instead
rely on local, per-layer metrics such as the L-norm of filters or the size of the gradients computed during
backpropagation.
The goal of thiswork is to investigate dependency-aware heuristics for (static) DNNfilter pruning targeting
the deployment on microcontrollers. Of particular interest are approaches such as sensitivity analysis,
metaheuristics or explainable artificial intelligence (XAI) based methods such as DeepLIFT or GradCAM.

Prerequisites: Programming skills in C/C++ and Python, Knowledge in Machine Learning or Deep
Learning

Type of Work: Theory (40%), Conception (20%), Implementation (40%)
Supervisor: Mark Deutel, Muhammad Sabih ({mark.deutel, muhammad.sabih}@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Co-Design of Neural Architecture and Hardware Accelerator
Recently, in the area of Deep Learning,
platform-aware Neural Architecture Search
(NAS) has become one of the major research
topics with objectives as reducing the error
rate or execution time of Deep Neural Net-
works (DNNs) if deployed on a fixed accele-
rator. With this, the DNNs are optimized re-
garding, e.g., the number of layers or number
of neurons per layer.
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Usually, the accelerator parameters (e.g., number of processing elements (PEs), number of functional units,
...) are considered fixed, restricting the design space for potentially better hardware accelerator configu-
rations. Tightly Coupled Processor Arrays (TCPAs), which are developed at our chair, are templates that can
be parameterized at design time. They consist of a reconfigurable 2D grid of processors and enable a
co-design of Neural Architecture and Hardware Accelerator. In this work, existing NAS benchmarks (e.g.,
NATS-Bench) and a TCPA compilation environment shall be utilized for setting up a co-exploration tool.
Finally, the improvements compared to a fixed accelerator shall be evaluated in terms of execution time,
DNN’s error rate, and area cost of the respective TCPA.
Prerequisites: Knowledge about DNNs, Basic programming skills Python, C++, and Java
Type of work: Theory (30%), conception (25%), implementation (45%)
Supervisor: Christian Heidorn (Christian.Heidorn@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Analyzing Methods for Image Quality Assessment

Original O

Blurred B Noisy N

Is O more like B or more like N?

Determining the similarity between two images is a crucial task when
evaluating image processing algorithms. For example, how do you de-
termine a denoising algorithm’s quality? Modern methods for Image
Quality Assessment (IQA) use an image’s structural information to cal-
culate a quality measure that is more aligned with the human visual sys-
tem. Examples include methods using wavelets, visual saliency or even
machine learning.

In this work, your task is to analyze a number of modern IQA approa-
ches and compare them to established methods like the structural si-
milarity index measure. For this purpose, you choose which methods
to analyze by first researching which methods promise high quality re-
sults. You then evaluate these methods by conceptualizing and imple-
menting a methodology for your experiments.

This work is suited for a Bachelor’s or Master’s thesis.

Prerequisites: Python (Programming language open to discussion)
Type of Work: Theory (20%), Conception (40%), Implementation (40%)
Supervisor: Stefan Groth (stefan.groth@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Adaptive Compression of JSON data on FPGAs

dict 
v0

Enc
Dec

v- 
lookup

dict 
v1

dict 
v0

v1'

Big Data applications often work with unstructured or semi-
structured data-formats. Above all, JSON is preferred because of its
easy readability for the developer. However, this readability comes
at the cost of a significantly higher data footprint: storing JSON da-
ta requires 5-9 times as much space as storing via efficient binary
formats such as ProtoBuf or Avro. While modern compression me-
thods can be used to significantly reduce the storage footprint, they
prevent the access of individual JSON records and their efficiency
decreases with data variation at runtime.

During this project, a compression method is to be developed with
which individual JSON records can be efficiently compressed and decompressed. In addition, it should be
possible to optimize the dictionary used for compression at runtime. Tomake the process energy-efficient,
the system is to be implemented on an FPGA, which could later be part of a SmartSSD, for example.

Prerequisites: Basic knowledge in C++, Python and VHDL
Type of Work: Theory (20%), Conception (40%), Implementation (40%)
Supervisors: Tobias Hahn (tobias.hahn@fau.de)

and Pierre-Louis Sixdenier (pierre-louis.e.sixdenier@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Latency Prediction of Deep Learning Models on
Microcontrollers

DNN Training and
Filter Pruning

Post Training Static
Quantization

Collect objectives from
evaluation

Code Generation and
Runtime Estimation

Accuracy of 
quantized model

Memory Consumption 
(ROM, RAM) and estimated 

runtime

DNN Artifacts

Suggest new set of
Hyperparameters

(qPAREGO)

Check  
termination 
condition

Objective Function Evaluator
Multi-Objective Optimization

Stop

Start

For the deployment of DNNmodels onmicrocontroller platforms, one often uses compression techniques
such as network pruning and weight quantization. One way to automatically find optimal configurations
for these compression techniques is multi-objective optimization. Thereby, the target space is compo-
sed of both application-specific metrics such as accuracy as well as platform-dependent metrics such as
memory requirements and execution latency.
Your task is to develop an algorithm for accurately predicting the latency (alternatively the energy con-
sumption) of trained DNN models on given target platforms. The goal of the work is for the algorithm to
make accurate predictions so that during optimization the use of real hardware can be avoided to save
time and resources during exploration.
Prerequisites: Programming skills in C/C++ and Python, Knowledge in Machine Learning or Deep

Learning
Type of Work: Theory (30%), Conception (20%), Implementation (50%)
Supervisor: Mark Deutel (mark.deutel@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Towards ML-Guided Integrated Circuit Synthesis
An important step in Electronic Design Automation (EDA) is the syn-
thesis of the Register Transfer Level (RTL). In this step, a Hardware
Description Language (HDL) code is converted into a netlist using
various optimizations. These optimizations use various heuristics and
minimize the size, power, and speed of the final Integrated Circuit
(IC). Graph Neural Networks (GNNs) have been successfully applied to
combinatorial optimization problems. Recently, the OpenABC dataset was released to spur research in
this area.

The dataset consists of a large set of netlists using various scenarios. As synthesis runs are computationally
costly, Machine Learning (ML) can be used to predict the quality of the synthesis recipe without carrying
out the synthesis. A set of simple graph models have been benchmarked on the OpenABC dataset.
The following tasks shall be carried out as part of this thesis:
1. Reproduce the existing results.
2. Develop novel models to improve the prediction quality.
3. Propose additional benefits of applying ML for tasks related to IC synthesis.

Prerequisite: Programing Skills in Python, Understanding of VHDL and Circuit Design
Type of Work: Theory (20%), Concept (30%), Implementation (50%)
Contact Person: Muhammad Sabih (muhammad.sabih@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Analyse von Multi-Zyklen-Pfaden in funktionalen Einheiten

In vielen Rechnerarchitekturen benötigen Gleitkommazahloperationen
mehrere Takte bis das Ergebnis berechnet worden ist. In der Regel wer-
den dabei Registerstufen so eingefügt, dass die Taktfrequenz des Systems
eingehalten wird. Eine Alternative zu diesem Ansatz stellen sogenannte
Multi-Zyklen-Pfade dar. Hierbei wird von vornherein festgelegt, dass rein
kominatorische Pfade innerhalb einer funkionalen Einheit mehrere Takte
benötigen dürfen. https://vlsitutorials.com/constraining-

multi-cycle-path-in-synthesis/

Ziel dieser Arbeit ist es, eine Bewertung beider Ansätze für verschiedener funktionaler Einheiten durch-
zuführen. Hierfür müssen in der Arbeit neben der Entwicklung von VHDL-Komponenten auch Design
Constraints berücksichtigt werden.

Voraussetzungen: Sehr gute Kenntnisse in VHDL und FPGA-Programmierung
Art der Arbeit: Theorie (10%), Konzeption (30%), Implementierung (60%)
Ansprechpartner: Dominik Walter (dominik.l.walter@fau.de),

Marcel Brand (marcel.brand@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Multi-Objective Reinforcement Learning for Generating Run-
time Requirement Enforcers
In embedded systems, applications typically need to satisfy non-
functional requirements, such as real-time or power consumpti-
on constraints, when executing on a given target platform. Run-
time requirements enforcement has emerged as a research area
for enforcing non-functional requirements at runtime, allowing
properties to be defined and formally verified. Using reinforce-
ment learning, such verifiable feedback-based enforcers can be
automatically generated. However, reinforcement learning ap-
proaches are typically tailored to the optimization of single ob-
jectives, while feedback-based enforcers allow for having multi-
ple objectives at once. Thus, in order to support the generation of enforcers for multiple objectives, we
currently have to unify the objectives, e.g., by a weighted sum. However, this unification affects the gene-
rality of the found explorations, i.e., certain Pareto-optimal solutions may not be explored. In this thesis,
a solution for a multi-objective reinforcement learning approach shall be explored and implemented.
Prerequisites: Programming in Python
Distribution: Theory (20%), Conception (40%), Implementation (40%)
Contact: Khalil Esper (khalil.esper@fau.de), Jan Spieck (jan.spieck@fau.de), StefanWildermann

(stefan.wildermann@fau.de)
Lehrstuhl für Informatik 12

Hardware-Software-Co-Design
Cauerstraße 11
91058 Erlangen



Benchmarking of Loop Accelerators

Tightly Coupled Processor Arrays (TCPAs) are a
class of highly customisable hardware accelera-
tors ideal for accelerating loop applications such
as FIR filters, matrix-matrix multiplications (see
on the left a loop kernel for the multiplication of
two 4 × 4 matrices), and Convolutional Neural
Network applications used in machine learning. A
TCPA consists of an array of processors, each of
which can communicate data directly to its neigh-
bour. This design enables fast and low-power exe-
cution of such loop applications.

jk

i

for(i=0; i<4; i++)
{for (j=0; j<4; j++)
{for (k=0; k<4; k++)
{a[i,j+1,k] = a[i,j,k];
b[i+1,j,k] = a[i,j,k];
z[i,j,k] = a[i,j,k]

* b[i,j,k];
c[i,j,k+1] = c[i,j,k]

+ z[i,j,k];
}

}
}

PolyBench is a benchmark suite with more than 30 loop kernels from different application domains such
as linear algebra calculations, image processing, physical simulation, dynamic programming, statistics, etc.
This work aims to analyse the operation types and application domains of the PolyBench loop kernels and
investigate their corresponding mapping on TCPAs. Furthermore, the resources and execution times on
different TCPA architectures for selected loop kernels from PolyBench will be investigated.

Prerequisites: Programming skills in C, C++, and Python
Type of work: Theory (30%), conception (25%), implementation (45%)
Supervisor: Christian Heidorn, Dominik Walter ({christian.heidorn,dominik.l.walter}@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Enforcing safety properties on EMG-Controlled Ankle Foot
Orthosis using Runtime Requirement Enforcement
Wearable robotic systems such as the EMG-Controlled Ankle Foot Orthosis
can be used to assist people with walking disabilities. The EMG-controller
uses acquired EMG signals from electrodes to control the foot position. It
does so by adapting the voltage of a motor which converts it to torque (and
therefore to angular velocity) that ultimately changes the foot position. Such
a control should satisfy a set of functional requirements that are defined over
the system properties such as the position, velocity, or torque. For example,
the leg position should always stay between a lower and an upper limit. To
formally verify such a functional correctness, Runtime requirements enforcement (RRE) techniques can
enforce such functional requirements at runtime, allowing properties to be defined and formally verified
on corresponding control strategies specified by automata.
In this thesis, an RRE should be developed for enforcing a given set of functional requirements, and then
formally verified using amodel checker like PRISM. Existing C-based physic libraries (e.g.MuJoCo or Unity)
can be used for modeling and simulating the motion patterns during walking.

Prerequisites: Programming in Python or C++, Basic Knowledge in Control
Type of work: Theory (25%), conception (30%), implementation (45%)
Contact: Khalil Esper (khalil.esper@fau.de), Christian Heidorn (christian.heidorn@fau.de), Jan

Spieck (jan.spieck@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Data Integrity Modeling and Assurance in Co-Design
The assurance of security requirements, i.e., the integrity of data exchan-
ged between resources in an embedded system, has not yet been ade-
quately considered in design automation.
Data integrity can be impaired by either faults, aging, but also by secu-
rity attacks. Examples of countermeasures include techniques for fault
detection and fault correction, e.g., error-correcting codes, ECCs, redun-
dancy, or through strong isolation of application data from other appli-
cations, e.g., by memory access control.
In this Master thesis, constraints on the integrity of data should be incor-
porated into an established co-design flow by attributing communicati-
ons between tasks with integrity attributes. Based on these attributes,
mapping constraints shall be generated to establish and thus assure inte-
grity constraints to hold in any feasible mapping, including the allocation
of resources and binding of tasks to resources.
The constraints to be generated thereby restrict mapping options, e.g., that data items of different appli-
cations must not be mapped to the same memory (strong isolation) or that memory protection is enabled
through memory mapping units (MMUs). The techniques shall be implemented in an existing co-design
framework and tested for sample applications.
Prerequisites: Java knowledge required
Type of Work: Theory (40%), Conception (20%), Implementation (40%)
Supervisor: Joachim Falk (joachim.falk@fau.de) and Jürgen Teich (juergen.teich@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Exploiting Non-Volatile Memory for Dataflow Computation
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IoT sensor platforms need to be cheap, (ultra-)low power, long-running,
and maintenance-free. Thus, battery-less IoT devices utilizing energy
harvesting are more and more deployed. Often, such systems execute
signal processing applications, which can be specified preferably by da-
taflow networks. These naturally allow the exploitation of concurrency
by implementing each actor as a hardware circuit, all running in parallel.
However, programming such sensor platforms offers unique challenges
due to their intermittent power supply.
In this thesis, Non-Volatile Memory (NVM) should be exploited to realize
dataflow networks in hardware to tackle these intermittency issues, e.g.,
by investigating and modeling persistable FIFO-based memory units. In
particular, dataflow networks operating in mixed volatile/non-volatile
operating modes shall be modeled by combining the system-level con-
cept of dataflow, which is based on self-scheduled activations of compu-
tations, with NVM-based FIFOs. Inactive actors or even subnets should
power down and reactivate upon the arrival of more data to be processed. In addition, for a continuously
safe mode of operation, a powering downmust also be triggered upon any intermittent shortage of power
supply. Analogously, actors shall perform an auto-wakeup after recovery from the power shortage.
Prerequisites: C++ and VHDL or Verilog knowledge required
Type of Work: Theory (30%), Conception (30%), Implementation (40%)
Supervisor: Joachim Falk (joachim.falk@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Modeling Security at the Electronic System Level
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Embedded systems (ES) have access to many aspects of our everyday
lives. They can, e.g., be found in cars, medical devices, and the Internet of
Things. It is therefore important to understand what attacks are possible
on such systems and how to protect against them.
In this Master thesis, attacks on ES will be investigated on the electronic
system level. In a first step, possible attacks on architectural hardwa-
re components (processors, memories, buses, etc.) and the application
software (consisting of tasks, data, etc.) should be identified. Then, rules
based on these attacks should be formulated for modeling attack goals
targeting the confidentiality, integrity, and authenticity of a specified em-
bedded system.
Attack trees are a formal representation of how attack goals can be rea-
ched. The goal of this thesis is to provide amethodology to automatically
generate such attack trees based on a given system specification by ap-
plying the found rules. This representation enables analysis of security
risks at the system level and might even help to find countermeasures
with the help of design space exploration techniques.

Prerequisites: Java knowledge required
Type of Work: Theory (30%), Conception (30%), Implementation (40%)
Supervisor: Joachim Falk and Stefan Wildermann (first name.surname@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Investigating the Effects of Systemic Noise in physical Side-
Channel Analysis on High-Performance Targets
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Side-channel attacks are a powerful tool to extract secret
information from cryptographic algorithms otherwise con-
sidered secure. However, side-channel analysis research is
often performed on rather simple hardware, like microcon-
trollers, making the resulting attack techniques not neces-
sarily applicable on more complex platforms.
This work focuses on the systemic noise inherent to complex
platforms, as they contain performance-enhancing features,
like Caches or Branch Prediction, which may lead to less deterministic execution behavior and as such
less consistent side-channel measurements, impeding attacks.
In this work, a physical side-channel analysis of current cryptographic algorithm standards implemented
on a high-performance platform containing multiple sources of systemic noise is performed in order to re-
search the impact of the different systemic noise components and the applicability of previously developed
side-channel attacks. Furthermore the extraction of internal data from associated systemic noise and its
usage as another exploitable side-channel for attacks is investigated.

Prerequisites: Basic knowledge in C/C++ and Python
Type of Work: Theory (30%), Conception (20%), Implementation (50%)
Supervisor: Paul Krüger (paul.krueger@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Automatic Partitioning of Large Processor Arrays
onto a Multi-FPGA Platform

Tightly Coupled Processor Arrays (TCPAs) are a class of highly customizable
hardware accelerators that are perfectly suited to accelerate loop applica-
tions like FIR filters, matrix-matrix-multiplications, and also of the popular
Convolutional Neural Network (CNN) applications used in machine learning.
A TCPA consists of an array of processors, while each processor can com-
municate data directly to its neighbor.
The goal of this work is to investigate and implement the segmentation of
TCPA architectures that do not fit on a single FPGA (for example, with 100
or more processing elements) onto several FPGAs without violating timing
properties between neighboring processing elements. The performance and
energy consumption of multiple applications, e.g., from the digital signal or
image processing domains, shall be investigated and compared between par-
titioned and non-partitioned TCPA implementations.

Requirements: Knowledge in HDL programming mandatory
Type of thesis: Theory (30%), concept (40%), implementation (30%)
Supervisor: Marcel Brand (marcel.brand@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Design of Compilers for ML on Specialized Hardware Targets
Due to the relatively recent explosion in practical machine learning tech-
niques, the necessary tools had to mature at a matching speed. This lead
to many design decisions and competing concepts that could be unified
or set up differently in hindsight.
MLIR is a compiler intermediate representation that aims to provide a
reusable software layer for various compilers and thereby unify their de-
signs. Especially in machine learning frameworks, the adoption of MLIR
or similar techniques is interesting as well as ongoing. For instance, Ten-
sorFlow uses MLIR internally. However, there are many other compilers,
like Google’s XLA, MLIR, TVM, Glow, or Microsoft’s Brainwave compiler.
These compilers perform similar work but must, in part, target radically
different hardware: CPUs, FPGAs, GPUs, and TPUs. This and their deve-
lopment history make them so distinct.
In this work, the differences between the approaches used in these compilers, their usefulness for parts
in other compilers, and especially the applicability of MLIR in their stead shall be explored.
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Contact: Patrick Plagwitz (patrick.plagwitz@fau.de)

Lehrstuhl für Informatik 12
Hardware-Software-Co-Design

Cauerstraße 11
91058 Erlangen



Latency and energy reduction of CNN inference by utilising
multiply-accumulate functional units in a loop accelerator
Tightly Coupled Processor Arrays (TCPAs) are a class of highly customi-
sable hardware accelerators that are perfectly suited to accelerate loop
applications like FIR filters, matrix-matrix-multiplications, and also of the
popular Convolutional Neural Network (CNN) applications used in machi-
ne learning. A TCPA consists of an array of processors, while each proces-
sor can communicate data directly to its neighbor. This design enables fast
and low-power execution of such loop applications.

The goal of this work is to investigate how the acceleration of a CNN using a TCPA architecture may bene-
fit from vectorized multiply-accumulate floating-point functional units, especially when they are run on low
bit precisions. For CNN inference, a precision of 16 bits or less often suffices for computing a satisfactory
result. This provides the chance for our TCPAs to be even more efficient by utilizing multiply-accumulate
operations and vector processing. In this work, such a functional unit has to be designed, implemented,
and integrated into a TCPA to investigate possible speed-ups compared to, e.g., implementations on a
general purpose processor or TCPA architectures that utilise regular floating-point ALUs.

Requirements: Knowledge in VHDL programming mandatory
Type of thesis: Theory (30%), concept (30%), implementation (40%)
Supervisor: Marcel Brand (marcel.brand@fau.de)
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Energy and performance improvements of CNNs on
anytime processing elements by exploiting SIMD
Tightly Coupled Processor Arrays (TCPAs) are a class of highly customiz-
able hardware accelerators that are perfectly suited to accelerate loop ap-
plications like FIR filters, matrix-matrix-multiplications, and popular Con-
volutional Neural Network (CNN) applications used in machine learning. A
TCPA consists of an array of processors, while each processor can commu-
nicate data directly to its neighbor. This design enables fast and low-power
execution of such loop applications.
The goal of this work is to analyse the benefits of combining the novel anytime processing elements with
SIMD vector processing for floating-point computations. Anytime processing is a type of approximate
computing that trades off the computation accuracy with performance and energy efficiency. In anytime
processing, one can even control the accuracy of the instructions on bit level. SIMD vector processing, on
the other hand, enables high parallelism with reduced control flow while executing applications.

We want to analyse whether the floating-point anytime functional units that are already integrated in the
TCPA architecture can leverage the hardware structures of integrated vector processing and may further
reduce the run-time of, e.g., the convolutions of a CNN application when computing at low accuracies.

Requirements: Basic knowledge in hardware description languages (e.g., VHDL)
Type of thesis: Theory (30%), concept (30%), implementation (40%)
Supervisor: Marcel Brand (marcel.brand@fau.de)
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