
Master and Doctoral Studies at the CAOS research group in the 

Barcelona Supercomputing Center 

Getting a Master/ Ph.D. degree is fundamental to your career if you want to reach key technical positions in 

IT companies (Microsoft, Intel, NVIDIA, ...). Besides, making a Ph.D./Master is an experience that will stay 

with you for the rest of your life.  

The Computer Architecture / Operating System research group (www.bsc.es/caos) at the Barcelona 

Supercomputing Center seeks for excellent Master and Ph.D. students to carry out research in the topic of 

accelerators (GPUs) and multicore architectures for automotive, avionics, rail, and space domains. The 

positions cover from dealing with real computing boards that can be used in future cars/planes/satellites to 

making cutting-edge proposals on hardware/software design to optimize embedded-system computing. 

Just in the automotive domain, current trends towards autonomous driving and electric vehicles do not only 

make this a very fertile area of research but also an area in which qualified professionals are highly 

demanded all over the world. 

The CAOS group has a prominent publication record in peer-reviewed top-tier conference and journals. 

The member of the CAOS group has coordinated European Projects and projects with the European Space 

Agency in the area of embedded real-time systems. Francisco J. Cazorla, the coordinator of the CAOS 

group, has been recently awarded an ERC grant (https://erc.europa.eu/about-erc/mission), one of the most 

prestigious grants for a European researcher. The proposal titled SuperCom offers candidates the 

opportunity to carry out doctoral studies in cutting-edge research topics. 

After their graduation, CAOS group PhD students have started their professional career in international 

companies including: Telefonica I+D (Spain), International Computer Science Institute (ICSI – affiliated with 

UC Berkeley), Barcelona Supercomputing Center (Spain), Cobham Gaisler (Sweden), IBM (USA), 

Shenzhen Institute of Advanced Technology (China), Intel (Spain), Intel (Germany). 

Attached you can find examples of Final Degree Projects (Treballs de Fi de Grau/Trabajos Final de Grado) 

we are advising (will co-advise). This will give you an idea of the type of topics we cover. 

Do not hesitate in contacting me for any other questions such as: What Degree do I need to enroll 

Master/Doctoral studies? What qualifications do I need? Is a Ph.D. for me? How long does a Ph.D. take?  

 

Francisco J. Cazorla  

Barcelona Supercomputing Center – Centro Nacional de Supercomputación and  

CSIC (Spanish National Research Council) 

francisco.cazorla@bsc.es 

http://people.ac.upc.edu/fcazorla/  

https://www.bsc.es/cazorla-almeida-francisco-javier  
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https://erc.europa.eu/about-erc/mission
mailto:francisco.cazorla@bsc.es
http://people.ac.upc.edu/fcazorla/
https://www.bsc.es/cazorla-almeida-francisco-javier


ERC Consolidator Grant 

 

SuPerCom  

Sustainable Performance  

for High-Performance Embedded Computing Systems 
 

Introduction: Computers increasingly intervene in critical aspects of our life related to health, safety, and 

security, resulting in (critical) software controlling functionalities or services with humans in the loop. This 

trend towards critical-function digitization brings huge benefits for society and rests two pillars: the use of 

high-performance parallel hardware as the only viable option to cover the highest-ever critical software’s 

performance needs; and the ability to provide sustainable (guaranteed) performance, instead of average 

unreliable performance. Failing to support both pillars prevents embedded computers from safely executing 

critical software potentially causing unacceptable risks or threats to human life.  

SuPerCom goes beyond current solutions, which face either major scalability limitations or cannot provide 

performance guarantees, and proposes a holistic multidisciplinary approach that addresses the challenge 

of providing high and sustainable performance with future embedded computers comprising high-

performance hardware with unprecedented complexity levels.  

SuPerCom synergistically combines for the first time performance analysis, hardware design and statistical 

and machine learning techniques: with SuPerCom performance predictability and performance 

observability become first-class citizen hardware requirements, rather than being considered at the end of 

the design. SuPerCom also proposes statistical and machine-learning techniques to (i) deal with big 

amounts of performance data coming from hardware sensors and (ii) provide on-line optimizations to 

increase sustainable performance.  

SuPerCom breakthrough can have significant economic and societal impact by allowing embedded 

computers to use high-performance hardware with strong guarantees of sustainable performance. This will 

allow executing a wide-variety of performance-demanding critical software like advanced driver assistance 

systems in cars with sound guarantees.  

Approach: SuPerCom proposes innovative solutions that push the limits of current approaches for 

sustainable performance: (1) SuPerCom proposes novel hardware support for performance prediction that 

captures the sustainable performance requirements emanating from applications, with minimum or no 

impact on average performance. (2) For hard-to-predict resources, SuPerCom eases performance 

modeling via novel hardware sensors that expose key performance indicators to the performance analysis 

tools; the latter (3) are extended with statistical and machine learning analysis to automatically manage the 

high amounts of information provided by hardware sensors, both during system design and operation. This 

is coupled with (4) advanced software techniques that generate adjustable load on resources to obtain 

guaranteed performance under different usage scenarios.  

  



  

 

 

 

  

Project reference 

FDW-CAOS-AumotivePerfAnalysis 

Contact persons 

francisco.cazorla@bsc.es 

enrico.mezzetti@bsc.es 

carles.hernandez@bsc.es 

Francisco J. Cazorla 

Enr ico  Me zzett i  

Carles Hernández 

Autonomous driving cars are forcing automotive industry to 

adopt massively-parallel processors, delivering much higher 

performance, in order to timely execute complex data-

management and decision-making software. This has resulted in 

Graphic Processing-based high-performance hardware being 

considered in latest chip designs for the automotive domain 

(NVIDIA DrivePX and the RENESAS R-Car H3 platforms). This 

trend is expected to continue as automotive on-board software 

(e.g. Advanced Driver Assistance Systems) already comprises 

more than 100 million lines of code, with projections by ARM 

suggesting a performance demand increase of 100x with respect 

to 2016. 

Scope 

CAOS group and BSC  

BSC-CNS (Barcelona Supercomputing Center) is the National 

Supercomputing Facility in Spain and manages MareNostrum, one of the 

most powerful supercomputers in Europe. The mission of BSC-CNS is to 

investigate, develop and manage information technology in order to 

facilitate scientific progress.   

The Computer Architecture - Operating System interface (CAOS) group has a 

long track record of in leading projects with industry (e.g DENSO and the 

European Space Agency) and EU project on embedded systems -  

Project Description 

As part of this project, the candidate will have first-hand access to an automotive hardware platform (microcontroller board). The 

project will focus on making a performance characterization of the board. The candidate will analyze the performance (execution 

time) of reference automotive applications under different execution scenarios. This will provide insights on how the application 

uses processor resources and how it reacts when these resources are shared with other applications. The analysis will be carried out 

leveraging the hardware monitor (or performance monitoring counters) of the target platform. 

The result of the project will be submitted for publication to an international journal or conference.  

Modeling the timing behavior of highly-critical 

applications, comprising millions of lines of code, 

and running on top of high-performance 

hardware is a hard endeavor. This is a serious 

concern to automotive industry since 

autonomous cars are expected to react within a 

stipulated time frame to ensure safe and timely 

operation. 

 

Keywords Automotive, GPU-based chips, Performance analysis 

Computer Architecture – Operating Systems Group 

Nexus II Building c/Jordi Girona, 29 

08034 Barcelona  

 

 

https://www.bsc.es/
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CPU Performance Signatures for Security Attacks Detection  
Scope 

The trend towards more connected computing devices 

makes increasingly important ensuring processor’s 

resilient operation under security attacks. On the one 

hand, among the different security threats affecting 

processors, some sort of attacks exploit different 

vulnerabilities to cause systems malfunctioning through 

significant performance degradation. On the other 

hand, today’s computing devices increasingly control 

aspects involving people’s safety (e.g. transportation 

and healthcare), which requires reliable operation of all 

critical software services.  

The execution time of software running on top of 

complex processor designs is hard to predict and this 

poses serious difficulties in determining whether 

performance deviations are due to the intrinsic performance variability of the systems or due to the presence of 

malicious attacks.   

 

Project Description 

As part of this project, the candidate will have 

first-hand access to processor designs 

employed in safety-critical systems (e.g. 

airplanes, satellites, cars …). The project will 

focus on (1) characterizing the performance of 

critical applications executed in these 

processors and (2) identifying potential 

security attacks by monitoring whether the 

performance of relevant applications deviates 

from their expected behavior.  

CAOS group and BSC  

BSC-CNS (Barcelona Supercomputing Center) is the National Supercomputing Facility in Spain and manages 

MareNostrum, one of the most powerful supercomputers in Europe. The mission of BSC-CNS is to investigate, 

develop and manage information technology in order to facilitate scientific progress.  The CAOS group has a long 

track record of in leading projects with industry (e.g DENSO and the European Space Agency) and EU projects on 

embedded systems.  

Reference and contact 

Project reference: FDW-CAOS-SecurityPerfAnalysis 

Francisco J. Cazorla, Jaume Abella,  and  Carles Hernandez 

  

http://www.bsc.es/caos
http://www.bsc.es/
http://people.ac.upc.edu/fcazorla/
http://people.ac.upc.es/jabella/
https://www.bsc.es/hernandez-luz-carles
https://thehackernews.com/2013/09/Undetectable-hardware-Trojans.html
https://www.extremetech.com/extreme/187438-googles-autonomous-car-gets-a-b-in-driving-test-not-great-but-better-than-most-of-us


Computer Architecture – Operating Systems Group 

Nexus II Building c/Jordi Girona, 29 

08034 Barcelona  

 

 

  

 

 

 

General Purpose GPU 

Solutions for Critical Space Systems   

 

 

 

  

Project reference 

FDW-CAOS-GPUSpace 

Contact persons 

francisco.cazorla@bsc.es 

leonidas.kosmidis@bsc.es 

Francisco J. Cazorla 

Leonidas Kosmidis 

The Space Industry requires massively parallel hardware 

solutions to implement new type of applications in future 

missions. The significant performance and energy-benefit of 

general purpose GPUs, as well as the ubiquitous presence of 

embedded GPUs, creates a new opportunity for the space 

domain. However, there is no evidence so far about how GPUs 

perform on space-related applications, which are the 

implications of their use in the high-radiation environment 

outside the earth’s atmosphere and magnetic field and which 

embedded GPUs found in the market will be appropriate. The 

CAOS group at BSC has developed solutions that allow general 

purpose computations to be executed on any embedded GPU. 

Moreover, it has access to other OpenCL-programmed 

accelerators such as Intel’sHARPv2 platforms. 

Scope 

CAOS group and BSC  

BSC-CNS (Barcelona Supercomputing Center) is the National 

Supercomputing Facility in Spain and manages MareNostrum, one of the 

most powerful supercomputers in Europe. The mission of BSC-CNS is to 

investigate, develop and manage information technology in order to 

facilitate scientific progress.   

The Computer Architecture - Operating System interface (CAOS) group has a 

long track record of in leading projects with industry and specifically with 

the European Space Agency and EU project on embedded systems. 

Hardware designs of the CAOS group have been adopted in the commercial 

processors LEON3/LEON4 used by the European Space Agency. 

Project Description 

The student will have the opportunity to participate in an international of the interest of the European Space Agency, in the first 

ever evaluation of general purpose embedded GPUs for the space industry. She/he will get hands-on experience with several 

embedded GPUs and experimental hardware like Intel’s HARPv2 accelerator that can be potentially used in future space mission.  As 

a part of this project, the student will port parts of real space applications provided by our industrial partners on the GPUs using 

high-level programming languages such CUDA and OpenCL. The design will be evaluated regarding several metrics i.e. performance, 

power, development time and it will be compared with other technologies, e.g. the same functionality implemented in software in a 

space processor, in hardware using an FPGA or with open-source soft cores. Upon the successful completion of the project, the 

student will have obtained demonstrated experience in GPU programming to pursue a job in the space or high-performance 

industry, or continue for a computer architecture job in academia. 

Keywords Space, GPU, Accelerator Programming 

https://www.bsc.es/
http://people.ac.upc.edu/fcazorla/
https://www.bsc.es/discover-bsc/organisation/scientific-structure/computer-architecture-operating-systems-caos
https://www.bsc.es/


 

 

  

 

  

Project reference 

FDW-CAOS-AumotivePerfStatistics 

Contact people 

francisco.cazorla@bsc.es 

jaume.abella@bsc.es 

 

Francisco J. Cazorla 

Jaume Abella 

 

Autonomous driving cars are forcing automotive industry to 

adopt massively-parallel processors, delivering much higher 

performance, in order to timely execute complex data-

management and decision-making software. This has resulted in 

Graphic Processing-based high-performance hardware being 

considered in latest chip designs for the automotive domain 

(NVIDIA DrivePX and the RENESAS R-Car H3 platforms). This 

trend is expected to continue as automotive on-board software 

(e.g. Advanced Driver Assistance Systems) already comprises 

more than 100 million lines of code, with projections by ARM 

suggesting a performance demand increase of 100x with respect 

to 2016. 

Scope 

CAOS group and BSC  

BSC-CNS (Barcelona Supercomputing Center) is the National 

Supercomputing Facility in Spain and manages MareNostrum, one of the 

most powerful supercomputers in Europe. The mission of BSC-CNS is to 

investigate, develop and manage information technology in order to 

facilitate scientific progress.   

The Computer Architecture - Operating System interface (CAOS) group has a 

long track record of in leading projects with industry (e.g DENSO and the 

European Space Agency) and EU project on embedded systems -  

Project Description 

As part of this project, the candidate will work with applications relevant for autonomous driving, which will be run in automotive 

hardware platforms or simulators to collect performance and hardware monitor measurements. The candidate will analyze the 

behavior of the execution time of those applications with already available tools for statistical analysis correlating execution time 

with monitors’ behavior, and quantifying performance variability and sensitivity to platform characteristics and configuration. 

The result of the project will be submitted for publication to an international journal or conference.  

Modeling the timing behavior of highly-critical 

automotive applications, comprising millions of 

lines of code, and quantifying how performance 

changes for different types of applications on top 

of high-performance hardware is a hard 

endeavor. This is, however, needed since 

autonomous cars are expected to react within a 

stipulated time frame to ensure safe and timely 

operation. 

Keywords Automotive, Performance statistical analysis, Performance models 

https://www.bsc.es/
http://people.ac.upc.edu/fcazorla/
https://www.bsc.es/discover-bsc/organisation/scientific-structure/computer-architecture-operating-systems-caos
https://www.bsc.es/


Computer Architecture – Operating Systems Group 

Nexus II Building c/Jordi Girona, 29 

08034 Barcelona  

 

 

  

 

 

  

Project reference 

FDW-CAOS-FPGASpace 

Contact persons 

francisco.cazorla@bsc.es 

leonidas.kosmidis@bsc.es 

Francisco J. Cazorla 

Leonidas Kosmidis 

The Space Industry requires high-performance hardware 

solutions to perform new type of applications in future missions. 

FPGAs provide a low-cost alternative to custom ASIC chips, while 

at the same time their reconfigurable nature allows to reduce 

the time-to-launch for deep space exploration missions. In these 

missions, the spacecraft can take many years to reach its 

destination, during which the development of the hardware can 

be performed and tested, before it is remotely sent to the space 

probe for the FPGA configuration. In addition to this, recently 

there is a movement towards open source hardware modules 

that creates a significant opportunity in the space domain, as 

well as in the hardware design market, creating a lot of high-

paying jobs in this sector. 

Scope 

CAOS group and BSC  

 

BSC-CNS (Barcelona Supercomputing Center) is the National 

Supercomputing Facility in Spain and manages MareNostrum, one of the 

most powerful supercomputers in Europe. The mission of BSC-CNS is to 

investigate, develop and manage information technology in order to 

facilitate scientific progress.   

The Computer Architecture - Operating System interface (CAOS) group has a 

long track record of in leading projects with industry and specifically with 

the European Space Agency and EU project on embedded systems. 

Hardware designs of the CAOS group have been adopted in the commercial 

processors LEON3/LEON4 used by the European Space Agency. 

Project Description 

The student will have the opportunity to participate in an international project. She/he will get hands-on experience with a qualified 

FPGA for the space domain. As a part of this project, the student will develop a small hardware module in the FPGA, using a 

hardware description language (Verilog/VHDL) according to the specification provided by our industrial partners. The design will be 

evaluated regarding several metrics i.e. performance, power, development time and it will be compared with other technologies, 

e.g. the same functionality implemented in software in a space processor or with open-source soft cores. Upon the successful 

completion of the project, the student will have obtained demonstrated experience in hardware design, to pursue a job in the 

semiconductor or space industry, or continue for a computer architecture job in academia. 

Keywords Space, FPGA, Hardware Development 

FPGA  

Solutions  

for  

Critical Space 

Systems 

https://www.bsc.es/
http://people.ac.upc.edu/fcazorla/
https://www.bsc.es/discover-bsc/organisation/scientific-structure/computer-architecture-operating-systems-caos
https://www.bsc.es/


Computer Architecture – Operating Systems Group 

Nexus II Building c/Jordi Girona, 29 

08034 Barcelona  

 

 

  

 

 

 

  

Project reference 

FDW-CAOS-MobileGPU 

Contact person 

leonidas.kosmidis@bsc.es 

francisco.cazorla@bsc.es  

Leonidas Kosmidis 

Francisco J. Cazorla 

The mobile phone market is one of the most profitable ones, 

both in terms of devices as well as on the applications side. 

Every modern phone and single board computer, such as the 

Raspberry Pi, contains a GPU, which in addiction to graphics is 

capable to perform many parallel operations and achieve high 

performance for certain algorithms, outperforming the 

capabilities of the mobile CPU. However, very few of the 

available devices in the market – the most expensive ones - 

support general purpose programming languages such as 

OpenCL. To address this problem, researchers in the CAOS group 

have developed solutions that allow any embedded GPU to be 

programmed in a similar manner, using a CUDA-like language. 

This opens the door for new innovative applications that were 

not possible to be implemented so far, due to the low 

performance provided by the embedded CPUs. 

Scope 

CAOS group and BSC  

BSC-CNS (Barcelona Supercomputing Center) is the National 

Supercomputing Facility in Spain and manages MareNostrum, one of the 

most powerful supercomputers in Europe. The mission of BSC-CNS is to 

investigate, develop and manage information technology in order to 

facilitate scientific progress.   

The Computer Architecture - Operating System interface (CAOS) group has a 

long track record of in leading projects with industry and collaborating with 

automotive companies (DENSO, Infineon, Magneti Marelli etc) and EU 

projects on embedded systems.  

Project Description 

The student will implement an innovative computationally intensive mobile or embedded application (e.g. augmented reality, 

bitcoin miner, game engine etc) that leverages the general purpose computational capabilities of a mobile GPU. The application can 

be proposed by the student based on her/his interests, or be selected among a list of well-known scientific applications and 

libraries. The target platform can be either the student’s mobile phone or a single board computer like the Raspberry Pi. In case the 

student doesn’t have access to a device with an embedded GPU, we will provide access to one. Once the development of the 

application is complete, it will be optimized to get the maximum performance for the selected mobile GPU platform. Upon the 

completion of the project, the student will have the experience to develop his own high-performance embedded application and 

take advantage of an embedded GPU. The student will be encouraged to publish her/his application in the market/app store and 

exploit it financially. 

Keywords Mobile GPUs, Embedded Systems, Accelerator Programming, CUDA-like language  

General-Purpose Embedded GPU Computing 

https://www.bsc.es/
mailto:leonidas.kosmidis@bsc.es
mailto:francisco.cazorla@bsc.es
https://www.bsc.es/discover-bsc/organisation/scientific-structure/computer-architecture-operating-systems-caos
https://www.bsc.es/


Computer Architecture – Operating Systems Group 

Nexus II Building c/Jordi Girona, 29 

08034 Barcelona  

 

 

  

 

 

 

Project reference 

FDW-CAOS-AutomotiveGPU 

Contact persons 

francisco.cazorla@bsc.es 

leonidas.kosmidis@bsc.es 

Francisco J. Cazorla 

Leonidas Kosmidis 

Autonomous Driving is the most hot topic in Artificial 

Intelligence and Information technology nowadays. Several 

automotive companies are currently working on solutions 

towards full autonomy, mainly in the form of Advanced Driving 

Assistance Systems (ADAS). A few other companies like Google, 

Tesla or Uber are already ahead of others implementing more 

advanced solutions. The common characteristic of all those 

cases is that they are powered with NVIDIA GPUs, which provide 

immense performance with high energy efficiency. However, the 

key characteristics of those GPUs are yet to be studied for such 

critical applications. For this reason, there is a need for 

appropriate applications and benchmarks, that allow the 

characterization of the latest automotive-grade GPUs. 

Scope 

CAOS group and BSC  

BSC-CNS (Barcelona Supercomputing Center) is the National 

Supercomputing Facility in Spain and manages MareNostrum, one of the 

most powerful supercomputers in Europe. The mission of BSC-CNS is to 

investigate, develop and manage information technology in order to 

facilitate scientific progress.   

The Computer Architecture - Operating System interface (CAOS) group has a 

long track record of in leading projects with industry and collaborating with 

automotive companies (DENSO, Infineon, Magneti Marelli etc) and EU 

projects on embedded systems.  

Project Description 

The student will have the opportunity to obtain hands-on experience with the latest automotive GPUs (NVIDIA Drive PX2), which is 

currently found in state-of-the-art Tesla cars. The purpose of the project is to create several standalone automotive applications 

resembling common tasks required for autonomous driving (detection of obstacles, cars, signs, pedestrians, lanes etc.) that can be 

used to study the behaviour of  GPUs under such workloads. Reference implementations for the tasks will be provided in sequential 

form and/or for other accelerators, from open source libraries like OpenCV and NVIDIA’s DriveWorks. The derived applications will 

be used to perform an evaluation of the system and quantitatively assess the capabilities and bottlenecks of the Drive PX2 platform. 

Upon the successful completion of the activity, the student will have the required experience to find a job in the automotive sector 

for autonomous systems, in the high-performance domain, or pursue a research career on accelerators. 

Keywords Automotive, Autonomous Driving, GPU, Accelerator Programming, CUDA,OpenCL,Benchmarking  

Autonomous Driving Software for GPUs 

https://www.bsc.es/
http://people.ac.upc.edu/fcazorla/
https://www.bsc.es/discover-bsc/organisation/scientific-structure/computer-architecture-operating-systems-caos
https://www.bsc.es/

