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Data volumes are rapidly increasing and are widely expected to surpass 175 zettabytes by 2025 [2, 3]. Current technologies 
are struggling to both store and keep this data accessible. The reason are unfavorable data volume to access bandwidth ratios  
and rapidly increasing costs both for hardware and energy. In fact, data and compute infrastructure today have a notable 
environmental footprint: Data centers are currently accounting for about 3% of of the worlds total electricity usage [6] and 
are projected to double by 2026 [7]. In addition, even though both total data capacity and total data access bandwidth are  
continuing to increase, we are slowly loosing ”surface area” to also access all this data. With no way to access all this data, it  
may become ultimately pointless to store unless new technologies would allow much more fine-granular random and parallel 
access to data. For long-term data storage, DNA-based systems [11] could overcome many existing limitations, offering very 
high data densities while allowing extreme levels of parallel access. For a long time, both the cost to ”read” (sequence) and  
”write”  (synthesize)  DNA  have  been  cost  and  time  prohibitive.  But  array-based  nanopore  sequencing  devices  have 
significantly reduced the cost of reading DNA sequencing to 0.01 cents per megabase [10, 1], with multiple techniques being 
well  established  and  available  as  commercial  products.  Similarly,  more  cost-efficient  synthesis  techniques  have  been 
demonstrated, including array-based synthesis on a chip [14, 12]. Research on DNA-based data storage is concerned with the 
developing of parallel handling of DNA, as well as suitable encoding and management strategies that bring together benefits  
from digital technologies and pair them with biochemical technologies to provide data read and write functionality with DNA 
molecules as the storage medium. Various candidates for suitable building blocks [13, 14, 10] exist but research for highly-
scalable architectures that cater to data center needs are still in their infancy. 

This project has the overarching goal of researching DNA-storage architectures for HPC and cloud data centers. 1. As a first  
step, the student shall become familiar with the constraints of DNA-based storage systems such as imposed by sequencing and 
synthesis technologies 2. The student will then experiment with the simulation of different architectures for DNA storage and  
analyze their performance characteristics with respect to data capacity, latency, and bandwidth of the system The student will 
learn  state-of-the-art  practices,  tools,  and standards,  such  as:  •  System simulation  and modeling  with  Wrench [15]  and 
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SimGrid [8] • Applications of next-generation DNA sequencing and synthesis approaches and fundamental DNA encoding 
schemes [5, 4] • Self-Describing Data Formats (HDF5[9], NetCDF[16]).
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