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The overarching vision is to enable translational genomics for next gen medicine to 
cater to 6000+ genetic diseases.
Reactive Predictive, Preventive, Personalized, and Participatory (P4)
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Whole Genome Sequencing



Challenges

• For accurate genome mapping around 
250 GB raw data is required to process 
per human.

• 1010 GB data per year by 2025.

• Require ~10,000 trillion CPU hours. 
Data production rate >> Computational 
capacity 

• Numerous species.

• Numerous existing and upcoming 
applications 
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State-of-the-art genomic facilities

• Limited and centralized WGS 
infrastructure. Inhibits data and 
knowledge sharing.

• Expensive to establish.

• Incur high maintenance and 
energy costs.

• Have high-performance servers 
with complex processors geared 
for floating-point computations.

• Inhibits adoption of genomics in 
routine tests.  



Requirements: Energy-efficient hardware, allow fast prototyping and modifications to account for emerging sequencing 
and analysis technologies, and less-expensive hardware.

Any new hardware systems is designed, typically, to perform 
well with several model algorithms which, currently, do not 
include algorithms used in genomic computations.

Similarly, the algorithms used in emerging applications are 
designed for existing, rather than potential future hardware.

Algorithm-hardware co-design aims to bridge the absence of feedback in the design tasks, which impede the progress in 
affordable and energy-efficient genomic data processing. 
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Resource 
metrics Computation Design Space Performance 

metrics

• Energy
• Cost

• Hardware choices – CPU, GPU, FPGA, Embedded platform, ASIC, ...
• Data structure choices – Hash index, FM-Index, Suffix Array,..
• Algorithmic choices – Pigeonhole/q-gram filter, fixed/variable length 

seeds, seed extraction method, …
• Parameter choices – short/long read, hamming/edit distance, 

genome section/chromosome/whole genome, …
• Implementation choices – Programing language/framework, 

parallel/pipelined, precision, approximate arithmetic, …

• Throughput
• Accuracy
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o OpenCL-based cross-platform tool for heterogeneous platforms.

o Capable of concurrent kernel executions on CPU and GPU.

o Whole genome mapping demonstration on embedded platform with 
<3GB RAM.

o Introduces low-memory footprint data structures.

o Dynamic programming-based filtration with bit-vector operations to 
optimize performance.

o Evaluated on real human reads.

o Use Python and C for host and kernel, respectively, to enable low-
programming effort in modifications.

o Outperforms most state-of-the-art read mappers with competitive 
mapping time compared to the rest.

o Up to 5.9× energy savings compared to workstations. 
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1) Deeper exploration of frequency-energy characteristics of ARM big.LITTLE
processors with respect to genomic workloads which involve only integer-
based operations.

2) A high-performance embedded cluster implementation to divide-and-
conquer massive size of raw data. The Mignon cluster is made of 20 Odroid
N2 boards.
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Using embedded platforms for genomic workloads offer following benefits:
• Low-cost hardware
• Energy savings
• Low-maintenance and programming effort
• Portable for in-situ operations
• High performance embedded cluster
• Realisation of genomic based P4 medicine scenario
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Thank you
Q & A
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