
 

 

 

 

 

Genome: The Secret Code of Life 
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Short Read Mapping (SRM) Workflow and Heuristic Rates 
Error rate = Error in X positions per 100 aligned bases 

AccuRA: SRM on Scalable Reconfigurable Accelerators 

GMAccS: A Scalable GPGPU Model for Accurate Alignment of 
Short Reads 
 

Applications  
 

Dynamic Programming Kernel (DPK) 
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Problem Statement 

Problem Statement: 

 

If the reference genome is very large, and 

if there are billions of short reads, how 

accurately can we align the reads to the 

genome, guaranteeing precision and 

performance? 

 

Accuracy with Precision 

Resolution  

Dynamic Programming Recursive Model 
 

 

 

 

𝑎 = 𝑎1 … 𝑎𝑀        (1a) 

𝑏 = 𝑏1 … 𝑏𝑁        (1b) 

 ∑ = *𝑦1, 𝑦2, … 𝑦𝑡+      (1c) 

 𝑎′ =  𝑎1
′𝑎2

′ … 𝑎𝑙
′        (2a) 

𝑏′ =  𝑏1
′𝑏2

′ … 𝑏𝑙
′        (2b) 

∑′ = ∑ ∪ -         (2c) 

 

𝑀𝑎𝑥 𝑀, 𝑁 ≤ 𝑙 ≤ 𝑀 + 𝑁    (3) 

𝛾 𝑔 = – 𝑑 − 𝑔 – 1 𝑒         (4) 

𝐷 𝑖, 𝑗 = 𝑚𝑎𝑥  
𝐷 𝑖-1 𝑗-1 + 𝑠(𝑥𝑖 , 𝑦𝑗)

𝐼 𝑖-1 𝑗-1 + 𝑠 𝑥𝑖 , 𝑦𝑗

      (5a) 

𝐷 𝑖, 𝑗 = 𝑚𝑎𝑥

𝐷 𝑖, 𝑗-1 − 𝑑

𝐼 𝑖, 𝑗-1 − 𝑒

𝐷 𝑖-1, 𝑗 − 𝑑

𝐼 𝑖-1, 𝑗 − 𝑒

              (5b) 

 

 

AccuRA Performance for Small Genome Benchmarks 

OEMs 
Large Research 

Groups  
Medical research groups and 

hospitals 

Small Research 

Groups and Diagnostic 

Labs 

Individuals like 

clinicians 

AccuRA Performance for Human Genome Benchmarks 
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Chromosome 

Average Lookup Rate 

Average Hit Rate per read in Human Genome  

No. of 

Units, N 

Batch 

Size, B 

Time taken 

per batch 

(sec) 

No. of 

Alignments 

No. of 

Batches 

Total Time 

(sec) 

8 512 0.00062791 512 9896789.799 6214.23998 

16 1024 0.00062791 1024 4948394.899 3107.11999 

32 2048 0.00062791 2048 2474197.45 1553.55999 

48 3072 0.00062791 3072 1649464.966 1035.70666 

No. of 

Units, N 

Filter Operations, 

N*K 

GMPS Cell Updates, 

N*C 

GCUPS 

8 3720 74.4 8192 20.48 

16 7440 148.8 16384 40.96 

32 14880 297.6 32768 81.92 

64 29760 595.2 65536 163.84 

Scalability Versus Performance of MAK-DPK Units 
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GMAccS Performance for Small Genome 

Benchmarks on Single GPU 

Scalability of GMAccS on SahasraT (Cray XC40) 
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1. HARDWARE ACCELERATOR FOR ALIGNMENT OF 

SHORT READS IN SEQUENCING PLATFORMS 

2. MAPPING OF SHORT READS IN SEQUENCING 

PLATFORMS 

3. DATA STREAMING IN HARDWARE ACCELERATOR 

FOR ALIGNMENT OF SHORT READS 

Read Data Sets SRR1559281 SRR1559282 SRR1559283 

No. of Reads 142992687 146386600 144082500 

No. of Pairs 5067156377 4898853334 5061571327 

Alignment Time(sec) 6214.239978 5962.010015 6066.540026 

Alignment Time (min) 103.5706663 99.36683358 101.1090004 

AccuRA Scalability in terms of number of CFU units 

GMAccS Kernel Perofrmance Optimization Efforts 

GMAccS Performance and Scalability with Human 

Genome Benchmarks on SahasraT (Cray XC40) 

Endless Life: 

Commercial Venture 

 


