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Convey<= Convex++ 

Convey Application 

Performance 



What is BIG DATA? 

Venture capitalist 



Hybrid-Core Architecture 

• x86 host system runs Linux and x86_64 binaries 

• Coprocessor runs application specific personalities 

• Globally shared memory presents same view to threads on x86 

cores and Coprocessor 
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• Predictive Analytics 

• ID Resolution 

• blank 

• Know your customer 

• blank 

Market Segments 

Education/ 

Research 

• Heterogeneous 

Computing 

• Algorithms 

• FPGA Research 

• Predictive Analytics 

• ID Resolution 

• Internet Search 

• Risk Analytics 

• Know your 

Customer 

• Fraud Detection 

• Bioinformatics Suite 

• Genome Assembly 

• 3rd Party 

Applications 

Bioinformatics 

Government/ 

Security 

Data Intensive 

Computing 

High-
Performance 

Analytics 
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Bioinformatics on Convey 
Organization Application Approx Server Speed Up Usage 
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Convey Bioinformatics Suite BWA 10x Reference Mapping 

Convey Bioinformatics Suite Velvet/CGC 6x  / memory reduction De Novo Assembly 

Convey Bioinformatics Suite Kmer Counter fast, multiple kmer, long kmer Read Analysis for Assembly 

Convey Bioinformatics Suite SWSearch 15x Smith-Waterman Search 

Convey Bioinformatics Suite BLAST(p,x) 6x Protein Database Search 
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CLC bio CLC Genomics platform -  Analysis, workflows, visualization 

Michigan Technological University PCAP 12x Overlap-based Assembly 

Jacquard FHAST (BowTie) 11x Burrows-Wheeler Aligner 

University of California San Diego InsPect 13x Protein Assembly with PTMs 
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Iowa State University Sheppard 25x Short-read Mapping 

Technical University Crete BLASTn 3x Nucleotide Sequence Search 

University of California Los Angeles Fluid Registration  4x Medical Imaging 

University of South Carolina  BEAGLE, MrBayes, BEAST, Garli 8x Bayesian and Maximum Likelihood phylogenetics library 

University of Washington BFAST 30x Short-read Mapping 
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Bielefeld University / Paderborn Uni ENHANCE Taxonomic Profiling;  Suffix Tree Read Mapping 

Boston University BLAST(p,x) Protein Database Search 

Chinese Academy of Sciences PerM aligner Periodic Spaced Seeds Read Mapping,  

CHREC Bowtie2, CLUSTALW Read Mapping, Multiple Sequence Aligner 

CSIR-ACE Unafold RNA Structure Prediction 

Free University of Berlin SeqAn Sequence Analysis Library 

The Broad / Green Mountain GATK Locus walker, HMM; UnifiedGenotyper, HaplotypeCaller  

Iowa State University RMAP Short-read Mapping 

Synective GROMACS Molecular Dynamics 

University of Washington Infernal RNA Secondary Structure 

Virginia Bioinformatics Institute Various Molecular Dynamics, Bioinformatics 



Smith-Waterman Performance 
1000 proteins vs nr database 

14.5x speedup over 

fastest software 

approach 
– SIMD approach 15-20x faster 

than naïve implementation 

12c  x86: 2 Intel X5670 2.93GHz processors (12 cores),  

 192GB DDR3, stripe 4 @ 600GB SATA disks 

HC-2: 96GB DDR3 (host), 16GB SG (coproc), stripe 4 @ 600GB SATA disks 

HC-2ex: 192GB DDR3 (host), 64GB SG (coproc), stripe 4 @ 600GB SATA disks 
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Smith-Waterman Performance 
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• Implemented in memory as hash table-based binary tree 

• Requires random access to large amounts of memory 

• Memory bandwidth is limiting factor 

De Bruijn Graph Algorithm 
Popular for short-read de novo assembly 

AGAT 

(8x) 

ATCC 

(7x) 

TCCG 

(7x) 

CCGA 

(7x) 

CGAT 

(6x) 

GATG 

(5x) 

ATGA 

(8x) 

TGAG 

(9x) 

GATC 

(8x) 

GATT 

(1x) 

TAGT 

(3x) 

AGTC 

(7x) 

GTCG 

(9x) 

TCGA 

(10x) 

GGCT 

(11x) 

TAGA 

(16x) 

AGAG 

(9x) 

GAGA 

(12x) 

GACA 

(8x) 
ACAG 

(5x) 
GCTT 

(8x) 

GCTC 

(2x) 

CTTT 

(8x) 

CTCT 

(1x) 

TTTA 

(8x) 

TCTA 

(2x) 

TTAG 

(12x) 

CTAG 

(2x) 

AGAC 

(9x) 

AGAA 

(1x) 

CGAG 

(8x) 

CGAC 

(1x) 

GAGG 

(16x) 

GACG 

(1x) 

AGGC 

(16x) 

ACGC 

(1x) 

“Memory size is the biggest difficulty… and that can be quite 

a constraint for users”     - Daniel Zerbino, author of Velvet 

1 “Velvet:algorithmsforde novo short read assembly using deBruijngraphs”,Daniel R. Zerbino and Ewan Birney, 

EMBL-European Bioinformatics Institute, Genome Res. 18 (2008) 821. 
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Convey Graph Constructor 
Enables Large Genomes  

• 6.2x speed up depends on  

– Data set size  

– Kmer space complexity  

• RAM reduced 76% 

– Data types / structures 

– Automated roadmap 
partitioning 

• 1.9x Power Performance  
HC-2: 2 Intel E5-2643 processors (8 cores total; 3.33GHz), stripe 

4@1TB 10KRPM disks, 384GB DDR3 (host), 64GB SG (coprocessor) 

X86: As above, host only 

“Convey’s GraphConstructor offers a new approach to help researchers … to achieve better 

assemblies or look at bigger jobs such as metagenomic or mammalian genome samples” 

 Daniel Zerbino, author of Velvet 
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JGI 40 Gbp Cow Rumen 
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unifySeq 

velveth 

3.34 hr 

84.4 GB RAM 

864 w-hr 

0.54 hr 

20.6 GB RAM 

444 w-hr 
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Grand Challenge Metagenomes 

DOE Joint Genome Institute  

HC Capability 

– 800 Gbp assembly 

possible 

– Reasonable time 

– No prefiltering 

CGC run on HC-1: 128GB (host), 64GB (coproc), stripe 2@1TB SATA for 

all except for WI Switchgrass run on HC2. Velvetg run on 1 TB SMP 

server 
 

“AssemblyofLargeMetagenomesUsingaHybridCoreComputer“Alex

Copeland, Sequencing, Finishing and Analysis in the Future Conference, 

Santa Fe, NM, June 7 2012. 
 

“EfficientAssemblyofGrandChallengeMetagenomesonaHybrid-Core 

Architecture”AlexCopeland,etal.,AdvancesinGenomeBiologyand

Technology, Marco Island, FL, Feb 20 2013 

“My plan was to go through them in 

order of size until the system broke, but 

I was able to run through all the Great 

Prairie samples without any problems.” 

 Dr. Alex Copeland 

Joint Genome Institute 

Data Set 

Bases 

(B) 

Contigs 

(M) 

Span 

(Gbp) 

%  

Mapped 

Max  

RAM 

Runtime  

(hrs) 

Wisconsin Restored Prairie 53 0.6 0.3 11.5 60 19.25 

Wisconsin Switchgrass 58 7.9 1.9 4.9 60 1.72 

Wisconsin Continuous Corn 192 22.1 5.1 9.0 112 15.40 

Iowa Continuous Corn 197 2.7 0.9 7.6 215 17.92 

Wisconsin Native Prairie 199 7.1 2.2 11.3 445 35.73 

Kansas Continuous Corn 271 5.0 1.3 3.7 239 20.25 

Iowa Native Prairie 367 10.7 3.0 12.9 534 39.90 

Kansas Native Prairie  598 27.8 9.3 8.8 503 107.47 

Wetland Surface Sediment 772 323.2 76.3 22.8 716 129.33 

Rumen (in progress) 1153 457.17 
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• Implemented as network 

service 

– binary or ascii commands 

sent over sockets 

– values stored in memory for 

fast access 

• Typically used as a cache 

– no built-in redundancy or 

resilience 

– throughput within latency 

tolerance constraints 

 

Memcached 
key-value store 

Ricky Ho, DZone 
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Convey Memcached Throughput 

• Convey HC-2ex 
compared to 16-core 
SandyBridge 
– Dual 10GBe 

– Three clients running 
workload generators 

• Get Throughput 
– Servers preloaded with 

data (36byte keys, 
100byte values) 

– 100% hit (data returned 
for each request) 
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Threads 

Get Throughput Scaling 

Cnymemcached 

Standard memcached 
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• Measures difference 

between strings 

– number of changes required to 

change one string to another 

• Difference between ‘frog’ 

and ‘princess’ is 7 

– frog -> prog 

– prog -> prig 

– prig -> prin 

– prin -> princ 

– princ -> prince 

– prince -> princes 

– princes -> princess 

Levenshtein Algorithm  

p r i n c e s s 

f 1 2 3 4 5 6 7 8 

r 2 1 2 3 4 5 6 7 

o 3 2 2 3 4 5 6 7 

g 4 3 3 3 4 5 6 7 

formulafromWikipedia“Levenshtein distance” 



• Fuzzy String compare 

personality and 

application 

• Levenshtein personality 

– 2048 10x10 comparators 

– up to 307B results per sec 

• 672x speedup over a 

SandyBridge server 

– 10M names all-to-all 

 

Convey Fuzzy String Compare 
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all to all comparison of N names 

Fuzzy Compare 

E5-2670 16 cores 

Convey HC-2ex 

8.6 
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0.0128 
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672x 



AE0 

MX - 100 Single-node Block Diagram 

32 DDR3 SG-DIMMs 

HalfDIMM up to 4GB - 256GB system 

FullDIMM up to 32GB - 1TB system 

64MB pages 

Atomic ops 

1024 TIDs per 

link (32K 

OR) 

32TB (45 bit) 

physical 

address 

space 

AEH 
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Graph 500 Results: Performance/Power 
Single Node, All Scale (by GTEPS) 
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