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ARZNam 3T TMemory-Conscious Optimizations for Sorting and Sequence Alignment for Massively
Parallel Heterogeneous Architectures] &L, FTOFHBEMERICB W TRKEKRT — 2 24558 L9 55
B3 Y XLOEFHEREZ ) LS5 FIEICOWTIRAR TS, HCHLRRHICHER Y — FEEFIT 71
A PO 2OORMBIZER LTWD., AT TOL D R 5 ETHES LTV 5.

% —% [Introduction] TiX, AWFIOXSR LT 285, MEREEOZITKT 5 EERRRICOWTIR
TR D & & B2, RO EZ R L TN D,

%3 [Background) TiE, AFZEICEET A EEE LV FEMCENTWA, £ ~FoMHRREL 2
DT T T I TETFIAIONWT, BRI GPU IC L 204 T e /5 I v S FERCA— /A —a B a—%
TSUBAME 2.5 Z %S CREANCHBA LTV 5. E72, REMA~T o B35 F CEMtREHRE A2 ERT 5720
DFFEIZHONTIHRTWD. BERIIZIE, AGRSCTHRE L TWBESNT T4 A R RO — hOE LD
72D, BEEA AT Y ORI, mAFRAEY EFNA ZAE Y BOBESLAFRSEIC OV TERANT
W5,

% =2 [Sequence Alignment| TlX, BT 74 A bOREICBE L, ~7 o BHAREICB T 2HED
FIEDORBEZ DM L, BT R FEICOWTHRARTND, 975 7 LEHESEFICRIT 2 R OB (IZ OV TR
B, MELHBICERL WD, 2L T —#HBEE CEHEMCHIL, BRanz7ra) X A% GPU
T—=F%T7 7 F ¥ THEITTLDHBEDONRE VI B TOHRIT 2T TS, KRR RAFRy 7 L7210 0
GPU L ARA MNHEOT—HEREO 2 A MEIBIZES LTWS, T —2#E2REL, 2037 MET 5
ZETESNT T A A MUEOMRER LA KB L T 5. Burrows-Wheeler Z5#21Z £ % suffix array 1%
DOFIARORE T VT Y XA DB R K > TEEFOEE 2 GPU #E2£Tdh 5 MummerGPU++D 3~4 {5 D5F
FOHEZER L TWVD., T—F A XD GPUDTNA ARAE Y FRBEBIDHEAICOVTHEREET VA
WEL, MEARBERD I I —ELT A A LTS 2T =X OV A XeET VNLHEET S Z LI
ELCRY, £72#% GPU OFAHICHRIELTWn5.

$BP0E [String Sorting] TiX, BEFDO Y — F TN TV X L% T —F W PREDFHEKT —F7 7 F ¥
X AWSEDOH THE L TWD., XFHF —F DY — M@ TR Y — k73 ) Xaoh T, GPU
Wi LT EHIF S 3072 most significant digit (2 X 2 Y — MZESEZ LIE->TW5D. FHT—X
ERB LT DHA~TaRHEMKICB T 5, V— FOWIHIIHATHIORATH Y, WHIFEITRHEORr—7 &
VT 4 2WETA-0R2AW5{LFEE CPU & GPU T2 EBICHASDLELZFIELZREL WA,
GPU FAIDOFEETIHIHR R FNET S, A~DT —HERENR MR v 7 L 7o TWAZ LAV L7729,
BIERBHIRTEICL Y ZofBEZMER LTV 5.

# .= [Discussion and Conclusions] T, R FEO FEIERER-CMREFHI O EONT-MAEZ E LT
W5, FNHITAERSRE LSBT TR, A——arta—F27u s 70 7 —RICEATETH

5. ZOWFERRR DGR RO TFINT — Z T T 2 FHEIIRE L, FRBET — 2204 L L
BB NN A L%T 78T L—ZREEKES AT LK L TRIEIET 258 0BEL R 26D THD.

LLED X 91T, AR SUI KRB SBRE 255 & LIZESN T T4 A v Y — MU O S B L FE L R
L, TOAEMEETEALTEY, BFYEERT 2L Z2AKRTHSH. Lo TR L G5) OFR
ELTHAMERH 26D LFED .

fE#% © FSCEEIL. T3 2000 5 & FEIL 300 GEA LETORMT D2, b L <ITTIL 800 #5241 et LT 7230,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).
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Thesis Summary (approx.300 English Words )

Thesis addresses the issue of improving performance of data—-intensive algorithms on modern computing
architectures. It is composed of 5 chapters. First, brief introduction to the whole work is given.
Chapter 2 provides background information about HPC and parallel programming, particularly on CUDA and
GPU architecture, overview known algorithm optimization strategies, and provide some examples of their
successful implementations.

Chapter 3 addresses the problem of sequence alignment. We start by providing an introduction to the problem
domain and a formal definition of the problem. For the sequence alignment we adapted Burrows Wheeler
transform based index to reduce overall memory footprint on GPUs. We describe in detail our data structure
and analyse the chosen algorithm in terms of its efficiency on GPU architecture. Particular attention
is given to the problem of reduction of costs of moving data between host and GPU memories. A mathematical
model of computation and communication costs was developed to optimize memory partitioning for index and
queries. Performance evaluation shows more than ten—fold performance gain per device.

Chapter 4 presents the classification of sorting algorithms with respect to the data types and fitness
of the algorithms to particular architectures. We focus on the most-significant digit radix sort, one
of the few algorithms that are applicable to sorting of string data. We present CPU and GPU implementations
of the algorithm using different parallelization strategies on different execution stages to optimize
the use of system resources and workload balance. Our solution achieves sorting rates up to 70 million
keys per second sorting throughput with good scalability. This chapter also discusses our performance
model: load balancing, scalability, and communication expenses.

Chapter 5 concludes outlines the main findings from implementation experience and performance evaluation
of our solutions. We and also discuss the implications of our findings for computational biology and string
data analysis and suggest some directions for future work.
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