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Thesis Summary (approx.2000 Japanese Characters )

AFwLIL Scalable and Hierarchical MapReduce-based Large—scale Data Processing on GPU-based Heterogeneous
Supercomputers (GPU ##~T 2V —=TFT A A —/R—a a2 —F L TOARlr—7 7 )L CHJER 7 MapReduce 7 K
BT —Z B | LFEL, KEAT O U —=7 AU AT AIZBIT 5 MapReduce T & K AR S — & QLERHAfT &
RETHHLOT, FFETERTELLHRIN TS,

¥ 12 lIntroduction] TlX., KHFEAT B —=T ALV AT AL TOA=Z—a T T I8 L —FE2EZE LK
JAAR T — 2 ALER I 50T 2 RIS &l X ARAFZE THRE S 41D MapReduce BUKHIRE « ZEE A £ V) B ELHN 2 #8 5
MR _TW 5,

% 2 % [Background] TiX, AWFEOE R E LT, IRENEZHMT H-DITHNER~T BV —=T ATV AT A
LA=—aTP T T L—F BV EE I, MapReduce JLBE A & b 7= KEIEL T — X WU FIEEZ AN L. £
B DA ESCFRIE R LI HOWT X v BN R~T W5,

% 3% [Related Work) Tid, BEFORBUES 27 A ECOKRBET — X WUBICB T HA=—aT T 77 L—
Z OFIHRCLREE ATV ERR SICEET S EMNC OV TR, TOMBEREZRLETWD, FZ, HE~#T/
—FEDA=—aT7OAE ) BEBZDRKDOT — 5 % R L@ ROV TH#EmE T TR0 . BFF
HETIERERE, EEMARRETHD LR TV D,

% 4% TA Scalable Implementation of a MapReduce-based Graph Processing Algorithm on GPUs] Ti&, —
HOFETH D, KREWEZ 7 70T 288 6PU 2 W ie@md b Fik e A —F B U 7« [\ LEARFIZ DWW T
i LT %, BARMIZIE, BEFO 1GPU [f)(F MapReduce FE4E & EE GPU A IZHEsR L, €D RIZPR 7 7 77 0=
VALDEE, BIXOF AT AP a—) o 7S ea— IAT U AREEROBEHA 417> T\ 25, b
T, GPUDHER & v — KT U 2 b O M2 L D E ATV, BETFIEOENEZEIEL TV D,

% 5% [Out—of-core GPU Memory Management for MapReduce-based Large-scale Graph Processing] Tl, &
O OHOEBRE LTGPU ATV ARE B DBILOT — & & RIS 5720 DL MG A £ ) B
MZONWTEHRE TV D, 5 4 B CTIREINTZBEEGPU £ Td MapReduce EHEAJLIE L, A b U —AHID out-of—core
VXIS L7z GPU A€ U EFBFIEIC LY GPU-CPU DT — sk A — S —~y REREL T\ 5, i Cix. GPU
EERLRWEE LR L GPU AT Y FEEZB A DBIEOT — X WEICE N TS GPUDHAR AN THD Z &%
ALTWD,

% 6 7 [Discussion] TiE, A7 7 u—F O#EHESHCERDO T —%7 7 F ¥~ A v HEMEIC W Cilgia L T
W5, EEEIETRREZEEBROAZMEIZONWTHO T P r— g U ElZEHTESICHERL TV D,

% 7% [Conclusion| TiX, AWFEDORIEEZLR RS & BT, SH%OFREEZ R LTS,

PLED X DIz, AT REEAT O O—=F AL 2T AT 5 MapReduce B i KB 7 — & WUER 57 % 12
RL, FLXOENMEZHRL TV D,

i« FSCERIT, FI3C 2000 F & 3830 300 35 % 1 HRTOHT 52, & L <ITFEIL 800 #5% 1R L T 7280,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
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This dissertation, titled “Scalable and Hierarchical MapReduce-based Large-scale Data Processing on
GPU-based Heterogeneous Supercomputers” , addresses key challenges on MapReduce-based fast large-scale
data processing on large—scale heterogeneous systems. Here we summarize and outline the structure of the

document.

Chapter 1 “Introduction” presents the motivation behind this work, the key challenges associated with
large—scale data processing on large—scale heterogeneous many—core systems, and enumerates our

contributions to address those challenges.

Chapter 2 “Background” describes the foundation necessary to understand the rest of the document. We
present the technology trend in heterogeneous systems and many—core computing, followed by large—scale
data processing methodologies including MapReduce.

Chapter 3 “Related Work” summarizes prior research efforts on large—scale data processing on many—cores
and techniques on hierarchical memory management, especially on the situations of processing large—scale
data whose size exceeds many—core memory capacity on hundreds to thousands node, and discusses the drawbacks
and flaws in their work.

Chapter 4 “ A Scalable Implementation of a MapReduce-based Graph Processing Algorithm on GPUs” describes
our first contribution, the challenge of acceleration and scalability on large—scale graph processing
using multi-GPU. We first show our implementation techniques on multi-GPU MapReduce. We then present an
implementation of a generalized graph processing algorithm on top of multi—-GPU MapReduce, followed by
our task-scheduling-based load balance optimization technique for improving multi-GPU scalability.

Chapter 5 “Out—of-core GPU Memory Management for MapReduce—based Large—scale Graph Processing” presents
our second contribution, hierarchical memory management techniques for processing data whose size exceeds
GPU memory capacity efficiently. We provide techniques on hiding CPU-GPU data transfer overhead by
stream—based out—of—core GPU memory management, as well as the integration with our multi—-GPU MapReduce
implementation proposed in Chapter 4.

Chapter 6 “Discussion” reviews the applicable scope of our proposed techniques, including the
applicability for future architectures. This chapter also provides another application case study to show

the effectiveness our approaches.

Chapter 7 “Conclusion” summarizes the key contributions of the work and gives some insights into future

directions that deserve further investigation.

Overall, this work proposes MapReduce—based fast large—scale data processing techniques on large—scale

heterogeneous systems and confirms their effectiveness.
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