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A1 TOptimization Methods for Efficient Utilization of Memory Hierarchy for Algorithms with Temporal
Dependences on GPU Clusters] &BHL, GPU 27 T A X 72 EOEWN AT D BB 2 FF Ot A7 A8V T, &
PEREME & RHBME A WL T DA A FRE & THHMARET 20O T, WEETRTEN LM IN TN D,

%1% lIntroduction] TiX. F TR LOFIEY 5k L OEMERENE & RIRBLME D ST % R & 4 2 R Sk~
I, RFEOEBRIZOW TR SN TN D, S BRSO BB RSN TND,

%5 2% [Background] Tlt, AMFEDOEEE LT, LFRRZESHEOY I 2 b —2 a3 SCBWCEERBEA D —
FID—DTHDEAT LV IINVHABLOCPUOT —FT 7 F v LCDAT B 7T I 72TV, BIOZED ETHA
T IOVEFE O MR e FEATITERRA SN TW D, F AR SCOMRETMIC i D, GPUEERF Lz A— 34—
T 2 — & Td AHTSUBAME2. 035 X OMSUBAMEL. 5IC DWW TR BTV 5, & BITEMERENE & KIRBLME D BT 8
HEERDIET SV r—2a VOFECHLEDLLT, RN ATYBEEZROHEMK T AT A LT, £ O
DR BB AR STV D,

% 3% [Related work] TiE, BEEHIFEFTEEZTLOE LEBEEMZRICOW TR TWD, AT VI ILVEHHE
WCBWTHET Y RIAT ey X ZFERMLNTEY, BrxDOATYBBIZEAINTWDR, TOFHE a2
M, T—HBEHIa A MEICBWTHKEORMMNKREWZ ENERINTWD,

4 3% [Optimization methods for stencil computation on single node] Tif., H—/ — FEEZ X% & LT,
GPUA BV RBEEBZD XD BRKBMEAT » VVEHEOREE TR OWTIREINTWS, 7RI 7 1 v F
VI ERA N TR ABEEOHBICAWD FEEEARE LoD, TOA— 3~y FEHET 2 FEEREL
T, BERL, HEBROFAHOIZOD Ny 7 75024l - H—RNVANT VAR INVTry X T L OfE -
BT — & N 7 7 DY A RHIETF 25 Te, TSUBAME2. 0/ TSUBAME2. 5 L COFMIERAITS Z LIlc kv, Bl
RFIRIC 205 EOE#E L E BB L TR Y, IRETFHEOAIMENFEIESN TN D,

% 5% [Optimization methods for stencil computation on multiple nodes] Ti%, HAFIZIR~T=FIEOEE
J— RBEEA~DIBEICOW TR L TWDS, TURI AT a vx v FOEEBZIIT. o/ — FIEEE &2 2R
RO T — X BEIFERREINTWD, ZOHEFEOBWAICLY . CPUAE D FEEFIAGPUEORELY bR
B TR 2T o LV EZAREL LTH Y . TSUBAME2. 0/TSUBAME2. 50 f5 K 256GPUA F\ V7= 34 B 12 X
D, KL BIFRAr—F €U 7 0 OENERRSNTNWD Z ERFEFEI N TN D,

%56 % [Optimization methods for band SpMV on single node] Tli. 4, FEETIHELIZT Fu—F 0,
AT U NVERUAASOERIZOWTEm SN TN D, FORAED—D L LTHATIINY MEREZEY B,
GPUAE Y BEZHZ HMEY A XIZHIGFHER Y 7 U =7 OFEEEL | TSUBAME2. 5 £ v 7 )LGPUTT O FEAR
Al T, AENEEIN TN,

%6 7% [Conclusion and directions for the future| TIIAGRILDOMEZIEIE L, IV fHTr N FEIZS
WTHERHER TN D,

PLED X 212, AREmsUTEW A TV M &2 RO KBUET R S 2 7 AR\ C, @MERetE & KM% B2
SEREE TOHMAREL, TOAMERRL B, BREEERTIEZAKRTHD, Lo TRRTHEL
(BE) OPAIER L E LCHOMIERH D L0 LB 5,
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This dissertation work, named “Optimization Methods for Efficient Utilization of Memory Hierarchy for
algorithms with Temporal dependences on GPU Clusters” describes communication-reducing
optimization methods to allow computations on the domain that is bigger than the memory capacity of
GPUs while maintaining high performance. It is organized in 7 chapters, outlined below.

Chapter 1: Introduction

In this chapter, we describe motivation of this work, formulate problem statement, list our contributions
and give outline for the rest of the dissertation.

Chapter 2: Background

This chapter provides general information about application, GPU and CUDA program model. Then,
we provide information about TSUBAME2.0 and TSUBAME2.5 supercomputers that are used to
evaluate the optimization methods. We also explain the demand of computing bigger domain in real
application and the memory limitation of GPU clusters by using common way. Then, we introduce our
objective which is to efficiently use GPUs to compute bigger domain while maintain high performance.
Chapter 3: Related work

This chapter reviews related works that provides the possibility in reducing communication between
host and device memory, improving the performance in kernel level.

Chapter 4: Optimization methods for stencil computation on single node

This chapter first analyzes the existing optimization methods and their limitations. Then, we introduce
our optimization methods that can enable the computation on the bigger domain while maintaining
higher performance than existing optimization methods in single node case.

Chapter 5: Optimization methods for stencil computation on multiple nodes

This chapter applies the optimization methods on multiple nodes. Furthermore, we proposed a new
optimization method that efficiently uses the register of GPU to maintain higher performance.

Chapter 6: Optimization methods for band SpMV on single node

This chapter utilizes the optimization methods to band sparse matrix-vector case.

Chapter 7: Conclusion and directions for the future

Finally, we give some thoughts on the previous chapters and summarize contributions made by our
work. We conclude the overall results of this thesis and discuss about the possible directions for the
future works.
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