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AR IiX Nntegration of Non—volatile Memory into One—sided Communication for Extreme Big Data Applications
(2 AN —AE YT T—ET TV =2 a OO REREA T Y O HFH@E~O/MAE)) LEL, il
FE(E & FHEN 285 T V&2 AR AT VICE AT 256 OB LRk & 20 FEEFEIZONTHR LT
Wh, RESUFLUT DL 9 s 7T /TR S T D,

% 1 ¥ [Introduction] Tk, FTAMEDOHBRTHLZI A N —AE Y IT—2T 7V r—3 3 OFEIC
TR A Y REPEBIEMEERE Wolon— R = THRE, SAEERESBHMEE WoTo Y 7 F T = 7 RYIREN
BHHTEERRTNG, FIEDOMREEIRIT B T2 DI Em WBEE A R ORI A Y | EVEREME & Mg 4 1
STBEEETNANTHOIRFMBEICER L, NEBRMEA VIS L TCH FMEEL2EAT2 ECACIRIEE *
AUTKT 2 FERERZ BTN D,

% 2 % [Background| Tid, AL A EMT 5 ETHEL 25 ATV HiN, BEETAICONTIERLENA TV,
FPFAAL L ATY & LTI STV 5 DRAM (2 DV TR~ DRAM Tl A TV ARBEZERT 5 Z &K
HTHDHZ EEERML TS, T, REREATVITEA T REZEINTHIENAEETH S0, DRAM &
HEE U CHEREDMEL D 2 L 2R L T0D, $H@BEET/VIZONTIE, I FMEEIZES £ TORELNY X
ICOWTHRR, A HABENEH S D & oh i & 72572 Remote Direct Memory Access & FRIEI 2 @5 HATIC
DT HAfIL TV S,

%5 3 % [ComEx—PM: Vertical Approach] Tld, NVMZxH& L7z HEG@EE T A 7 7 U ComEx—PM (22U TiR~<TWv
%, ComEx-PM IZBEfED 7 L —A U —7 Global Arrays (GA) TEEFIESNTWA R FM@IET A 7 F U ® ConEx %
EHETLZEICE-THREINTVWD, 12 WM EZAAL L AFEY, DRMM 2%y v o LCHHAT2EERNT
T —FZRE L, ComEx-PMICHEH L2 & 2R _TW5, ComExPM ZFIH L7705 LTlE 120/ —KIiZ
B oOTav2%3E B, 70820 —7%NWM & DRAM O TAY v &85, Z0OLHICTHI LT,
GA ZFER LT 7V —vaidy—Aa— ROERETHZ L7 NW 2RI &R TS, FHEITIE
ComEx-PMIZ X > CCAZFER LT 7PV r—>a DY —2a— ROEFLEZTEHZ LR NWMAFH L-8fET
722l NWMICE o TRAET LA ==~y RIZOWTRL TS, /2, NWIZK > TRET DA —N—~v
R 2K 5 BE b FIEICOWTHIEL TV S,

%5 4 3 [vGASNet: Horizontal Approach] Tlit. NVMIZxfit L7=BId F 5018 1E T A 7 U vGASNet (2 DV Tk~
TW5, ¥, BEMNT e —F721F <, BEEODRM A F v v = LTHMATAKERT o —F2EER
LT3, veASNet IZBEEDO R HMEIE T A 7T U D GASNet T v 745 Z LIk » TEEESN TV D, vGASNet
X, GASNet L TIERRENT=T 7V r—va DY —Aa— RRRE LD 7r—AH 550, ComEx—PM (2 CRIEIZ
RoTWETeEADarTHFAMNAAL v FIZL S THAETHA——~y RZHIJEL TW5D, HIZiE vGASNet
IZR L CKRERT 70 —F 2 RS2 ETRETIR vy v aab — L ZOREICOWTHAL, vGASNet (21T
e F Yy aab—L A7 ha/bdMOESI-F 7o b3 /L&2#RE L TV 5D, 2 Cld, vGASNet (21T 5
T 7 e —FIZ L D HRER EIZOWTRL TN A,

% 5 % [Related Work] Tik, AL LTV HMNE#Z L O, BEMNT V0 —FBLOKENT 7o —F
DORER L 70> T2 EEHR T U, RSl & OB E#ECERIZ OV TR TS, 72, ComEx <° GASNet LA D
FHIBETA 7TV EAREROBRMEC O THN TV,

%5 6 3 [Future Directions] Tid, F ARG TITE Y b o725 o A £ ) Bh#E I L OV 5 h)EE o
W T TR SN NA— R = THIICOW RN LTS, T LT, TN 5O ERENT 7a—T,




KET 7 a—FOFtENEnNZ L E R L TWS, £, BEFEONN— R = THEif, V7 bo = 7 HE K
LTHRELETFEEZAARDEDLIZEICLES T, T AN —AE YT =2 T 7TV r—2aO-doHi
RS AT APEETE AR A FMICREER LTV D,

%5 7% [Conclusion] CIIARMEDKHRILEEZ L TWV5D,

%5« FRSCEE X, FOSC 2000 52 & BESC 300 REA LT O T 54, b L IHBESC 800 FEA LRI L T2 a0y,
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This dissertation, namely “Integration of Non-volatile Memory into One—sided Communication for Extreme
Big Data Applications” , discusses the way to integrate non—volatile memory (NVM) into a state—of—-the—art
communication model named one-sided communication. This dissertation consists of seven chapters as
follows.

Chapter 1: Introduction. This chapter firstly claims that developing extreme big data applications has
several problems in the terms of both hardware and software. To solve these problems, this chapter proposes
to integrate NVM into one-sided communication. Also, this chapter introduces several issues of the
integration and their solutions briefly.

Chapter 2: Background. This chapter firstly explains some memory technologies. Dynamic Random Access Memory
(DRAM), often used as main memory, is pointed out that its density is insufficient for extreme big data
applications. On the other hand, NVM density is larger than DRAM, however, its performance is inefficient.
Moreover, this chapter also shows historical background of one-sided communication.

Chapter 3: ComEx-PM: Vertical Approach. This chapter describes design and implementation of ComEx—PM.
ComEx-PM is a variation of ComEx, used in Global Arrays (GA), an existing framework. To utilize NVM, ComEx—PM
uses the vertical approach, which considers NVM as main memory and DRAM as the cache. In ComEx—PM, a physical
node spawns multiple processes as virtual nodes. Each heap is swapped between NVM and DRAM. This methodology
enables GA programs to use NVM without any source code modifications.

Chapter 4: vGASNet: Horizontal Approach. This chapter describes design and implementation of vGASNet.
vGASNet is a wrapper library of GASNet, widely used one-sided communication library. For performance
improvement, GASNet programs may need source code modifications to use vGASNet. In addition, vGASNet adopts
the horizontal approach, which utilizes remote DRAM as the shared cache among nodes. This chapter also
proposes a cache coherence protocol for vGASNet.

Chapter 5: Related Work. This chapter introduces existing works related to this dissertation.
Chapter 6: Future Directions. This chapter firstly introduces a modern memory (-related) technologies and
hardware inspired by one-sided communication. Besides, by combining such works and this dissertation,

this chapter also gives some suggestions for the future extreme big data systems.

Chapter 7: Conclusion. This chapter summarizes this dissertation.
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