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SRTAT, DRAM FIRERALA 1) & e X B B

DRAM BB EFR#l : DRAM A % &= BRI A
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SO RGBS A DA AN )R AR5 SR Y 5
VESEATIX 2, it R A % 1/0 #5l, A3
AT TS R G TERE

NOVA" $5 A M A7 3 R G245 H & (log-
structured) %5 #4 51 A 2| £5 A M N A7 ST R S
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' RDMA, Remote Direct Memory Access, VEFEHA%NEI .




TRIFAS G A £15% £ 154 2019514

AR A SC B Ie SO B 2, SR LAERE R 7
A E R AVENAE . a] G4 A A A 62 ) AT
SR B Z T . BEE R M, AT Hr
AMENAE AT REREAE LA T LA 7 T R B R AR

1. MG EEERE . SIEGRIMEMGHELL,
Fe AE AR AL T B R AfbPERE . TEAE 5T
e R G, M TAMAEENE, AR LT
FTLAZBE 5 MTEREAMENAES, 3R BRSO
B, %, FERAMNERS T, CPULHELZ
2 SRR, K 5 VERE . AR
K FPGA LLRGH BRI e (4 i & e CPU 2K
P RE ) EAAR AL TR RIS . R R A
PFIFIFAEFER T, BRRFATENAE RS
W —ANEHEERISE 7 T

2. REREHITE AWK AL
RGN A R LR A B 25 4 31 P A5 S
ZoEM, MAIRGEMH. BIEREAZKTT. U
Loy iR g veit, BB R AN
EN TR LA R BV IR) . BB RN FR . B0 B
Rtk SR AR R, X R X R
GEARFBOHR I TREOR, IR HES X SR SR
SR

3. FHHEBEEXENA : FEAMNAERHR
B Sy THI & A R R R B R e, o — 7 Thi L
e[ Sk N X B i ) 20 PR RE sk . LRI
AR P AE T FH S PR 22 B AL ) 571 1) ) A
K, XXHFAMENAE AT, (Rl Bf s 75 B X R A
PR N 00 AT 47 R e R RCHE — B0 S5 Tk — 2P 3
Fio BEAh, Qg A4 A NAER AL B 5
A FHES A R E— 2D 5T [

Bl e it

CCFHIoR, RERFHEHIR, £
BRI QAR R R 2R E G AT
FAUR RS
luyouyou@tsinghua.edu.cn

EFUEE

CCEFat, HHERFHIR, TRMAT
WAMG | & | REFEAE AR, AT
5 KA B A R LR Aih%
A5 WA AT / 57 KAEHAF
shujw@tsinghua.edu.cn

[1] Liu J, Jaiyen B, Veras R, et al. RAIDR: Retention-
aware intelligent DRAM refresh[C]//Proceedings of
the 39th Annual International Symposium on Computer
Architecture (ISCA). IEEE, 2012: 1-12.

[2] Swanson S, Caulfield A M. Refactor, reduce, recycle:

Restructuring the I/O stack for the future of storage([J].
Computer, 2013, 46(8): 52-59.

[3] Lu Y, Shu J, Sun L. Blurred persistence: Efficient
transactions in persistent memory[J]. ACM Transactions
on Storage (TOS), 2016, 12(1):1-29.

[4] Condit J, Nightingale E B, Frost C, et al. Better I/O through
byte-addressable, persistent memory[C]//Proceedings of
the 22nd ACM SIGOPS Symposium on Operating Systems
Principles (SOSP). ACM, 2009: 133-146.

[5] Lu Y, Shu J, Sun L, et al. Loose-ordering consistency
for persistent memory[C]//Proceedings of the IEEE 32nd
International Conference on Computer Design (ICCD).
IEEE, 2014.

[6] Pelley S, Chen P M, Wenisch T F. Memory
persistency[C]//Proceedings of the 41st ACM/IEEE
International Symposium on Computer Architecture
(ISCA). 2014: 265-276.

[7] Volos H, Tack A J, Swift M M. Mnemosyne: Lightweight
persistent memory[C]//Proceedings of the Sixteenth
International Conference on Architectural Support
for Programming Languages and Operating Systems
(ASPLOS). ACM, 2011: 91-104.

[8] Narayanan D, Hodson O. Whole-system persistence[C]//
Proceedings of the Seventeenth International Conference
on Architectural Support for Programming Languages
and Operating Systems (ASPLOS). ACM, 2012: 401-
410.

[9] Zhao J, Li S, Yoon D H, et al. Kiln: Closing the
performance gap between systems with and without
persistence support[C]//Proceedings of the 46th
Annual IEEE/ACM International Symposium on
Microarchitecture (MICRO). ACM, 2013: 421-432.

[10]Dulloor S R, Kumar S, Keshavamurthy A, et al. System
software for persistent memory[C]//Proceedings of



the Ninth European Conference on Computer Systems
(EuroSys). ACM, 2014:1-15.

[11]Ou J, Shu J, Lu Y. A high performance file system
for non-volatile main memory[C]//Proceedings of the
Eleventh European Conference on Computer Systems.
ACM, 2016: 12.

[12]Xu J, Swanson S. Nova: A log-structured file system
for hybrid volatile/non-volatile main memories[C]//14th
USENIX Conference on File and Storage Technologies
(FAST 16). 2016: 323-338.

[13]Volos H, Nalli S, Panneerselvam S, et al. Aerie: Flexible
file-system interfaces to storage-class memory[C]//
Proceedings of the Ninth European Conference on
Computer Systems (EuroSys ~ 14). ACM, 2014: 1-14.

[14]Bhandari K, Chakrabarti D R, Boehm H J. Makalu:
Fast recoverable allocation of non-volatile memory[C]//
Proceedings of the ACM SIGPLAN International
Conference on Object-Oriented Programming, Systems ,
languages, and applications (OOPSLA’ 16). 2016: 677-
694.

[15]Hu Q, Ren J, Badam A, et al. Log-structured non-volatile main
memory[C]//Proceedings of 2017 USENIX Annual Technical
Conference (USENIX ATC). 2017:1-15.

[16]Coburn J, Caulfield A M, Akel A, et al. NV-Heaps:
Making persistent objects fast and safe with next-
generation, non-volatile memories[C]//Proceedings of
the Sixteenth International Conference on Architectural
Support for Programming Languages and Operating
Systems (ASPLOS). ACM, 2011: 105-118.

[17]JHwang T, Jung J, Won Y. Heapo: Heap-based persistent
object store[J]. ACM Transactions on Storage (TOS),
2015, 11(1): 1-21.

[18]Intel Corporation. Persistent Memory Programming[EB/
OL].(2018-10-22)[2018-11-28]. https://pmem.io/pmdk.

[19]Lu Y, Shu J, Chen Y, Li T. Octopus: An RDMA-enabled
distributed persistent memory file system[C]// 2017
USENIX Annual Technical Conference (USENIX ATC
17). 2017, July 12-14, Santa Clara, CA.

[20]Shan Y, Tsai S'Y, Zhang Y. Distributed shared persistent
memory[C]//Proceedings of the 2017 Symposium on
Cloud Computing. ACM, 2017: 323-337.

TRIFAS P A £15% £ 15 2019514



