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Abstract Emerging non-volatile memory(NVM) is taking people’s attention. Due to the advantages of low latency,
persistence.large capacity and byte-addressable,database system can run on the NVM-only storage architecture. In this
configuration, some novel logless indexing structures come into being and are expected to recover indexing capability im-
mediately after an system failure. However, under the current computer architecture, these structures need a large
amount of synchronizations to ensure data consistency, which leads to a severe performance penalty. NVM-baesd logless
hash table leverages the atomic update of the pointer data to ensure the consistency. An optimized rehash procedure was
proposed to not only reduce the synchronizations during normal execution, but also ensure the instant recovery after
system failures. Performance evaluation shows that,compared with existing persistent indexing structures, logless hash

tables perform well under most workloads,and have significant advantages in terms of recovery time, NVM f{ootprint,
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and write wear.
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Table 1 Characteristics NVM and other storage technologies
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Fig. 1 NVM device access path under current computer architecture
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Fig.4 Comparison of throughput rates for different operations of three data structures
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Table 3 Comparison of Recovery time of three data structures
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three data structures

5.5 YCSB iffh

FLEG AL T 3 i Redis 75 AN R E K B &k S pE L #
E L6 5 1 A8 A A& B0 o LA ke B e AT 6 R ] AR fomes 2R G
K., LW T YCSB % 7 i 2 2 F k01, DL e K AL A it
TR 55 25 3 00 fH T Redis 75 B (19 A4 BB RY T 1 8F — 2P
i

545 T IRAL 45, 3 Bl Redis 78 AN R TAE 6 T Y

Logless HT NV Tree Logbased HT 3 =z
_ gess e ghas A I FEAH 22 AN K, 3R W7 o B s B PR AR D R MR R
NVM f# A & /MiB 564 574 712
Store 454 # 182000273 1008001512 350000525 F) T HAB N ZE M4 JVM) Bl 2
Value Size=8 Byte Value Size=64 Byte Value Size=512 Byte
2000 000 2,000 000 2000 000
175 000 175 000 175 000
2 w0000 2 10000 2 w0000
S o0 \\ S 12500 S 125000 |
2 -] =2
-5 100000 S £ 100000 5 100000 >
g = ) E
_::‘2 75 000 \. _g 75 000 _g 75 000
R
& 50000 _ & 50000 _ & 50000 _
—e— Logless HT-Redis —e— Logless HT-Redis —e— Logless HT-Redis
25000 || NV Tree-Redis 25000 {|~ NV Tree-Redis 25000 {|> NV Tree-Redis
Logbased HT-Redis Logbased HT-Redis . Logbased HT-Redis
9:1 733 515 317 1:9 9:1  7:3 55 37  1:9 9:1  7:3 515 317 1:9

Read-Write Ratio

Read-Write Ratio

Read-Write Ratio

{5 T 3 FhEURE S B Redis 75 YCSB | By & 0k R H 4

Fig.5 Comparison of throughput rate of Redis based on three data structures on YCSB

BRIE W MAES R AR AR B E R g ke AT
KM TR R, AR T —FM T NVM SZ 650
TG H i Ay 76, A 98 £ B0 1 TR 18 BOR R UE MG 75 R 7E R
B S 0 — B . AR SCRIEHE I T — B 46 19 Rehash 7
B B B> TR H AR RG] B R A L SO R i SR
Bﬁ}ﬁﬁ@EﬂHﬁ‘Vﬁ’EﬁEﬁc ST PG F I L AT TR M T H
ARG A RV 09 T8 B AR BOE S50, AR SCHR R T B R
T B RZ B CAE AT R R A, IF 76 RV & BT84
HOME R AR B E R

% x

[1] MEENA J S,SZE S M,CHAND U,et al. Overview of emerging
nonvolatile memory technologies[ ] ]. Nanoscale Research Let-
ters,2014,9(1) :526.

[2] VENKATARAMAN S.TOLIA N.RANGANATHAN P,et al.
Consistent and Durable Data Structures for Non-Volatile Byte-
Addressable Memory[ C] // Proceedings of 9th USENIX Confe-
rence on File and Storage Technologies. San Jose, California:
USENIX,2011:61-75.

[3] YANG J,WEI Q,CHEN C.et al. NV-Tree:Reducing Consis-
tency Cost for NVM-based Single Level Systems[C] // Procee-
dings of 13th USENIX Conference on File and Storage Technol-
ogies. San Jose, California: USENIX,2015:167-181.

[4] HUANG C C. Phase change random access memory: U. S. Pa-
tent 7,504,652[P]. 2009-3-17.

[5] DRISKILL-SMITH A. Latest advances and future prospects of
STT-RAM[ C]// Non-Volatile Memories Workshop. San Diego:
University of California,2010:11-13.

[6] STRUKOV D B.SNIDER G S,STEWART D R.et al. The

missing memristor found[ J]. Nature,2008,453(7191) :80-83.

[7] 1Intel and Micron produce breakthrough memory technology
[EB/OL]. http://newsroom. intel. com/community/intel _ne-
wsroom/blog/2015/07/28/intel-and-micron-produce-break-
through-memory-technology.

[8] ARULRAJ J.PAVLO A,.DULLOOR S R. Let’s talk about sto-
rage & recovery methods for non-volatile memory database sys-
tems[ C]// Proceedings of the 2015 ACM SIGMOD International
Conference on Management of Data. New York: ACM, 2015:
707-722.

[9] ZAWODNY J. Redis: Lightweight key/value store that goes the
extra mile[ J/OL]. Linux Magazine. http://www. linux-mag.
com/id/7496/.

[10] RUDOFF A. Persistent Memory Programming[ J]. Login: The
Usenix Magazine,2017,42(2) :34-40.

[11] PAGH R,RODLER F F. Cuckoo hashing[ J]. Journal of Algo-
rithms,2004,51(2) :122-144.

[12] HERLIHY M,SHAVIT N,TZAFRIR M. Hopscotch hashing
[C]// International Symposium on Distributed Computing. Ber-
lin: Springer, 2008 :350-364.

[13] MOHAN C,HADERLE D,LINDSAY B.et al. ARIES:a tran-
saction recovery method supporting fine-granularity locking and
partial rollbacks using write-ahead logging[ J]. ACM Transac-
tions on Database Systems (TODS),1992,17(1):94-162.

[14] COOPER B F,SILBERSTEIN A,TAM E,et al. Benchmarking
cloud serving systems with YCSB[ C] // Proceedings of the 1st
ACM symposium on Cloud computing. New York: ACM, 2010
143-154.

[15] REINDERS J. VTune performance analyzer essentials[ M]. Intel
Press,2005:112-135.





