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Abstract NVM (non-volatile memory) is a new type of storage medium that has emerged in recent
years. On the one hand, similar to DRAM (Dynamic RAM), NVM has low access latency and byte-
addressable characteristics; on the other hand, it does not lose data after a power failure. Moreover, it
has higher density and lower power consumption. The emergence of NVM provides new opportunities
for improving indexing efficiency, and thus many works focus on building NVM-based indexing.
However, these works are conducted based on simulated NVM devices. In April 2019, Intel released
real NVM hardware AEP (apache pass) based on 3D-XPoint technology. The actual AEP devices are
evaluated, and the results show that the write latency of AEP is close to that of DRAM, while the
read latency is 3~4 times that of DRAM. Based on actual NVM hardware performance, we find that
many past works have biased performance assumptions about NVM, which leaves some past works
open to optimizing space. We then revisit previous persistent indexing works. We propose a read-
optimized hybrid index (HybridIndex" ) and a hybrid-memory-based asynchronous caching approach
for persistent index. Experimental results show that the read performance of HybridIndex™ is 1.8
times that of existing hybrid index. The asynchronous cache-optimized indexes can reduce latency by

up to 50%.
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Table 1 Comparison of the Properties of Different Storage Media "
F1 TEGFHENRAFEX D]
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il 5% 5X10° 5X10° >1015 i Gl
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Table 2 Experimental Environment
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i H U
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—RJIEA M EAF/KB 32
— R AT /KB 32
ZRIRA A /KB 1024
SRR m M A KB 14080
DRAM % #/GB 64
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2 1R L I -00
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Table 3 Comparison of Random and Sequential Read

Latency of Small Access Granularity for AEP
F 3 BLKET AEP /N B R B BEAL A0 IR 5 35 2 AR % L

L3R [ns
BB (e
BB 2 gty

8 200 30 6.67

16 196 53 3.70
32 196 70 2.80
64 201 101 1.99
128 198 124 1.60
256 241 191 1.26
512 309 304 1.02
1024 611 589 1.04
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Table 4 Comparison of Random and Sequential Read

Latency of Large Access Granularity for AEP

R4 BKRET AEP XN & 4R BE LRI T 32 R X7 tE

FiE R

Bk B /KB HeH
Bl AL 3% Gy 332

1 611 ns 589 ns 1.04

4 2361ns 2326 ns 1.04

16 7368 ns 7273 ns 1.03

64 29086 ns 28850 ns 1.01

256 0.12 ms 0.12 ms 1.00

1024 1.09 ms 1.09 ms 1.00

4096 5.68 ms 5.68 ms 1.00

16 384 22.81 ms 22.82ms 1.00

5 MR 6 R /i il FH P20 A T A [ 6 B8 04
17 BEPLAIN P 5 B ZE 3R X He AT LR B AN e A R/
KL T . AEP 19 B AL A1 R 5 SE 3R #f S — K /Y. [



360

HEMIR S AR 2021, 58(2)

BEVI R —#F , AEP A7 45 84 19 Bl AL U7 1) R . 7 22
FEENEESIT/NT 64 BEIEM VTR, BT
SEIR F T X EE R T IERAIE AT NTStore

Table 6 Comparison of Random and Sequential Write
Latency of Large Access Granularity for AEP
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A HEAT 5 H A KR 4 T LR 28 CPU cache Ti . i i
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Fig. 1 Trend of random read latency of AEP over access granularity
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Fig. 2 Trend of random write latency of AEP over access granularity
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Fig. 3 Trend of random read bandwidth of AEP over access granularity
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Fig. 5 Impact of using memory barriers on write bandwidth degradation
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Fig. 6 Trend of sequential read bandwidth of AEP over access granularity
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Fig. 7 Trend of sequential write bandwidth of AEP over access granularity
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2) AEP W58 4 4b 3N R BE KOs % ik 3
Vi laDRLEE Sy 256 B, Pt &b 3 /I s B 1Y) 5040 B AT g
23 3t R TROR DA 9% 717 5
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ATy 7 S 26 0 15 [0 B9 P AR AL
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Table 7 Latencies of AEP and DRAM Random Read with

Single Thread for Small Access Granularity

R 7 HZPET AEP #1 DRAM 1/ B R ML IR

BEHL I E IR [ns
DR/ B LA
AEP DRAM

8 200 46 4.35

16 196 33 5.94
32 196 33 5.94
64 201 40 5.03
128 198 43 4.60
256 241 57 4.23
512 309 93 3.32
1024 611 173 3.53

Table 8 Latencies of AEP and DRAM Random Write with
Single Thread for Small Access Granularity

*8 HZLET AEP #1 DRAM HI/NB EREH 5 TR

BEHL S SE3R [ns

i [KB LA

AEP DRAM
8 658 238 2.76
16 669 238 2.81
32 663 239 2.77
64 190 174 1.09
128 203 185 1.10
256 218 200 1.09
512 279 234 1.19
1024 538 361 1.49
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