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Accelerating Persistent Memory-based Indices Based on Hotspot Data

LIU Gao-cong,LUO Yong-ping and JIN Pei-quan

School of Computer Science and Technology, University of Science and Technology of China, Hefei 230027, China

Abstract Non-volatile memory(NVM) ,also known as persistent memory(PM) , has the characteristics of bit-based addressing,
durability, high storage density and low latency. Although the latency of NVM is much smaller than that of solid-state drives.,it is
greater than that of DRAM. In addition,NVM has shortcomings such as unbalanced reading and writing as well as short writing
life. Therefore, currently NVM cannot completely replace DRAM. A more reasonable method is using NVM to build a hybrid
memory architecture based on DRAM + NVM. Based on the observation that many data accesses in database applications are
skewed, this paper focuses on the hybrid memory architecture composed of NVM and DRAM and proposes a hotspot data-based
speedup method for persistent memory indices. Particularly, we utilize the low latency of DRAM and the durability and high sto-
rage density of NVM,and propose to add a DRAM-based hotspot-data cache for persistent memory indices. Then, we present a
query-adaptive indexing method that can automatically adjust the cache according to the change of hotspot data. We apply the pro-
posed method to several persistent memory indices, including wBtree, FPTree and Fast&.Fair, and conduct comparative experi-
ments. The results show that when the number of hotspot data visits accounts for 80% of the total visits, the proposed method
can accelerate the query performance of the three indices by 52% ,33% and 37 % , respectively.

Keywords Non-volatile memory, Hybrid memory architecture, Hotspot data, Adaptive index
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Table 1 Comparison of different storage media‘!’

s B R FHRR FHIHE FAE HFHEE FAHK
DRAM 25ns 30ns Y N 1X 1016
NVM 50~70ns 150~220ns Y Y 2~4X 1010
SSD 25 ps 300 ps N Y 4% 10°
HDD 10 ms 10 ms N Y N/A 106
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Fig. 4 Example of replacement strategy
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HiE
Input: JG
Output: Jo

H i N R 518 1R AL Initialize O

1. clear queryFeaturesTable_ and hashIndex_
2. resize queryFeaturesTable_ and circu larQueue_
3. queryCnt_<=0
4. headPtr_,warmTailPtr_, tailPtr_<-0

B UG A AR IE RIS A R 51 BE BRI RN G 1—
24710 o T B & BN 6 BR BB Y R SRR A Y
ALY 12%6~10% . queryCnt_ig s 4 i) AL, LA X 43K [\) 4
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i hit=false. #7 P~ 51 HR A % 28 W, WK ] false,
&% 2 RAZRTIAH HybridindexFind (key, & value)
Input: % K key, (5] &-value
Output: WARAFTE key, 3R [ true FFEL value, 75 W3R [ false
1. if adaptivelndex. Find (key,value) then
2. adaptivelndex. Maintain(key,value, true)
3. return true
4. end
5. if globallndex. Find(key,value) then
6. adaptivelndex. Maintain(key,value. false)
7.  return true
8. return false

W3S T AEN RS M ARRIE. WRGAHER T
AETE key, I8 2 sk T A4S B 760G 21 BA B v 154 fi 7% 1, DA T 37 1)
ZIOLR 43 value BI{E IR 1] true, 75 WR 5] false,

B3 HEMETI AR Find(key, &.value)
Input: £ $8# key, fE3] H & value
Output: MHAELE key, 3R [ true, A& value, 75 W3R A false
1. if key in hashIndex_ then
2. value<—ciclarQueue_[ hashIndex [key]]. value
3 return true
4. end
5. return false
4.3 R34
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Output: AR, GCC A N 9. 3. 0, ffi il PMDK 1. 8 4 5l

1. if hit then
2. offset < hashIndex_[ key]. offset
3. if offset > headPtr_ & offset << warmTailPtr_ then

4, Insert (key,value)
5. end
6. else

7. use queryFeaturesTable_ to maintain the querynumber of key in
this period

8. if key becomes hot data then

9. Insert (key,value)
10. end
11. end

12. queryCnt_ < queryCnt_+1
13. il queryCnt_=MAXQUERYCNT then
14. queryCnt_ < 0
15. clear queryFeaturesTable_
16. end
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Input: ## key, fH val
Output: JG
1.if (tailPtr_+1) % circularQueue_size=head Ptr_ then
2. remove circularQueue_[ headPtr_]. key from hashIndex_
3. headPtr_<-(headPtr_+1) % circularQueue_Size
4. end

ot

.insert (key,val) into circularQueue [ tailPtr_]
6. tailPtr_ < (tailPtr_+1) % circularQueue_. Size
7. maintain warmTailPtr_ according to the ratio of hot data to warm

data
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PMem 1. wBtree 1 Fast& Fair {5 H FF W AR A< 28,
T FPTree AR I SLH A FH T A7 SE LAY FPTree,

* 2 MR EERCE

Table 2 Server configuration

R 5 84t it %
0s Ubuntu 20.04.1 LTS
CPU Intel(R) Xeon(R) Gold 6240 CPU @ 2. 60 GHz
L1 cache 32kB iCache &. 32kB dCache
L2 cache 1MB
L3 cache 24 MB
DRAM 256 GB DDR4 (2666 MHz)
NVM 512 GB Intel Optane DC
GCC version 9.3.0
PMDK version 1.8

SR IR 2% A B A W 0 R G AT TR A 8
A T K RE A AR SR AR R R W) T AR U3k R g M RE L [N
AR M E N 8 FA . A TR LA S ) R, I £ R S
A FEAE 4 D 25 (Skewed) 434 i 25 43 A5 19 B088 FH U5 92 0
1Y Zipfian 43 fiAE B, I H SC B A Gray S0 TAEM" 68
A B — A A Zipfian 43 A, S P Oy T RS [R] B A #A
RUBUEAS TR » zipfian 430 A7 0 w00 2 AR 35 5 W BEMLAS 3, — 4~
W12 100 FTRA ), S B S HOHE B R SRR R 2%,
P PR s Ly 201,
5.2 ELWMER
5.2.1 FH M4

S B VT 1) 3k B 80 %6 I, AR ) R B4 BIHL 10 X 10°,
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%} wBtree, FPTree, Fast& Fair 28 HI42 7+ T 61%.43%.53%,
M RECH 50 X 10° B, 45 BOH8 [ 38 B R 51 X% wBtree,
FPTree,Fast&.Fair 443 T 57%.,37%.46% . M2 if)K
o 100X 10° B, #R 8 B F 3E B R 51X wBtree, FPTree,
Fast& Fair 40 F T 52%.33%.37%.,

*3 Ak
Table 3 Read throughput
(¥ . Mop/s)

FANERAHK 10X 10° 50x10° 100X 10°
wDBtree 0.713 0.702 0.711
wBtree+adaptive index 1.154 1. 106 1.082
FPTree 0.920 0.912 0.913
FPTree+ adaptive index 1.317 1. 250 1.213
Fast& Fair 0.811 0.805 0.808
Fast& Fair+adaptive index 1. 245 1.179 1. 106
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Table 4 Update throughput
(HLAT : Mop/s)

ESIELC! Aok &

wDBtree 0.538

wBtree+ adaptive index 0. 500
FPTree 0.612
FPTree+ adaptive index 0.543
Fast& Fair 0.552

Fast& Fair+adaptive index 0.511

SR FH TR AR 1) 25 B 6 ) ok P g a0 A 7 0003, 85 SR An 3k 5 BT
1 36 B3R 5 T R T B e A A A R AT R T R AE S Y
A% L, P ARG O A% fik SR IROT IR ST, T A S N 225 B
Y FUTEBR AIA Ay R B Bk TRk A R 28 | B 4 A e
TR ERAE TP, BuAt A IS N R 51 wBtree, FPTree , Fast&: Fair
BT R PERE 9 FRE T 0.5%.3.5%,4%.
# 5 MBRF LR

Table 5 Delete throughput
(A3 : Mop/s)

E Sl ot &
wBtree 0.537
wBtree+ adaptive index 0.534
FPTree 0.735
FPTree+ adaptive index 0.711
Fast& Fair 0.559
Fast&.Fair+ adaptive index 0.536
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