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LSM-tree based KV Stores / Databases 
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Log-structured merge tree (LSM-tree) is widely adopted
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Secondary Indexing
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❖
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❖ →

❖
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StudentID Name Major EnrollmentYear …

0001 Alice Math 2021

0002 Bob Computer 2021

0003 Carol Music 2022

0004 Dave Physics 2022

0005 Ellen Computer 2023

Primary Table

(0001)

Primary Index

(Math -> 0001)

Secondary Index

(Physics -> 0004)

(Computer -> 0002)

(0003)



Secondary Index in LSM-based Systems
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Secondary indexing is inefficient with LSM-tree
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(Math -> 0001)

(Computer -> 0001)



Secondary Index in LSM-based Systems
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Secondary indexing is inefficient with LSM-tree
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Attributes of secondary indexes and LSM-tree are mismatched



Persistent Memory
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Using persistent memory (PM) for secondary indexing is promising

❖

❖

❖

Plenty of PM-based indexes (ordered)

FPTree [SIGMOD’16] FAST&FAIR [FAST’18]

DPTree [VLDB’20]

Nap [OSDI’21]

WORT [FAST’17]

ROART [FAST’21]

PACTree [SOSP’21]

Recipe [SOSP’19] LB+Trees [VLDB’20]

NBTree [VLDB’22]TIPS [ATC’21]

wB+Trees [VLDB’15]

…



PM-based Indexes for Secondary Indexing

7

Directly adopting existing PM indexes for secondary indexing is inefficient
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DRAM MemTable

Query

Perseid overview

❖

❖
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PS-Tree
(Secondary Index)

Hybrid Hash Tables
(Validation)

LSM Primary Table

PM SSD

Validate

Search

(optional)

Overall
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PM-based secondary index

❖
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PS-Tree

SK1 SK2 … SKn SK1 SK2 … SKn

PKey Page PKey Page PKey Page

SKey
Layer

PKey
Layer

GH PE1 PE2 GH PE1

PKey Group
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Rearrangement and garbage collection at splitting

PS-Tree

SKa SKb SKc ……

PE PE PE PE PE PE PE PE

Group Header

Leaf Node in Skey Layer

PKey Page

SKa SKb SKc ……

PE PE PE PE PE PE PE
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Hybrid PM-DRAM Hash-based Validation

❖

❖

❖

a (v3,3)

b (v1,1)

PM pkey (version, count)

DRAM
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Hybrid PM-DRAM Hash-based Validation

❖

❖
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a (v3,3)

b (v1,1)

PM

a (v3,3)

pkey (version, count)

DRAM

a (v3,3)

c (v1,1)

b (v1,1)

hash(c)

Time

PUT (c, v1)

a a (v3,3)

c (v2,2)

PUT (c, v2)

hash(c)

t1 t2 t3

a (v3,3)

c

b (v1,1)

(v1,1)(v2,2)

(v3,3)
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Hybrid PM-DRAM Hash-based Validation

a (v3,3)

c (v2,2)

b (v1,1)

PM

a (v3,3)

c (v2,2)
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Time
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Hybrid PM-DRAM Hash-based Validation

a (v3,3)

c (v2,2)

b (v1,1)

PM

a (v3,3)

c (v2,2)

pkey (version, count)

DRAM

a (v3,3)

c (v2,2)

b (v1,1)

Time

a

c (v2,2) c (v2,2)

Check (a, v1)

hash(a)

Check (a, v2)

t1 t2 t3

a (v3,3)

c

b (v1,1)

(v2,2)

(v3,3)(v3,2)
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Non-Index-Only Query Optimizations

❖ Index-Only Query

❖ Non-Index-Only Query
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Non-Index-Only Query Optimizations

1. Filtering components with sequence number (SEQ)

❖

❖

❖

❖

70 - 205

Ln
80 - 209

75 - 139

Ln+1
72 - 137

146 - 204

141 - 207
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Non-Index-Only Query Optimizations
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Non-Index-Only Query Optimizations
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Non-Index-Only Query Optimizations

2. Parallel Primary Table Searching

❖

❖

❖

Time Thread 3

PK5

PK6

Thread 1

PK1

PK2

Thread 2

PK3

PK4

Thread 3

PK5

PK6

Thread 1

PK1

PK2

Thread 2

PK3

PK4

(a) Equal Distribution (b) Worker-Active



More Design Details : Check Our Paper
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Experimental Setup
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Evaluation Results

❖

❖

❖

❖

❖ ×

L
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n
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 (
µ

s
/o

p
)

Limit=10

LSMSI

FAST&FAIR-Perseid

LSMSI-PM

P-Masstree-composite

FAST&FAIR-composite

P-Masstree-log

FAST&FAIR-log

P-Masstree-Perseid

97 92 102 93 98 89 168 173

0
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20

(a) No Updates (b) Uniform (c) Skewed-Pri (d) Skewed-Sec

Limit=200

264 261 423 406 276 263 1047 1062

0

20

40
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(a) No Updates (b) Uniform (c) Skewed-Pri (d) Skewed-Sec

Perseid

lower is better
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Evaluation Results

❖
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Evaluation Results
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Conclusion
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Contact Information: wangjing19@mails.tsinghua.edu.cn
Thanks to Deng Feng Fund

Revisiting Secondary Indexing in LSM-based Storage Systems 
with Persistent Memory
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Open-source code: https://github.com/thustorage/perseid

https://github.com/thustorage/perseid

