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Log-Structured Merge-Trees (LSM-trees)

Are composed of multiple levels, each one with one or more components (runs).

Merge policy: leveling Merge policy: tiering
e One component per level (L, a L,). e Multiple components per level (L, a L,).
e Up to T components.

components

,7 components
L (15w )

Lo 1eso0

T size of L;11

size of L;
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RocksDB

Basic Architecture

Supports one or more LSM-trees
(Column Families)

Tiering merge policy: L,

Leveling merge policy: L1’ Lz,

et I Memtable A «— Mantabie Blade
-y | Fiush | Flush |
oo | 5] (57 e e
Levd 1 [ssT|[sst][ssT]...cc [ssT][ssT] - Log
led2 | [soT|[ssT] - | st || sst| [ssT |- Manifest
Pg;.;t -““C.dumFanlyX ““C.d.u'mFaIiyY Shared Data

Zhichao Cao, Siying Dong, Sagar Vemuri, and David H C Du. Characterizing, Modeling, and Benchmarking RocksDB Key-Value
Workloads at Facebook. In FAST 2020.
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Flash Devices

SATA
SAS
PCle

FHash Memory Channel 0

FHash Memory Channel 1

FHash Memory Channel 2

FHash Memory Channel 3

Flash
Embedded Controlier
CPUs — SRAM
| Flash
Host Controller
ﬁ Interface
Controller Flash
Controller
DRAM
Controller Flash
Controller
DRAM

S. Kim, H. Oh, C. Park, S. Cho, and S. Lee, “Fast, energy efficient scan inside flash memory,” in ADMS@VLDB 2011.

mDoo

7/ NAND array
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Flash Devices: Characteristics

M. Bjorling, P Bonnet, L. Bouganim, and N. Dayan, “The Necessary Death of the Block Device Interface,” in CIDR,

2013.

read and write operations at page level

a page must be erased before written

erase operations at block level (64 ~ 512 pages)
writes must be sequential within a block
limited number of erases per block

(e.g., 5x10% up to 10° erases/block)
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Pressure Scale
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Pressure Scale

e ( -target performance
e W -setofconcurrent workloads

C1osoo0
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Pressure Scale

e ( -target performance
e W -setofconcurrent workloads

p: W — C - pressure function
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Pressure Scale

e (C,=¢) -linearorder: ¢; <o o

“c, is an inferior performance value than or equal to ¢,”
o (W, =) -linear preorder: wi =y wo < p(wy) < p(wo)

“w, exerts more or the same pressure than w,”

e w. - no concurrent workloads
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Pressure Scale

(' as the average throughput of the key value-store

<¢ as the numeric relation <
Once lower throughput is equivalent to inferior performance value:

wy Zw wy < p(wz) < plw)

Produce wi,ws,...,w, € W sothat wy <y wy <y wy- -+ <y w,
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W: Access_timed3 Instances

A configurable microbenchmark:

file_size: 10 GiB (on the same storage device of the key-value store)

write_ratio (wr): ratio between write and read operations
o 0:100% reads
o 1:100% writes
random_ratio (rr): ratio between random and sequential access patterns
o 0:100% sequential
o 1:100% random

block_size (bs): size of each access operation (KiB)
Flags O_DIRECT+O_DSYNC
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Access_time3 Instances and W~ block size
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Access_time3 Instances and WPs™ _ fEowerions
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Access_time3 Instances and WS
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Experiments

W bs =x (in KiB) C : average throughput

o xcl4, 8, 16,32,64,128, e YCSB workload:
256, 512} o A (50% get, 50% put)
o B (95% get, 5% put)
\ e db_bench workload

readwhilewriting

Samsung 970 EVO NVMe
512GB
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Pressure scale: Ws=12Ki
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Pressure scale: Ws=12Ki

Read/write concurrent workloads (w5 to w25)
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db_bench

Pressure scale
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db_bench

Pressure scale

,,,,,, 4 SN o S § N SN A § O B 1
NI 0 g4 5 2 e
““““ T2 [ g opim of 11 OPEN BELL SELR
- | [ gm P TV SEIVOLTM S )
U rmeT OfemepTmer  hime
tomerT N — PIM OL6m @
w | LM o gm ¢l 6M @l 6M @
...... A Ul R R X
| Tomel T | H "
| I— o — |8M®lomel
1} S— o famel L im e
smel " “ ‘ : e
| ! ‘[ om ¢ A A
,,,,,,, Y 1 Sl N 77 | |
smel : | me|
i |l | R | R e & R | s
T ipomer i
....... D O O o 1
ﬁ " 1 ™ ome Al
i ! ! ! i | i iy
e s |
m m m [smer ir 1l
I N SO { P
T T fome
m : m m m bt el
SREE() RNRES | SO | M. 11 PR £ N mel
| (E S
14 m\_;iv. et
Toa e ||
EdEEy ||
L , -&3‘.&34:03*.63‘,:@3-.’ -OM @
< _ [ee] m (o] n o~ m < v o0 m O (o] !
) i o m ©® & i oo
7] ) Il Il I — ~N [Te)
3 3 & o o I I
Q Q Q0 w0 wn w0
o] Q Ko

1.0

0.9

0.8

normalized pressure: (p(wg) — p(w;))/p(wp)

33

Read-only concurrent workloads (w1 to w4)



Read/write concurrent workloads (w5 to w25)
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YCSB workload A

Pressure scale
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: YCSB workload B

Pressure scale
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Summary

e The pressure produced by our concurrent workloads varied according to the
workload submitted to the key-value store.
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Summary

e Better co-location options:

o  Concurrent read-only workloads with small read requests (<= 16 KiB)
m  Internal parallelism of the storage device

o  Concurrent write workloads with intermediate write requests (>= 32 and <= 128 or <=258 KiB,
depending on the key-value workload)

e Concurrent write workloads may represent serious performance issues for the
key-value store.

o  Small concurrent write requests: Possible contentions related to either some synchronization
mechanism or the storage device’s garbage collector.
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Project Status and Future Work

e Implementing:
o  Retrieve more details about the hardware and OS states.
m Internal state of the storage device (using smart and nvme)
o  Retrieve more details about the internal state of the key-value store (LSM-tree)
m  How the key-value store could minimize the performance impact of concurrent workloads?

e DPotential further evaluations:
o  Compare different SSDs
o Random versus sequential concurrent workloads
o  Compare different I/O schedulers
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Project’s Repository and Contact

‘ ’ https://github.com/alange0001/rocksdb_test
@ alange@inf.ufpr.br
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