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Introduction

= Changes in Trends

« The appearance of Key-Value Store

v Unstructured data are produced (ex, blog data, sensor data...)
v" Difficult to process unstructured data with RDBMS

=>» Store data as key-value pairs

= Do (o e

— l_« :, ”_l object
— 1
= B
. — 1
. ]
= Device Relational Model Key-Value Model

v" Demand for rapid processing of large volumes of data

= Need high-performance device

o=

Hard Disk Drive & Solid State Drive Dynamic Random-Access Memory
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Introduction

= |In-Memory Key-Value Store

« Use Dynamic Random-Access Memory as its primary storage
v High performance and Efficient unstructured data management
v Redis, Memcached, RAMCloud, MICA, etc.
v Volatile....

KEY1 - VALUE1 7
KEY2 - VALUEZ2

——
m System Failure

= To ensure data durability
v" Snapshot : Create snapshot file of current dataset

v Append Log File : Write the log of performed command in the log file
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Background
. Redisé

« The most popular in-memory key-value store
» Store data in key-value pairs in memory
» Provide various data structures
« string, list, set sorted set hash ...
» Single thread-based process
* Persistence method
- RDB
*  Append-Only-File(AOF)

« RDB(Snapshot)

« AOF(Append-Only-File)

4. Terminate Child process Dataset Main
Main & Send 2 siznal Keyl 1 Key22 Process
Process Key33 Keyd 4
i Client 1. Store data
Child Request & Store log record in the AOF Buffer
Client 1. fork Process
Request AOF Buffer ‘ Rewrite Buffer
‘ AOF Buffer | Rewsite Buffer Memory(DRAM)
Memory(DRAM) Disk(HDD or S5D) 2. Wite the log record into AOF File
Disk(HDD or $5D) 2. Generate Temp RDE File Keyl 1 RS
& Create snapshot for current dataset Key22 SET Koyl 1
F=——— 1 A ey AOFFile  f------ -+ i
SET Key3 7
- Key! 4 SET Key3 3
roBrte |1 Temp RDB File ey3 3
| 1 6. Rename RDB File Name SET Key4 4

\————— 1

*  Generate point-in-time snapshots of a
dataset at specific intervals
+ Advantage
*  Small file size

»  Higher performance than AOF
- Fast recovery speed +  Slower performance than RDB

. Disadvantage » Large file size (Data insertion =» Increase File size)

« Can not guarantee data persistency *  Slower recovery speed than RDB
» Can cause system failure

« Append log records in an AOF file when command to
change memory status
+ Advantage
*  Ensure data persistence higher than RDB
« Disadvantage
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Background

« AOF Rewrite

Client
Request

Memory(DFEAM)

Dataset
Keyl1 Key22
Key3 3 Keyid

Main
Process

1. Store data
& Store log record in the AOF Buffer

AOF Buffer | ‘ Fewrite Buffer |

Disk(HDD or $8D)

2. Write the log record into AOF File

SET Keyl 5
SET Key2 2

SET Keyl 1
SET Key3 7
SET Key3 3
SET Keyd 4

AQF File

Rewrite

Triggered

Dataset
Ste 1 Keyl1 Keyl2 Main
Key33 Keyd 4 Process
Kevs §
Child
Client 3. AppendLog Records for Main Process 1. fork Process
Request »
AOF Buffer Rewrite Buffer 1 G T AQF Fil
. s = 2. Generate Temp e
SET KeyS S SET KeyS 5 & Generating SET Command Logs
Memory(DRAM)
Disk{HDD or 88D
(HD) ) SET Keyl 1
¥ SET Keyl 3 | SET Key2 2
r—-—=+-—-— SET Key2 2 .-¥ SET Key33
I [ | SETKeyll Temp AOF File |~ SET Key4 4
| ACF File SET Key3 7
| SET Key3 3
| ————— 1 SET Key4 4
SET Keys 5
Dataset 4. Terminate Child process

Step?2

Client

Keyl1l Keyl2

Key33 Keyd 4
Key5 5
3. AppendLog Records

Process

for Main Process

Request

Memory(DRAM)

AOF Buffer

Fewrite Buffer

SET Key5 5

[

Main & Send a signal

Child
Process

Disk(HDD or $5D}

FP= =X = =

AOF File

SET Keyl 1
SET Key2 2

3. Flush Rewrite Buffer
Sblinuamisatsitstaldet =3

3

6. Rename AOF File Name
7. Change AOF File Descriptor

| SET Key3s
--=777| SET Keyd 4

Temp ACF File
SET Key3 5

« Reconstruction method that reduces the size of an AOF File

» AOF Rewrite triggers when the file size is greater than the minimum size(Default : 64MB)

 Leave the command for the current data and remove the rest

* However, excessive memory usage and performance degradation occur during AOF Rewrite.
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Motivation

« Memory Overhead o5 Th hput d dat
emory Uvernea rou Ut degradaation
4. Terminate Child process
& Send a signal
Main Mai
— Dataset Process Dataset -P:uTess
= 1. fork Child Child
3 A dLog Records for Main Pr » ; +
Client > APPERCLOE Records for Aam Hrocess Process Client Process
Request ¥ Request
—b‘ AQF Buffer ‘ ‘ Fewrte Buffer AOF Buffer ‘ Rewrite Buffer
Memory(DRAM) Memory(DRAM)
Disk(HDD or 85D) 2. Generate Temp AOF File Disk(HDD or S5D)
r—_— | S I & Generate SET Command Logs F=-—- Y o 1 3. Flush Rewrite Buffer
! . | _ I . I . _
| AOF File I Temp AOF File || ACFELk | »| Temp AOF File
I ————= 1  Rp————

* Redis can process only one command at
a particular time

» The log record is stored in AOF Buffer and
Rewrite Buffer during AOF Rewrite

« After creation of the temp AOF file, Flush
the log records in Rewrite Buffer to temp
ACF file

=» |ncrease memory usage

« AOF Rewrite causes an out-of-memory to

occur with limited memory capacity
« The newly requested command is delayed

until the flush operation is completed

=>» Decline of the overall throughput
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Motivation

50,000

o )
O 20000 &
T 7
o 30,000 9
5 °
- 20,000 §_
o)
<
5 10,000 s
: .
S
2 =
Time(sec)
—Total Memory Usage ---- AOF Rewrite Buffer Memory Usage ——Throughput(ops/sec)

« Simulate workloads of hot data that are frequently updated by users
=> The effect of the AOF file can be identified

« Key — 16B, Value — 10KB
« 100,000 SET Commands, 900,000 Duplicate SET Commands
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Motivation

= 50,000 =
o 7]
O 40,000 @&
T 7
o 30,000 9
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= . =

Time(sec)
—Total Memory Usage ---- AOF Rewrite Buffer Memory Usage ——Throughput(ops/sec)

« Simulate workloads of hot data that are frequently updated by users
« Key — 16B, Value — 10KB
« 100,000 SET Commands, 900,000 Duplicate SET Commands

« AOF Rewrite occurred four times
v' 3-8s, 13-26s, 60-133s, and 175-177s

* Increase AOF Rewrite Buffer memory usage =» Increase Total memory usage

* Increased memory usage and performance degradation during AOF Rewrite
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Logging Exploiting SnapShot

« LESS Operation

Step1

Key3 3 Keyd 4 Process
Keys 5
3. fork Child
Client 4. AppendLog Records for Main Process Process
Request .~ || ~— =~
AOF Buffer | Rewrite Buffer | !
o= i | 3. Generate Temporary RDB File
SET Keys § ' | Y
- ' & Create snapshotfor current dataset
Memory(DRAM) | —0—————" b--ooooonoooooooond
Disk(HDD or S5D) 1 Create Temporary AOF File
[ & Change AOF File descriptor Keyl 1
H Key2 2
I M Ked
+ Temp RDB File |-~ Ko s
SET Keyl 3 r==% == &Y
SET Key2 2 1 |
SET Keyl 1 | AOF Fils Temp AOF File | ---- »| SET Keyd3d
SET Keyd 7 ]
SET Key3 3 | p— 1
SET Key4 4
Ste p 2 Datas: 3. Terminate Child process

taset
Keyl1l Key22

Main & Send a signal
Key3 3 Key44 Process
Key5 5
Child
Client Process
Request
AOF Buffer { Rewrite Buff
Memory@RAMy | e
DiskEDD or$D) ! | pmmmmmmeeoemeeen
777777777777777 Temp EDB Fil

I
6. Remove |
P——%t—

=
| pomre ||

AQF File

RDE File i
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Design to reduce memory usage and
improve the performance

The child process...
» Create a snapshot file with a small file
size and fast recovery speed

The main process...
» Perform AOF logging for the newly
requested operation

Difference( vs AOF Rewrite)
« Child process generate RDB File
* Do not use Rewrite Buffer
* Not merge file created by child
process and contents of Rewrite Buffer

Advantage( vs AOF Rewrite)
* Relatively Light disk /O
« Small memory usage
» Fast performance




Logging Exploiting SnapShot

» LESS Recovery

Step1

Keyll Key22

Main
Key3 3 Key4 4 Proc
Key5 5
2 fork Child
Client 4. AppendLog Records for Main Process Process
Request
******************* 1
AOF Buffer | Rewrite Buffer ! .
e s P | 3. Generate Temporary RDB File
SET Key5 5§ -
- & Create snapshotforcumrent dataset

Memory(DRAM) : [

Disk(HDD or $8D) 1. Create Temporary AOF File

i & Change AOF File descriptor Keyl 1
: Key22
! M Key33
1 Temp RDB File |- Koas
SET Keyl 3 FP=====- v £y
SET Key2 2 |
SETEeyll gl  AOFFe Temp AOF File [_J__p

SET Key3 3 J

SET Key3 7
SET Key3 3
SET Key4 4

Z

A

Replay the command logs Reorganize the dataset

‘ f
Stepz Dataset 3. Terminate Child pfocess
Keyl 1 Key22 Main & Send a signal
Key3 3 Keyd 4 Process
Key5 5
Chjld
Client Progess
Request .~ || %
ABF Buffer | Rewrite Buffer
I i
|
MemoryDRAM) | et I
Disk(HDD or$SD) (M| g
”””””””” Temp File
6. Remove i T "_““: _____________
r=— LA y | Temp QOF Fle 7. Rename Temporary RDB File
7 '
! %{/{{/Z{/// ! e Temporary AOF File Keyl 1
£ 1 - 22
:.]I RDB File | 4---»| E::;;
-----
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Use 4 types of files for complete data recovery
v" AOF File, Temp AOF File, RDB File, Temp RDB File

System failure occurred before LESS was first run
il AOF File

System failure occurred after LESS was first run
4 RDB File
2. AOF File

System failure occurred between creation of Temp
AOF File & Temp RDB File

i RDB File

2. AOF File

3.  Temp AOF File

System failure occurred during generation of RDB
1. RDB File
2. AOF File
3.  Temp AOF File

System failure occurred after Temp AOF File renamed
1.  Temp RDB File
2. AOF File

System failure occurred after Temp RDB File renamed
16 RDB File
2.  AOF File
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Evaluation

« Configuration

« Benchmark

TABLEL ~ EXPERIMENT SETTING- «  Memtier-Benchmark - v1.2.13
Hardware Setting ~
Intel(R) Xeon(R) CPU E5-2660 v2 @
cPU- 2. 20GHz 10cores =  Workloads
RAM~# DDR3 64 GB» >
« Simulate workloads where updates occur
Disk(SSD) < Crucial CT250MX200SSD1 250 GB * 3+« frequently
Software Setting ~
0S- Cent O8 7.3.1611 (Core) « . Key : ']6B' Value : 10KB
Linux Kernel Version - 3.10.0-514.26.2.el7.x86 64+ « SET : Duplicate SET = 100,000 : 900,000
Redis Version~ 4.0.10+
AOQOF Option Default(everysec)« ° Red|s Conf|gurat|on
Max memory Option~ 30GB~ !
Memtier benchmark 12134 v Redis - v4.0.10
version ¢ = *  Maxmemory - 30GB
« AOF fsync option - Everysec
« Save - No
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Evaluation

« Memory Usage

Memory(GB)
o - N W SO

1 11 21 31 41 51 61 71 81 91
Time(sec)
----- AOF(Rewrite-On) ——LESS

57% Reduction!! <_|
e Use the same workload as the workload used in motivation

« Average memory usage of LESS is less than AOF(Rewrite-on) 3 ;
verage aximum
« LESS write the log record in AOF directly Moty Nnofy
usage usage
=> LESS does not use AOF Rewrite Buffer
15 . AOF 2.6GB 4.5GB
« Can store more data than the original persistence method
« LESS has no time during which the use of the memory increases | LESS 1.1GB 1.9GB

rapidly

« LESS is safe from out-of-memory
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Evaluation
« Throughput

60,000
50,000
40,000
30,000
20,000
10,000

0
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- s an - o» e o o =
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1T 11 21 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171

Time(sec)

Throughput(ops/sec)

----- AOF(Rewrite-On) ——LESS

» LESS completed workload in 64s, whereas AOF mode completed the workload in 177s
« The LESS method, the child process generates a RDB file as opposed to an AOF file
« Since the merge operation in AOF Rewrite is not performed, the throughput is improved

=» Process more commands per second
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Conclusion

« Data persistence method is required due to volatile characteristics of Dram

- RDB(Snapshot) : Generate point-in-time snapshots of a dataset at specific intervals

- AOF : Append log records in an AOF file when command to change memory status

- AOF Rewrite : Reconstruction method that reduces the size of an AOF File

% Issues
- Memory overhead : Increase memory usage due to AOF Rewrite Buffer

- Throughput degradation : Newly requested command delayed due to Flush operation

« Logging Exploiting SnapShot : High performance & Low memory usage
- The child process generates a RDB file as opposed to an AOF file

The main process write log record for newly requested command to AOF File without using
Rewrite Buffer

- Manages RDB file and AOF without MERGE, eliminating FLUSH operation

« Evaluation

- 57% reduction in average memory usage & maximum memory usage
- 2.7x performance improvement than an AOF Rewrite method

- Outperform in-memory Key-Value stores and ensure data persistence
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