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Abstract

Redis, an in-memory database that uses DRAM which is a volatile device as its main repository,
has the advantage of rapid data processing but the risk of data loss is high. To prevent the data
loss, Redis provides AOF method that appends log records for performed commands to the log file.
However, there is a constant increase in the log file due to continuous records. Although Redis
provides log file reconstruction methods to prevent sudden increase in the log file, additional
memory usage and latency in data processing are required, adding to the burden in terms of
performance and resources. In this research, we propose the log file reconstruction method using
data parallelism to improve the overhead occurred in the log file reconstruction. Also, we perform
reconstruction without AOF Rewrite buffer that is the major cause of reconstruction overhead
through our method, so the memory usage and data processing performance are improved. The
proposed model is evaluated via memtier-benchmark and we confirmed the reconstruction

overhead has been considerably improved.
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Algorithm 1 PAOF of Child Process

Description

Create SET log records by allocating threads as
many as the number of threads written in
configuration file (max_thread_num)

1 i< 0
/* Create Thread pool */
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/* Assign Thread Number */
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/* Perform PAOF task */
8 pthread_create(threadsli], ReconstructionWithIndex(),
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A=

R R e L L e

AR ZEE 23 E Z]lo] dlolHAlS WAs=
A9 A, A WPl e 2o dmss

AARTE B 20 P3EE AOF HF o] A%

R vy
Temp AOF 39| ¢|&
Temp AOF 39| o]

W,

H 5(b)E A4 TRAZIF AP B
=z

2
fr
I
=)
K
[
0%
ox
_|>_J,
o s
o [1110
[-
bl
_O‘h
=
=)
ro,
I

o\
|
>
fol
Gl
4
27
e
i
ro,
[
i
T
rir
_>‘~Id
1>
[&l

5 foync F71°] wWekA Temp AOF 344

w3l

Tl

=2} 348 UeRdTh 244 2|27} SET

n
i

o\

ulm ﬂ fu

o o p
>
o

o ool
)
e
u
rE
o
o
aui

Hol L2A A= AP

5

4
fu
X
[>
1o,
[>
o

oJ3) AJ’d¥ Temp PAOF I}UE9| o|5& WA
th Temp PAOF 9] o5& WAT o, H<l
Z2HM|2~= Temp PAOF 39 o]Fel 23ty 3}



dloly Wads 483

(b) Main process

271 99 ATE $at A A 65

8. Send terminate signal

Child process

~
o
J

exit

Memory o

Background Thread Pool

| (&)

Disk

I
1
o= imemmme ) SET Key7 Val7
} SETKey3 Vall .
1
1 SET Key2 Vals B
1 SET Key3 Val3 @

! 1
1 SETKey2 Val6 ; Temp AOF File

; !
; SET Key2 Val2 : 9. Rename
; SETKeyd Vald . Temp AOF
......... -
AOF File (Old) | sgr key7 val7

9. Remove
Old AOF File

AOF File (New)

SET Key3 Val3 SET Key2 Val2
SET Key4 Val4

Temp PAOF1 File Temp PAOF2 File

10. Rename
File Temp PAOF Files
SET Key3 Val3 SET Key2 Val2
SET Key4 Val4
PAOF1 File PAOF?2 File

<71% 5> PAOF B4 314 (b) A ZzAl=0] A4 98 F v229] 5l o) WA 34

2 W59} AASES PAOF e o8-8 AT
sk

PAOF 24} €5 A3 sk =719 207} =),
PAOF #§lo] thA] et

1 ol Aeksh= PACE 71e dole] 3
e Esel A maase] Ae) Hehd ga
s

ARtk 71¥ AOF A% 71 alvte] =9

#7gE vlolElAlS i w=3lsh 7]-3k dE
o] tjgl SET H#o] 21 #a=E A8t 71&
71WM3= 27, PAOF 7S thhe] ~g=s
st 7zF 2y snit) thE Qg ReE o
sted, SET o] =1 #Ha= A A4S wd
gt WY Fas F3l, PAOFO] A}4] 224
= 71 ATSE 71HEES] A ZEA|ZET w

H
H
7 4 4 9tk

o3

X

o~
n
2

[

A4

o

RedisT copy-on-write 7|'H-S &-83to] 72

ERAAE BB A A TRAE o9l

ZRA et dAl dlelE Aol et wixe] A&
ST 22 MRy g3k SRk 7] W
of, A2 Z2A|A7E AQ)E Fdshs St vlolH
As WAshs WEol a4HY, vijl ZRAAE
3 dlolel7l A vine] J9s HAleka, &

[ez]

%
AR mE] g el diolHAlS W
Al AL AR HAE v 99E, A =
2AAE A vy 99 Ak voly |
4o Qdste], dart glojxl wEe] g 244
LzA2e] Zgjo] B wzbA] FAEr) webA
A2 ZRA2S Zpfo] AE i vlolE 7} S
T vl e Arska s Alktel SR
PAOF= A4 ZA|A 24¢S WHda st
A ZEA A g AR ARl o mM,
gt v g Ah Akbe 2L 7 3

At
NE ATE IHE HolE A fAF A



66 glo]epuo] 2A T A367 A3E (2020.12)

AOF Rewrite M3 A}-go] @5-5]o], miLe] ALg
ol T7kgith. whd, PAOF 7|'H& Temp AOF
Hds B Agdsto] AOF Bool A4dd =1
Ha=s 7|=3to 24, AOF Rewrite HHES A}
117} 7} Stk

PAOF+= 7]¥ AOF 3¥ XH?%— 71‘?301]*1 AOF
Rewrite W37} A5-3e] w+o] g 2718 3
wek 5 Sk

AOF Rewrite W3 A|AE wxg] A8 47t
o Hsto] wloly 2] 45 el a3t otk
71 AT 7]‘%’3%% dlolg] 2] 4% Aets o

Sag e tad 9

LN i

2.8 SHksl= ﬂush zey e zhelo] g E7]7hA)
Asl A7bo] Ao Hm, S 2] Bok e Y |

Hol= AP HH] Eith. 28y AOF Rewrite ¥
& AHESHA] %= PAOF 719 flush 2kl &
TEA 27wl Haa O%‘;ﬂ B3E 93]
A A5 2 Tl dloly A2 Adsel Aze

Al At A =tk 53 PAOFE AW 2k 28
E5 Fuiskshe oldE 7RItk AE 2gE 7k
Zg el RedisE dhte] Ad=vkS ALESH)
wfiel], AW S R gEsx] Rerhs ©
o] EA3T) WhE, PAOF 7|%2 #14] Efaxﬂi
A Al vre] 2 =E AREste], AlE] 2k

-]
H
aEHoR B8Y 5 9

3.2 PAOF &7

shte] mhdgk Algsle] HolEAlS W R &
Tah= 71 dlolE A&A W} @], PAOF 7]
He e Ao ds FEate] HlolElE H e
th. PAOF 24 Fol& Aol 4714 f39] 1
(AOF, Temp AOF, PAOF, Temp PAOF)°] &4
st Zb dAleieh thE o] mhelo] AAdEth

<3 1> PAOF 5% & 4 7Vsd w4 5 49,
Haa sl E5, H1 A

oF B A8 Usa 3d TR BT oA
. AOF, 1. PAOF
PAOF &4 §
. Temp AOF, 2. AOF
AN ZzAs A R
PAOF 3. Temp AOF
AOF,
- 1. PAOF
A} 2 A0 Temp AOF,
2. AOF
R ] PAOF,
3. Temp AOF
Temp PAOF
AOF,
Temp AOF < 1. Temp PAOF
- . PAOF,
olF W F 2. AOF
Temp PAOF
AOF, 1. (Renamed)
Temp PAOF (Old) PAOF, PAOF
olg W4 & Temp PAOF, 2. Temp PAOF
(Renamed) PAOF 3. AOF
Temp PAOF AOF, 1. PAOF
olF W % PAOF 2. AOF

PAOF2] x}*‘ E?Jﬂi‘—f ofe] 7He sl A
stel, A7 dlolgAlel] vig =11 Ha=E B4t
Axeitt, ade g doly B1s £ o RE
PAOF Y& ARgafof gtk 3t 12 PAOF 27
A Foll AT = e A=E FERE A Y]
4 F8 A gagd A7 9 5, aga
tlole] H+- A E UERdTH

o2l

3.21 PAOF 53 ¥, 214 =
Ao F7F HAT A

AOF #d& A7538t7] 918 PAOF7F S35
H, Redis®] "¢l Z2ZAH 2% Temp AOF #4&
e AR T2 A AT Redis7h THA
Al wf, B39 AOF 3%, Temp AOF 3

Z2AEE A7) of



teole] HEds 283

12]al PAOF 347t 9lvhd, PAOF7} 5215k o]
F A ZrAlRE Y] o)l @ FTF B
PSS oujgtc}. o] 49, Redisi= PAOF <,
AOF 3}, Temp AOF ¥4 =02 5S¢

dle|e] H-5 gtk PAOF 945 AOF 7
B} WA ARgalE o= thadt Zth PAOF 3t
doll= aiF Fdeo] AP AE7EA] A7 dle]
ElAle] gk =1 Hmerl 7155 dvk. AOF
o= o] PAOF #4jo] s&% o] $-5F &
A3 dlolg] WAl e 2o Y=} 7155 o
Utk PAOF 3 ool AOF 91US kol AR
ahd, dHleole] dapdo] fnkAT. doly Aot
2448 WAsl] 98, PAOF 928 ¢lo] AA)
doleAls Al 19 ok,
Temp AOF 35 ARgste] HloJHE H+-afaL
73218 RS kg gth Temp AOF o= 7}
4 Holl EZA € PAOF7}F 54 o] 249
eold] gk 21 d==r) E3uo] 917 ujiE
of, Temp AOF ¢S 7178 wix|dtof| A&},

3.2.2 A ZEAA9 FAYo] Y7E7] Al &F
7h A% A%

ApA AT ZAYGshs )t AlRE SE0
WAsh, Hadols BE §3e) dele] &
tl. PAOF 27 ZdellAe 22 Z2 A2~ 2h
o] &%l %o Temp AOF 349 o5& W73
o webA tj2==Ho| Temp AOF 322 Temp
PAOF d}lo] gAjol EAlahd, A4 Z2A) 29
ejol ¥ A] edskaS vERiIth
ZA| 0] Hfo] ghirEAviAt @ 77h A
=g Aol RS BAE ¢ jink 1
o= $] 434 Temp PAOF 32 dlo]g &
Toll AREEA] =t Redis= Al2H S50
Al A7k AR dolHE HAehr] 918,

2
119 o o

4

Ell—Cﬂ: x],)\] i

27 39 ATE ¥5 A A7 67

PAOF 3, AOF 3¢, Temp AOF 38 &3
How gjon tolE H 5 FPgith

3.2.3 Temp AOF H9] o]E-& WA &, {7}
TG A4S

t]2239l] AOF 31, PAOF 3¢, “18]31 Temp
PAOF vk EAJgthd, PAOF #+le] 7i=¢}
Temp PAOF #te] /55 Sl A=l FEo]
A AHE 572 4 Utk PAOF 33t
Temp PAOF 9] 47} EU3ITHH, Redis7}
Temp AOF 39| o]FS WAT Fo] A28 9
F7F PSS ou|gt). B =EelA] Aljbete
71RoA, wlel TR A A= 2] EZ A2 o]
A= 5 Temp AOF 39| o] 55 WAt o]
= Temp PAOF u}e] @A) dlo]e|Ale] g
nE 27 ¥3cr) TEo] grls AL naet
4= 9t} wEbA] Redis= 7159 PAOF 3+ tjxl
o] Temp PAOF U< A-83lo] dHo|EIAS 15
ot 3‘?, ol5o] M7Z% AOF 79& AH&3te] 744l

3.24 Temp PAOF 39| 0|22 WA= 4
SF7F RT3

32343} AT FA] = gdFo] A8
T+ PAOF #+31¢] 71429} Temp PAOF #}+31e] 7
47} 20, Temp PAOF 9199] o] &4 W7
o =Tl AlE Aol dAekl S-S ofmjith
29 5(b)ell vEh 9l5zel, wigl ZE A= Temp
AOF 7319 o] 55 WA g ¥, & Temp PAOF
we] o] v ME FAUR s wmAsk
o} wQl Z2A27) 3ol Temp PAOF 39
°]55 PAOF ¥4 = W7e wjult}; Temp PAOF
sl Jigrt sy gt webd tso)
EA k= 9] o] 32343 Fdir e 2}



68 glo]epuo] 2A T A367 A3E (2020.12)

A ZEAzoN AR Adso s S8 Al
28] Ao A A A 5 vk 9] A9l
ti3te], Redisi= vl @6l 23] dlolE] 45
Bk WA, dolBA BPE 9 v22e] A
3= Temp PAOF T+ Foll 714 242 9 W3
=3 7};4 e 37 thEoR, 3 WA 9
Temp PAOF 3wt} vh2 st Mg
AOF SHIES W3 SAHHE ¢lof o

Rk Al MAR, T2l LLO}%—E—

X Temp PAOF #4-& ARE-38to] Hlo|H A&
=31t} mix|Elo g o]Eo] WA AOF S /\}
gate] WA ARES A E.

¢

3.2.5 Temp PAOF 49| 0|55 WAHT §F, oF
7b &A% st

tz=1e] shute] AOF 943t o2] 7)¢] PAOF
pdnt Aol ok, Redis?7t 2 Temp
PAOF 3}19] o5& W4 e ¥ &= PAOF7} tf
Al ZE2E7) Aol Al2El FEe] BRSS9y
gtk PAOF 2o ¢k o], thr] S48k w714
taae] e Hde] Fie WARHA Ferh
B R gl giste] g dloE - A
27} A-g-He) WA, Redists =E PAOF Hd&
ARgate] dHelHAlS ZH%"L Jeitt. 1vhs, PAOF
2 Foll MAE g wkedsl] 918 AOF 3
o 7158 =1 eﬂiz-e— Tf@é}@ doly H&
gt}

4. A &

B A3 o) A= PAOF7} Hlole] WHAS 83t
SR = o7 vetsly] Y8, 2 glme
a3

2 A7 B3 A 7h| 33k AlES 23
2, dlo]g ¥HAJo] PAOF 7|Hol

e BB Ea, X =RelA AR

R84

=)
Wr‘
of

<

<3 2> A|2=F AY 3%

o

Intel(R) Core(TM) i7-6700K

CPU

CPU @ 4.00GHz

TEAMGROUP-UD4-2400
DRAM

16GB * 4

ST3000DMO008-2DM166
HDD

3TB

CentOS Linux release

(0}]

7.6.1810 (Core)
Redis version 5.0.7
60 GB

everysec

Maxmemory

appendfsync

3= PAOF 7|83 712 A1F% 7|2 AOF
Rewrite®} AOF Preamble 7ol thdk A% 5
sh& Hlasly] g Ags FPsslh B A
A wxe] 71k delgue] 2 s 574

g?] AHE-5= Memtier-benchmark[14] 5 A8-3}
of, i ”ﬂJ_ﬂ AREE, et HEE] AR Hle]
]01‘3 - ARE B AEE 20 9

41 43 &4

Bl A % 29k 2ol TdE AN
&3t Redis7} AR 7Fedh B2 g2 HE
Y& maxmemory= AW Hd 7Hg 820 60
GB= AAsItt &3t fsyne T4 3% F718 U
ElUl= appendfsynci= 7|E Redis®] 7]E4kd
everysec 2% AAsto], ujzwlth AOF BH ol
4l = #==rF AOF kel 7|5k

4.2 A Z2A2Y ATFH A A Bt

PAOF®| A As& 7kst7]el 94, dlold
HEAe] = Has A mAle 93 Tet
a17] 913l PAOFS] 72 2|27} AAdshs =



dole Wage 289

UL

d= 75 2, 4, 8 16712 T7FA7IH A2 Z2A|
zo] 20 g A AR SAsIT £9,
3l AAE TAS ARG HlofE] Bt A]
ke, dlole] WEAo] HlolE] Hl
FE Felesich

RS

i)

Ao

fr o o
=

o =
=
=
l
3

(
=

421 21 3= A A3+

B Ao M= 2= Jg WA
2Aze] 2 HmE 2 AHE
1,000,000712} 5,000,000712] 7]-3k AE=]|o] thak
21 A ARES SASISITE AAEE 719 A7)

© 16 B2 1AM, F vlolEl= 64 B, 256 B,

1024 B2 Hz F718ke a7 730 ajd 49
ol 2#= g7t 191 495 AOF Rewrite9]
A2 LZA| 0] A5, 2 o] A 9-oli= PAOF
o] A2 ZEA|~0] AdeS HERAT

21 HFE A AR A A 29 67 2
t}. 1,000,000712] dlo]Elo] thak =1 2pA A
M, ARREE 2E =9 ATt lellA 871E S
g, 2 Q5= Agto] Ak GHEA S

| 2
W, dE5EE gadS Ak 2elafit) ook @

= AR RS Rt 27 ARte] STtk

A2l EZ2AA7F s AYE 5 T R
S7HAZIM, 2F 2d=rt A 5 2Pdelor &
HFE F7F ARko R Fo, 7t At gk 24
o7k Ak ey o] E e S oul B2 9l
o] AAE|o], o]F WA A}lE Gl of & ﬁlr%l—‘ﬂ
Nr7b S71steg, ofF WA Al tigh 48 A
Zro] F7hghet

1,000,000712] dlo]Efol] gt A& A+, Redis
of A% dolele] M7k SiskAl 7] wlE
of, 21 2= WY AHE S AR IS 53
7F 2 A5l vlsiA 22 Zdrh 271 d3E

WE QS Bol BHE A7 o)F W Aol

B=)

ol ATE ek N A 69

1Thread ™2Threads @4 Threads =8Threads &16 Threads
8

N
N

o
@
2
[
£
=
o
£
=]
&
-
2
RPN
Yovow RS InﬂNeoP
o322 Soce <3583
1,000,000 5,000,000 1,000,000 5,000,000 1,000,000 5,000,000
64B 256 B 1024 B
<1 6> 2= sG] wE
A mRAze] 2 e 2 Az
1Thread ©2Threads =4 Threads 58Threads 16 Threads
12
9 10
A
o
E°
=
> 6
$
g ¢ N
© _
. ONEEE (NEEE nNEEE N HE
1,000,000 5,000,000 1,000,000 5,000,000 1,000,000 5,000,000

64B 256 B 1024 B

<a¥ 7> AgE LS AR vlolH B AlRE

A= w77 SR MRS W
UE gt ax gornw o gl
stdete edle]  Algte]  FTbEIGItE WA
5,000,00071] 71-3k &l gk AF Ao A = A
A 71-%k & vl o] ATt st 21 ¢
T Ao AR EE 2= et S

285 AlRto] 2HAssiel

B
_O'h
[ 32
o
=
>
N

21 2ol

4.2.2 dlolg H7 A3t

Al L2A~e] 2 gIZE 2 AFS 53
AR TFASS ALEEle] HloE B A7 =
). 1 7 Hlol B Agle] ehes7)7t

A ¥ AR YERH, ZF 2= e o]

==



70

B 50 Al glojop & utdd JiE o] gtk
a8 78 B, 2 YARs tete] 2=
7} Z71E ol E Borstal, dlolE] B Al7to)
H|2EH 2859958 & F Utk Redis™
2= 7ke]7] wiitol] dHlol WA 2 w2l
LA 2rre] Graigiet vlolE] Bt AHjle Hlo]E]
Ae WA Aol 22, Redis AW AAIZE Al
dlolg] B wel Tz A2} F8d) 2 Y
£ F3l, dloly H AIRR 58 vlolE e TS

o oJaf A= ok Sl

= T

—_L
ckE

A

o
4.3 PAOF =#= & W7 A%

2 AdelA= dlole] WHAdeo] PAOF] 1A A
soll WAE dEgS Fetstr] g
ALk 16 B 2719 7194 1 KB 2719 3h& 71 <l
Egol| g =7} 5,000,000 2.2 A9 9
AREe] i3] PAOF 9 Foll AHEE= 2H=
Mg GeElated, dolg Ay ds, 43 A1k 3

o R AR, AdE 2 9 A7) 2 5

A9e s

2%

13 8045} o], AN EeATE AR 2

A= 71 27)0A] 8N R Eold R

1

Z4 vlolH

A7) 5ol Zrsiglon, oldl we} glame 4
3 Azko] BEHQY. T} ALgEE e 4
116702 W 871 At volE Az A%

o] Fadte], flARE o] 7|74 4ay

£ A7) F718ln) Jare 88 6 2

Throughput (ops/sec)

155,000

150,000
145,000
Thread 4
O Thread 16

Execution Time (sec)

140,000
135,000
130,000
125,000
120,000

|

OThread 2
m Thread 8

Thread 4
O Thread 16

mThread 2
®mThread 8

800

glo]epuo] 2A T A367 A3E (2020.12)

=5 9 Bol ARFleols Bstal, HHegh A7
EAREoR ]lste] 23]8 ol A Aol A
Eaabsd

& A7k EAEIT 8719
PAOFe] ¢J3] A4€ AOF st A7) °oF 147
GBeo|™, AOF #¢ & ARk 9.68%= 7H
@ AZre] 2ok WHHE, 4749 2= A}

Y EE

<X 3> PAOF9] 93] A 21 3 7]

Number of
AOF File size PAOF file size
threads
2 1.21 GB 409 MB per file
4 11 GB 210 MB per file
8 1.47 GB 95 MB per file
16 1.32 GB 49 MB per file
Memory Usage (MB) Recovery Time (sec)

20.00
15.00
10.00

1

0.00

°
=1

H
5.42 5.81 5.20 5.46
Thread2 Thread4 Thread8 Thread 16

Thread 4
@ Thread 16

0 Thread 2

®mThread 8 OPAOF OAOF

<19 8> ~#F = 75| W= PAOF A%



teole] HEds 283

B35 W AHE AOF 7Y A7+ ¢F 1.1 GB9]
o, 7 -2 vlolE BTt ARK] 7.34% 2 545
Ak AA diold E7- A7k v]ashd, 8719 2

=2 21838 wlE 14.88% 2 714 2@ oy
B Abe] 715 E oM, 2He 7t 47091 -
£ 131522 7P g2 "ol B Al7te] 4
Ak olE Fa, deolH EH AR A
AOF 3l 7]el] oz 24H = As & + 3
PAOF2] #}4 T2 |27} AFg3al= A=) 714
7} 870 o, dlole A g, A& AL, e
ARGl 7 o] ARl AvEs Hlor g, o]
A&l PAOFS] M4 Z2A| 27} Abgshs ~
=o] g /R AAste] Hasolch

ﬂ

rir

.i

il
B

=

44 PAOF A5 %7}t
2 =iol A #Qkehs PAOF 719e] A5& 7t
317] 91sl, PAOF 7|H¥} 7] AOF 3 A5
7I3ke] s Bl AFES ik AR
A 24 F = oy 719 A7]E 16 B2 1AE A
718 7RItk == 1 gke] 32715 0.1 KB
0.5 KB, 1 KB, 5 KB& Z7}A]7]31, Welo] 23 3
= 2,000,0007, 4,000,00071, 20,000,00071.C.%
'?7W71E1, thekgh @49 dlelEl Az 4%,
Hof wine] AR, et v AR, 1E
dlele] - Al7-S S48tk

~

&

44.1 Holg A7 A%

I8 9= 7 g3=2rzo] wE PAOF, AOF
Rewrite, AOF Preamble®] Hlo|8] A& &<
BRIt} PAOFE RE 4$-olA 7|& 7Ky o
olf] 2] Aol A SAHJH, AEZS]
°] 2717} 0.1 KBS 7Z-5-+= dlole] Ae] deo]
Abe A3E B dEZQ] ghe] A7) 25w
= AiAem gl A ARl AH7] wiiel,

271 34 ATE 5 A AT 71

u PAOF AOF Rewrite & AOF Preamble
180,000

-
$ 160,000
]
% 140,000
o
O 120,000
k=)
5 100,000
o
£ 80,000
2
3 60,000
S
£ 40,000
-
o i be
0
=3 (= =3 =3 =3 =3 =3 =3 =3 (= =3 =3
=3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3
=] =] =] =] =] =] =] =] =] =] =] =]
S & 8 & & ¢ 8 8 8 & S oS
o (=3 =3 o (=3 =3 =3 =3 =3 =3 =3 =3
=] o o =] o o =] =] o =] =] o
§ ¥ 86 & § 8 & ¥ 8 & ¥ o
~N ~N o~ ~N
0.1KB 0.5KB 1KB 5KB

<™ 9> Yar= ¥ doly Xy A%

PAOF?] tlo|8 ®E/de] o]5e] H-zbw]=] ergtrh
ey 7l-gk ERS @] A77F S S
PAOF¢} 7| 719 €] oy Ae2] 452 zto]7k
Hat Z7rskith 53, dED9 3ol 27171 5 KB
olal @43sH= WHo7l 4,000,000 0.2 FAH
Aazce gk dloly A des S 4
7}, AOF Rewritet= 18,395 ops/sec”t Z74= A
7, PAOFE 33,272 ops/sec, PAOF2] dlo|H
28] A5 AOF Rewrite Xt} 80.9% =31
=

PAOF+= ApA] Z2A2 24 A] Hlole] WEdE
G-gate], A ZRA2] A4S THEsE 7]
& ATF 71 HlolE A AA9 Ao =
flush ZA9& 3eFAW PAOF 712 flush 2+
E zsgo].x] <1 ¥e] owvg :/_F/l 99)r 7Lo] 7]J_ 7]1:14_@_
o} 2 oy AF Aes olFod 4 Utk

442 vme ALEFH

T 247 2 o FAE deolEAe
g HlolE] A4S WA flsie B e
w ez gtk Qlure] dlolHue] = v
2ol vl&l HgE 7S 713l vREe] BE glo]

B A =3 @"J e AR 352 A

l



72 glo]epuo] 2A T A367 A3E (2020.12)

®PAOF ' AOF Rewrite = AOF Preamble =PAOF = AOF Rewrite = AOF Preamble
4 35
35 30
o o
Q3 =X
. 2 25
K4 22
> 2 >
s S 15
£ £
§1.5 s
% 1 % 10
© ©
= =
05 5

, HEE . I 1R 1

s o o 2 9ol e s o o g 9olg

g 8 8 8 g8 8 g 8 8 8 8 8

g 8 8 8 8 8 8 8 8 8 8 8

S 8 8 g 8 8 s S 8 8 S s

g 8 8 g g g g 8 8 & g8 g

g 8 8 8 8 8 g 8 8 8 8 8

S § 8 < ¥ 8 S ¥ 8 & F g

& < ] <

K

e
=
@

0.5KB

@

5KB

<1% 10> YI2= ¥ Ho) W] AL

= PAOF ' AOF Rewrite [1AOF Preamble ®PAOF " AOF Rewrite ©1AOF Preamble

1.6 18

£

1.4

81_2 314
e > 12
3 4 2
g g
w @» 10
=03 =]
2 Falliy
o o
€06 £
3 gs
=
g,a.A R
<
o2 2
o”“f“@ alﬁlﬂl@
elelslslsls elelelelals
2/s g g8 g s g2 8 g8 8 8
S o o © o o S & © & o 9
S s 2 8 2 8 s 2 S 5 g g
s g g g g g S 2 g g g g
e 8 S S s 9 S & S o o 9o
§ 8 8§ § ¢ $ 8 8 % 8 ¢
g g g g
0.1 KB 0.5KB 1KB 5KB
)y -
< 11> YAz H H vng] AR

T, AEE FE02 A%k AlxEl AR E g
t} ageg Hrpdon g e Ry AH|E

8 108 YAREE Sasls Bob ukgsls
A= Aoz sl AOF Rewrite ¥ AOF
Preamble?] Hu] wlma] Al-&eFo] A Z7)8)=
A& HolFth 7]|E WS 2 Hasg T8 A
ale] wRa] Algeko] 43
HEes 22 ARslA] o= PAOF:= 94 314
o} #AIgle] A wWEa] ARgFo] Aol AA .
215 100 vERt od5col, AEZ ] gl A717F1

S7FA, =

KBelaL W&ol 24 31427} 20,000,000 7%,
PAOF<| Hu] wWxg| A& F 296 GB, AOF
Rewrite:™= ¢ 7.43 GB, AOF Preamble< <} 4.17
GBZ 74|, PAOFY Hu wxz] AMgE2
AOF Rewrite®l| "3l 60.2%, AOF Preamble®]] H]
3 29.0%7k4 AztEAck A9 7&?%—% 3,
PAOF7} 7€ 7|1} vi5e] F5o20E obd
Stths Zls AlAREHTL

UM AFE B =olAe] HAl 71E A
A o] Afo| & Ql8te], PAOFE AHE-8t Redist™
FHof v 2] AREERERE o el it o R 7}%}
e v B ARERS Holth Oy 118 Uiy
785 ] Arlek oA St SUKEEE V)
el Bt vE] ARER} AlRbshe o
el ARERF 1o zfo|7t FTtekeE L}
o} #lF Ao, dEZe] gke] 27171 1 KBe]
5= ol 7) 20,000,0007181 739, PAOF=
BA o= 1.61 GBO| HRelE AHE-EF vhd, AOF
Rewrite®} AOF Preamble2 Z}7} 3.62 GB, 2.17
GBe| W|Z2]E A}8-3}o], PAOF:= AOF Rewrite
Ht} 555%, AOF Preamble®.U} 25.8% 2] &g
AR A7 GE BQIYL 4440 A AnE T

PO
o o
o

Q2 o ht

[ = (-

B’ﬁ

&, PAOF+= dlol¥ Az AdFo] AslEA] ko
A, wEE] AREES AT a9E 4 5 ok
webs] PAOF HHH- thfsh 3o A 171848

A &3k},

443 Holy J7 A7k
dlole] A2 A% 2 vlne] AR 9jol|x, blo]
Bl Sl #ek 3PS Pk voly - A
YoM AAanss F3ste] A4 = 3ds
ARgEIQl o, YaREE 8 T RedisE tHA
Alate] Bt Azke Stk BE gl )
atol, Al 74 A&
BEeraiARt, H Amoﬂ% Apol7} =



tele] HEAde 283 =

= PAOF = AOF Rewrite 3 AOF Preamble = PAOF = AOF Rewrite t AOF Preamble
30 300

N
a

250

N
3
N
3
3

kS
@
3

3
Recovery Time (sec)

Recovery Time (sec)

———
maeea]

@ 3
° g 8
-
g
-
g
—
—
==
——

olﬁlﬁlﬂl | ‘g

0.1 KB 0.5KB

EEwws

2,000,000
2,000, 000
2,000,000
20,000,000 B
2,000,000

20,000,000
4,000,000
20,000,000

= 4,000,000
4,000,000
20,000,000

@
o
=
@

<ay 12> 9ARE ¥ oy

A
-
>,
o~
N,

el 37171 0.5 KB, &3 57} 2,000,00071 0.7
7% AAR=E Feste] MY 2o 9dS
ARE3E Hlo]E H- ol M= PAOFS} AOF Rewrite
EﬂOlEi BTt Algbo] sl 2FATE F 7Y

Aarcrr Fus] A AT 2ol
%&6}&1 e 2 3de] a7 st

o]& A3 BE H9-olA PAOF 7|HS B3
ARE 21 39S ARESE dlolE H- ARt
AOF Rewrite 7|H-S E3) A" =1 348 A}
&gk dloldy B4Rt} A AaEAct ghe] A7)
7} 5 KBo|1, 23% W&ol 7§57} 20,000,00071
ol 79, AOF Rewrite:™= 269.11%, PAOF:
105.11%2] o] EF A|7to] 2850 /b4 &
Zfol& BTk

PAOF+ AOF Rewrite B} W2 &2 ZH:[L
A4E ghmste], 2 2719 AOF 3 A4
o AT AS A TR AR 3l A7)
sl ok 249 AlFle]l ZAETE PAOF= 71+

o

2 ro"

A5 7RG A2 A7)0 Rds AR,
71 A= 1”& HT} ol2 Ao “EFHh
PAOF+= && HF o2 AOF 3o &A=

59 27 Ua=E AZs] wZd, dHely S5

A GaEle s B 35E

Rewrite .U} T W27 dlolg] &

#¥2=A7A, AOF
£ ¢agith

271 34 ATE 5 A AT 73

tlolE] - ARF A3 RE F9olA, AOF
Preamble®] H|oJE] 5 AJ3to] 7P vhA| 4 v
21th. AOF Preambleol] 93] ¥ =21 31L&
Abgato] dlolH H75 33w, AOF 9}
RDB 57} &Alel AR AOF &9 2y,
E5-8 dlolH & HlolE] Ada 3t vk A gete=
RDB 5+79] o]HS &835le], AOF Preamble-
PAOFET} toE] H57} & H7]| 7] 42 Algk
o] A2 ¥l

5. 4 &

#74E vloElE wiRe] AT fAshs vEE
719k dlojefo]l = F2F &7 9% DRAM
o] o]HE& Fgato], &3k vlolE] X7}t 7Fsst
o= %}@2 AYar gtk ZE HolEE W]
BAIZI o E= A wE dlolE] A HEF TFAA|E
DRAMO| g o= Qlate] 27+ w7}
29 9lge] At} RedisE alowwp— W7 shE
Aol gk 21 fFa=E AlEEA Sldels B
el AOF 7S Algste] dlolE f4-& Uxg
oh ShANE 211 sert Al S0 VS uf
), 271 ale] A7t FRRe Sk Al
& oplgith ol& WSk flal, =1 9 Al
% 7IWE ATse] AOF 9] A7]18 447

A, gl ATE AGS Al et Bl
w|e] AR} dloly Ag] Ao Qlste], Redis
o] w|Re] ARgRFo] Skl vlolE Ae] Aol
At EAZE AR

B =Ro|AE 71¥ AOF 9 A= 7|¥o] 7}
Al A5 HskE Jidsk] $18l, PAOF 71H&
AR¥3t3e). diolH BHd-S &-83h= PAOFE &
2 ZRA 20 A KB TREsEle], AT A
Aol 28 5= AR @53l 3, A5 -5t
o] =2 fA9lo] == AOF Rewrite H¥HE AR8-3}

1__



74 glo]epuo] 2A T A367 A3E (2020.12)

2 GoWAE dolE ATEH AYS
Fajste], diole A s g3t sAlel wie
AREES AATE oS THTh

PAOF®] 55 H7Fetr] flal vhdeh s elA
A¥E A3 A3, PAOFE AOF Rewrite BT}
dloe Az Ase] Hdl 80.9% =k =3t
A wze] AR 60.2%, Hit e AR
& 55.5%, - Al7RE U] 60.9%7H4] 7HAE o,
A= Fa7b A AERASS gllEsith
AOF Preamble#}-9] H|uL A g A=, PAOF2|
ole] Ag] Aol A 61.3% = NoH, A
Wze] AR 29.0%, Wit WEY AMSE
33.0% 7k A=Ak 22yt AOF Preambles
dlo]E] - A] RDB %79 AOF 575 7 A}
£3}e], RDBY] ©]dS 714|7] wjFo| PAOFETH
dlolg &+ Algte] AA Aa¥Uck

B =R A A¢eksHE PAOF 7|91 A7+ 58}
= 43 AFATE, AOF PreambleE.t} to|E &+
| B B Agko] at5 o] siade] dasitt &
ATl A= diolE 57 AS WEAo® st
o], PAOF 7|H9] 57 A5 PA7IE A5

o B

>

\

.

il

o

al

[1] Srinivasan V, Bulkowski B, Chu WL, Sayyaparaju S,
Gooding A, Iyer R, Shinde A, Lopatic T, “Aerospike:
architecture of a real-time operational DBMS”,
Proceedings of the VLDB Endowment, Vol.9, no.13,
pp.1389-1400, 2016

[2] Sikka V, Farber F, Goel A, Lehner W, “SAP HANA:
the evolution from a modern main-memory data
platform to an enterprise application platform”,

Proceedings of the VLDB Endowment, Vol.6, no.11,

pp-1184-1185, 2013
[3] Memcached. https://memcached.org
[4] Redis. https://redis.io
[5] DB-Engine Ranking. https://db-engines.com/en/
ranking/key-value+store
Bao X, Liu L, Xiao N, Lu Y, Cao W, “Persistence and
Recovery for In-Memory NoSQL Services: A

[6

—

Measurement Study”, IEEE International Conference
on Web Services (ICWS), pp.530-537, 2016

[7] Cao W, Sahin S, Liu L, Bao X, “Evaluation and
Analysis of In-Memory Key-Value Systems”, IEEE
International Congress on Big Data, pp.26-33, 2016

[8] Jin MH, Park SH, “Overhead Analysis of AOF
Rewrite Method in Redis”, The Journal of Korean
Institute of Information Technology, Vol.15, no.3,
pp.1-10, 2017

[9] Sung HS, Park SH, "Data Compression Storage and
Parallel ~ Snapshot Generation Technique in
In-memory Key-Value Stores", Database Research,
Vol.35, no.2, pp.33-53, 2019

[10] Kim DY, Choi WG, Sung HS, Lee JH, Park SH, "A
Persistent Log Buffer Technique using Non-volatile
Memory for In-Memory Key-Value Databases", The
Journal of Korean Institute of Information Scientists
and Engineers, Vol45, no.11, pp.1193-1202, 2018

[11] Liu H, Huang L, Zhu Y, Shen Y, "LibreKV: A
Persistent In-Memory Key-Value Store", IEEE
Transactions on Emerging Topics in Computing,
pp-1-12, 2017

[12] Huang K, Zhou J, Huang L, Shen Y, "NVHT: An
efficient key-value storage library for non-volatile
memory", Journal of Parallel and Distributed
Computing, Vol.120, pp.339-354, 2018



dloly Wads 483

[13] Giles E, Doshi K, Varman P, "Persisting In-Memory
Databases Using SCM', IEEE International
Conference on Big Data, pp.2981-2990, 2016

[14] Memtier-Benchmark. https://github.com/
RedisLabs/memtier_benchmark

!
2020\ ZA=oiEln AFE T}
s
20200 3~3A)] AME HFE
skt AAp

ol dlelEulels, 715k A

2017 ShrEkgysta
¥} g}
20201 AAE ek ZFE el

/\-l/\],

2020@~§%%H QAlchean TFEFSlt A} F A7)
PARE : wolEle), 71-gt A, el

# €7
2014 AAchEh AFE s}
AL
20143~ A) ANk AFE
skt Batalg
dloJEjlo) A8l BldjolE], FxkE] A

Yok

2<El
—u

21 9 A= Fe o AT 75

uk A g
1989 Al st ez}

s
19914 Mgt distel e

okt L

2001 UCLA thels] 75re)alela} sk}
1991~1996'A -84l A7+

20013~2002'3 IBM T. J. Watson Research Center
Post—Doctoral Fellow

2002'3~2003 skl FAFE ey} 2
20033~2006'3 ¢34
2006K3~2011'd ¢34
2011d~3A] AAehskL Z5FEitel) e
ok tofefHe]x, HlolElmte]td, Hlol . QlEulE

2, wlelole] mlold & 71Alsk:



