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Abstract: In recent year, the write-heavy applications are more and more prevalent. How to efficiently handle this sort of workload is
one of intensive research direction in the field of database system. The overhead caused by write operation is mainly issued by two factors.
One is the hardware level, i.e., the 10 cost caused by write operation. This cost cannot be removed in short period. The other is dual-copy
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software architecture, i.e., multiple writes caused by modifying in-memory data copy and formulating log records. The log-as-database
architecture (the following refers it as single-copy system) can reduce the 10s and software cost caused by write as well. But existing
systems treating log-as-database either are built on top of special infrastructure such as infiniband or NVRam (non-volatile random access
memory) which is far from widely available or is constructed with the help of other system such as Dynamo, which is lack of flexibility
and generality. This study builds from scratch a single copy system called LogStore oriented for commodity environment, which adopts
log-as-database design philosophy to fully utilize its advantages that can boost the write performance and minimize the gap between
primary and secondary. Embedding consensus module into system other than dependent on auxiliary systems makes it more flexible and
controllable. The novel execution model binding thread to certain partition plus multi-version concurrency control technique eliminates
read-write, write-write conflict, and context switch overhead in lock-free style. The YCSB benchmark is used to assess system
performance thoroughly. Compared to prevalent key-value store HBase and its single-copy implementation LogBase, the proposed system
can achieve about 4x better. In term of crash recovery, LogStore can finish recovery within one minute for TB scale data volume, which is
one order of magnitude recovery time less than LogBase.

Key words: single-copy system; replication protocol; write optimized; recovery; fine-grain buffer management
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PR O R B A58 2 PG OLR, C A E /E ENLHEAE B H 1 S H R 48 58 A7 25 AR 7] 252 B &L,
AV IX L H EE SRR ST R A G — Flo2 BRI E 2 M AR A SRR H Bl 5 A SCRAH 3 4
AR X 53X 3 BRI H il .

1)  replayed_Isn:LSN /N F iz & 1) H B il 888 T 24 RIS IR 3K

2)  potential_commit_Isn:LSN K replayed_lsn {H & /N2 F %48 5 (1) H E 0 F #0248 T8 iR (H2& %

RIEENLE;

3)  flushed_Isn:LSN X-F potential_commit_Isn /NF-i% 25 & i H b ic 5% #8 14 R ik LR,

(A1 i, 224 B TRD R A | 389 SR Bk & HLE T I 3 Rl L.

1) I<<replayed_lsn:iX F{ & &L T, i3 18 R BT DL B H B 7 B30 28 5 5 HIR [
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2)  replayed_Isn<I<potential_commit_lsn: {1 5 5217 3K 14 i 6] Bk 78 N 0 X Ta] T8 4 124 3K 75 22 4 B 28 B 3
2 MR E AL 1R 52 28 A0 5, 2R 5 [ 738 58

3)  I>potential_commit_lsn I 1=flushed_Isn:iX F it~ 1% 175 3K 75 4 £ 35

TR DR SR, 7 LU 28 2 i DL AT Ak, &R 48 R 75 4% replayed_Isn #: 1 2 potential_commit_lsn, 27~ it
X i) 3 & 228 i 5 s, 3 BT LA A WAL IR %% X LT 58 408 B 7 B 3(b) At It 32 A 22 BE . M i3 B SR Mt
IR 55 7 R E 0BT 2 B I 67 05 1 ) ) A8 LT SR 2008, 2 7T LU potential_commit_lsn 5 1 47 LU | A KT
potential_commit_lsn, I {2 B i =K 7T AR FH P A7 H B9 2 51 SRS 28 504 T 0 7% 45 1 Rl U AR 32 & 17 & AL AT AL
55 B4R ) e R
232 HHlEA

LogStore & il 5L AT raft [F25 & P BRATE TRESLI LR AL T raft 90 KA R Wi B 4 fios.

SFIC Undary 1

: : Repl queue2 Secondary 2

| client |

| |

| |

| |

| ) | Network

| client | ordered Task queue .

| \ 10 §> Pipeline—-Send stage
| |

| |

| g |

| clicm | O Pipeline—Ack stage
| | execute

| |

s

Wait quorum

commit

Fig.4 Replication architecture

K4 SHRE B RS

RGP K EBOR K = A 70 i R RIE R B 5 ack UK B RN, O 7 980 5 SRIT 4, EHLRE 2 155K
TS M. RS s EHRAE T
(1) EHRATTRAE R AE PP AT AR A TF 345K B &L A — BRI % 7 3 R 35 5K, LogStore w2 4%
TR ) B # ALK — D BRG ARSI FAT AT, DL S B AT A S . 75 BLE R A, BN ML A7
il 51 BT A T 55 SEAE A R LA L83
(2)  EHIFIPIAS B B BV Sk M ack 5, T LATRNS 34T
(3)  HURHIA ack ik 32 HOJR, ML RLRE 25 Bk 0] 45 %5 ) i
BEAN AT TRE (9 f AL LogStore &2 il #EER, 41405 9 1/0 1 R d > R GV - A o B s 45 1 55
Lt A BRI K I, LogStore [ 5145 UL AT DLAE 75 A RE 92 52 1 T 5 00 4 ol Wk (I 1 2345 25 T LogStore
6 7 B 765K AR o R BRI SR A B A SR LT T %S SR AR SR T 4 Y SR AR B A S
DY P
o MyEE p AN AR B BOE SR
o Uy TEFRER p ARG | M UR AT,
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Rp:ef p o0 v TR H 4R 4

Cor Corepis Cpacks Co WAL p N A OB MINBEURIEEL S . RS ack FirEa5RE

£45;
Uy 55 p Ao L B S 1

state), “** « applicator (u, state}, ) :7F 5 ji % % applicator fIf H F,55 p />4 7 (FPIRAS A state, ™ IE#% %]

i—k+1.
p )

(U R SRAT L, R 5 8 — A 28 G0 1 e L A8 B HL A 3
Ay BEXTES p AS0r B SR u ) ack 245

Ap 8 p N R ABBERAE Y ack 445

o2 p N0 BT B BRAE I 5 Bl R AR 45

Ty FERF IR IE p D B ERAE u;

o S5 R R RIS p A B R B R

state

Replication Algorithm. Replicate log record to other storage nodes.

Input: File descriptor fd;

1
2
3.
4
5

Procedure RequestDispatch(fd) /*dispatch a task to certain channel*/
while LogStore.IsRunning do
M, M, u{u‘p} [*receive ith request for pth partition*/
R, < R, u{u'p} [*put ith request into pth channel*/

increment LSN of replication channel

Input: Set of pth partition requests M,;

1
2
3
4.
5.
6
7
8
9

Procedure ProcessTask(M,) /*process one batch of task*/
while M,—C#@ do
Uy D
Uy<—pick a batch of requests from M,—C,
Cp—Cylhy
for each u in ¢4, do /*processing a batch size k*/

i—k+1
p

r, < r,u{z,} /*add u’sreply obj 7, into waiting reply set r,*/

state, ™! < applicator (u, state}, )

add ack into u’s ack set A in pth replication channel /*local ack*/

Input: Set of pth replication requests R,;

1
2
3.
4.
5
6
7

Procedure replicateSendStage(RR,)
while Ry—Cy repi#d do
Up<—pick a batch of requests from {R,—C, repi}
Co_repi<—Cp_repi\Ilp
send p(l4,) /*pack modification messages and send by one sys call*/
foreach u in ¢4, do

A, < A, U A [*add u’s ack set Aj into waiting ack set 4,*/

Input: Set of pth partition acknowledge A,;

1.

Procedure ReplicationRecvAndAckStage(4,)

© PEBEEG T
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while 4,~C, aq#d do
Al:) <« pick a batch of waiting ack from {4, - C, ..}

2
3
4, Co ok < Cp o VA,
5 foreach AYinA4 do
6

add ack into A /*receive an ack for u’s ack set A */
Input: Set of pth partition reply ry;
Procedure ReplyProcess(r,)
while r,—C, #@ do
rp<—pick a batch of waiting reply from r,—C, ,

for each u’s reply obj z': inz, indo

u

fetch u’sack set A, by 7,

if |AY=N/2+1 do

. send reply to client
LogStore HH#1F 4 7 iR 454 Bi:tepServer. replicationServer. replyServer. stateMachServer.tcpServer 4
TR 7 vt i SR T FL AT S BOR n S SR B, B SR G S DK N X B 43 i AT S B
M, LR R S il 4 Ry(RequestDispatch,#3-#4).stateMachServer M\ BA 3138 B — #6425 3247 b 2 (ProcessTask,
#4),5R J5 I applicator 2035 & 45 R 745 (ProcessTask, #7). 24 4% 55 i T 7F 2 BIR 4 L _E BT I, U =ML 206 1%
IREF AN N T BB ZAES W 5 [0 B 4 % 1 i, stateMachServer & xf & — MBS EEE u #4EP— PR
o, AR SR B H Al KR ack 5 RAZ BN ES p N2 P BS54 Bl E 425 rp bR 2 ProcessTask () Ja — M
R M A u AL ack IO EIZE p A4 i B il 1E. 48 LogStore 71, & #l1T % (ReplicateSendStage) 5 i 5 [7] &
(ReplicateRecvAndAckStage)ix P A i 2012 1T 75 A [R] (138 18 , B A T #h.ReplicationServer M il 4T 5% PA 51| 3k L —

1
2
3
4. Co r<—1p\UCy ¢
5
6
7
8

ack %45 A). [FIif,ReplicationRecvAndAckStage 43k 1 # HLIA [E1 5, I 4 H A R B 4F u ) ack #E4 A)
(ReplicationRecvAndAckStage, #6).replyServer A5 ik 25 iR 1 processTask /=4 ¥ [l 5% 4 (replyProcess,#5), 41
FEXT L) ack £ IR E0H 2 KT 2 BOR B R A4 1% 3 AE FT LU ) [B1 52 4% 7 i (replyProcess, #7-#8).

3 X W

3.1 LWEE

LI TERT B R R EE AT A W R 3 AL B VLA 16 %0 AL FE 2%, 32GB P HE 4 £7,600GB SSD %
2R8I T IR LUK WE R AR B TR 2 v p s o AT R B (E A 13 W44 % github T 1)
LogBase(HH NUS %4 F [ A & ) AR S JE vk IE 8847, A ME R 7 X B i 1] i i R

1) LogBase 5 HDFS LA 2% 7 s A UL AC.ZE NUS K AR IR A 1, LogBase f | HDFS(v 0.20.2),iXMAC &

P AHE. 2R 5, ATH A 0.20.205 & # % /' i f1 HDFS;
2)  CreateFileNum p& %0045 % SEEL ARAD H B Int ret=(int) System.currentTimeMillis(-)/100 £ 5: (i H
I R R

3)  AERAEHS B M meta, 5 BUME RE 1) B FRATTRE G2 A7 S IN 1) P i DA R I 0 1) R

4)  GET(byte [-] key)API H4i [J; KT key I T 8848, A 75 618 X

5)  LogBase ¥ H: H &5 N HDFS, X 5 A\ HLog(WAL for HBase), Bl 5 APk H & A MEE 7 XA
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#1875 LogBase N5 — Wk H i&.

FATH &S5 1 LogBase & A {E github,https://github.com/logkv/logbase_changed L.

LogStore 5K H C++32 3, Ry 1 AT RS X T WAE R 51, RGAEFH ART Tree T BB K B et & g b X,
W A R 3, U I 2R 51 R 5 B A SR b ) A LR ) Th e KO\ B LogStore H RIS, FRATT R DA S5V
fiti F 5 BIECHRE 1 BETE BE S5 R (4 Ak AE S8 8 ] HBase(fiR 4 2.1.0) 1 HDFS(fi A< 3.1.1).HBase it & 1) A 17
247N 8GB.Xf T HDFS, JT AT i B Al OR F5 BRI i 2 B /Ny 64MB, Sl A 7Oy 3.5 56 b A5 A ) %3l YCSB
A B E SR K /N2 LKB key FATG A2 (0,2 10°%). FRATT7E 45 v SI2 56 i T AA R 4.
3.2 EHAEMR
321 HiERE

B P IR 92 B AR U N 100 5 4 B id k. B 5(a) b T LogBase. LogStore Al HBase 7E LB, T £
AR eI e B A FRATT AT AR BR AN AH 9 1 X 3R B 9T LogStore &k P2 i B 4 1. 4. 8. 16. 32, 64, 128.
7F 128 NEEFEMI I &, LogStore M REfL T LogBase il HBase # 4 fi7 LA L. 573 4b, 4n & 5(a) fi7~,LogStore 7E1&
T 32 AR EAR W LA BIR MY R (R T 32 MR AR DU R BE A BN 2k b e (W JR 5, - B R 2 TR T CPU % %0).
K F GG T IR R B TE AT I 2 A I A ) T R 1 [FBTT 44 .8 S(b)Za th T B HIFTITI 3 MR
Gk e, LB S 9F R BAT i g ma (AR R 7 U5 R 5(a)) R4t QPS HIEIB Z A1 X &,

x10% 4000

15 Y~
: = & =|ogBase
3500 : —4— LogStore |
= @ =logBase : oA HBase
—4— LagStore :
A HBase 3000
2500
@
7] =
o =) 2000
o H
1500 [
B U NV TN 1000
500
. L . . . . 0 S S S S S R
0 20 40 60 80 100 120 0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8
s odal QpPs x10%
(a) AELE TSR (b) AN[F QPS F ARG LR

Fig.5 Write performance under different threas and relationship about latency and QPS
Bl 5 ANFEZFETHEMERMAE QPS T R4 MR

SH WL R B I R R FR VA 1A B L CPU B I PR 1l B, QPS B A5 T/ 28 72 ¥ 385 I 1M 384 0, 2 2 10 389 i % &
GLHE R RN BN M B CPU BRI 3 - R B 485 n 28 i o 28 5 140 0 ok 2 R A A K (R S 3R 2 R 38 .
X F BRI R TR R G VR U IS B S5 4 90 1Bl . CPU T S B0 3X AN B % % T HBase. LogBase PA & LogStore
H 2 AN AE 2 LogBase I8 T I & Ab BN A4, TRt 2B 3R 2% 5 ) 3. 92 Br b 7R B 5(b) BT (1) S 36 Hp 7 B
LEREPAT TS, LogBase (1) QPS A 4 691 JEIR{L A 211ps;2Y 4 A2 I K AT L% REE 1 QPS N 6 501,
FEIRERFH 3 430us, 7E 5] 5(b) W 42 ] 87 B 1 EL 30,2 8 LRARH K PATHT, RGN QPS 24 17 833,418 Jy 441ps;™ 16
KRR IFRPATI L Z R SE QPS v 34 618,%EIR Jy 436us. M L4 TA R T CPU AbFEAZ H 1) b PR, T 48 i o &k 4%
R R mA IR F 32 LR IATHATI, RS QPS MR E (XA 39 513, {H 2 W18 £ s 5 ATt 3|
764us.HH T LogStore [ JEa 4k BT LA K S 2R FEPAT R B, M IR R AT RN 64 DL T B A2 X6 B3R i Bl s KR,
I £ 4 QPS A 64 973.LogStore. LogBase UL HBase 7 & #ill 3T JT I 5L T, QPS WAE 23 5129y 80K, 37K
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32K H i B 3 VE X LogBase 1k RE JLT- ¥ A M. IX 32 B (KA LogBase K A 540 2 28, BV 7 4 s e &=
A i) 2 A A7 A% 15 2 2 6T, LogBase ] LUK 45 B IR (A1 45 %% P b, 53 — )5 T, LogStore A1 HBase ()& &/ A
[FIFE B 1) R F:HBase [ % I & K (42 12%; 5 il 47 JT It LogStore 75 ZUE HE EH13) 3 MR T & L 58 £
R 1 151 52 DL JE A AT LA A M, R A B R B R 70% 40 4 SE bR B 7E B RIS LR HBase [ RER
& LogStore [1] 2 fi5.LogStore (14 il 5245 RE IR A i B 2 [ WS T A g 1) <168

BEAM FRATINR TR A TAE R E T 3/ RSk e. wi & 6(a) 1 & 6(b) BT 7is, LogBase 7L i35 ¥ E Lt 2 34 i 1) 15
TR HERENS A TR X E B2 T LogBase 4t 22 4 PE I 25 R HI LUK W 7R R 516 T 3L B E B SRS 5 30
(N T B e E 5238 36 4IF 73X — 55).LogStore L K& HBase 7E 325 Ll 1:9 LA K 3:7 X ANE & TAE AT, 4
A 10%H 1 BE $2 T

4 4
15 <10 : : : : - : 15 210
= @ =|ogBase 70% update = @ =LogBase 90% update
+ LogStore 70% update + LogStore 90% update
-4\ HBase 70% update -4\ HBase 90% update

QPs
QPS

0 10 20 30 40 50 80 0 10 20 30 40 50 60

2Rk H LR
(a) L5 KA 3:7 (b) 5 LN 1:9

Fig.6 System performance under read-write ratio 3:7 and 1:9
6 EELWEIA 37, 19, AR RE MR

AT X XU DU LR A U AT 52 55 Nk BE EAT 7 IR Bl 7 Ff s, HBase f¥] memstore 435I # B & 32MB.
64MB I 128MB.4 memstore 5 i} ,HBase % Zi# memstore 5 B £ A TE 4% P IR & 7% A T £ B0 5 AN TF4, B2
R ERE XA R TR Al HBase 195 A\ 14 8 52 2R K52 78 { F 32MB memstore [1)1& 7% T ,HBase 15 A
PEREAY A1 128MB memstore 1] 50%.LogStore A1 LogBase R & — 43 #diE, B M B AT 1 B M BE A £ 32 P AE K/

A
" Blogstore B HBase @ LogBase
T I” D D D
. l=m B=n H=n
] 128

MET |\|ll:-ll'l SIZE{MB
Fig.7 How size of MemStore affects system perfomance
& 7 MemStore K/N¥F & Si bk fig 15
322 ARHME
o HdERIILSE
AT A G Dy REBAT T T 32 BRI 2 4 B T L W] DA o B SRR [14] o 4 A 2 SR
B HE X
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2  B0HE T WL =bLSN/pLSN,
Forb,bLSN $5 % £ L ¥ LSN,pLSN & F5 AL 1 LSN.SCHR[14] 25 /AN 5 55 B (BT, 3 B, & 20ms 32HX LSN.
4, 75 FE AN B E) ¢, LA LSN 24 1 000, & HLEJ LSN A 800, £ i H4 w1 L B2 9 0.8. [ BE, FAT 4RI 32 MALAE L
[ (time, LSN) X FRATT AN =ML LA K A bl & I B 8 A £, SR J5 76 A A b T 20 ) A B2 1) 2504 ) O B8 ot 28 el
LogBase LA HBase 7B ERE N I3 S HLIX AHEE, IH B sk A 32 4% H & R & RBAT RN FE
AR RS IEIR WAL HES AW S N HDFS, i 3 B ATE 6. 25 408 A 1k ol B o B9 R0 WAL H & .28
ABLIE R B FE A 1) checkpoint. R & G i it 7 7 7 BEi AL 0 S 0047 Wk 2 45 4 1 45 4 HBase - #% 8 HF L R REfil
Bl — B EREAD RIS N 0 N EME RGE W RNITHOEAR HEFNE R F b, LATEE 5T
LogBase F HBase P& Gu AT 32 2 H4i vl M1 5250 18 8 45 11 T LogStore 3 & 2 18] 1 44 1838 . i T 545
MBS HUE T A H &, H B RIEEA7 A1 bLSN 5t nT LLRE B 450 v] LR A P 8 o, & HLARHE vl WL B 20
9590, 41 5 LA 5%, &AL LT AT ASE 208255 0L, 2805 X AN R HE AR 45 4 K, R ATTIA A LogStore B A K UF & AT
FH L.
100000
BOO0U
GO000 A
e

LSN

1 2 3 4 5 [3 7 8
FEHUSNvs time 15496 26699 37839 48879 59870 71074 82250 93482
EHLLSNvs time 15029 26212 37357 48424 59384 70589 81763 92985
FHLISN s, ime 14823 25996 37138 48217 9162 70367 81541 92773
T JE A
e — FHLLSN vs, time oo TRHLLSN s time  —a— FRHLLLSN s, time
Fig.8 Gap between the primary and secondaries
8 E&ZIMEHE
o KA E
BAEIRAIHEFE LogBase I LogStore X 1 i B 4% UL 28 4t i Pk 52 2 300 A1) FH A2 B AR R B AR CRF N A TR R 5T BN
FF ATt ) R0 SIS [ 5 A 2 52 P55 6 R G P B2 D e K T B DL R AR R T 7 AR PR R SOA 5 P B T R AE B
(RGTC T ESERAE), B L FAT A F5 W S [8].6 T LogBase #1 LogStore, Pk & il As 5 223 B (1) H & 5k i
VAR SR, R AN 5 B H 350 ok AR s (Bt SR RATAI ] fork R4t F 24 LogStore ZE iR
il 9 FirzR,LogStore 7E F ik 5 77 1 ) M BB 4 Nl 2. LogBase 7E BT i a8 b HE N ST JR) by A 1P 2
LogStore ] 10 f&%.[8 Ik, LogBase 1% 44 75 s i A< b LogStore 7 10 %.3X T2 & KA LogStore I 722 51 4514
27 4 2 ) RS T A K B2 S 2 74 S PR LT T £ 5080 4 K/ Dy 4GB IR, W AF R 51 R A 16MB K/ T 32 K
AN BRARE T i DL A 71 A 22 AR S0 1 48 A A7 DR B 2 38 K/ id 64G I, LogBase % 1 /)
I 74 fie AR R LR 0, B AT TIE T 45 ) LogBase ZEE K/ It 64GB & F Pk I 18], LA b SEBG 7E BN 43 X b gk
7 AT LI A SR AE 43 X 2 A1 AT AT PR 52, LogStore W] BATE 1 43 9 58 SR K/ TB I R4k 5.

S

]

Bloskase O Llogstore
Fig.9 Recovery time under different data volume
B9 AFEHHE KN T H RG]

© PEBEBPHIFST  hip:/www, jos. org. cn



3216 Journal of Software /34 \Vol.32, No.10, October 2021

323 iRMkwg

AT IR R 5] W4 2 G M BE IR . SZE6 X L LogStore. LogBase 1 HBase iX 3 AN £ 4t (1K) B HL 7 i) )
PEBE. B 45 K/ 100 5 B RS B /N IRV A 1K ~80K.3 /> 22 46 1) 5 It 18] i 90 2% SiE 38 R AT I 18] 2 R — HL
B AL U5 19175 SR 56 18, Y CSB. BIKE 45 5L (5] 25 75 7 i, B 37 SR 10 250408 10 % 8 B 5 1 7 i 5 IR 45 28 58 TEL IR R 4% Ik
#1.LogStore I LogBase T LA FH N 172 51 SR KE A 8 A0 SR A7 B 55— J5 Tl HBase 7 E4# F & R H 10 772
SR A 2R K (A e 3oL 30 % AT AR b 7 T O Bt ). A B 10(a) BT s 45 AT LLUE Y HBase R AE ELAL T
LogBase, K] A7 [ i 96 #5 KR FE IR 2D T Bm e i 43 4645 25 T ART W1 5 & LA 2 — IR 10 #58Y, LogStore [ 4
RE T LL HAL B R4 10 £ 7245 .52Bx b LogStore 5 HLAR 1t B 58 $30r 76 S 6 o WL 82 2 1) LogStore [ TPS £
9 5 7001 [’ £% 43R Sy 156us, K] 1 BRAE P BE 29 9 6 400.

AP UL R G5 SR AR K0 o G R 513 AT, IR, VA 2R 51 07 (S AS A A A X AT UA R I
ARG MERRARAIRIT BN T I8IER 515 KRG MR MR, RAVEH T YCSB S, R e NS —
A0 T, SR 5 T 45 SRR 1] 45 %5 7 3. 2% 51 U 1) At AR B R /N T 1) AN 1K ~16K. 4 Pl 10(b) T 715+ 24 35 B A e i i %
SR/ T 8K, 2 51 1] TE A R AR 24 H0HE /N T 8B IR 1) AR T 51 10 FR AT X A T B R R T
TREERLE LogStore H, 2415 1) B4 36 43 KT 1/10 I, s sh R B4 7 vk,

200 5

5::1‘4- 710 U |]

ooy B D
£ Bk 5

il Gk 10k 201 10K &0l

Store @ HBas | Gli%E

B LozBas Lo

() BEMEREM B (b) K5I ViFIT4H

Fig.10 Read performance and index access cost
K10 st ae Al &R 51 I T 4

4 REEERE

AL LS4 LogStore KV 10 R L 1 ¥ i % 22 GE A H 5 BI B 1k e mb I A7 455 A 808l A7 ik 7
H S, G — 8 5 H G BA7 7 75 30 TP B B A5G 2R 9 A 2008 454 5 L AR iR T B 1 1% 4
WAL ¥ 5 8 B0 HIAR 2 T4 5 1% 48 00 =B BV B2 vt (RID 4= 4, 208, 4807 ) A EE, B 98 DUAR S0 AR M 2 v
RN BT HEREE 7 &M BORES T RS 7 KRGS E ARG E AR EERS
b1, 5K % % DBMS SR (75 A8 7], i S8 M AN 5 2 1 ELAG 25 0 5 [ i DA R o A AT WAL 38 3 s d S it
() BCHE B g VR A A A DR A VT L LSM B 2 23RN 8 b [X A B 4% LogStore 7R IUAR A A7 B dfs PR
RGN G 102 T HEAE (10 2R G2 2 8]k BIME BE 5 AR 1) — D R L s AR X A i 1R LogStore HL & 2k PE 9 i e
FEMC B R0 G OL T B R T 5 R — S /5 R AR R LogStore #1132/ 5 SEIR IR /£ 20ms LA L
Ab, v m] A T A N5 R, B 3 6 S SR T S ANt 5 — T i LogStore S #s 3EAT 23 v, 24 H I ECHE D R 4
T DU, 2 38 B A 8 BE R A ™ B AN S 1. AR Gt ) B 2R DRAT R B 52 2R 3 1 SRR AN, TR, Log Store ANIE 157
Hr 84 T A 47 8. H 1T, LogStore i AN STRFE8 73 J 7341 2 2 55 39 S B i Bk DL SRR 6 70 2 55 B AR ROK
IMEART AL,

bR b, H B RISCAFR BT 2 LogStore M8 R SE AL ml ABAESERFERE 105 IX 2 B 98 DL AR A 2 2 A
7 A BRI B P UL AR G0k it 2 RN TR 56 J5 U 5 N AL, A 30 Bl 1O A P I R &5 TR B R R SR
FEAFAtt OO OIE Ao, R 4R A AN A I A 31 2 3 L 5 AR A IR e, OB — BT (1) 22/, 2R 8 A T o 4 Mt 75 2 R AT 5 O 4%
X key HEFP XN FE AR 248 9% B2 RN AL 27 >0 0 Bt B 3h 21 w0 (0 Bt 21 205 3, b X A i 2
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AR — AN FE 7 PS4 T SRR 8 DR G e 1 TC P ol e 7 R84 78 H R SO R — A
IR RG] AR AR AR, B 2 G0 R S I R R R G TR E R 5 2 A
/N BRI B X PAY A A5 SR A (1 48 3 5 (19 it N 2K0), 28 51 i AR R BE AN A BN A AF, I BN Ak
(K1 10 # A X P4 A7 RN SE 225K 7™ 1% 1937 5 A0 AT 1L Ak log-as-database 22 4¢, 72 — MR R K77 ).

References:

[1] Sears R, Ramakrishnan R. BLSM: A general purpose log structured merge tree. In: Candan KS, Chen Y, Snodgrass RT, eds. Proc.
of the ACM SIGMOD Int’l Conf. on Management of Data (SIGMOD 2012). Scottsdale: ACM, 2012. 217-228. [doi: 10.1145/
2213836.2213862]

[2] Mohan C, Haderle D, Lindsay B, Pirahesh H, Schwarz P. Aries: A transaction recovery method supporting fine-granularity locking
and partial rollbacks using write-ahead logging. ACM Trans. on Database System, 1992,17(1):94-162. [doi: 10.1145/128765.
128770]

[3] Stonebraker M. The land sharks are on the squawk box. ACM Communication, 2016,59(2):74-83. [doi: 10.1145/2869958]

[4] HBase. Open source implementation of HBase. http://hadoop.apache.org/hbase/

[5] Chang F, Dean J, Ghemawat S, Hsieh WC, Wallach DA, Burrows M, Chandra T, Fikes A, Gruber RE. Bigtable: A distributed
storage system for structured data. ACM Trans. on Computer Systems, 2008,26(2):4:1-4:26. [doi: 10.1145/1365815.1365816]

[6] Facebook. RocksDB. 2016. http://rocksdb.org

[71 http://leveldb.org

[8] https://github.com/google/leveldb

[9]1 Chandramouli B, Prasaad G, Kossmann D, Levandoski JJ, Hunter J, Barnett M. FASTER: A concurrent key-value store with in-
place updates. In: Das G, Jermaine CM, Bernstein PA, eds, Proc. of the ACM SIGMOD Int’l Conf. on Management of Data.
Houston: ACM, 2018. 275-290. [doi: 10.1145/3183713.3196898]

[10] Sheehy J, Smith D. Bitcask: A log-structured hash table for fast key/value data. White Paper, Basho Technologies, 2010.

[11] Verbitski A, Gupta A, Saha D, Brahmadesam M, Gupta K, Mittal R, Krishnamurthy S, Maurice S, Kharatishvili T, Bao XF.
Amazon aurora: Design considerations for high throughput cloud-native relational databases. In: Salihoglu S, Zhou W, Chirkova R,
Yang J, Suciu D, eds. Proc. of the ACM SIGMOD Int’l Conf. on Management of Data. Chicago: ACM, 2017. 1041-1052. [doi:
10.1145/3035918.3056101]

[12] Vo HT, Wang S, Agrawal D, Chen G, Ooi BC. LogBase: A scalable log-structured database system in the cloud. PVLDB, 2012,
5(10):1004-1015. [doi: 10.14778/2336664.2336673]

[13] Bernstein PA, Reid CW, Das S. Hyder—A transactional record manager for shared flash. In: Proc. of the CIDR. Asilomar:
www.cidrdb.org, 2011. 9-20.

[14] Wang T, Johnson R, Pandis |. Query fresh: Log shipping on steroids. PVLDB, 2017,11(4):406—-417. [doi: 10.1145/3186728.
3164137]

[15] Schneider FB. Distributed Systems. 2nd ed., Boston: Addison-Wesley, 1993. 18-41.

[16] Budhiraja N, Marzullo K, Schneider FB, Toueg S. Distributed Systems. 2nd ed., Boston: Addison-Wesley, 1993. 199-216.

[17] Guerraoui R, Schiper A. Software-based replication for fault tolerance. IEEE Computer, 1997,30(4):68—74. [doi: 10.1109/2.
585156]

[18] Ongaro D, Ousterhout JK. In search of an understandable consensus algorithm. In: Gibson G, Zeldovich N, eds. Proc. of the
USENIX Annual Technical Conf. Philadelphia: USENIX Association, 2014. 305-319.

[19] Leis V, Kemper A, Neumann T. The adaptive radix tree: ARTful indexing for main-memory databases. In: Jensen CS, Jermaine
CM, Zhou X, eds, Proc. of the 29th IEEE Int’l Conf. on Data Engineering (ICDE). Brisbane: IEEE Computer Society, 2013. 38-49.
[doi: 10.1109/ICDE.2013.6544812]

[20] Kallman R, Kimura H, Natkins J, Pavlo A, Rasin A, Zdonik S, Jones EPC, Madden S, Stonebraker M, Zhang Y, Hugg J, Abadi DJ.
H-Store: A high-performance, distributed main memory transaction processing system. PVLDB, 2008,1(2):1496-1499. [doi:
10.14778/1454159.1454211]

[21] VoltDB. http://voltdb.com

© TEBREEEEIEDT  htp/ www. jos. org. cn



3218 Journal of Software k4% Vol.32, No.10, October 2021

[22]

[23]

[24]

[25]

Wang Z, Pavlo A, Lim H, Leis V, Zhang H, Kaminsky M, Andersen D. Building a BW-tree takes more than just buzz words. In:
Das G, Jermaine CM, Bernstein PA, eds. Proc. of the ACM SIGMOD Int’l Conf. on Managment of Data. Houston: ACM, 2018.
473-488. [doi: 10.1145/3183713.3196895]

Rao J, Ross K. Making B+-trees cache conscious in main memory. In: Chen W, Naughton JF, Bernstein PA, eds. Proc. of the ACM
SIGMOD Int’l Conf. on Management of Data. Texas: ACM, 2000. 475-486. [doi: 10.1145/342009.335449]

Harizopoulos S, Abadi DJ, Madden S, Stonebraker M. OLTP through the looking glass, and what we found there. In: Proc. of the
SIGMOD. 2008. 981-992.

Idreos S, Dayan N, Qin W, Akmanalp M, Hilgard S, Ross A, Lennon J, Jain V, Gupta H, Li D, Zhu Z. Design continuums and the
path toward self-designing key-value stores that know and learn. In: Proc. of the CIDR. Asilomar: www.cidrdb.org, 2019.

RIFER (1983 —), B, 18+, TR, & B
FU AT Ay e 1 R U AR 4t OLTP, B T
PEHCHE PE R

87 PR = (1980 —), 55, AL il 32 BB L 400K
NI NRG.

T ki (1982—), 55, 2 o AT TT AU
LR E R R, R S

ZH(1988—), 5, LRI, = TR 5L U8

FERF(1979—), 55, AR, 3= EHF 58 40Uk A

REZ(1988—), 5 ffl -, 3 BT I AT N
155 kB 5L

$hIE 41 (1964 —), J5 A # % ,CCF M &
5, 3 TR T AT O B TR G A

SKEEAA (1973 —), 5, 1 B 247, 3 2
TS A A7 5 i OLAP, 3 B 1 H 4l

JEHAR GPU % P

© HFBIERAIEIFIDN  hipsswww. jos. org. en



