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Abstract: In recent years, Log-Structured-Merge Tree has been widely used in NoSQL
systems. This is mainly because it has proposed two algorithms: update delayed and batch
write, convert random write to batch write, reducing the cost of moving the disk arm
therefore the write performance of database has been enhanced greatly. However, the read
performance of database has also been affected negatively. The essential difference between
LSM Tree and B Tree makes NoSQL not suitable for using B Tree as index structure
directly. This paper implements a distributed secondary index based on LSM Tree, and
proposes a bulk loading method in this read and write separation architecture. We also do
lots of works on the optimization of index query plan to avoid repeatly query parsing 10
so that the performance of index read has been greatly improved.

Key words: Secondary Index; LSM Tree; NoSQL

Wk H Y. 2016-05

F4TH: EH5K 863 v H (2015AA015307); 5 HARRIAIE4: (U1401256, 61402180,
61402177); CCF-EIRIBART 7L 4 (AGR20150114); il ARRBRETSTIE S
(14ZR1412600)

F—EE B 5, A TR Mk A KR E. E-mail: 451858158Qqq.com.

BEEE: 5k A, Lo, B8R, mit4E S0, 57 1 oy EdE . E-mail: zhzhang@sei.ecnu.edu.cn.



%5 1 Be K, & SET LSM Tree A=t 5] 2ol 37

0 7

e

T LA P B B R AR VA IR R e, FH P B 7 AR B 1) AR, AR R
A 41E 2] TB H42 PB g0, 4 b SXEE PR AR AL F I s 5w inf, A mr . R, 7K
K47 1) NoSQL i e N iz M 2k, JF s & e K. K2 # NoSQL R G #R & T key-value
TE R IO A7 it 284, 1941 HBasel!), LevelDB, Apache Cassandral?%5. ‘EAN #0248 28 T BE A (1 4
vtz b, AR TR e A A e, mPERE, i nT RV RS S v SR ) N A

TV AL G 5% R AU ERE PE PN a2 BT B NoSQL U 2, o8 = R B0 A Bl 4R 2 2 AN
ARESR. A NoSQL REGEH I key LIMAHHRAE, ST value E M EWHAESCHFARA
FEAR AT, BV 22 Y 75 PO A 1] value H 54T, BRI EAN X T NoSQL LB & 5|
(1) 7 SRAR RS BE ). O T W62 NoSQL ds X T4 B R 5| 10 75 5K, AR SCSLBL T i v SR
P E A o 1 o0 A g B R 51 T, Wil T 4F X Log-Structured-Merge (LSM)PBIA 2 F 4L &N
RIS DUR OR AR BRG] AT S5, A R 5 ST Ak, Re g R ORHR o0 A
e AE A A Y A vk e

AT AEAG TN R 5L T NoSQL 2R R4 A4 B KR X, RN B S

Google Spannerl® 3¢ F £ 3 B4 Bl O 50 F A2 29525 — B3], Chen et allOHR
TRz 32K DBMS FUZ 5 S, S AR B0 TR SEI5: 2R B (R 303 Oceanbase
B By | 1

RIS F 1 W RS A T A5 5B ICHT IR, L HELSM Tree BUR AL
TR, 25 2 W HER T ARBZR SIS, W3A T SIS W AR Iy SR A A )y
s 5 3 WA T A A AR R R S AES 4 4, SO T e
KT HE A B2 51 A5 A A RO PERE SR TY, R A SCRH BB R ML LR AL EAT T 5
RoRE; 55 5 V0 AT RS BT T KK TAE.

1 2 F LSM-Tree &5 X 54k & 4224

LSM #RIHEA: - 1996 4F. H Google 22 7] [f) BigTable®i& 3 & £ 2 &, LSMAR! 52 31|k
G, LSM 6 T2 11784k R FH 1) 2 B IR Rt &85 TR 30, K N A7 -5 RG4S v 1 50 2 0k
E—H2. 51E4:10 B Tree AHIL, LSMES S0 — BT R Py (940 N E R E N AT, N AL 2
BRI, PR A A ) B R g B B B AR I, HEIDUT BN — AN B AN A L. XI5
FFEAT RN, Ae08 0 Wik >R A 2, PR Z; I LSM Tree AE#8 52T 8
FERE NHERE. HEROE A LSM-Tree [NV %502 insert 04 &K, 130404 &8 A1 update 24
AN iy HLS— MR 5 3 s, o g sk PR R H B SO Diff-index 8 SCHR Y LSM A& £ X
EAET ALK Tree X3S 4R HL A T — L6 s (1 LAk,

LSM Tree H1 V720407 TR Ak b 1FI0 45 00 1 20 RN — AN Bk B AE AT 2 HP IR e o0 4. e 3
M R, DL SSTablel® (Sorted String Table) () 1 A AF AL MG AL LF PR . LT &, 4>
A 2 LSM BEAA N B4 43 ok 14 0 s R 42 B0, 2 ol A ik 7 T I 95 4 R S 4 i 45 2% b
Bl A A B — AN AR AL = AR AL 2% 7 v RS SEORNE SR INE, 1 SE s A me A B hn—
ITHAE H G, K5, B T B 5 N F] CO Tree 4. 24 P 1734 B A7 4% B L, LSM Treesy
RAEAFFRRE. AT BRI (0 52 bR, SRR A A BEA LA (R 24 b 14T A i)



38 HEIRITE R 222240 (AR BE AR 2016 4F

CO Tree —_——
L NIES] |
2 1 |
= | |
update server - | 5 chunk server
Memtable | | !
1 |
| |
disk 1 :
|
client
———> write
———>read

1 LSM f#ififssiy
Fig.1 LSM storing model

A1 —BE RS 7 BT (1 3 v, AR T 3N 50 2, S B A AN AR 2. X
IR B, T DA BT AR A . W2 B, RS oy B OU R, A A7 S A
FFIAE A B R 55 25 2 70, B4 UpdateServer(UPS), X M.LSMA ] CO 114, Jh 2 4
F#0ifi 7 Chunkserver(CS)H. A48 N HIFIRIEL, o) BLXF CS KP4 . 7 CS _ESEEL LSM (A
Al A AE . Rootserver(RS) /& SEAN B REIN 45 B2, A BRAEIE b O i A3 IR 45 2%, 2580 43 A
TCEHEAE B AR RIS B O ORIUE RS 1 vl M, B RSB & 580, & )k — 3.
MergeServer(MS), /& SQL fEHTELHE, 7= Ay it-Rl, JE# A~ Tablet (1152 Ui 3Rk A 312 2IAH N
(1) CS. CS & S B UL a0 & IR SEUE SO, #5518 5Kk UPS, BRI NV F 38 50, 4 56k
Hlls b5 1 I A S 1 B B a5 L, R [14E Client 10,

Client MergeServer RootServer

/—3
3.Ack s
2.Ask for Metadata =

8.Return data to client
1.Jdbe/mysql

I

UpdateServer .~

s
i 6.Request with incremental data

5.Search incremental data

ChunkServer

» Search flow

— == » Special
2 AT A A 1
Fig.2 Distributed system architecture



%5 B K, 25 T LSM Tree M50 Ai R 51 5230 39

2 B % AR

21 R FHEN

B FVF2 NoSQL ARG &, i e PL key-value X (K AL SUE LA 4 T 1), Key-value
X S i 7] R (R A A B A 2 — | — S LA B A3 2% 1) B A DS e A R kit 2
SEI. A E T B AR D = {t|t = (key, {values})}. IREAUE A A 2 X
A MRS, T L (key, {values}) ML AF kAL B B, T 42 I key {EDX Bds 2B 4T 417,
values +& 2™ value (5. key R T Ge 8 b (10 148, A VPR, K key FTAESIHY
% NoSQL FRZe it £ 5.

Bt OO 2 (1 N AR X NoSQL 28 G4 F b Bdi i LR 4T, T S8 T ) 4 38K 2 2 A
value #1052 H1, DA B R 510 AL N T IO TK, EE7 value F1E R4 )28 5 | A0 5 SR 2
KAERZ. AL B RS 2 B R M = {t|t = (search_key, pointer)}. {4 5B R
145 BTree 51 F1 Hash R 5145, #EK R TIALHENAFE 2, IF LA pointer (177 & A 5]
T T AR s . XAy O A 2 R a1 20 A s R AN T Y, R i AR
(PN S I CTE Y o i A

ACH W M TS B s LSM A M R Gl 4 K, O AE il B
& B 7n: . MD={D_mem+D _disk|D_mem={ (search_key-+primary_key,{covering})}, D_disk=
{(search key+primary key,{covering})}}. &[5 HMAE 5 7T UPS ' Domem 5 43 Fl
P T HERE ) Dodisk 7. HAFE S5 M 5 50 T AR GER IR EHEE 2>, 10K search key A1
primary key 1 4 5474k 45 1 (R & T8 19 A G Bd 2R A, A I JU R PRSI d5 R
7| (covering index), WG IR EHHERAE, TR & &R,

(ST, ) R BTV B tablet. BE7 tablot Fel 5 05 19
S ARG CS b, W A SR E R R A > B A, JF th RS AT T AT, SR IE ]
XA Y T A B 2R 5 | SBT3 9% mT AR G M A2 AR B 91 A ) K

AR T, ARSI SEIU R S AR G R 5 SEILZE R, (H2 RE il L R 5 i ml 4
JENELL Ay ol FIPER 55K, AR B3, 851 2 A7l e 2 e P i 5y — sk e . 1 3
HRg AR 1 — N B, B B & 5136 Sil(Secondary index 1) 5| 41 Al JR £ 45 K T1(Table

T1: Secondary index

item key| name | price | count type Table(T1) table(Sil)
3001 | candy | 1.25 | 10000 food R3|%
3002 | pillow | 28.0 | 1500 | bedclothes ¥R
3003 cake | 7.80 2200 food
3100 | apple | 520 | 230 fruit
i N Silcl (bedclo-l

Si ‘Tlcl(SOOl 3033)‘ hosctody 0 Cs!1

type item key| name
bedclothes | 3002 | pillow :
food 3001 | candy ‘T102(3034~3066)‘ | ?rlulii)Z(fOOdN | cs2
food 3003 | cake

fruit | 3100 | apple ‘Tlc3(3066~3 100)‘ §;Lﬁr31§ff1‘1‘g) | Cs3

K3 mOIRAT bR

Fig.3 Storage model of secondary index



40 FEAIE R 2 2240 (IR IR) 2016 4F

D EEFIE R A S A 28, R -— L8 b nai{E 5. TU 3 b Ja e 4 1) A7 HE
J¥, FEAKFE) 58 A Tlel, Tle2 F Tle3 =N, 7w iti/ECS1, CS2 F1 CS3 L. Sil #%
W e e A% BT HER, Silel, Sile2 FI Sile3 & XM /K40 . T1 B 56— EEE
itemkey, M Sil [55—F 4 type.

TR T R AT, FEAIE H AR SR TR HEEAE A CS MG B R 51 15
ARG IR SE SRR SSTable 1 FHEVE HF EILHR S RS, A )5 H RS KL+ DLE| 4
AT
2.2 KRB HAEIN

AEAE AT oA SR b 5 I N 510 R 1 R G 5% ) 5 BRI A S 500l 35 1 7y
KIVEAMU TR GG AU, 58T, RT3 — PGS R M e 1), A7 i
F)zE e /N T4 3R, J8 Tl sz Ja . DR SOHT AR 478 UPS B A7 58 1, I 1R A 5z
TN FRERL AR, DRI T PR R R st v L2

ALY R R A SCSEEUN R G I RE SRR AT R, AN s E T i Rk,
T BE AR i CS A MS [ ECE, SR I AR B etk T . I R T SRR A
BATIERE Y b, B ings L, ok R4

AR B R SR IR ] DU e R R AR R AR H . e R 5 E
WP SEAFMN CS LAl 2 malA, DRIER S B nT HYE. B, ZEWERGIR
i, CS RAEME S BRI M EERE, MHEGIHE NG, RIPREATH. R0k
AN 25 5 M S TR 1) 1E 5 S

3 RAZARLY

RIS PN ER oy, — 8Bt 2 51 58 G B A YE 458 43, 1K 540 8 25 LA 1
B ST BUFE ORAIE RO SRR R 5 | 3 2 TR R A s — B B eT s 5 — 3 X RER F O &
ATAE P A (1) AL 3, 0 00K 5 7 5l R) 0 B3R 51 38 . AR 1F AR IR AR 28 JsU B i 2 1)
Bl — 4 AN B R G R Y BRI R R A LA 2. 5 8B R 5| RAEREAL 2 LA
SSTable [ AT A7t 1, nT DLSEBL— Pt & 480 5 v, #id R 5 | R B3 1) SSTable.
P N RCRAR 5y, (R M ASTE T WIS ER i A RS A AN 40 1) S R B, B AE T
SR B BT HET . 3.0 B A AL BN Z eI, 3.2 R AR 51— B AR A,
31 HEMHSHLRIIWMHENE
3.1.1  HbE s

b g e AT TSR A AT HE R, O T ORRT R e AR, A SO HE T Ay
g JRERHE A4 JRHE AN I B B IO R A A R A FEERE R RS €S
FEAT, T DU S K S HE T . RN 2 e REEOR, FEA7 b BEEL 3 3K 11 AN [A] tablet 2
P, Dn Rt B n AR R R

TERA R AN R 53R (W, 252508 B0 32 v CE A7 70 I Hd it N4 8 R 51384
W, 25, BREIRA B IEFRALIRS. &I B e WK UPS w5 & 38 3 ¢S
WA T — Rl BLARK & A G TR RS, BB H A R, RECHE 7 & 55T
a4t BUOAER SRR I e 2, 2 LK BT 11 DDL #:4F, Jf HZ& 51 K805 ik
WA AR AT B P A R A A, BT DUA TR RN R 5 R g BEX T3 R 1 52, A
OB R Gt I e HE Sl 1A H AR AR 2 5. g B8 LU UAS B S —
BB, LS I I B O TR 5 R e SR A BB i B, IRATEM R GIR



B %, 2 FT LSM Tree IR 5 S29l 41

AT SO L, SRRSO bR B R B B RETBAT AT RS
HEE MBS, P R 5 R LR g P28, WAE 1.

FEL IR ST%—Schedule
HIA: tabletfs B aiErangefs &
itk RoIEE R

1. for every thread in each CS do

get_tablets_ranges()
if (get nothing)

pthread_cond_wait(&cond._, &mutex_);
else if (get tablets)

Call construct_local(tablet); //5¢HEPitabletfE#, BENJREBHY B
else

Call construct_global(range); / /W F|Rangefs &, N4 RHFH B
end if
10. end for
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RS IR . 2 CS Bl B T RS MIBIEER TIN5 2 A, SR1F— MR tablet, X
XA tablet # R 5 FIHATHF, H5 B—AN R sstable 1. 5ER L FAPERZ IS, CS 1 RS I
WREBZE 5] sstable 15 &.

Rk feng L — JR R HET (construct _local (type& tablet))
FN: R BOT AR E S

FiN: SR PSStable U

1. get_local.index_handler //Mufi T{EZFE

2. for each local index handler do

3 create new sstable //H T ###iHE L /7 11SSTable
4 sort_.get_next_row(row) //HF/7

5 Add information into index_reporter_

6. Calc column checksum for data

7 tablet->add_local_index_sstable //SSTable® {7 (L4 K Ftablet |-
8 if (success)

9. Report information to RS

10. else

11. Push this into local failed list

12. end if

13. end for
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v 425 E PSS Table U1

1. get_global_index_handler

2. for each global index handler do

3 start_agent //agent \HABCSEL 1 0 F3RINEEA range P K £ 4R
4. execute get_data plan

5. root_.get_next_row() //#Hlocal_agent_Flinteractive_agent_ sKEXEHH
6

7

8

do column checksum
construct_index_tablet_info / /i 5K Ftabletf5 5
close_sstable //saving sstable in disk

9. if (success)

10. release sstable //BEJHURHBH B SStablefi &
11. do data checksum, modify index status
12. report information to RS

13. else

14. Push this into global failed list

15. end if

16. end for
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S AN, WELEE 4 (05 =47 BN Range #EATY)48, 5085 4 LB+ =ATHIR T RS 1)
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Hyk4: RS Range V)orHik
A KH CS MHRAE S ReportInfo
fnth: U1 Ei R R Res
1. key=decode ReportInfo
. if all_reported is true and decoded successfully
sort all range info from ReportInfo //%HI k&5 RtATH T
end if
sample_num=min(max_bucket_num,tablet_num) //TIHFEALH
. for iter in [SortedReportInfo.begin(), SortedReportInfo.end()) do
temp range count++
. end for
9. range step=temp range count/sample num //RSil‘ﬁﬁ]ﬁff S
10. divide range count=(temp range count % range step==0) ? sample num:sample num+1
11. for (int I=0; I< temp range count; I+=range step) do
12. Res[I].put(key)
13. end for
14. return Res
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Queryl: select itemkey from item where type =

Query?2: select itemkey from item where type = 7

Query3: select count from item where type =

Query4: select count from item where type = ?
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