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1. bLSM: A General Purpose Log Structured Merge Tree.
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2. ElasticBF: elastic bloom filter with hotness awareness nfor boosting read

performance in large key-value stores.

&8 : AT LSM-tree [ KV f# i AA7E ™ HLELJEOK H#, B4R bloom filter AJ LA
Z2fft, {H & bloom filter 144 &5 A7 false positive [7] @,

ElasticBF[2 ]38 4147 & ¥] bloom filter 3 FL, FHARHEZIE 1974 AT E S A H i
77 bloom filter ] bloom bits /&, ML Z|FEL RAM (G H M. ElasticBF H
# SSTable XI5 NZ A segment, LA segment AHLE G i34 %, £A segment )it
—# filter unit, WK 5 iR,

Segment 1
Segment 2

Data blocks -

| Filter unit 1
Filter unit 2

Segr'r.{é"nt m
Filter group 1
Filter group 2 | ~~

“~~__[Filter unit n

Bloom filters

Filter .g.;‘rhaup m
Index Block
Footer

5 ElasticBF [ S5
ElasticBF # i | —Ff expiring policy 2K [X 73 segment /¥4 #AFE L, expiredTime
7€ A lastAccessedTime + lifeTime, H: ' lastAccessedTime K7~ segment i1
o] (B H) 5 lifeTime W& — AN € % 2. 24 segment # U7 ) B, 52 3%
lastAccessTime 4 currentTime . 24 expiredTime /T currentTime, U] it B 1% segment
X B TR a5 0], IRASZE N cold. Compaction #1ES 7242811 SSTable,
ElasticBF Hf FH IH 1) segment KAl &5 segment FIFAEE, @il 6 Frw.
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K 6 ElasticBF ] segment #4115

ElasticBF 18 F A 3 E[Extra 10] = fi x ri KRERSZAEZSN 10 BEE, HA fi
FIR segment i FIUF AIAIAR, ri 27K false positive rate. £F24—> segment # 15 If]
I, 5638 U7 18] S8 A1 E[Extra 107, J il J91% segment 75 i — ™ filter unit 7 disable
HAh segment [— filter unit #& 75 GE1# E[Extra IO]F#MK. #5A] LA, NIATIX IR
THEE. W 7 Fian, ElasticBF #48 F multi-queue Kk 2B filter unit 24
disable. WA n NBAFY, Hod n FISECE]—A segment HH K filter unit ¢ H #H
%o Multi-queue PAVFIAZHATHL, M4—1 segment # VRIS, EAHRI)
filter unit YR 2 E] MRU —¥i. = 224Kk disable HY filter unit i, M Qn | Q1 JF
IHEHR expired segment, FEREPAZIHA LRU £] MRU 77 [nl &4k, 42— 4
expired segment I, FAG I disable —™ filter unit A 75 1# E[Extra IO]F#1%, #5HE,
M| disable —~ filter unit F4%1% segment FFZKE| T — MBI, A expired
segment, AT bloom filter 15 A EE1E

Segment 1 LRYU MRY
Segment2 | EA HC AL AT Ty

0-0=0-050-0= = S0-0in

...... Two units
Segment m | are enabled
Filter group 1
Filter group 2

I 111111 N Wl B

0ADHDAD RO HD = o =0 H0HD

_4d_3_~‘-__...__j__”jg

Filter group m
Index Block

bk onmedn Mooy
7 ElasticBF 1% FA 51 4544
3. SuRF: Practical Range Query Filtering with Fast Succinct Tries.
WIRE: BRI, BAK bloom filter 154 2 AN S 40 [l 75 1 1) vl
Huanchen Zhang %5 A7E SIGMOD’18 _$2H T #r I EE 454 Succinct Range
Filter(SURF)[3], HAZCEAE LI 7 — Py {f FST(Fast Succinct Trie) & 45
1, B REIA m s e, 38 W] DLSE PR ) s A AN A . FST A9 B2




— T BEUAL 5 7 SR, FL S aT DL S AS ] S B R A . i S A
FST & 445 T Rocksdb 1) Bloom filter, £ AH [F] 47 2% [0 5L T R4 T by 14 R
Fe Tt

FST /2% LOUDS 4ifd 5=, Wik 8 frox. FST % LOUDS #H4T 7 #t—25
45, % LOUDS ik )Z, LET AEE/D, #H LOUDS-Dense 2 /7 =k,
TEA A%, 18 H LOUDS-Sparse Zwfi 77 .o

1) LOUDS-Dense

BN REREZA 256 T, BAfE LOUDS-Dense Zwfid 7z,
AT R 3 4> 256 A bit ¥ bitmap SKIRAFEE. 1X 3 4 bitmap 7371l 2&:

® D-Labels: 75 s label 240 & A7

® D-HasChild: Fric %S5 m 2 5 A2 1715 RS A2 H )Y A

® D-IsPrefixKey: 7 ic 4 i BT 22 5 =& A1) key AT S8 7T BLAE A

select&rank HAFE R [r] X 2T T R

0 LOUDS-Dense f st a or
otabels: [ MIIT [ M T Il |
D-HasChild: | [HIHI| | ]
1 D-IsPrefixkey: o 1 o
D-Values: vi v

LOUDS-Sparse
Slabels: r s t pyiyStep
S-HasChild: 01 000100000
s-loubps: 10010101010
S-Values: Vi vz Vs Vs %

Keys stored: f, far, fas, fast, fat, s, top, toy, trie, trip, try
8 Z&T LOUDS #wh4 ) FST £ 14
2) LOUDS-Sparse
LOUDS-Sparse {8 ] 3 /> bit 571 >K0) 5 MR BEAT b, £EHEAS bit 751,
AN R A, 3X = bit FRAIor a2
® S-Labels: i35 19 £iHY label 475, key 15 53 H OxFF Fric, %A 12
HHZ A K AR | 2 A 256 D777 /i, MBS 505 T 4 4 byte):
® S-HasChild: idRKEMIT ARG FTH T, ALY 1, BN
it FH— bit;
® S-LOUDS: kBN AT N A, BN A —A bit 1)
SR LU rank&select #4515 ] AN 7 HLH
EIRFST C& AT AL B/ b A A5 1) 17, B AT SR AR BR /A7 28 7]



F 5, BEmiEEEN RG] SEEENAE R, NG T 4 FORIE I 7 S 1 #80
7, wmE 9.

Full Trie SuRF-Base SuRF-Hash SuRF-Real

- ‘
H(SIGAI)[0] H(SIGMOD)[0] H(SIGOPS}[O]

4 9 SuRF PUFH#EET 77 0
—fiE Basic SuRF, FST 52— 5g¥EMR G450, mLFf 2 lH) 2 91 4

P&, XFHE LT /& 100%A5 5 1 - Basic SURF H SR m 2 R A7 key HORTZR, LB
AR B T AL RS FPR (false positive rate) KRR,
BB T AR AHET R, BAAR FPR 5 key B A K, E4R Basic SuRF 753
FPR b, AP HL. 28— F& SuRF with Hashed Key Suffixes, 7T F#
fik FPR, SuRF-Hash 7F Basic SuRF {3t [, %F key AT & it H 2 )G, KA
fEH n /> bits 7% value 1, AN EIE SR 0K 5E R key. XA VAT LA
B#AIS FPR, fH X Fh 7200 6 Bl & W AT 4 B, 28 =F0 & SuRF with Real Key
Suffixes, ‘B SuRF with Hashed Key Suffixes A~[7], SuRF-Real #£1i# n > bits [¥]
HE key, XFEAEMATEE A WA AR, HEARER T, FPR L SuRF-
Hash Z#. S PUFf & SURF with Mixed Key Suffixes, AT %5 Hash fl Real
Fpo7 sAIOE A Mix B 2R PR SR S, TR A 1 LU ] DURR U8 08 73
ATREAT T RIRAF I IR
4. SlimDB: A SpaceEfficient Key-Value Storage Engine For Semi-Sorted Data

WRE: XS0 E AR H P A (RIfEERT e R ), I H LSM-
tree fATESHBUKIAE, 554h Bloom filter f77E— & iR %E

TOEARX =AM, RSCHRH T SlimDB[4], 2 E R EERR

® The Stepped-Merge Algorithm(tiered) & leveled

XABARH IR R T 183 Dosteovsky (114 Hk , B i K 2K Leveled,
H'E R Tiered 77 :;



® Space-efficiency of an SSTable Index
1 leveldb B, £/~ SSTable H)fx /5 #FA —1 index block, 7% data block
1] last key, IXFERRRE AT I T index block fifl— IR — 43 B4 K e AL 3 HAK
HIEHE o (2R B W 21 1 L7 1) workload A, BEAN entry B R/NASEEITE 256 bytes,
15K block size #& 4KB 1)1, > block £z % 16 /> entry(4KB/256=16), index block
B full key, “F#IK/NH 16 bytes, ATLLI A entry ) index 752
16B/16=8bits. Fleveldb /[, leveldb f7-1ifi ] key & 4= H 71, {H & semi-sorted
data R ER key HIFILA 7, FrLLXHLiEIATAT LMEH ECT Zwbt >k 58 m 2 it
1T index HIE4H, ECT “F-¥%5 entry ] 0.4 bytes. 7t semi-sorted data A 3% T,
ECT A LA FIF R key RAFEME 2.5 bits FIRCE, & Ch#t—B 0463 17 1.9
bits. {Hs& ECT &N T index hash table B¢t [, %T semi-sorted key K iji, 4l
M ECT AME L, ArLAX B %1t T Three-level index. Three-level index %) Jif 2
w10 FioR:
® 54551 block 1 first key 1 last key ZHali— M, XN RT0EAT
ECT 2w, =R AT MER, X228 —1 level:
® I level A — M TAR, IXFEHEGE— key TWHS, B
R i —2H T BEA7 7EIX > key 75 SSTable;
® yit—D4i/NEIEH, B block last key HIJEZRAH S — M, I
ERIEHTE R suffix 998K H ECT 4ifidh, XFEinT LR — 0 & E 77
G A7 H AR block [ .
FE—HAE =FAER ECT &IEE48, %5 2 ffH rank/select dictionary
(BEZ%E 55—/ SuRF), TFHZHXE— TN =HR 514 2 /D2
leveldb FF/N5E% M) key KMV 16B, — MR ZIEME 16 M&H, T2T
HA%H G 16B/ 16 = 8bits, i —HHET:
2. 2X25=5bits (A key B, ECT “FHEAFIZE 2.5bits)
5% 2% rank/select dictionary , ¥ Z5r9wtS, “F3EED block A& 2.5 bit
F=2%: M2 ECT %Y, B4 block — key a4, A TFHIEA block
i 2.5 bite 3k (542.5+2.5) /16 = 0.7bits.



Block 0 Block 1 Block 2 Block 3

0|0]|0 o|ofo 0|01
& |ofofo o|ofo 0|10
s |o|1]1 R 1/0(1
S |o|ofo 011 1|0f{o| |0 1
o001 1]/0(1 1(1(0 of1(o0
0|00 1/(0(0 1(1(0 110|0
<
0(0o|0O|O]O (1
Vanilla block index: o|jojo(ojo]o
first key & last key CHEAEME AR YR
of each block o(o(of1|{1(o0f0|1
o|1(1|1|1|0|0]|0O
o|of(1|0|1|0|1]|0
L
00 |1
Prefix array 0j0|0
w - of1|1
-84 i
23 Las? offset in olals]el7
5 & | vanilla block index —l
s 0|10
> = L Suffix of the last 1(110
key in each block olo]|o

& 10 SlimDB % 5| 4544 ]

® Multi-level Cuckoo Filter

SIimDB f# A cuckoo filter K& X, bloom filter, JfH4% | £ 2 Cuckoo Filter,
Cuckoo Filter #% 0 BBAE B 2454 Cuckoo Hash A1 Bloom filter, it /NG 7y B
B, BRADITTRMRIPILE, R REAE. K9 cuckoo filter HAFfi# )
#& key W fingerprint, FrUAfAAE— @M REIATRE, MR 24 False Positive
IETE K. T FEARAE M RGO T B2 4EIR, 51\ T main table F1 secondary table.
main table f7f# fingerprint Al level, XA 1] DARIEE AL key FrJ& T level
secondary table F77fifi I main table F1H 5[] entry ) full key FIXF R [H level, &
A 11 R

AR, ERIe SRR R M F A 5, 2 JUR B SCER KR

Multi-level Cuckoo filter SSTables

P e T T f ™
r;f Main cuckoo hashing table /':‘.’—’ X4 - Lo
1 : \ J
AR 2 s
1 1
: \5__) Xy X3 L1
| Secondary hashing ta i \ J
I - 1
: X4, 0 ——_‘/ : é )
1 1
I:\'. f: X1 o L2

_____________________________

K] 11 Multi-level Cuckoo Filter 2514
5. SILT: A Memory-Efficient, High-Performance Key-Value Store



R ASCAANS kv f76E (2011 45) FAERA RS, $HOR. BHOK.
FENARI . AFENAFR TR AITE 2 & ROR [ 2S4 .

SILT[S]#EH 7 —Fl H EA7 0k WA 126k HEF AR & 10 2 Fh e 45 TR &
et e AR R LIS, IHER G0 ARENONE PR, iR
A RE/D IR 51K e A 8 - SILT SKH T Multi-Store (¥ 1H, 41 12 AR /& SILT
RG4S Store #A AR H b

® LogStore: £FXfik. HMA, HRNAIEHK, BHE NHIEIREK R .

® SortedStore: AF['E, BPERREE, (HEL LogStore 55, PAFHFHIHR/,

KR 73 HH TRAE IX
® HashStore: AA[E, EMERESET LogStore, WAFHHSLL LogStore /b, Lk
Sort
Tag  Offset
or, by h,(x) > m@

Hash Table

DRAM |
Flash ¢ Inserted K-V entries
are appended
_—

Log-Structured Data

12 SILT f7fi# R Gt 28 M &

LogStore /& log-structure, 11574t Put #1 Delete #1F . LogStore 1 —/H
TG AN key WS B FLAE B S A HIAL B, 0645 R 1T LARIR A2 2 filter F1 index 1
TEH . BB key HFHE A 4 FATRE, B AEIFERKR. LogStore —
Hii 7, #ie B4y HashStore, HashStore 2 I, 5]\ HashStore &
B E A I SortedStore. HashStore 4% key IR MUT A HHE ,  DRAN 75 22
WAEZR G, T fd H N AETT4S B /0 (1) filter. >4 HashStore [ EA S| EIR, #ts
fit 7 5 21| SortedStore. SortedStore 1% key B H AT HET , S35 FRTAM R
N, S EEAEEE, v LA RHERARM AT



BEUGENIRME, #B¥% KV pair 5N\ LogStore. MHERERIEASG THAN T —4
"delete". FEIRAM)HEAE, HKIKE ) LogStore, HashStore, A SortedStore, — H.3%
B ZF bR, REIGER . R E] T "delete”, LEAKGE C 2B T, iR
I

Kaiyrakhmet 55 A FAST 19 b—Ff NVM-SSD fEf#Z2M KV 17 24t
[¥) SLM-DB[38]. SLM-DB £ NVM Hiiid MemTable 22475 #:4F, £ SSD b
Y s IR EE R, E NVM _BAEFH B+Tree KRG SSD HIEHELW . 5
& 1A BARAN 2.

LSM-trie[13] 1 /N KV HIR B IREBOR. 251 S5 M S A 1tk g 1]
. E%, LSM-trie il key MM EHMNE T — /NI, HEARAEMEED 2
g5k, BRAIRR 51 ST 4 L AOA B RO R R (EL TGV SRR S (1 V8 B AR A
FEF—HIZ T, LSM-trie SUVFEHMEVERIE o5, BIULFIKT &IHRENSHOR. &5
T & A B AR

RTRIN MR, BIRX R THE B RS ERe, (Hdf TR 25
T LSM-tree 45ifHOHEIE, AnyE &) RS, H i TR TAERZ R T
R, EBNERE TR L NS BRAIE, 75 M ae 77 A Ptk

3.1.2 BRI

BT LSM-Tree ] KV f#E#EHEAT compaction BT {E2K SST AL ik
t, ENAATHPZ GRS R, XPERER T SBOR. —BIEGLT KV item
key K/NEAEXTE AN, 0T value BORHIIE L, compaction K1Y 10 25K,
PR — 26 TAE 250K key 5 value 731774l , LSM 1 R {RAT key 5 value H15] H,
IXHFEAE LSM-Tree HJ compaction A2 9 G i &R D) key Z 5, I KKK
/NT 10 O E A
6. Wisckey: Separating keys from values in ssd-conscious storage

Wisckey[6] & Jci2HH T Key-Value 7 &5 FI5EHS, G0l 13 Fizx. B I LSM-Tree
SO 8, Wisckey W2 H HAT SSD AL RE-S5 0T 5L G 2 1 O &
%A HDD 4K, @ G n] LALEBEAL G e FE i 5 P32 itk R . 2T
XFERE 5, Wisckey %0 A& ¥ key 5 value 70 FF 4746, value U LA H EHTE



RHATE R, key XM value 76 H &AL EILRE LSM F1, XFEHBCK,
T value AP key 905 22, WIXT—A4 kv £ (16Bkey, 1KBvalue),
key IS KN 10 £, value SN 1, WSS N: (10 * 16 + 1024)
/(16 +1024) = 1.14 %, X THJBCK, WiscKey H 562 LSM-tree HH A 4K key
FREL value F7 &, AJ5H M viog F13RHL value, HT WiscKey ] LSM-tree L
LevelDB /MR %, FrlA&EH MRS MEL, I EXZAMALF, Hin 100GB
) kv( 16Bkey+1KBvalue ), WiscKey ] LSM-tree {75 2GB /£ 4 (12B value addr),
B2 2 i A R AT AT K

<key, value>
55D device
! |
I <key, addr=> value |value | value | value l
i |
i — —
e ——
L5M-tree Value Log

B 13 E s BT

i H Log & #E value f)— Mk sl 2 JRAELEAE K 1) value BLESMBUAE log T,
N T AR TR scan PEBE T FEI IR, Wisckey FIF T SSD [ K [F14F
s, G 2 R I AT AT SR LASR T scan TERE.

BIR KV 73 BRI HI AR T S5 OK, HRIEA 7 R —E MR, —=2Xt
T value size FLEUNATEDL, KV 7B 77 ZX L #E LSM-Tree 454 FF %A1
A, M scan PEREIE ST 25 % KV 43857 R0 GC /& Zik AT I i # it
—J7 T2 % GC I a], 53— R EH R GC M7 %% 10 798 &
FJE X T & #AE 152 .

7. HashKV: Enabling Efficient Updates in KV Storage via Hashing

FRR: Wisckey H 1775 =0 GC FH4H -

HashKV[7]F £ 2T Wisckey[ B TAEHEAT . Wisckey 3 E it 74
LSM-Tree H11f] key T value HEAT4r B A7, LA/ S TOKIL B3R T+ R Gtk AR 1Y
Hit. KV 2 BE—EfRE LD T V0 UK, BEEFH GC e e /EE %
) TAE U3 N A A - HashKV R GE SRS K& 14 R, 5% HashKV
AL key Xof I FR) e 7 o 500 Kl 7 5 ] 78 /N ) DX A7 i 7 805 43 B (value store)



o AR AT PAIK 2 7y X RS B AN E o H R, i GC R/R RIGARE, 771X
MR/ INESI AR, JF H AR VRRES 7 DB I 70 Fo 3 B 2 a] 1) 7 AT K. O
THRTHr X A RA A RCR L GC 2%, HashKV 51N T #ERRISIE, X%
MEHERAT X9y, AEHEAE GC Bk n] LUk e RS Fedls, I/ DA IE RS &

[ Write cache | Group 1{(end pos, segments)
Group 2|(end pos, segments)

(meta, key) KV separation
MemTable (meta, key, value) Segment table Memory

Mai Persistent
ain
A: P segment Storage
) .
Z Reserved se!g}?:%m T
space .
— Segment. Se hﬁnt journal
LSM-tree roup Foup o l
I Cold data log | journa
Value store

K 14 HashKV & kg
8. UniKV: Toward High-Performance and Scalable KV Storage in Mixed

Workloads via Unified Indexing

(2020 FHLIC, B TFEAT, NHZSHEHD

UniKV [8] KW EEH, 55— =R TP A7M#, 0VF SSTable BHAH G 78 i «
BRERAFAAE, AN TC A7 # S JF MR SSTableo TG 47 fiff v B AE X
WL A AE RS R R AR AP P B, S IR R value [
SITRIEREI SR . 54t UniKV S5 3 inor X, iy et e LSM-
Tree PR E 808 s K B S T80K
9. Building an efficient put-intensive key-value store with skiptree.

il 15 flos, Skiptree[9] IS AR I JEARFIWT key B EAFAET F—E, Wl
RATFLENR: key 5EIHE & ZHGA7T, #REIZB)Z G IF . Skiptree K& —Z
#HAENEA —A buffer, BEEIHARZER key #EFFIX buffer H1. Skiptree
BGIN T WAFIEAE, DN TS IR RS T S THOR.
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10. Building workload-independent storage with VT-trees

VT-Tree /& FAST 2013 bEf—F &, VT-Tree $& HIEAE S LSM-Tree H1,
A — KVitem, 1% KV item 7T /22 compaction 24 HEE logaN &, *f T
N7 workload >R, iXsE—FhdEw KRR, Fibi@EE VT-Tree HE—4MEH
T HrA workload HIZ5# . VT-Tree 2t —7f Stitching fJ comapction HEHg&, 1]
16 VT-Tree i AR Z5 /B 16 Fizn, VT-Tree F1 1] SST 3% T Log-Structured File System
I —MZ ) secondary index 2L — M 7 4514, compaction I X]
secondary index DA AF1E key range B WELIFEAT merge #/E, BHESMHA
BEATRE), LA/ compaction ) 10, 1T X R HRS B4 B 1 G AT e F
BIGIANIES:, N T IRTPBIEELENE, VI-Tree W€ 1 — stitching threshold,
ST ESLERYNTBIE N BB, XS et 24— B E .
THRIFEF MRS, VT-Tree X T Quotient Filter X # Bloom Filter, KA Quotient
Filter 7] AARE /N QF M8 21K QF 1M Bloom Filter - ANgERE T H 4 .

RAM (Secondary Indexes)
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2,3 | 57 [8 11‘12 13| @[ 0,1 I 4,6 |14,15‘1ﬁ,20‘ \j@l 0,1 |2,3 ‘ 4,5 ‘ 6,7 |8,11|12,13‘14,15|16,20‘

7 Disk (Log Sttugtured)
O[] [o [t o] - [l - [s[o] - [VTRfEle] - [l - [m[«] - []e] - []

(Block) | | (Fill)

(Overlapping Tuples) (Contiguous regions of length 2)

K 16 VT-Tree AR 4514



11. FloDB: Unlocking memory in persistent key-value stores

FloDB[11]/2 K &1t EuroSys 2017 5 L1 —F 3CE, CFEINA LSM {74451
— 7 B AL, T3 T3 T A N A IS R A R i A U7 RS R
LSM A7 AEAR KA L EAd A 1 1O JRSUT KRBk, (H2 eI ReAS = b
WA R NG R TR T, WA SB35 SR i w3 42 7

FloDB HJREAAZERIUNIE 17 o, FEPNAF A A 0 N AN ER 2, 55—
gy /NP ) Hash 4544, 55 302 5K HAT I skiplist 4544, #AAEHE73AN
JZK—F. FloDB 52N a G2k, A M hash IERHE ] skiplist )5 5 4FE,
WA M skiplist 5 NMEELFIZEHE K kv XF A hash #8) 2 skiplist, Jex) kv #4745
it e, RSG5 N skiplist, F{E hash IR kv

' put, remove R
i lFIoDB

get, scan 14}
concurrent & A, — fast buffer

\_ b &> sorted level )
&". Lo loisk

component

L ,
& 17 FloDB 454 &

FloDB i £ A7 FH N Hash £5#4 52 = 10 LS, H A2 B0 PHE A7 B R
AT, —RARE LB AR, XA WAF 10 fsia R HIITH .
12. Pebblesdb: Building key-value stores using fragmented log-structured merge

trees.

PebblesDB /& SOSP2017 _E )~ 3 &, SCEFIAN B+Tree H I AN i 2k
7 split / merge XFEHTFHIERAE, HORKEMBENS, MINAEESHEL
workload. 1] LSM-Tree fE52fit R4 FIBENLE PERERI A, H13-H & Compaction
BAFRIAAAEGE BRI T TR, AU 10 BHIR IR R Gey 58 3T, AR K
B B RJZ A B AR ar A 2 (30 SSD), (K3 H PebblesDB S I A4
HMREBOR, =S R Key-Value Store FH #75.

PebblesDB #& T AT i Y] FLSM-Tree (Fragmented LSM-Tree) #J&, FLSM
7 M skiplist PR R I IFiz 2 LSM i —Fpaitly. w18 s, FLSM 5
LSM — =2 Z E4il, H—ZA%4 guard, guard 2FT key W37, #—F



W guard Z [A] key range — €W A EZ, 1M guard N FNE LT key-range H S
SST. b—J21 guard [FIF 22 N — 21 guard, X — gZRELF skiplist (15— 2
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guardk T o> guard T ) SST &34 21 B E 1 I {5 it X FLSM [#] compaction,
compaction S K47 guard N ) SST B H I merge, FEIINZHE T —)Z/) guard i
1TV FEA 2T — E AR guard H o FHILAT L, %F T Li, FLSM [ compaction
WEG T EE Li+1 2/ SST, 1Mif& 4 LSM [ compaction H Li+1 E##E &2 Li 1)
N % (N A LSM #5E FZERBCRAEED, Rk FLSM KKk T compaction 1
(¥ 10, MG/ TSR, T guard (R guard B SST 14347, 31
521 compaction 2%, PebblesDB H[#) FLSM [JsLEA TR E1# guard 4> Fity
i, R IR F S M NS A B key HBENLIEHL guard. guard 5 Hi 2 lazy

J, B SIIRAENAET, 453 T —IK compaction ¥R 82 FH - #¢ A AL 2
k.
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& 18 PebblesDB 45 14 &

PebblesDB 34T FLSM #J&, H 7 FLSM f%: A BAIL A% Get A1 Scan fif
T—EMfA. XT Get, BT guard WHBI SST ZIALZETCF T, N T I
B E M T bloom filter. %} Scan, PebblesDB T Eff 1 = siflifk, ®k
BB T guard [ seek KEURME, M XA BIME 2 J5 % compaction; #8514 &
THA level WIR/NRE, 1R level size FHETIX AN BAE WX HEA level AT
compaction; 5 &S 2 LFELINZ A guard Z A FHFATEHK .
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13. LSM-trie: An LSM-tree-based Ultra-Large Key- Value Store for Small Data.

LSM-trie K& T ATC 2015, AL EZEX/N KV i 3] workload AT
1, 3 H & 78 75 scan #AE M SCRE W SCE S H T DFE T4 LSM-
Tree 45FI7E KV size LRV, A B ERCKRINR, Jo8dE (Bloom Filter.
Index) MIR/INEAFIEH R, ZXERBATAGEE M o BIREZARI AT 2
LSM-Tree [¥] compaction i& /& ' BRI EECK, [FIHFE T K& 10. X T 5K
R, SCEEE AR S0 LSM 5 O BRI 5 R 2 BRI A A g K level size,
BIfE 48 LSM f— =R/ E— B K/NME AF fi5, T /24K compaction fi2xi&
% AFH SO, — SEiEAT key 2IIE N ERASZ TN * (AF + DEF 5K
Ko AT HRALT KA, ASCHEH SSTable-Trie (4514, Wik 19 fizR, SSTable-
trie #8Id SHA-1 B key HIMAAE, SAJGHET key MIE—NATSR (trie) 2544, A4
(14— A5 25 /&2 — > container, container H 7% 1~ SSTable, JfHix4k SST
(¥ key AILFEMATL. & container A LA4KZE [ T4 /& N —)Z¥ container, J¥
B LSM-Tree MR 4544, & —ZHZ A container £/ H A parent container
NHI%% . compaction [ {EKS 24 H container H1 1) SST #H4T merge 2 J& B 73l ¥s
I3 —Z# %A container N, compaction Z41) horizontal tiering FI /7, R¥%
EEHEHE merge IFE FEITNRE, Bk 7 EECR.
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F£F SSTable-Trie, ASCHEH LSM-Trie, = Z4EFFCHEE H AR . LSM-
Trie $2H 7 HTable (454, i@t HTable {# SSTable, FHAEMUWIK 20 Arw.
HTable H¥4 R R 1774 7 kv 204 1) block F hash bucket A% AT #45,
A block AZHL | —> bucket F TAAititG A 84fs, HT hash key BIRTZH T &
key 2|4~ container, [KlIt HTable P 1# F hashkey )5 2847 W5 45



/‘ Hash(key) = 3
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5 B A E I block b2, A 1% & A0 V5 AR & 9 HTable Tl K/ 95%,
] R G 2 KR LS R RR A AN E L (SEEGR B E N 95% e Ak T
KRB . BRI AL, X F/D8 K KV, LSM-Trie % & T %1/ block #4747
fife 55— T, N T FIIEWRLE key /& EBUN K], LSM-Trie #iid hash 1H5 —/> key
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i e i |
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14. SifrDB: A unified solution for write-optimized key-value stores in large

datacenter



SifrDB #& K& T SoCC2018 L —iR 3 F, LEXIA LSM-Tree 451411
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& Z A K/MESEIE H. key range ANEZ /MR, B — TR 4525
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I i 2>l 1 early-cleaning HERRAE 2445 [ 7Bk 1) NS B gl i B £ 22
# compact FEHF# . X T Get 55 Scan YERE, SifrDB [FIFF &t F H AT 4K
DR ERE . Nl 23 FoR, SifiDB 4E47 T — N EAES RS, BAFI A4S item
LR — N EEE KR, item WICSK T EATELE R ITIE KT, B2 —MESS
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15. Optimizing Space Amplification in RocksDB

Dong S %5 N[1514 18 C R B EHE T RocksDB W& T MySQL It 51 4,
7E Facebook [ T, &t InnoDB Z J5 KAIFEK T S0%IAE M 23 18] o T2 Al
£ RocksDB {§ H T — &4 17 (8] e 4 R 3 24

1) AR 15 B AN R 1 e 48

b G — 2 a8 90% A E, (2 i i ME S A0 L H Al 2 BN —28) fy
DAB 5 — S B o PR A e (0 B, ARRE SR RN LU B v, TTER ) DR Dy s 1/,
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41 LevelDB SEHlHY, B4 MR/ 2 [ € B B 1K, HRARKIEIT,
RJa—ZTReAZ E—ER 10 %, BNRE— )2 7T e Al . RocksDB 51
TEN B Z I RNIEAR, THRORIE R 2 1R /NE [ € A2

3) Prefix bloom filter
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HTF&FEEEEXR, LO-LI &3—HHRE T SSD M5 %, (#15
Immutable MemTable JEi% & I /7% %] SSD I, S8 DRAM A &0 2 [0 476k
kB HPIER, ANIMHIER G #AE: 55—, W REHEE NG IR 75
CPU MiT S B IRAI R IABNEME, Tovk M4 bl & 85 GHAE, [RIFRE Rl
GHERHZE . SSD MW T CPU Mt R IRHSZ LO-L1 & 4 AE piri i)
REMERORAN, HI 5] KK AEIR 7] 35
16. SILK: Preventing Latency Spikes in LogStructured Merge Key-Value Stores.

SILK KK T ATC2019 FH—F3CE. SILK A5 A 1R TAE—H#
LI T LSM-Tree () KVDB —# L ARAL 98, 1M1/2%5 IR T-I0HL LSM-Tree 45
FJf) KVDB (K EIEIR (tail letency). CEHEH LSM-Tree 45 #41¥) KVDB 4%
HERRKIKRELER, RIS AT 2 H I latency spike 11 &, i
fi% KVDB I BERF IR, A RedR HEAR T 17 58 , T IA (1 K5 40 AL throughput
(175238 AS BE AR LR latency spike. SILK A2y, if& latency spike Y J5 5 32 Z245
A: 1) LO [ SSTable ANGEME M2 compaction; 2) memtable /~fg M2 i 4 flush,
g 24 Frox, M ECE P R A ) R RAE T TS 5 #AE, flush LK
compaction 2[RI 55 4+ FH o RIS T S8 4F B R 1T 6 B E 5 )5 & BRAE IR 2 48
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Kl 24 SILK Z5 41
%%, 10 scheduler # LSM-Tree 45#4H) KVDB Ja & #4E € X T A F Ik
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I 5 RN 10 A 58 /0 B0 L SAT SIS E B, TETT & B AE AR I 2 il 3 £
Rty i 25 J5 G B AR, G AE S SO I F T & e a2 AT R &
#fF . SILK @i 10 scheduler ffilF memtable E45 K I 4% flush, LA 1O ) SST
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17. KVell: the design and implementation of a fast persistent key-value store.
Kvell KT SoSP19, Xigie3CHath, FEHEBARKAWANE, K NVMe
SSD B 14 1 S m i 5 2 A, FCBEHL U In] PR B O 2 G Vg i) AT o X
TECF BRSO, AR DA IOV 58 2 K H LA NVMe SSD 7
FIPERE. B EBRVEAERFAEF % RS (Persistent key-value stores) |,
TR AR GATAE T Vs )R, A I ABHEAA i RGEH LSM (Log-
structured Merge) 5# B i (R A7BAENT o X P RHECHE 45 M A B TR Rk G BB ML Uy
], DRUFRESE - EE 2 A P . RS T EARE SR AE T 4R X P 7 A4 T 45
IFD b, {813 CPU A T BA RN Tid~AE LSM i&217E B #f |,
SEAE ARV 1O s BB AR TE B B A S, SR CPU #I D& KA 5. B T CPU
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b b 5 SR B IR, IS AR T A R R SRS R
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T I I S X L S, BT AR CPU BITHE AR &, 1R FHEE A7 R A1 BR .
AR, XL 5 U A] PR E e #H8h, PRUEBRIEAE AR rE AR B ] F i . (H
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18. MatrixKV: Reducing Write Stalls and Write Amplification in LSM-tree Based

KYV Stores with a Matrix Container in NVM.

(CEH M A T
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20. LDC: A Lower-Level Driven Compaction Method to Optimize SSD-Oriented
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21. LSbM-tree: Re-enabling buffer caching in data management for mixed reads
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22. Monkey: Optimal navigable key-value store.
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23. Dostoevsky: Better space-time trade-offs for LSM-tree based key-value stores

via adaptive removal of superfluous merging.
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25. FPGA-Accelerated Compactions for LSM-based Key-Value Store.
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31. DIDACache: A deep integration of device and application for flash based key-
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