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Bi mat dang sau NoSQL: Cay LSM

Ngudn

® The Secret Sauce Behind NoSQL: LSM Tree

M& dau

Céc database NoSQL nhu Cassandra d trd nén bung nd trong nhitng ndm gan day. Mot yéu to
thdc day la nhu cau I16n dé thu tap luong dit liéu khong 16 tir rat rat nhiéu nguén khac nhau va
ngay cang tang lén, nhu céc ng dung di dong va cdc thiét bi loT (Internet of Things). Bi mat an
giau dang sau cac database NoSQL nay la mot cau tric dir liéu co tén la cay Log Structured
Merge (viét tat la cay LSM, lugc dich la cay hop nhat c6 cau tric log). Cay LSM duogc t6i vu hoa

cho viéc ghi dir liéu nhanh.
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D& hi€u cay LSM hoat déng nhu thé nao, ta cung di tim hiéu dir liéu thudng dugc luu vao cac

+

relational database (co s& dif liéu quan hé) ra sao. Mot relational database thuong dugc ho !

U

bdi mot cau trdc dir liéu cé tén |a B-tree.
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B-tree duogc t6i wu cho viéc doc dit liéu. Cap nhat (thém, sira, xod) B-tree twong déi ton kém vi
né lién quan dén random 1/0 va c6 thé bao gom viéc cép nhat nhiéu trang trén dia cléing. Diéu
nay lam gidi han t6¢c do ghi dir liéu ctia B-tree.

Cay LSM

Cay LSM thi khac. Viéc ghi dir liéu duoc don theo dot trong bd nhé trong mét cau trdc goi la
memtable, sau dé gtri di. Mot memtable dugc sap xép theo object key, va thudng dugc trién
khai dudi dang cay nhi phan can bang (balanced binary tree).

Memory

Memtable

Incoming writes
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Khi kich thugc memtable dén mét gidi han nao do, n6 sé dugc chuyén vao dia clirng dudi dang
Sorted String Table bat bién (viét tat la SSTable, lugc dich la Bang chira cac xau dugc sap xép).

Memory

Memtable sort & flush

SSTable

Incoming writes

Mot SSTable luu céc cap key-value theo trinh tu dugc sap x€p theo key. Tat ca cac lan ghi déu
14 1/0 tuan tu, khién cho viéc ghi rat nhanh trén moi loai dia. SSTable méi sé trd thanh doan
(hay la théng tin) mdi nhat cGa cay LSM. Khi ¢6 nhiéu dir liéu hon, ngay cang nhiéu SSTable bat
bién dugc tao ra va thém vao cay LSM, véi moi SSTable dai dién cho mot tap con nhd theo
trinh tu thoi gian cla céc thay déi méi nhat.

Memtable

sorted sorted sorted

Incoming writes

Vi cac SSTable nay bat bién, cap nhat cho mét key hién cé sé khong ghi dé 1én SSTable chira
key dé. Thay vao dé, mot key mai dugce thém vao SSTable méi nhéat, va né sé thay cho céc key
trung no trong cac SSTable ci.
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Incoming writes

Viéc xod mot object phai xtr ly khac di, vi ta khong thé déanh dau object da bi xod trong SST *
cli dugc. D& thuc hién xo04, n6 thém mét danh dau goi la tombstone (bia mg) vao SS7

nhat cho cai key dé. Khi ta doc dif liéu ma thay tombstone, ta biét rang object da bi x ﬁ
x0d & day lai ton thém khong gian dir liéu, nghe hoi la, nhung |a cach tot nhat cé thé lam.
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Memtable

.

Incoming writes

Khi c6 request doc dir liéu dén, dau tién ta tim key trong memtable, sau d6 tim trong SSTable
mGi nhat trong cay LSM, xong dén SSTable méi th hai, va tiép tuc nhu thé. SSTable da dugc
sap x&p nén viéc tim kiém c6 thé dugc thuc hién hiéu qua.

Memtable
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Viéc thém lién tuc cac SSTable nhu vay nay sinh hai van dé. Thir nhéat, vi sé SSTable tang Ién,
sé ngay cang ton thoi gian hon dé€ tim mot key. Thi hai, SSTable lién tuc tich luy nhu vay, sé cé
rat nhiéu object cii do viéc sira va xoa (thém data mdi), diéu nay sé lam tén khéng gian luu tri.

DE giai quyét cac van dé nay, ta sé di hogp nhat (merge) va nén (compact) dinh ky. Qua trinh nay
sé chay nén dé hgp nhat cac SSTable va loai bd céc gia tri cli hodc bi xoa. Diéu nay gidp tiét
kiém khong gian luu trir va gidi han s6 lugng SSTable ma mét lan doc phai kiém tra. Vi cac
SSTable dugc sap xép réi, nén qua trinh hgp nhat va nén nay rat don gian va hiéu qua. Cach
lam ciling tuong tu viéc merge trong Merge Sort. TGm lai, day la cach cady LSM cung cap kha
nang ghi dit liéu nhanh chéng.

https://system.farmerboy95.com/ByteByteGo/lsm-tree/ 4/8


https://system.farmerboy95.com/assets/ByteByteGo/lsm-tree/figure7.png
https://system.farmerboy95.com/assets/ByteByteGo/lsm-tree/figure7.png
https://system.farmerboy95.com/assets/ByteByteGo/lsm-tree/figure8.png
https://system.farmerboy95.com/assets/ByteByteGo/lsm-tree/figure8.png

9/23/25, 12:04 AM Bi mat ding sau NoSQL: Ciy LSM - farmerboy's System Design Resources

S5 Tabley

Memtable Memtable

Level O

SStables

LSM Tree

Memtable Memtable

compaction
merges

Level 0

compaction

SStables

compaction

Level 2

https://system.farmerboy95.com/ByteByteGo/lsm-tree/


https://system.farmerboy95.com/assets/ByteByteGo/lsm-tree/figure9.png
https://system.farmerboy95.com/assets/ByteByteGo/lsm-tree/figure9.png
https://system.farmerboy95.com/assets/ByteByteGo/lsm-tree/figure10.png
https://system.farmerboy95.com/assets/ByteByteGo/lsm-tree/figure10.png

9/23/25, 12:04 AM Bi mat ding sau NoSQL: Ciy LSM - farmerboy's System Design Resources

Memtable Memtable

SStables

Level 2

LSM Tree

Ta cung tom tat lai nhé. Cay LSM sé ghi dir liéu vao memtable trude. Khi memtable day, ta sap
x€p va day n6 vao dia clirng dudi dang SSTable bat bién. S6 lugng SSTable ting lén do cang
nhiéu memtable data dugc day vao. Diéu nay sinh ra van dé cho viéc doc, do nd phai tim kiém
qua cac SSTable dé thuc hién tra ctru. D€ gidi han so lwvong SSTable ma né phai tim kiém cho
mdi lan doc, cdy LSM hogp nhat cac SSTable va nén (qua trinh nay dugc chay nén).

Memtable

Incoming writes

Level 0

Level 2

Qua trinh nén

Ta cung xem xét sau hon vé qua trinh nén. Khi cac SSTable hop nhét, ching dugc t6
thanh céc level. Day la noi phan cay clia cay LSM xuat hién. Cé mot s6 cach khac nhau « . .uc
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dinh thai diém va céch thirc cac SSTable duge hgp nhat va nén. C6 hai cach téng quat: Nén
theo kich thudc (Size Tiered Compaction) va nén theo level (Leveled Compaction).

Nén theo kich thudc duoc t6i wu hod cho viéc ghi, con nén theo level dugc t6i wu hoa cho viéc
doc dir liéu hon. Ta sé khong di vao chi tiét nhitng cach nay hoat dong nhu thé nao. Nhung cé
mot vai diém chinh can nhd: viéc nén gilr cho sd lwvong SSTable nam trong gidi han nao dé. Céc
SSTable dugc 8 chirc thanh céc level. Mbi level sé I16n hon theo cap s6 nhan khi cac SSTable &
level trén dugc hop nhat vao né. Viéc nén ton rat nhiéu 1/0. Nén sai sé c6 thé lam cham ca viéc
doc va ghi.

Cac cach toi uu

Cudi cung, ta cung xem xét céc i wu phé bién cho cay LSM trong thuc té. C6 nhiéu cach toi
uu hod c6 gang cung cap hiéu suat doc gan véi B-tree hon. Nhirng gi ta sé di vao dudi day chi
la nhitng céch phé bién nhat thoi. DE tra mét key, nd thuc hién tim kiém trén SSTable & moi
level. Mac du tim kiém nhanh trén di liéu dugc sap xép, nhung viéc duyét qua tat ca cac
SSTable trén dia sé ton rat nhiéu I/0. Nhiéu hé thdng gitr mét bang tém tat (summary table)
trong bo nhg, trong d6 chira min/max ctiia mdi khoi dia & moi level. Diéu nay giup hé thong bd
qua tim kiém & nhitrng khéi dia khong cé key can tim, giup tiét kiém rat nhiéu random 1/0.

Summary In memory
table

Memtable

Incoming writes

Level 1

Level 2

MOt van dé nira c6 thé ton kém la viéc tim key khéng cé trong cdy LSM. N6 sé phai tim qua tat
ca cac khoi & moi level. Hau hét céc hé théng duy tri mét bloom filter & méi level. M6t bloom
filter la mot cau truc di liéu tiét kiém khong gian, né sé tra vé "Khong coé" néu key khong tén tai,
va "Co thé cd" néu key cd thé ton tai. Piéu nay gitp hé théng bd qua mot level néu key khénr*
& do, gitip giam manh luong random 1/0 can. 'ﬁ
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Két lai, NoSQL database dugc ho trg bang mot cdy LSM cé thé dugc diéu chinh dé hé trg tée
dé ghi rat cao. Nhu véi bat ky database nao, diéu chinh can phai phu hop. Véi cay LSM, diéu

chinh viéc nén la quan trong nhat.
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