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Linear Search
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AVLF} vs. RBF#

P 5 KECT



Right Rotation






PRHsE m%RE | EifAdE | EARE | BEREIE | EALER | BiRiEE | HeE
avl 197 256 61| 704626 | /704619 23

1,000,000 rbtree 227 251 58| 588194 | 681424 27
linux rbtree 221 244 51| 588194 | 681424 27

avl 2048 2654 629 | 7053316 | 7053496 27

10,000,000 rbtree 2252 2513 547 | 5887217 | 6815235 33
linux rbtree 2235 2510 520 | 5887217 | 6815235 33
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Latency Comparison Numbers (~2012)
* L1 cache reference

» Branch mispredict

» L2 cache reference

* Mutex lock/unlock

« Main memory reference

« Compress 1K bytes with Zippy

« Send 1K bytes over 1 Gbps network
* Read 4K randomly from SSD*
 Read 1 MB sequentially from memory
» Round trip within same datacenter

« Read 1 MB sequentially from SSD*
* Disk seek

 Read 1 MB sequentially from disk

« Send packet CA->Netherlands->CA

0.5 ns

5 ns

7 ns 14x L1 cache

25 ns

100 ns 20x L2 cache, 200x L1 cache

3,000 ns 3 us

10,000 ns 10 us

150,000 ns 150 us ~1GB/sec SSD

250,000 ns 250 us

500,000 ns 500 us

1,000,000 ns 1,000us 1 ms ~1GB/sec SSD, 4X memory
10,000,000 ns 10,000 us 10 ms 20x datacenter roundtrip
20,000,000 ns 20,000 us 20 ms 80x memory, 20X SSD
150,000,000 ns 150,000 us 150 ms
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1. Btmee structure of index before index page splitting
Farent paoe

Jrnca
Add key value &

[s |J——=| [z ][4 5] [ [0 ]|

Index page a Index mEe c

2. Dococurrence of index pge spitting
Parent page

—————
4 . |8 [0 ]2 |
Irdex pame & Index pase b Ihokex page o
Legend
B Fartion of the index whose structure is changed by index page splitting
LT Kew walue that is moved to another page by index pege splitting (data is distributed uniformiby

armong index pagesa and B
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LSM-Tree )y H

» Google BigTable(2006)
» Google LevelDB(2011)
» Apache HBase(2008)
» Facebook RockDB(2013)
 MySQL MyRocks
* MongoDB WireTiger(2008,2014)
* Elasticsearch(2010)
* Yandex Clickhouse(2016)



IO VATE

7% 4 student info R ATHR 1 $ ﬁ” %b, Er' I
FHO WA | Mle)  HERR FIfEhl - A T

T T S R e e ey select * from t where name="?

0002¢| Xl %A B 1998-12-09< | ZfA T /\—dkiE 33 5

Oose SR Je | 19503126 | KRET B16Se select * from t where birthday="?

0004 g, B 1994-09-23< | {ENETHTIABE AN 279 Ba -

0005<| FhilFie: ;P 1995-04-03¢" | K B ifERLER 27 Be

0006<|  E /it B 1997-11-10< | B 1L 40 HERE 113 S+ ‘

0007<| H B 1 1996-12-07<" | ZZ77 i Fd L 6% 11 5 “ 2 N E%I/E‘l\%% %I

Qo0s| Sovike| ke | 19971220 | EMFEM 7B select * from t where birthday=7? and name="?

# 5 curriculum # [ & g«

IRIEH 5 LRAE % ik T -

0001 P SEHLR ] R e 2¢ ¢ TR0

0002 C it s BEF it 2 ; 3\ Hu é} X E*@F I P ?
2003 Nl L B > select * from t where birthday>? and name="
0004 i 4

0005 e e

select * from t _
where birthday=? and name like ' %'
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Level 2

Level 1

RS
key(b,c)

Level 2

Level 1

Level 0 IS O e 34 | 66 | 66 /7 |88 | 89
Jack Jim | Tom g4 Bob | Eric | Nick g4 Alice Rose| UFO
r 20 10 30 28 23 3 50 52
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% 4 student info R 1R
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2Eal e | PR Hi4E F 3 F ATt
0001 #fEF B 2000-10-01< | {ErFA T 4 AEE 77 S+
0002 %R« GEp 1998-12-09<" | ZZFH T /\—1LiE 33 F<

0003<| DAEEHa| A 1995-05-12¢" | K% i 1 —§% 763 5

00047 Bhc|  Fo | 19940923 | i fRELON 270 Bo < select name from t

0005<| Fhifgite| Be | 1095-04-03¢ | KB HMERES 27 B , g fou p by name

0006<1| B/t He 1997-11-10¢" | LTI 40 fEER 113 5+

_ » * .
0007<| H A< L 1996-12-07¢" | ZR77 i 5 % 11 5« € Order by Count( ) deSC,

0008<| #KFsIa| A 1997-12-24¢ | T HiF % 97 5

7% 3 curriculum FE ) EdE

IRIES 5 EYER G e .
o001 LR 26 select name, birthday from t
0002 C T Rt 2¢ order birthday limit 10;
0003 O R A 2<
0004 Hige 4
0005 e ae




cl c2 c3 cd
12 25 6 23
18 11 11 ¥
4 17 3 1
16 26 8 11
T 24 8 26
3 6 12 10 sort
7 12 5 11
4 8 3 12
8 3 9 19
11 24 3 18
4 23 9 15
2 14 23 5
23 23 1 19
13 15 19 20
13 7 6 19
24 5 10 11

AEFF 5 A

sort file | uniq -c | sort -nr

group by c3
cl c2 c3 cd
23 23 1 19
4 17 3 1
4 8 3 12
11 24 3 18
7 12 5 1
12 25 5] 23
13 7 6 @ I°UP
A 16 26 8 11 /_
7 24 a 26
8 3 9 19
4 23 9 15
24 5 10 1
18 11 11 17
3 6 12 10
13 15 19 20
2 14 23 8

cl c2 c3 cd
23 23 1 18
cl c2 c3 cd

4 L 3 il

4 8 3 12
11 24 2 18
cl c2 c3 cd

T S 5 11
cl c2 c3 cd
12 75 B 23
13 i ] 19
cl c2 c3 cd
16 26 8 Sl

¥ 24 i} 26
cl c2 c3 cd

8 3 g 18
cl c2 c3 cd
24 5 10 11
cl c2 c3 cd
18 11 : 17
cl c2 c3 cd

3 6 Sl 10
cl c2 c3 cd
13 5T 18 20
cl c2 c3 cd

2 14 23 5




HEF 59 4A

w# N*log,(N)

3,4|6,2]19,4| 8,7] 5,6 | 3,1 2 51‘

PASS g TBAGE

#0i] 3,4]2,6|49]7,8]56]1,3] 2 o RUNS
e o e B e e o
PASS | 2-PAGE
#1 uzl s = RUNS
4,6 8,9 5,6 2
é -~ 7 — 7
PASS : i oy _—s 4-PAGE
#2 s ° RUNS
4,4 1,2
6,7 35D
: 8,9 6
S =
PASS = 8-PAGE
#3 | B RUNS
152
2,3
3,4
4,5
6,6
7,8
Q ] =




Joinf#fE

1. NestedlLoopdoin
mysqgl(<5.6)
BlockNestedlLoopdJoin
mysqgl(>=5.6)

2. SortMergedoin

3. HashdJoin
mysqgl(>= 8.0.18)

1. https://dev.mysqgl.com/doc/refman/8.0/en/nested-loop-joins.html
2. https://dev.mysqgl.com/doc/refman/8.0/en/bnl-bka-optimization.html
3. https://dev.mysqgl.com/doc/refman/8.0/en/hash-joins.html



NestedlLoopdoin

def NestedLoopJoin(table_a, table_b)
for row_a in table_a.rows():
for row_b in table_b.rows):
if condition(row_a, row_b):
process_tuple(row_a, row_b);



Block-based Nestedl.oopdJoin

def BlockNestedLoopdJoin(table_a, table_b)
for row_a in table_a.blocks(): // M block
for row_b in table_b.blocks(): // N block
for row_a in table_a.rows():
for row_b in table_b.rows():
if condition(row_a, row_b):
process_tuple(row_a, row_b);

e 52 2% . M+M*N
HNEAE SN Z BRI DIOREL, /NEHHE Y fitdriverd £




NestedlLooplndexdJoin

def NestedlLooplndexdoin(table_a, table_b)
for row_a in table_a.blocks(): // M block
for row_b in table_b.index(): // n block
for row_a in table_a.rows|():
if condition(row_a, b_join_column):
process_tuple(row_a, row_b);

IR 2R EE . M+M™n




SortMergedJoin

def SortMergedoin(table_a, table_b)
(table_a_join_key,table_a_row) = next(table_a);
(table_b_join_key,table_b_row) = next(table_b);
while table_a_join_key and table_b_join_key:
if equal(table_a_join_key, table_b_join_key):
process(table_a_row, table_b_row);
(table_a_join_key,table_a_row) = next(table_a);
(table_b_join_key,table_b_row) = next(table_b);
elseif gt(table_a_join_key, table_b_join_key):

(table_b_join_key,table_b_row) = next(table_b); &G &35|& 34 :
else: M+ N+2M * (log.M) + 2N *

(table_a_join_key,table_a_row) = next(tab(llggé)l?l) HEB|E 24 men



HashdJoin

def HashdJoin(table_a, table_b):
hashtable_a = build_hashtable(table_a);
for row_b in table_b.rows():
if match(rowb, hashtable_a):
process_row();

BUNIIER A SRS A R RENS AR BE N AP RO TE A2 2% BE AT M+N .

ARG A LLEOR , ANRER TR N ARG, ARG B AN Ay R B Fk R a2 -
H—/NMaAr R R A sk B 43R4 2 x 4~ bucket, XANKY B4 T & partition
phase, E4E 22" (M +N); 2 Bt 2% T84 bucket, 435ltHER A fi% B A5
J#ALME A K i JOIN, PRz Jyprobing phase, & REREM+N, EfRE I iE 23" (M+N).
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HIEAbss: https://github.com/greenplum-db/gporca
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SELECT name FROM person WHERE id > 10 and age > 20

il matching bitmap
1
Filtering 0 1024k b|t — 131 KB
) |0
1 \ intersected bitmap
1 1

- matching bitmap Intersection

[ — I S — I — ]

0
L Extract
1 L]
0 name
/ Final Result

By xumingmingy
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w2 &2 il vs. B

update users
set picture_url ='me-new.pg’

waiting for follower's ok

data change

data change

Figure 5-2. Leader-based replication with one synchronous and one asynchronous fol-
lower.
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