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Linux
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| can't install old app
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Linux File System

SSD 241 = 7|
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S fdisk -1

S fdisk /dev/sdb
# gdisk /dev/sdb

Master | Partition -

Boot Table
Record
Extended -
Partition

Master Boot Code

1st Partition Table
Entry

2nd Partition Table
Entry

3rd Partition Table
Entry

4th Partition Table
Entry

0xSS a4

Primnary Partition (C:)

Primary Partition (E:)

Primary Partition (F:)

Logical Drive (G:)

Logical Drive (H:)

Logical Drive n

GUID Partition Table Scheme

Protective MBR

Primary GPT Header

Entry 1|Entry 2|Entry 3|Entry 4

% Entries 5-128

N

Partition 1

Partition 2

\ Remaining Partitions \

Entry 1|Entry 2|Entry 3|Entry 4

\ Entries 5-128

Secondary GPT Header

Secondary GPT

https://s905060.gitbooks.io/site-reliability-engineer-handbook/content/the _differences_between _mbr_and_gpt.html
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mkfs.ext4 && mount

S mkfs.ext4 /dev/sdbl

S mount /dev/sdbl /media/db

e mmmmmssmmmme .- Partition

. | Sector

-----------------------

Boot

Block Group 0

Unused| .,
Sectors| |

Super
Block

Group
Descriptors

Block
Bitmap

Inode
Bitmap

Inode
Table

Data
Blocks




Linux File System
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System call
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Linux File System

VFS && Ext4

Application

' User space system lib

..............................................................................

..............................................................................

+ Kernel space
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File system

Local storage Network storage




Linux File System
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kernel, SCI, /O subsystem, VFS, ...

al

Linux kernel SCI (System Call Interface)

)

Memory Process
I/0 subsystem management management
subsystem subsystem
4 Linux kernel )
Virtual File System : :
y Virtual Signal
Terminals Sockets File systems memory handling
Netfilter / Nftables Generic
<)) .
= N " block layer Paging process/thread
== Evior page creation &
30 protocols Sl
% Linuskerrel replacement termination
Linux kernel I/O SChEdU|er
Packet Scheduler
Character Network Block Page LI'D”r“c’)‘:gg;'
device device device cache
: | , Scheduler
drivers drivers drivers
" 4
(. = m®res 0 Dispatcher )

https://ko.m.wikipedia.org/wiki/%ED%8C%8C%EC%9D%BC:Simplified_Structure of the Linux_Kernel.svg
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MySQL

MySQL AX]

S sudo apt-get install build-essential cmake libncurses5-dev libssl-dev bison

S git clone https://github.com/mysql/mysql-server.git

S mkdir build; cd build
S cmake .. -DDOWNLOAD_BOOST=1 -DWITH_BOOST=/path/to/boost
S make; make install

S sudo systemctl enable mysqld




create database
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mysql> create database honuxdb;
mysql> use honuxdb;

mysql> CREATE TABLE HTEST (ID INT PRIMARY, ...);




InnoDB
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2  Windows PowerShell X 2 Windows PowerShell

bash-u4.4# pwd

/var/lib/mysql

bash-4.4# 1s

'#ib_16384_0.dblwr' binlog.000003 client-cert.pem ibtmpl private_key.pem undo_001

'#ib_16384_1.dblwr' binlog.000004 client—key.pem mysql public_key.pem undo_002
'#innodb_redo' binlog.index honuxdb mysql.ibd server—-cert.pem
'#innodb_temp' ca—-key.pem ib_buffer_pool mysql.sock server-Key.pem

auto.cnf ca.pem ibdatal performance_schema  sys
bash-u.u# |




InnoDB
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2  Windows PowerShell 2 Windows PowerShell

bash-4.4# pwd
/var/lib/mysql/honuxdb
bash-4.4# 1ls -Llh

total 112K

-rw-r————— 1 mysql mysql 112K Oct 6 13:45 HTEST.ibd
bash-4.u4i |
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MySQL 8.X InnoDB

In-Memory Structures On-Disk Structures
Buffer Pcy)olﬁa‘ | A\ systegmbgg{);%spaCe F;!gi)ll):sr;;l-?gs'e
M) 80800 H O_DIRECT innodb_file_per_table=ON
Buffer Pool g DOOEE |0 V|| e
o 1 === Sl=l=
A= | === — H =
o o B B Em ; e b
Change Buffer B eeuan
-8 soeoe | ~ =
SyStem Ta blespace (O—DI RECT) _,3 (] &w - | — General Tablespaces
DO u b leW rite B Uﬁe r = D g E %’ 5 o | ib_16384_0.dblwr ib_16384_1.dblwr . ts1t.:1bd ©

ts2.ibd
= t8 8

Undo Tablespaces

—
oo

undo 001 | undo_003.ibu | |

Undo Tablespaces  Crange e

Log Buffer CELEEHEL gy

Redo Log - WAL ‘(SySt‘em" f“ser'dEfi'fed’ L Temporany
General Tablespaces el
Temporary Tablespaces oguter || [TE M =
porery ° G2 @ |l

Operating
System Cache

———————————————————

000e0

#ib_redo.N  #ib_redoN_tmp | | || temp_3ibt |
| ! ‘ . (session) |
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MySQL 8.X InnoDB

2 Windows PowerShell

bash-4.4# 1s

SN T
=IH-T—————
SN T
=IH-T—————
SN T
=IH-T—————
drwxr—-x——-
=IH-T—————
TN T
drwxr-x---
TN T
drwxr-x---
Lrwxrwxrwx

1
1
1
1
1
1
2
1
1
2
1
2
1

bash-4.4# 1s

total 240
-rw—-r————-—
-rw—-r—-————

bash-u.u# |

1
1

X

2 Windows PowerShell

-1t | grep Oct

mysql
mysql
mysql
mysql
mysql
mysql
mysql
mysql
mysql
mysql
mysql
mysql
mysql

mysql
mysql
mysql
mysql
mysql
mysql
mysql
mysql
mysql
mysql
mysql
mysql
mysql

honuxdb -1

mysql
mysql

mysql
mysql

196608
12582912
16777216

1679
31457280
16777216

4e96
12582912
32

4e96

157

4e96

27

Oct
Oct
Oct
Oct
Oct
Oct
Oct
Oct
Oct
Oct
Oct
Oct
Oct

(o)l e W Te e I e I e BN e I e JNe B e T e T 0))

14:
14:
14:
14:
14:
14:
14:
:08
: 08
:08
: 08
:08
: 08

13
13
13
13
13
13

16
16
16
16
16
16
16

#ib_16384_0.dblwr
ibdatal
undo_002
binlog.000004
mysql.ibd
undo_001
honuxdb
ibtmpl
binlog.index
#innodb_redo
binlog.000003
#innodb_temp

mysql.sock -> /var/run/mysqld/mysqld.sock

114688 Oct 6 14:16 CODESQUAD.ibd
131072 Oct 6 13:56 HTEST.ibd




InnoDB

Tablespace

- System

- File-Per-Table

- General
- Temporary
- Undo

2 Windows PowerSh X 2 Windows PowerSh X =l

bash-4.4# pwd

/var/lib/mysql/honuxdb

bash-4.4# 1ls -1h

total 240K

-rw-r-——-— 1 mysql mysql 112K Oct 6 14:16 CODESQUAD.ibd
-rw-r-———— 1 mysql mysql 128K Oct 6 13:56 HTEST.ibd
bash-u.u# |

InnoDB Tablespaces

Tablespace :
Segment
1 Extent Extent
Leaf node segment
[Non-leaf node segment]|-.| Extent Extent
‘%Sﬁiéingﬁgf
Rollback segment |[—
\~‘-~___~’/,//”’ﬂ’~_;l §§E§£§€§
Row Row Row 'r
Trx id Row ||Row| |Row
Roll pointer '
Field pointers i Row|| Row
Field 1|| Field 2| |Field n||/

INNOBASE

an extent = 64 pages



InnoDB

ZI2: drop table HTEST; 5} S22 10| Ho{&nia?

InnoDB Tablespaces

Tablecpace
Fapiespace

=y

» Windows PowerSh X 2 Windows PowerSh X + v

bash-4.4# pwd

/var/lib/mysql/honuxdb
bash-4.4# 1s -1lh
total 240K

-rw-r-——-— 1 mysql mysql 112K Oct 6 14:16 CODESQUAD.ibd
-rw-r-———— 1 mysql mysql 128K Oct 6 13:56 HTEST.ibd
bash-u4 . |

Segment
af Extent Extent
Leaf node segment
Non-leaf node segment]||-| Extent Extent
\1
rl
ﬁ oW Row Row
Trx id Row ||Row| |Row
Roll pointer
Field pointers Row|| Row
Field 1|| Field 2| |Field n||;

INNOBASE

an extent = 64 pages
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Clustered Index
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Clustered Index

Page 603

Eid Page Ptr

E001 601 —

EO05 602 —_—
Root Page

—

R

Page 601

Eid
E001
EO03

Page Ptr

201 —_—

202

Page 602

Eid
E005
EOO7

Page Ptr

-

>

>

203 = =

—

204

Intermediate Page

https://blog.ex-em.com/1699

Eid Name City e
EOO1  Aditya Delhi oo
EO02  Aril Noida =
Eid Name City e
EOO3  Rajesh Kanpu o

EO04  Ashish Gurtgao e

Eid Name City e
EO0O5  Karnal Gao e
EO06  Sachin Nager
Eid Name City e
EO07  Anchal Delhi e
EO08  Vilcas Nagar =

Leaf(Data) Page (Table)



InnoDB

Secondary Index

— L

CREATE INDEX BHO = 444

Secondary Index Clustered Index

B+ tree

K-V > K-V
r 1V

Inverted Index o et
R-Tree
Hash Table [ (=) (=1(=1(%) . (=

pages

K — IIIO.I aE-IEE-I, V — PK Primary Key Value

K-V K-V K-V K-V K-V K-V K-V K-V

Aid
Ad
Aid
Aid
Ad
Aid



InnoDB

Double Write Buffer

M7| M5 9 obE A BrAl

Buffer Pool Disk

3. Dirty PageS .
1. Buffer Pool Flush am, 7?§ Data File

Dirty PageS
oLt 7|5

Doublewrite Buffer File

2. Dirty Page®
201 7|2



InnoDB

Redo Log

- ib_redoXX_tmp

- WAL (Write Ahead Log)

- HIMe[ HEAIR 2 20| M
- 8. X RE EAH H|E e} 7t5!

N

M AH=l

o

—

2 Windows PowerShell

bash-4.4# pwd

X B Windows PowerShell

/var/lib/mysql/#innodb_redo

bash-4.4# 1s

'#ib_redol0_tmp'

'#ib_redoll_tmp'
'#ib_redol2_tmp'
'#ib_redol3_tmp'

'#ib_redold_tmp'
'#ib_redol5_tmp'
'#ib_redol6_tmp'

bash-4. U4 |

ARIES: A Transaction Recovery Method

'#ib_redol7_tmp'
'#ib_redo18_tmp'
'#ib_redol9_tmp'
'#ib_redo20_tmp'
redo2l_tmp'
'#ib_redo22_tmp'
'#ib_redo23_tmp'

"#ib

'#ib_redo24_tmp'
'#ib_redo25_tmp'
'#ib_redo26_tmp'
redo27_tmp'

'#ib

'#ib_redo28_tmp'
'#ib_redo29_tmp'
'#ib_redo30_tmp'

'#ib_redo31_tmp'
'#ib_redo32_tmp'
'#ib_redo33_tmp'
'#ib_redo3d_tmp'
'#ib_redo35_tmp'
'#ib_redo36_tmp'
'#ib_redo37_tmp'

'#ib_redo38_tmp'
'#ib_redo39_tmp'
'#ib_redold0_tmp'
'#ib_redo9'

Supporting Fine-Granularity Locking
and Partial Rollbacks Using
Write-Ahead Logging




InnoDB

Undo log

Undo El|0|Z AH|O| A LS| =1 N 1H EO0

Undo Tablespace

U N d O I_Og X'l él- Global Temporary Tablespace
E”OlE-lo‘ O‘I-I H-l % I’ldO EJ% %-6” cE'?'I% Rollback Segment

A Ol S

T AAI3

Undo Log Segment

MVCC, B0 2B E

Undo Log



InnoDB

InnoDB C{A| & & 7|

In-Memory Structures On-Disk Structures
_____ System Tablespace File-Per-Table
2 H qufgr_qu’Iﬁ A [ 2 (ibdata1)p Tablespaces
|_I- — |_:| A‘ (M) 8080 EJ M O_DIRECT innodb_file_per_table=ON
|:|:| 7:| x ) D iRl | | V Change Buffer
Ul = im t SEEMEEE
S £ === — ==
- O = MG'—:D‘VT | =i=]= S
— E = 5 - A { Doublewrite Buffer Files tl.ibd t2.ibd
M3ERIE (Fuzzy Checkpoint) . rrreril
9_ |:|| _:3‘ 0 — &w E = General Tablespaces
A % O000= | A : i
E HH D = D = D M ‘ ib_16384_0.dblwr ib_16384_1.dblwr ts1.ibd
LJ - . L @ t3 t4 5
= | I -gé M Ai 7Undo Tablespaceis~ o S ts2ihd
Y. . Change Buffer g ' EE t8 t8 8
InnODB | QI' ol'ﬂ-“ *-":“OH EII' P@00® |85 | =55 |5 [EEE
lies . i - undo_001 yr_m@o‘QQS_uQu_‘; | SEEEEEIEEE
‘ OO0+ & ;
, ) | !
S| I undo_002 : undo_004.ibu | 7
[ (system) (user deflned) R
T Ti " f | J bty | Temporary |
| ' S - Tablespaces
y l [P o T e v e e, 2 e e et " I e e
1 | : Redo Log l j ibtmp1 |
H- T2 i | v |} 1 _(global) |
E Log Buffer | | = - r =T
— = —> — | | | | :
T, O00e’. | [ $3) [[_ o L temo. 1ibt HE
ot i . =L[Loc [Log] .11 temo Z;btb 1
| | L1 temp_3.ibt | |
{ | #lb_r:do_N #ib redolN tmp | : (sessuon) x
checkpoint system failure - L = _’ e 4
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Transaction

MySQL Lock

- Shared and Exclusive Locks

- Intention Locks

- Record Locks

- Gap Locks

- Next-Key Locks

- Insert Intention Locks

- AUTO-INC Locks

- Predicate Locks for Spatial Indexes



Transac tion

SQL92 Transaction Isolation Level

- READ UNCOMMITTED
- READ COMMITTED

- REPEATABLE READ

- SERIALIZABLE



- Lost Update Problem (PO0)

- Dirty Read Problem (P1)

- Non Repeatable Read Problem (P2)
- Phantom Read Problem (P3)



Transaction

Transaction Isolation Mode

SQL-92 Isolation Levels

Isolation Level

. READ
UNCOMMITTED

2  READ COMMITTED
3  REPEATABLE READ

4  SERIALIZABLE

Dirty Read

Yes

No

No

No

Non-Repeatable Read

Yes

Yes

No

No

Phantom Read

Yes

Yes

Yes

No



Transaction

7|2 2 E = Repeatable Read

Read Committed, Repeatable Read — MVCC A&

SQL 92 Repeatable Read - THE] &

MySQL2| Repeatable ReadOj|A= Qo2 lsolaion Level

Isolation Level Dirty Read Non-Repeatable Read = Phantom Read
HFAHG OFL-r1L1]
Phantom Read/ ofA| =L
[ - ° 1 Yes Yes Yes
=o ° UNCOMMITTED
2  READ COMMITTED No Yes Yes
3 REPEATABLE READ No No Yes

4  SERIALIZABLE No No No



Transac tion

A 2: Lost Update Problem2 {E | x{2|s{O} stLIR?

Lost Update Problem (PO0)

Dirty Read Problem (P1)

Non Repeatable Read Problem (P2)
Phantom Read Problem (P3)



Transaction

Read Uncommitted
Transaction A Transaction B

1) START TRANSACTION; 2) START TRANSACTION;
3) SELECT name FROM emp WHERE id=1

-- 21} Alice 4) UPDATE emp SET name = “Ali” WHERE id = 1
5) SELECT name FROM emp WHERE id=1

- A3k Al 6) ROLLBACK;

7) SELECT name FROM emp WHERE id=1

-- A1} Alice



Transaction

Read Uncommitted

- HOEX] S22 HOIHE EF SHE = US
- MVCCE Ar29IX| 211 H|O|EZE A H 13
= 0'||-_-|0"k| EllolE'lg E.1|-|'? Buffer Pool

— Dirty Read 24 O
— Non Repeatable Read 24 O

— Phantom Read &4 O



Transaction

Read Committed
Transaction A Transaction B

1) START TRANSACTION; 2) START TRANSACTION;
3) SELECT name FROM emp WHERE id=1

-- A1} Alice 4) UPDATE emp SET name = “Ali” WHERE id =1
5) SELECT name FROM emp WHERE id=1

-- A1} Alice 6) Commit;

7) SELECT name FROM emp WHERE id=1

-- A1} Ali



Transaction

Read Committed

- HAE HO[HE SA| 42
- MVCC AtE
- o{C|0l|M H|O|E{ £ 2{L}? Buffer Pool + Undo log (Read view)
- EHTM IDZE O|o|E{2] ‘dghd WLt
— Dirty Read 2 X
— Non Repeatable Read &4 O

— Phantom Read &A1 O



Transaction

Repeatable Read
Transaction A Transaction B

1) START TRANSACTION; 2) START TRANSACTION;
3) SELECT name FROM emp WHERE id=1

-- A1} Alice 4) UPDATE emp SET name = “Ali” WHERE id =1
5) SELECT name FROM emp WHERE id=1

-- A1} Alice 6) Commit;

7) SELECT name FROM emp WHERE id=1

-- Z1}: Alice



Transaction

Repeatable Read

- ETHEM A|ZIA| - o A-AFEE
- MVCCE A%
- o{C|0llM H|O|E{ £ 2{L}? Buffer Pool + Undo log (Snapshot)

— Dirty Read M X
— Non Repeatable Read 2 X

— Phantom Read &M X



Transaction

Serializable

- MVCCE AIESHX| &2
- 0{C|N| M CI[O|E E SIL}? HI =
- S Lockz} X LockS Al2dt — O E2ta SA|M X6t s

— Dirty Read M X

— Non Repeatable Read 2 X

— Phantom Read &M X
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Phantom Read

Phantom Read
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Phantom Read

Phantom Read - Oi|A| E{|0| &
employees

id hame department
1 Alice HR

2 Bob IT

3 Carol IT

4 David Finance



Phantom Read

Transaction A Transaction B

(Repeatable Read) (Repeatable Read)
START TRANSACTION; START TRANSACTION;
SELECT * FROM employees WHERE department =
|IT|; °
INSERT INTO employees (id, name, department)
-- A1} BOb(|T), Carol(IT) VALUES (5, 'Eve', '|T');
COMMIT;
SELECT * FROM employees WHERE department = id N T

Alice HR
Bob IT

Carol IT

"I'T; -- Z3}: Bob(IT), Carol(IT), s

AoowooND =

David Finance




InnoDB

InnoDB2} Phantom READ

To prevent phantoms, InnoDB uses an algorithm called
that combines

If one session has a shared or exclusive lock on record R in an index, another
session cannot insert a new index record in the gap immediately before R in
the index order.



InnoDB

InnoDB2} Phantom READ

“MVCC2l Next key 22 Al25}7| 0|
InnoDBO|AM= Phantom READ7} &t s} X| Qt=C}.”

cf.) = SQL DBMS=
record lock2t AF25IE 2 8|2 E £el0]| 7}t
Phantom Read?| £i9l0| =IC},



Gap Lock

Next key Lock && Gap Lock

.I

o
E

ALt 2| ZE AMO[S] ZHE = e

=l A
= 751 I:II_-U;(H CL |:||.x‘ o|cl A Eﬂi': (0] J = 9_‘ |:||:|-|_<|>_|§ p,N g |

= [

- SELECT c1 FROM t WHERE c1 BETWEEN 10 and 20 FOR UPDATE;
— t.c1 €0l 15 & =7ts
- Read Committed 2|20 M= Gap Lock O] AFE2E|X| 245

A




InnoDB

InnoDB2} Phantom READ

“Next key 2= ArEo}7]| IfFE0|
InnoDBO|A = Phantom READ7} Bt G}X| =L}

Tt REPEATABLE READ2}, SERIALIZABLE 22 = 0| A{2t,



InnoDB

REPEATABLE READO|A|= Phantom Read7} M7|X| et=LC}?

mysql> start transaction; mysql> start transaction;

Query OK, © rows affected (0.00 sec) Query OK, O rows affected (0.00 sec)

mysql> select * from emp where id >= 2; mysql> insert into emp values(5, 'ivy', 'aos');

Query OK, 1 row affected (0.00 sec)

mysql> commit;
Query OK, O rows affected (0.01 sec)

mysql> |
in set (0.00 sec)

select * from emp where id >= 2 for update;

| 4 rows in set (0.00 sec)

mysql> |



InnoDB

InnoDB2} Phantom READ

REPEATABLE READ= BF Qe AAUE?

SELECT — INSERT — SELECT FOR UPDATE =

IE-IJ\7|.||



InnoDB

REPEATABLE READO|A= Phantom Read?} 7|X| 2=C}2222 (2)

select * from emp; mysql> start transaction;
Query OK, O rows affected (0.00 sec)

mysql> insert into emp values (5, 'ivy', 'ios');
Query OK, 1 row affected (0.00 sec)

mysql> select * from emp;

in set (0.00 sec)

mysql> update emp set dept= 'aos' where name = 'ivy';
Query OK, 1 row affected (0.00 sec)
Rows matched: 1 Changed: 1 Warnings: ©

mysql> select * from emp;
in set (0.00 sec)

mysql> commit;
Query OK, O rows affected (0.00 sec)

in set (0.00 sec)
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InnoDB2} Phantom READ
REPEATABLE READE= B2 ofMot HAK?



InnoDB

InnoDB2} Phantom READ

“MVCC2} Next-key 2 AHESH | 20|
InnoDBA| A= Phantom READ 7} BfMSHX| Qt=C}”

Ct REPEATABLE READ2}, SERIALIZABLE 2 E0j|A{TF,
26| SELECT FOR UPDATE S2 ML} HH 2210| LIE}S £ QICH
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