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o Buffer Pool ?

e Join Buffer & Sort Buffer ?

e |Locks ?

e Indices ?



2. Z2BNiRFA Coding HIHE

i=/8 trace code BYRES !




ATEr AR A Coding §ES1 ?

e Database management system (DBMS) 2—fF
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“If you are good enough to write code
for a DBMS, then you can write code on
almost anything else.”

- Andy Pavlo @ CMU 15-721
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RDBMS B9Z845

« RDBMS —iZIAZEHA] IBM System R AEE R E

o PJLAKESTIAN =15
e Query Engine
e Storage Engine

* Jransaction Management
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VanillaDB

http://www.vanilladb.org/
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http://www.vanilladb.org/

VanillaDB F3t1&

e VanillaCore

o HITHREAM multi-threaded RDBMS
* VanillaBench

o Az VanillaCore B Benchmarks
e VanillaComm

* Group Communication
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VanillaCore BY22%&

Algebra

Storage

Metadata Record

Log
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VanillaCore HYZ:%E

Embedding

Query
Engme Algebra
Storage
Metadata Index | Record Concurr-
ency
Stor-age Log Buffer
Engine
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SQL &5l

_buyer _ stock.id | amount |_time _
1 103 50

1 Red 3300 1 297 300 8/1
2 Blue 2200 1 31 230 8/5
3 Green 4500 2 45 40 8/7

account 3 24 100 9/2

stock_history

SELECT name FROM account, stock history WHERE
id = buyer AND balance > 3000 AND time >= 9/1
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Query B9—X

. %o ArEdERSY (Lexical Analysis & Tokenization)

. ER¥TEEE (Parsing)
sTEHITH IV (Planning)

. 17 (Executing)
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32T (Lexical Analysis)

SELECT name FROM account, stock history WHERE

id = buyer AND balance > 3000 AND time >= 9/1
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a0 [ 01 (Lexical Analysis)
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SELECT:name:FROM:account::stock_history:WHERE
i

id:=:buyer:AND:balance:>:3@@@:AND:time:>=:9/1
i i

18



a0 [ 01 (Lexical Analysis)
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SELECT:name:FROM:account::stock_history:WHERE
i

il:l:l ::II i IIII
id:=:buyer:AND:balance:>:3@@@:AND:time:>=:9/1
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a0 [ 01 (Lexical Analysis)
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SELECT:name:FROM:account::stock_history:WHERE
i

i i : i : i : : 1 1 i i I i i
id:=:buyer:AND:balance:>:3@®0:AND:time:>=:9/1
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Identifier Constant
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a0 [ 01 (Lexical Analysis)
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i i : i : i : : 1 1 i i I i i
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Identifier Constant
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<Query> := SELECT <ProjectSet> FROM <TableSet>

[ WHERE <Predicate> ] [ GROUP BY <IdSet> ]
[ ORDER BY <SortList> [ DESC | ASC]]
<ldSet> = <Field> [, <ldSet> ]
<TableSet> :=IdTok [, <TableSet> ]
<AggFn> := AVG(<Field>) | COUNT(<Field>) |
COUNT(DISTINCT <Field>) | MAX(<Field>) |
MIN(<Field>) | SUM(Field>)
<ProjectSet> := <Field> | <AggFn> [, <ProjectSet>]
<SortList> := <Field> | <AggFn> [, <SortList>]
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Plan Trees

SELECT name FROM account, stock history WHERE
id = buyer AND balance > 3000 AND time >= 9/1
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Plan Trees

SELECT name FROM account, stock history WHERE
id = buyer AND balance > 3000 AND time >= 9/1

T

o Selection {id = buyer & balance > 3000 & time > 9/1}

X Cross Product

Table {account} Table {stock_history}
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Pla

n Trees

SELECT name FROM account, stock history WHERE
id = buyer AND balance > 3000 AND time >= 9/1

T

o Selection {id = buyer & balance > 3000 & time > 9/1}

X Cross Product

Table {account} Table {stock_history}

Lo T B4 ¥

i3 Relational Algebra
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HITaT=

1

o {id = buyer &
balance > 3000 & time > 9/1}

1

X

account stock_history
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HITaT=

n {'name’}

1

o {id = buyer &
balance > 3000 & time > 9/1}

1

X

e ) e
i name | boiance [

103 7/19
1 Red 3300
1 297 300 8/1
account stock_history 2 Blue 2200
1 31 230 8/5
3 Green 4500
2 45 40 8/7

3 24 100 9/2
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o {id = buyer &
balance > 3000 & time > 9/1}
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X

1 Red

1 297 300 8/1

account stock_history 2 Blue 2200
1 31 230 8/5

3 Green 4500
2 45 40 8/7
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,._ 3 Green 4000
o {id = buyer &

balance > 3000 & time > 9/1}
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account  stock_history 1 Red 3300 2 45 40 8/7
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HITaT=

1

o {id = buyer & Green
balance > 3000 & time > 9/1}

X mmmmm

3 Green 4500

account stock_history

24



—{& Query RIEEEZH Z#£ Plan Tree

i

o Selection {id = buyer}

1

X C_ross Product

o Selection {balance > 3000} o Selection {time > 9/1}

Table {account} Table {stock_history}
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WAl %03E Query EEHHIT 2

{Re] DANU{RAY DBMS f7fE (EXPLAIN) 45{/R5Z



QN{a] %038 Query EEEEHIT

(R e] ADU{RAY DBMS fZ%2 (EXPLAIN) 45 (/R =

SLMT=# EXPLAIN SELECT name FROM account, stock_history WHERE 1id = buyer
AND balance > 3000 AND time >= 901;
QUERY PLAN

Hash Join (cost=24.16..86.76 rows=835 width=58)
Hash Cond: (stock_history.buyer = account.id)

-> Seq Scan on stock_history (cost=0.00..32.12 rows=590 width=4)
Filter: ("time" >= 901)
-> Hash (cost=20.62..20.62 rows=283 width=62)
-> Seqg Scan on account (cost=0.00..20.62 rows=283 width=62)
Filter: (balance > 3000)

(7 rows)

PostgreSQL
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Planners

Y #ENUE Query Optimizer

Planner B9 252,

o WfIFH—EFRIRITETE ?

o W{a]IEREfRETEIITRTERIRER ?

4Ry Planner R L XK=
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Heuristic-based Optimization - INGRES, 1979
Heuristic+cost-based Join Search - System R, 1979
Simulated Annealing - Postgres, 1987

Starburst Optimizer - DB2, 1988

Volcano Optimizer - Academic, 1993

Cascades Optimizer - SQL Server, 1995
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Disk-based Storage

RecordFileA RecordFileB
RecordPage RecordPage
r8 r9 r9 r10
/
BufferMgr /
Bufferv Buffer Buffer /
\ \

Page vy Page& Pagk
FileMgr / \

A \
FileA e FileB \
Blockl / BlockZy Blockl BIocI&

r8 r9 r9 r10
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o FERRZELA block AEMFEVER

o FIATRE/JVLZHIER

o RIBEIEHINAIEEE R/ ARBFZER fragmentation

o AIEIRERFERIE

o FRLAZEE cache

» &¥2 cache thBRZ /5% (FIFO, LIFO, LRU...)
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Main-Memory DBMS

o RExERIERZERERIER

HIIE&

« MMDBMS HI{EZ:

o RFEEZE blocks HIsx5ET (Disk =T ? BENZIE ?)

e ENEAEER mutex £ latch

e KIFINE storage engine RIFERR




Hekaton, 2013

Header Links Payload
|Begin‘ End | oo Pointer‘ Name ‘ City ‘Amount
Record format
Hash index Ordered'index
on Name on City
4 > 10 20 John London 100 <@ =
[ \
*4 \\
| 15  inf : Jane Paris 150 = —
vy o \
— 20 Tx75| John London 110 a0
B 100 |} ® /
i* Old 3
———  Tx75| Inf [ | John London 130 |
SN 100 New /
L /
—l-b 30 Tx75 T Lary Rome 170 <= 4

- 100 ll old

Tx75| inf Larry Rome 150
100 New




Peleton, 2016

ID IMAGE-ID NAME PRICE DATA

ITEM-101 DATA-101 m—
ITEM-102 DATA-102 Group
ITEM-103 DATA-103 A
ITEM-104 DATA-104 m—
ITEM-105 DATA-105 Group
ITEM-106 DATA-106 B
ITEM-107 DATA-107
ITEM-108 DATA-108 Tile
Group
ITEM-109 DATA-109 c
ITEM-110 DATA-110




Transaction Management
2 RDBMS 5@ KAIREAHE
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Transactions
e




Transactions
e

BEGIN TRANSACTION,;

balance - 100 WHERE name "Red";

UPDATE account SET balance

balance + 100 WHERE name “Blue”;

UPDATE account SET balance

COMMIT TRANSACTION;
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Transactions
e

BEGIN TRANSACTION,;

balance - 100 WHERE name "Red";

UPDATE account SET balance

balance + 100 WHERE name “Blue”;

UPDATE account SET balance

acip J{

37

COMMIT TRANSACTION;




FEF4 (Atomicity)

—4% (Consistency)
B (Isolation)

1EZ 4 (Durability)
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A - Atomicity

FHoE# (All or nothing)




A - Atomicity

Ao EHE (All or nothing)

BEGIN TRANSACTION BEGIN TRANSACTION
UPDATE account ... UPDATE account ...
UPDATE account ...

COMMIT TRANSACTION

None Half All

39



A - Atomicity

« 22 (Al or nothing)

:BEGIN TRANSACTION;
:UPDATE account

:UPDATE account

 COMMIT TRANSACTION; :

EBEGIN TRANSACTION;
EUPDATE account
EUPDATE account

. COMMIT TRANSACTION; :

39

EBEGIN TRANSACTION;
EUPDATE account ...
UPDATE account ...

'COMMIT TRANSACTION:



C - Consistency
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- Consistency

5% G RIR{F

%X : Sum(balance) = 10000
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C - Consistency

« BERENTSERERENRY

EHESE : Sum(balance) = 10000

BEGIN TRANSACTION

UPDATE account ...

In Progress
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C - Consistency

« BERENTSERERENRY

EHESE : Sum(balance) = 10000

BEGIN TRANSACTION Sum(balance) — 99()()
UPDATE account ...

In Progress
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C - Consistency

« BERENTSERERENRY

EHESE : Sum(balance) = 10000

;BEGIN TRANSACTION Sum balance) 9900

EUPDATE account ... i
' A T

:UPDATE account ... :

ECOMMIT TRANSACTION; :

In Progress
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C - Consistency
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EHESE : Sum(balance) = 10000

BEGIN TRANSACTION: Sum(balance) = 9900
EUPDATE account ... i

% A T3
:UPDATE account ... :

COMMIT TRANSACTION; HAth transactions AEEFZIE1E

In Progress
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| - Isolation

Transaction M {THITHEG RNV BN ES F—EKFHITINEE SR
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| - Isolation

Transaction M {THITHGERNBNGES E—EKFHITHEGER

Tx 1
Tx 2

Time
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| - Isolation

Transaction M {THITHGERNBNGES E—EKFHITHEGER

Tx 1
Tx 2 _

41

Time




| - Isolation

Transaction M {THITHGERNBNGES E—EKFHITHEGER

Time Time

Tx 1
Tx 1
Tx 2 _

41




Isolation Levels

Isolation B 1R Z &

Level Dirty Reads Non-Repeatable
Reads

Read Uncommitted

Repeatable Read

Serializable




Isolation Levels

Isolation B 1R Z &

Level Dirty Reads Non-Repeatable
Reads

Read Uncommitted

Repeatable Read

Serializable

/NENEEL © MySQL’s InnoDB FEs% 2 F Repeatable Read
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RIBEHT - EEAREDAIAZRH READ COMMITTED ! [1]

[1] “What Are We Doing With Our Lives? Nobody Cares About Our Research on Concurrency Control” in SIGMOD’17
[2] “ACIDRain: Concurrency-Related Attacks on Database-Backed Web Applications” in SIGMOD’17

43
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RIBEHT - EEAREDAIAZRH READ COMMITTED ! [1]

RNBIER Isolation Levels EB B L2 EEE [2]

M

[1] “What Are We Doing With Our Lives? Nobody Cares About Our Research on Concurrency Control” in SIGMOD’17
[2] “ACIDRain: Concurrency-Related Attacks on Database-Backed Web Applications” in SIGMOD’17
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D - Durability

o E4% commit BB R IABMHIRE TR




D - Durability

o B4 commit IERINEHRIRE N




D - Durability

o B4 commit ERINBEHRHIRE TR
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D - Durability

o E4E commit BIERIAAEHRIREE T2
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Atomicity ?
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Logging

e RDBMS 42tk {RANE—REFh

§BEGIN TRANSACTION

§UPDATE account SET balance = balance - 100 WHERE name = "Red"
:UPDATE account SET balance = balance + 100 WHERE name = “Blue”
:COMMIT TRANSACTION

, Set Value, Record 2, Offset 30, 0ld 2200, New 2300>
, Commit>

: 1
§<Tx 1, Set Value, Record 1, Offset 30, 0ld 3300, New 3200>
: 1

1



Undoing

e RDBMS B]DARIE logs BUH B4R 7 BiRYIRE

§BEGIN TRANSACTION
§UPDATE account SET balance = balance - 10060 WHERE name = "Red"

<Tx 1, Begin> E
<Tx 1, Set Value, Record 1, Offset 30, 0ld 3300, New 3200>:

48



Undoing

e RDBMS B]DARIE logs BUH B4R 7 BiRYIRE

§BEGIN TRANSACTION
§UPDATE account SET balance = balance - 10060 WHERE name = "Red"

<Tx 1, Begin> E
<Tx 1, Set Value, Record 1, Offset 30, 0ld 3300, New 3200>:

48



Undoing

e RDBMS B]DARIE logs BUH B4R 7 BiRYIRE

§BEGIN TRANSACTION
§UPDATE account SET balance = balance - 10060 WHERE name = "Red"

<Tx 1, Begin> :
<Tx 1, Set Value, Record 1, Offset 30, 0ld 3300, New 3200>:

48
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¥ 5% 5C 82 A record
iR

5 log I ?

Quick Answer: Write-Ahead Logging
AEBAIMBECEE ~




Consistency ?
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Consistency ?
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JEIEE F XA R PR SHEE 2R

: UPDATE account ;
:SET balance = balance - 100 balance
:WHERE name = "Red" g

Transaction 1 1 Red 3300
2 Blue 2200
3 Green 4000
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JEIEE F XA R PR SHEE 2R

:UPDATE account :
:SET balance = balance - 100 balance
.WHERE name = "Red" o~ ;

' By T B Red 3300
Transaction 1 , ©

2 Blue 2200

3 Green 4000
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JEIEE F XA R PR SHEE 2R

:UPDATE account :
:SET balance = balance - 100 balance
.WHERE name = "Red" -~ ;

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

' T Red 3300
Transaction 1 /3 ©

e 5 2 Blue 2200

............................................................................................... 3 Green 4000
Transaction 2
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JEIEE F XA R PR SHEE 2R

:UPDATE account :
:SET balance = balance - 100 balance
.WHERE name = "Red" o~ ;

' T B Red 3300
Transaction 1 - ©

2 Blue 2200

3 Green 4000

Transaction 2
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AiESR AN Deadlock

w B3 Red 3300
v 3 l

i 2 Blue 2200
&y &

3 Green 4000

Transaction 1

Transaction 2
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Deadlock T EEE#E ?

o ZE&% Operating Systems 215 /E R (EZM !
o BRME
e Deadlock-detection

e Deadlock-avoidance

 Deadlock-free locking

B0ER trade-off

St XM
I B — EF
/1-L/GN =33
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|solation ?



|solation ?

Y& Locks !



Isolation Levels

o EENHIEENEERRXIEAER Isolation Level

o {TEERFEEXSF lock

o fTEERFEREIN lock

o [BfFE lock EZE ?

o FHBAIMBECEES )
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Durability ?



Durability ?
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Durability ?
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E.... [RINVEREIRERITE commit 21217
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Flushing
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DBMS B IAE{RHY log RIEFRE 1}




“If you are good enough to write code
for a DBMS, then you can write code on
almost anything else.”

- Andy Pavlo @ CMU 15-721
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