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ADMINISTRIVIA

Project #3is due Sunday Nov 17th1i@59pm
Project #4will be released this week.

Final Exam is on Friday Dec 3@ 8:30am
Y Early exam wilhot be offered. Doot maketravelplans.
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UPCOMING DATABASE TALKS

InfluxDB (DB Seminar)
Y Monday Nov 1t @ 4:30pm
Y Zoom

Camille Fournier (SCS'02)
Y Distinguished Alumni Talk

Y Thursday Nov @ 4:30pm
Y GHC 4401

GlareDB (DB Seminar)
Y Monday Nov 18 @ 4:30pm
Y Zoom

£=CMU-DB
555555555 (Fall 2024)

&) influxdb

JPMORGAN
CHASE & Co.

GlareDB
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https://www.cs.cmu.edu/calendar/178195192
https://db.cs.cmu.edu/events/building-blocks-glaredb-sean-smith/
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LAST CLASS

We discussed concurrency control protocols for
generating conflict serializable schedules without
needing to know what queriescawill execute.

The twophase locking (2PL) protocol requires
to acquire locks on database objects before they are
allowed to access them.
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MULT}H VERSION CONCURRENCY CONT&

The DBMS maintains multipdaysical versions of
a singleogical object in the database:

Y When atxn writes to an object, the DBMS creates a new
version of that object.

Y When atxn reads an object, it reads the newest version
that existed when then started.
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MVCC HISTORY

& @

Firebird
Oracle Rdb

the Database for HP
OpenVMS Platform

Protocol was first proposed in 1978
MIT PhDdissertation

First implementations wé&sloVMS »

and InterBasatDEC in early 1980sRdb/VMS
Y Both were byim Starkeycefounder of
NuoDB
Y DECRdAW VMS i Gracle Rdlp . X
Y InterBasevas opersourced aSirebird
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MULT}H VERSION CONCURRENCY CONTQ

Writers do not block readers.
Readers daot block writers.

Readonlytxnscan read a consistamapshot
without acquiring locks.

Y Use timestamps to determine visibility.
Y MVCC naturally supports Snapshot Isolation (SI).

Multi-versioning without garbage collection allows
the DBMS to suppofime-travelqueries.
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MVCCE EXAMPLE #1

Schedule
T - [Version Numblgtabase
1 2 kIllustrative Only====—=============
SI(EACS‘IN begin-ts endts value
BEGIN A IO 123
W(A) : |
R(A) i
COMMIT N e ———————
COMMIT
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MVCCE EXAMPLE #1

Schedule
T T Database
1 2 {

BEGIN :

R(A)
BEGIN : %
W(A) :

R(A) i

COMMIT \ o o o
COMMIT
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MVCCE EXAMPLE #1

Schedule
TS(P=1 T E"z‘t_eitl"i‘?? ___________
Focon |
BEGIN o m— - 123
W(A) |
R(A) i
COMMIT N ———————
COMMIT
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MVCCE EXAMPLE #1

Schedule
TS(P=1 T E"z‘t_%tl"i‘?? ___________

= :
BEGIN »: A P - 123
W(A) |

R(A) i

COMMIT N ———————
COMMIT
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MVCCE EXAMPLE #1

Schedule
TS(T)=1 T,
"BEGIN TS(‘I;I):Z
R(A)
»BEGI

W(A)

EE)Al\)mvuT
COMMIT
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MVCCE EXAMPLE #1

Schedule
TS(T)=1 T,
“BEGIN '
BEGI
W(A)

T, creates version
and sets,AndTS.
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Database

begin-ts endts value

0 - 123
456

> P
N
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MVCCE EXAMPLE #1

Schedule
TS(T)=1 T,
“BEGIN '
R(A) TS(-E)
BEGI
W(A)

T, creates version
and sets,AndTS.
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MVCCE EXAMPLE #1

Schedule Datah
TS(7)=1 T, {_éié_é‘?? ___________
“BEGIN - I i -
R(A) BEGlTS(-E)_Z LA o 2 123
1
WA i A |2 - 456
R(A) i

T, creates version
and sets,AndTS.

T EEmm—_————— \
i l
NIAE Active :
: T, 2 Active :
| |
. _l
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MVCCE EXAMPLE #1

Schedule
Database
T2 | { ——————————————————— 1
BEGIN TS(T)=2 R 0o -5 cnds vae B
BEGI a0 2 123 :
! 2 - 456
W(A) | A i
MIT G )
T,reads version,A COMMIT
TxnStatus Table
T m—m——— \
: !
NIAE Active !
T, 2 Active I
1 1
I I
. - K
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MVCCE EXAMPLE #2

Schedule Datab
TS{)=1 T, {_"2‘_51_??? ___________
Q ]
BEGIN _ | -
TST,)=2
R(A) 0 T CE Ry
W(A) BEGI i
R(A) !
W(A) i
R(A) S
COMMIT
TxnStatus Table
COMMIT o \
: |
NIAE Active !
| |
| |
| |
L ________________ _l

$2CMU-DB

15445/645 (Fall 2024)


https://db.cs.cmu.edu/
https://15445.courses.cs.cmu.edu/fall2024

MVCCE EXAMPLE #2

Schedule Datah
TS[)=1 T, {_"2‘_51_??? ___________
BEGIN I_ 1 begin-ts endts value
TST,)=2 !
R(A) )
W(A) BEGI »:A) > 222
R(A) :
W(A) i
R(A) SRRy
COMMIT
TxnStatus Table
COMMIT o \
: :
NIAE Active :
i i
i i
i i
L ________________ _l
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MVCCE EXAMPLE #2

Schedule Datab
TS[)=1 T, ikt \
Q ]
BEGIN _ | e I
TST)=2
\F/Q\/((AA)) BEGI . Ao - 123 i
1 - 456
) i |
W(A) i I
R(A) e ————————— )
COMMIT
TxnStatus Table
COMMIT jmm e ———————— \
: I
NIAE Active !
1 1
I I
1 1
. _l
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MVCCE EXAMPLE #2

Schedule
TST)=1 T,
“BEGIN N
R(A) TS[T,)=2
W(A) BEGI
R(A)
W(A)
R(A)
COMMIT
COMMIT
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MVCCE EXAMPLE #2

Schedule Datab
TST)=1 T, ikt
\Y ]
BEGIN _ | i
TS0)=2
R(A) 0 »' A o 1 123
W(A) BEGI Aremmn T
»R(A :
W(A) i
CRZ)(C')A\I\)/IMIT ~ T T
T,reads version, A
comd  becausgMas not jatus Table
P T L \
committed yet. ,
: !
NIAE Active !
I |T, 2 Active I
: I
1 1
- J
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MVCCE EXAMPLE #2

Schedule
TST)=1 T {[3"2‘2519??? ___________
BEGIN | |
5\/((AA)) BEGI : A D ! 129
R(A) | A 1 456
v .
R(A) m Ve —————
COMMIT ; T, must stall untilf
2 ' 1
COMM commits. ch'ilt_l,l_s_]':a_b_li__\
: :
NIAE Active :
I |T, 2 Active I
| |
| |
L ]
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MVCCE EXAMPLE #2

Schedule Datah
TS[)=1 T, ikt \
Q 1
BEGIN = I in- l
TST)=2
R(A) ) »' A |0 1 123 |1
W(A) BEGI Aremmn - 206!
R(A) ! |
W(A) i I
R(A) o Ve ———— !
MMIT | ® g
v TxnStatus Table
| COMMIT o \
T,reads versiontha : l
it wrote earlier. Ll Active |
I |T, 2 Active I
| |
| |
.- K
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MVCCE EXAMPLE #2
Schedule

TST)=1 T {[3"2‘2519??? ___________
Q ]
BEGIN _ | -
TST)=2
\F/Q\/((AA)) BEGI H B o - ==
I
R(A) i A 1 456
W(A) i
R(A) u A et
COMMIT u g
v TxnStatus Table
COMMIT o o .
: :
NIAE Active !
I |T, 2 Active |
I I
I I
L ________________ _l
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MVCCE EXAMPLE #2
Schedule

TS)=1 T, Datanase .4
Q ]
BEGIN _ | e
TST)=2
\7\/(60?) BEGI = B o - ==
[
R(A) : A 1 456
W(A) i
R(A) m A el
COMMIT = g
v TxnStatus Table
COMMIT o \
= :
: L |1 Committed :
I |T, 2 Active |
[ [
[ [
e _l
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MVCCE EXAMPLE #2

Schedule Datab
TS{T)=1 T, ikt
A ]
BEGIN — i in-
TST)=2
R(A 0 S TR PRV
WA EI(EA%' : A 1 2 456
WA) »n A2 : 789
R(A) u Ve e ————
COMMIT . g
» v Tantatus Table
COMMIT | = jemmcemcce———————— \
!
Now T can cr_eatet e Committed| |
new version. } Active |
1 | | |
.- K
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SNAPSHOT ISOLATION (SI)

When atxn starts, it seescansistensnapshot of

the database that existed when thatixtnstarted.
Y No torn writes from activixns
Y If two txnsupdate the same object, then first writer wins.

Sl is susceptible to tgite Skew Anomaly .
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WRITE SKEW ANOMALY

Txn#1

Change all white
marbles to black.

00 —
OO

TXN#H2
Change all black
marbles to white.

o O
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WRITE SKEW ANOMALY

Txn#1

Change all white
marbles to black.

00 —
OO

Txn#2
Change all black
marbles to white.
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WRITE SKEW ANOMALY

Txn#1

Change all white
marbles to black.

cc — ™ 00
o0

Txn#Z\‘ \%l /

Change all black
marbles to white.
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WRITE SKEW ANOMALY

Txn#1

Change all white
marbles to black.

"7 JY | e
00 " Imgele

Change all black
marbles to white.
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MULT}H VERSION CONCURRENCY CONT&

MVCC is more than just a concurrency control
protocol. It completely affects how the DBMS
manages transactions and the database.

. X?  splice
¥ A 5 MACHINE
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N R AR OquIeStore

@ ArangoDB ’4 MariaDB

Clustrix i A ORACLE'

_l i, ~ OrientDB HERCSE €8 starRocks | e
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MVCC DESIGN DECISIONS

Concurrency Control Protocol
Version Storage

Garbage Collection

Index Management

Deletes
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CONCURRENCY CONTROL PROTOC(E

Approach #1: Timestamp Ordering
Y Assigrntxnstimestamps that determine serial order.

Approach #2: Optimistic Concurrency Control

Y Threephase protocol from last class.
Y Use private workspace for new versions.

Approach #3: TwePhase Locking

Y Txnsacquire appropriate lock on physical version before
they can read/write a logical tuple.
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VERSION STORAGE

The DBMS uses the tupl es¥

version chain per logical tuple.
Y This allows the DBMS to find the version that is visible to
a particulatxn at runtime.
Yl ndexes always point to the X

Different storage schemes determine where/what
to store for each version.
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VERSION STORAGE

,Q,» Approach #1: AppeneDnly Storage

Don't Y New versions are appended to the same table space.

Do This! Approach #2: TimeTravel Storage
Y Old versions are copied to separate table space.

Approach #3: Delta Storage

Y The original values of the modified attributes are copied
iInto a separate delta record space.
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APPENIDNLY STORAGE

All the physical versions of a logical Main Table
tuple are stored in the same table

space. The versions are intaxed. S o

A | $111| e
On every update, append a new A | s222] o
version of the tuple into an empty B, $10 z
space in the table.




