SQL: Transactions

cP51le
Introduction to Database Systems

Announcements (October 2)

4 Project milestone #1 due in 134 weeks
" Come to my office hours if vou want to chat about
orojact ideas
4 Midterm in class this Thursday
" Open bock, open notes

" Tormat stmilar to the sample mideeoms

¥ Covars sverything up to today's lecture

. Bl irar il Erem el
% Sample solutions to sample midrerm and

Homework #2 available

Transactions

% A transaction is a sequence of database operations
with the following properties (ACID):
¥ Aromic: Cperations of a transaction are sxecuted all-oz-
nothing, and are never left “half-don="
" Consistency: Assume all database constraints are satisfied
at the stact of 2 transaction, they should remain sansfed
¥ Izolation: Transactions must behave as if they orece

=xecuted 1n complets isclabion from each other

" Durability: If the DEMS croshes after a transaction
comnanuts, all affecks of the transachon must cemain in the

database when DBMS comes back up

SQL transactions

# A transachon s automatically started wrhen a user executes
an S0)L statement

4 Subsequent stotaments 1o the soms sesticn ars sxscuted as
part of this transaction
= Statcmonts soc changss madc by caslicr oncs in the samc
tramsaction
= Statcmants in cthor concurrantly runming transactions dio not soc
thosc changcs
& COMMIT command comauts the transaction
= Its offccts aoc madc Onal and visiblc to subsoqueont transacizons

# BOLLBACK cormnrmand aborts the transaction
= Itz ofccts anc undonc

Fine prints

% Schema operations {e.g., CREATE TABLE} implicicly
commit the current transaction
¥ Because it iz often dificult to undo a schema operation
% Many DBMS support an AUTOCOMMIT feature,
which autematically commits every single statement
| For DB2:

* db? command-linc proccssor tuns it on by dofandt
* ¥ou an harn it off with option +C

" More examples to come when we cover database APT's

Atomicity

% Partial effects of a transaction must be undone when

¥ User explictly aborts the transaction uang ROLLBACK

*F.z.. application asks for uscr confirmation in the last stcp and
msucs COMMIT oc ROLLBACK dopending on the rosponsc

® The DBMS crashes bafore 2 rronsaction commits

& Partial effects of a modification statement must be
undone when any constraint is violared
" However, only this staterment is rolled back; the

tronsaction conbinoes
% How is atomicity achieved?
" Logaging (to support unda)




Durability

4 Effects of commuitted transactions must survive
DBEMS crashes
% How is durability achieved?
" Forang all changes to disk at the 2nd of =very
transachon’?
* Too cxponsrvc: DEMS manipulatcs data in mamosy
" Logging (to support cado]

Consistency

4 Consistency of the database is guaranteed by
constraines and triggers declared in the database
and/or transactions themselves

¥ Whenevar inconsistency arises, abort the skatement or
tronsaction, or (with deferred constraint checking or
application-snforced constraints) fix the inconsistency
within the transaction

Isolation

% Transactions must appear to be executed in a serial
schedule (with no interleaving operations)
% For performance, DBMS executes transactions using

a serializable schedule
¥ I this scheduls, operaticas from differsnt transactions

con inteclsave and sxecuts cmcu::tn‘l:[‘_:'

¥ But the schedul= 15 guarant=ed to produce the same
=ffects as a serial schedule

¢ How is isolation achieved?

n Ll:I-LlI:iI'IE', raulH-rersion COMICULTRnY control, =mc.

SQL isolation levels

4 Strongest isolation level: SERIALIZABLE
" Complets izolatinn
® SQL defaule

< Weaker isclation levels: REPEATABLE READ, READ
COMMITTED, READ UNCOMMITTED

¥ Jncrease performance by elirminabing ovechead and
allowing higher degrees of concurrency

" Trade-off sometimes you get the “wrong” answar

Ll

READ UNCOMMITTED

4 Can read "dicty™ data
= A data ivom i dirty if it is written by an nncommitted transacton
4+ Problam: What if the transaction that wrots the dicty data

sventually aborts?

+ Example wrong average

= —- Tl -- TZs
UPDATE Student
SET GPA = 3.0
WHERE 5ID = 1423 SELECT AVG(GPA)

FROM Student:

ROLLBACK ;
COMMIT;

READ COMMITTED

4 Mo dirty reads, but non-repeatabls reads possible
® Rrading the samc data ibom twice can produococ differont cosualts

e -— T2:
SELECT AVG{GPA)
FROM Student:
UPDATE Student

SET GPA = 3.0
WHERE 3ID = 142;
COMMIT;

SELECT AVG([GPA)
FROM Student:
COMMIT




REPEATABELE READ

% Reads are repeatable, but may see phantoms

% Example: different average (still")
= —- Tl -- T2s
JELECT AWG(GPA)
FROM Studenmt:
INSERT INTO Student
VALUES (739, 'Melsaon', 10, 1.0):
COMMIT ;
SELECT AWG(GPA)
FROM Student;
COMMIT ;

Summary of SQL isolation levels

4 Syntax: At the beginning of a transaction,
SET TRANSACTION ISOLATION LEVEL
irolarson Jevel [READ ONLY |READ WRITEZ;

" READ UNCOMMITTED can only b= READ ONLY

15

Transactions in programming (JDBC)

# Ser 1zolation level for the curcent transaction
= con.setTransactionlsolationlevel {);

= Wherc [ is onc of TRANGACTION SERIALIZASLE {(dc@ultl,

TRANSACTION REFEATABLE READ, TRANSACTION READ COMITTED, and
TRANSACTION READ UNCOMAITTED

# St the transaction to be read-only or read~ente (defanlt)
= con.setReadOnly{truz|false);
4 Turn on/off AUTOCOMMIT (conumits every singls statement)
= con.setAutoCommit{trus|false);
% Commit/rollback the current transaction (when
AUTOCOMMIT = off
= con.commti);
= con.rollback();

ANSI isolation levels are lock-based

< READ UNCOMMITTED
" Short-duration locks: lock, access, release immeadiarely
< READ COMMITTED
" Long-duration writ= lock: do not release wote locks unnl

OO

< REPEATABLE READ
¥ Long-duration locks on all daka items accassed
< SERIALTZABLE

" Lock ronges to prevent insection as wall

LT

An isolation level not based on locks

Snapshot solation
% Based on multiversicn concurrency control
# Available in Oracle, PostpreSOL, M5 501 Server, etc.

% How it works
= Transaction X pecforms its operations on a private snapshot
of the databess talken at the stact of X

= X can coemmit oaly if it does not write any data that has been
also written by a transaction committed after the start of X

% Avouds all ANSI anomalies
4 But 1s NOT equivalent to SERIALIZABLE because of

wrrite sloew anomaly

Write skew example

& Constraint: combined balance A+EB > 0

+A =100 E = 100

% T, checks A+E — 200 > 0, and then proceeds to
withdraw 200 from A

% T, checks A+B — 200 > 0, and then proceeds to
withdraw 200 from B

% Possible under snapshot isolation because the writes
(to A and to B) do not conflice

% But A+E5 = =200 < 0 afterwards!




