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We believe It Is better to have application programmers deal with
performance problems due to overuse of transactions as
bottlenecks arise, rather than always coding around the lack of
transactions.
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A Critique of ANSI SQL Isolation Levels

Hal Berenson
Phil Bernstein
Jim Gray

Jim Melton
Elizabeth O’Neil
Patrick O'Neil

Abstract: ANSI SQL-92 [MS, ANSI] defines Isolation
Levels in terms of phenomena: Dirty Reads, Non-Re-
peatable Reads, and Phantoms. This paper shows that these
phenomena and the ANSI SQL definitions fail to properly
characterize several popular isolation levels, including the
standard locking implementations of the levels covered.
Ambiguity in the statement of the phenomena is investi-
gated and a more formal statement is arrived at; in addition
new phenomena that better characterize isolation types are
introduced. Finally, an important multiversion isolation
type, called Snapshot Isolation, is defined.

1. Introduction

Running concurrent transactions at different isolation levels
allows application designers to trade off concurrency and
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The ANSI isolation Ievels are related to the behavior of lock
schedulers. Some lock schedulers allow transactions to
vary the scope and duration of their lock requests, thus de-
parting from pure two-phase locking. This idea was intro-
duced by [GLPT], which defined Degrees of Consistency in
three ways: locking, data-flow graphs, and anomalies.
Defining isolation levels by phenomena (anomalies) was
intended to allow non-lock-based implementations of the
SQL standard.

This paper shows a number of weaknesses in the anomaly
approach to defining isolation levels. The three ANSI phe-
nomena are ambiguous, and even in their loosest interpreta-
tions do not exclude some anomalous behavior that may
arise in execution histories. This leads to some counter-in-
tuitive results. In particular, lock-based isolation levels
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POSTGRES S.1.

Xmin  xmax key value

10 15 foo 41

15 0 foo 42
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CLOCK-SI: CLOCK SKEW

e D 3o g r s 0 2 Gl g = 0 e s g = S e g 0 e Gl ’ = 0 2 Gl 2 s 0 2 Gl g = S oo - 0 e Gl g =
% G-y : s - / e - / o5 - / o= - ol o - - / o - - , S - P - . NS g 2 o - ,
o iR - o O cat PO ORI 3 E WD TR L AWORPR T £ RPN O P e S O - B - N T S D PN O RPN e S e p A e e sl v e — 4 — 2 s D I O P N S S O B e T - D IR DR

CSN1

e —

3 = - = . D ’ ) - = D : aT o » T : 8T S » : -8 S » : ) - = » B NS = ’ dT o »

CSN2 < CSN1 CSN1




CLOCK-SI: CLOCK SKEW

i = = - , S8 - p e - p s = S - p S - p 8 = , S o . - ;
I - T s S A N L e e g e e T Ly - e e N e T s e v e T - o f P S o 3 S g SRV e g Doy

t1

N A s - i ‘ = e < P ; oo < o AN ; oo S0 < e ‘ g < e ‘ = e < o S o, o ; Sy < >
R S = SN (NP~ S DS g S R I S Sa NPV S g S S S L A S D g Sy o= B T e e o T o i PSS WP

t' < t1 t1




TEKYLLEE COCTOAHKE

» MNaTtu c peannsauymen Clock-Sl ans noctrpeca
» MaTu ana postgres_fdw c npospauHomn noaaepkkon Clock-Sl
» Hy>kHO 60AbLLE BEpUPUKaumn

» Profit



410 NOYUTATb

» Designing data-intensive applications, M. Kleppmann
» A critique of ANSI SQL isolation levels, H. Berenson
» Generalized Isolation Level Definitions, A. Adya

» Clock-Sl: Snapshot Isolation for Partitioned Data Stores, Du, Elnikety



BCEM CITACHB(



