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Collations from A to Z

Putting words in order
without losing your mind or your data
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PostgreSQL does not include its own 
string comparison code. It calls external 
libraries, which were installed & managed 
separately.

The Backstory, Part 1
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The Backstory, Part 2 - Six Years Ago

Widespread encounters:

• Queries giving incorrect results
 data appears to be lost

• Inserting records with duplicate primary keys
 unique constraints not enforced correctly

• Mysterious crashes
 in one case during WAL replay, preventing a DB from doing crash recovery

Caused by changes in sort order
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23 Things I Completely 
Got Wrong
about putting words in order

during 7 years working with Postgres
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1. Putting words in order is simple

compare each character 
from beginning to end      (memcmp)
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Contractions: two (or more) characters sort as if 
they were a single base letter. In Table 4, CH acts 
like a single letter sorted after C.
Expansions: a single character sorts as if it were a 
sequence of two (or more) characters. In Table 4, 
an Œ ligature sorts as if it were the sequence of 
O + E.
Backwards Accent: In row 1 of Table 5, the first 
accent difference is on the o, so that is what 
determines the order. In some French 
dictionary ordering traditions, however,
it is the last accent difference that 
determines the order, as shown in row 2.

Linguistic Collation is Complex

https://www.unicode.org/reports/tr10/

https://www.cybertec-postgresql.com/en/case-insensitive-pattern-matching-in-postgresql/
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2. The way computers and people put 
words in order doesn’t change

Must be a mistake by maintainers of the external library?
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“Correct” Ordering Does Change
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Tibetan (2021)
https://unicode-org.atlassian.net/browse/CLDR-9895

Swedish (2022)
https://unicode-org.atlassian.net/browse/CLDR-3059

French (2010)
https://unicode-org.atlassian.net/browse/CLDR-2905
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It’s so interesting, first human languages were leading 
changes on computers. We added rules to computers 
reflecting how we speak or write.

Now – like in the French example – the rule was decided 
the way computing is done.

The order of things can change. Now computers are 
impacting our natural language.

Gülçin Yıldırım Jelínek
Paraphrasing Peter Eisentraut during an interview with him

The Builders: A Postgres Podcast, Episode 1, Dec 12 2023
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3. Changing sort order is rare
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Rare Large Change Got Everyone’s Attention

11

2018
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Rare Large Change Got Everyone’s Attention

DANGER: glibc 2.28 has a scary and major collation change

 Even pure ASCII strings change sort order!

• Debian 10 (buster)

• Ubuntu 18.04

• RHEL 8

• SLE15 Service Pack 3

https://wiki.postgresql.org/wiki/Locale_data_changes
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Collation Torture Test
Data to answer the questions: 

Is this really a problem?
How common are sort order changes?

• 10 years of historical versions 

• Ubuntu and RHEL

• All assigned code points
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github.com/ardentperf/glibc-unicode-sorting
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286,654

unicode code points

91

string patterns

26 million

strings
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Every single RHEL major and Ubuntu LTS 
in the last 10 years has sort order changes 
except for Ubuntu 14.04
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Collation Torture Test

16
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4. Changing sort order is intentional
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Unintentional Changes

18

In 2014, a 300-line commit 
to refactor an internal 
cache for perf reasons 
changed sort order of 
22,000 code points 
(mostly CJK) in the 
collation torture test 
between glibc versions 
2.19 and 2.21
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5. Indexes are the only thing corrupted

Users are safe if they rebuild indexes

19
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Possible Corruption After Sort Order Change

20

create table arabic_dictionary_research (
 word text,
 crossreferences text,
 notes text 
) partition by range (word); 

create table arabic_dictionary_research_p1 partition of arabic_dictionary_research
  for values from ('ا') to ('ح');
create table arabic_dictionary_research_p2 partition of arabic_dictionary_research
  for values from ('ح') to ('س');
create table arabic_dictionary_research_p3 partition of arabic_dictionary_research
  for values from ('س') to ('ل');
create table arabic_dictionary_research_p4 partition of arabic_dictionary_research
  for values from ('ل') to ('ے');
create table arabic_dictionary_research_p5 partition of arabic_dictionary_research
  default;

https://ardentperf.com/2023/03/26/did-postgres-lose-my-data/
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Updating an external collation library 
can cause corruption that isn’t noticed 
until long afterwards. 

Can trigger a sort order change:

• OS Upgrade

• Failover and Hot Standby

• Patroni, Kubernetes, etc

• Distributed Systems

Possible Corruption After Sort Order Change

Can be corrupted by version change:

• Indexes

• All types, not just btree

• Constraints

• All types, not just unique/primary-key

• Partitions

• FDWs – eg. mergejoin depends on same 
local/remote ordering

• Maybe: un-refreshed materialized views, 
triggers, generated columns?  (I’m not sure)
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6. Users can rebuild the impacted objects

It’s inconvenient but at least there is always a “fix”
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Hot Standby to Scale Out Reads

23

2014
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7. My database doesn’t have any 
characters from that uncommon language 
with a sort order change

I can safely update the collation library and ignore 
warnings about corruption

24
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Assume Unexpected Characters
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8. My database understands all of the 
characters that are in it
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Device and App Updates
New versions of Unicode are deployed 
quickly to devices and end users

Generally less than a year

A database that rejects unknown code 
points will not store data entered on 
current phones & apps, if the data 
includes new characters

Patches are on the mailing lists, still 
under discussion

27
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9. The Postgres warning message about 
“wrong collation library version” will be 
displayed to someone
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“Warning” May Appear in Server Logs Only
https://ardentperf.com/2023/03/26/did-postgres-lose-my-data/



© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.

10. Postgres can always know what version 
of C Libraries are installed on the OS

31
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Postgres Detects Version On Common OS’s

32
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11. You can’t just 

“extract the collation code from an old 
glibc (GNU C Library) version, 
build it as an independent library,
and install it on a new major OS release”

33
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12. ICU solves everything

36
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ICU is a far better choice than the 
operating system C library

But it doesn’t solve everything

Every single Ubuntu LTS in the 
last 8 years has ICU sort order 
changes
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13. ICU never had a huge sort order 
change like the glibc 2.28 fiasco

38
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• Both glibc and ICU have regular collation changes.

• Both had at least one release with very large numbers of changes.

• PL/pgSQL code is published on github to generate a table with 
the 26 million strings in the “collation torture test”

• Can checksum the sorted list to create a test and detect changes

https://github.com/ardentperf/glibc-unicode-sorting/blob/main/run-icu.sh#L65

Collation Torture Test Summary
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14. Assume Devrim and Christoph are 
happy to build old ICU versions for you

41🍻Unclear if we want this?
Join the mailing lists and let’s discuss!

New contributors always welcome!
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15. Sort order doesn’t change in library 
updates with just patch version changes

42

✅  glibc 2.26-59.amzn2
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16. Sort order doesn’t change in library 
updates with NO version changes
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When It Changed With No Version Bump

44
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17. Postgres doesn’t yet have builtin 
collation that avoids all corruption risks
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POSIX locale – also known as C locale

46
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18. Postgres C and C.UTF-8 are the same
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19. Sort order doesn’t change in C.UTF-8
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Sort Order Changed in glibc C.UTF-8

49

2021
2015
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Sort Order Changed in glibc C.UTF-8

50
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20. Collation provider is only for sort order

51
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Postgres “C” Locale Only Understands ASCII

52

✅  CTYPE   =   upper, lower, initcap, regex character classes, etc

https://postgresql.verite.pro/blog/2024/03/13/binary-sorted-indexes.html

Accented characters not uppercased correctly
  Thinks accented character is not a letter
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21. CTYPE doesn’t change in C.UTF-8
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Upper,etc can change too

54
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22. Users want DB-wide linguistic sort

No widely used major database today would default to 
code-point or binary sort order

55
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Code Point Order as Database Default

56

Default Collation Server/Client System Catalogs UCA Support

Oracle Code Point Order ‡ 
(called BINARY)

Property of connection/client, 
can change

Always BINARY Unicode Versions 
6.1 / 6.2 / 7.0 / 12.1
    builtin

Db2 Code Point Order 
(called IDENTITY)

Property of database/server, 
cannot change

Always IDENTITY 
for Unicode DBs

Unicode Versions 
4.0 / 5.0 / 5.2 / 7.0
    builtin

SQL Server OS default locale 
with 8-bit encoding

Property of database/server, can 
change DB default for new 
objects, cannot server/catalogs

Server collation Not supported (afaik?)

Postgres OS default locale 
with Unicode

Property of database/server, 
cannot change

Database collation Unicode Version 4.2+
    installed separately

‡ If Oracle client locale is Europe, Middle East, Quebec, or a few other unlucky countries – then the default behavior is that ORDER BY and a few 
functions like regex sort with client locale, while operators like greater-than, less-than, group-by and indexes still use code-point/BINARY order.

Anecdotally, it seems common to run Oracle with default settings for database-wide collation.

Oracle third-party apps like eBusiness Suite require binary (code-point) collation.
Some SQL Server third-party apps also mandate a specific collation, for portability.

https://ardentperf.com/2024/05/22/default-sort-order-in-db2-sql-server-oracle-postgres-17/
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Code Point Order as Database Default

57

Ongoing discussion: making a case for binary at DB level?
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23. Postgres isn’t likely to get a new 
builtin collation solving these problems

Usable character semantics and no corruption risks

58
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23. Postgres isn’t likely to get a new 
builtin collation solving these problems

Usable character semantics and no corruption risks

59
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• Should we ignore the complexity?

• Handle it in the application?

• Let’s start with what would be missing, and fix one problem at a time

60

I S  C O L L A T I O N  T O O  C O M P L I C A T E D ?

Taking a Step Back
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• Binary string comparison

• Character semantics are only defined for ASCII characters

• Problems:

§ Sort order is encoding-dependent

§ LOWER() and UPPER() don’t handle accented characters

§ ‘Z’ sorts before ‘a’ (and other unnatural sort orders)

§ No case-insensitive sorting

61

T H E  N O N - L O C A L E

Locale “C”
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• Code point sort order

• Character semantics are based on Unicode

• Problems:

§ ‘Z’ sorts before ‘a’ (and other unnatural sort orders)

§ No case-insensitive sorting

§ Caveats when using libc provider
– solved with builtin provider in 17

62

I M P R O V E D  I N  V E R S I O N  1 7  W I T H  B U I L T I N  P R O V I D E R

Locale “C.UTF-8”
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• Natural language sort order based on Unicode and CLDR

• Provides reasonable semantics in a variety of locales

§ Solves ’Z’ < ‘a’ problem

• Problems:

§ Collation changes over time can cause inconsistent indexes
– Must carefully manage library versions

§ Slower performance than code point order or binary order

§ Not specific to any locale, so will produce surprising results for some 
languages or regions

63

N A T U R A L  L A N G U A G E  S E M A N T I C S  N O T  T I E D  T O  A  S P E C I F I C  L O C A L E

ICU Root (“und”) Collation
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# database collation builtin C.UTF-8
# (version 17+)
initdb --locale-provider=builtin \
    --builtin-locale=C.UTF-8 data

# database collation ICU root collation
# (version 15+)
initdb --locale-provider=icu \
    --icu-locale=und data

64

S E L E C T  D A T A B A S E  D E F A U L T  C O L L A T I O N

Initdb
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-- Builtin C.UTF-8
-- (version 17+)
SELECT * FROM mytable ORDER BY t COLLATE PG_C_UTF8;

-- ICU root collation
-- (requires ICU)
SELECT * FROM mytable ORDER BY t COLLATE UNICODE;

65

A P P L Y  C O L L A T I O N S  T O  I N D I V I D U A L  Q U E R I E S

COLLATE clause
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• Case-insensitive

• Specific locale

• Numeric values in strings

66

C R E A T I N G  S P E C I A L I Z E D  C O L L A T I O N S

ICU Tips & Tricks
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CREATE COLLATION case_insensitive(
    PROVIDER=icu,
    DETERMINISTIC=false,
    LOCALE= 'und-u-ks-level2'

);

SELECT 'z' = 'Z' COLLATE case_insensitive; -- true

67

I C U  C U S T O M I Z A B I L I T Y

ICU Provider – Case Insensitive
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CREATE COLLATION french_ca(
    PROVIDER=icu,
    LOCALE= 'fr-CA'

);

SELECT * FROM mytable ORDER BY t COLLATE french_ca;

68

I C U  C U S T O M I Z A B I L I T Y

ICU Provider – Specific Locale
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CREATE COLLATION collate_numbers(
    PROVIDER=icu,
    DETERMINISTIC=false,
    LOCALE= 'und-u-kn'

);

SELECT 'id-45' < 'id-123' COLLATE collate_numbers; -- true

69

I C U  C U S T O M I Z A B I L I T Y

ICU Provider – Numbers
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• More standards-compliant UCS_BASIC

• Unicode case folding

• What are the guidelines for using code point vs. natural language sort?

• Should we reject unassigned code points?

• Should we force Unicode normalization?

• Should Postgres take responsibility for managing different versions of collation 
libraries?

70

W H A T ’ S  N E X T ?

Future Work
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C O N S I D E R  T H E  T R A D E - O F F S

Conclusion

• Code point order collation is fast and stable

• Natural language collations produce superior results for humans

§ But can change and may produce inconsistent indexes

• ”C.UTF-8” locale is a balance that offers code point order collation and Unicode 
character semantics

§ Improved with builtin provider in version 17

• Choose what makes sense

• Use COLLATE clause to control where a collation applies
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Thank You!

Jeff Davis
Jeremy Schneider
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