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Length of this Unicode string?
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• Participant, speaker and/or organizer at Postgres 
user groups & conferences since 2017, Oracle & Linux 
user groups & conferences since the early 2000’s

• Currently helping build a next generation, hybrid-
cloud database platform at GEICO

• Programming for 30 years and working with 
databases for 20 years, first focused on Oracle and 
later focused on Postgres

• Founder of "RAC Attack" Community Driven Oracle 
Cluster Database Workshop – almost 40 events 
across 15 countries between 2011 and 2016

ardentperf.com
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aws ec2 run-instances
  --instance-type t2.micro   --key-name mac   --tag-specifications
     'ResourceType=instance,Tags=[{Key=Name,Value=research-db}]'
  --image-id ami-0172070f66a8ebe63            --region us-east-1 

sudo apt install postgresql-common 
sudo sh /usr/share/postgresql-common/pgdg/apt.postgresql.org.sh 
sudo apt install postgresql-15 

create database research_texts template=template0 
  locale_provider=icu icu_locale="en-US"
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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;



© 2019, Amazon Web Services, Inc. or its Affiliates. All rights reserved.

Photo by Daniel Chekalov on Unsplash



#PASSDataSummit



#PASSDataSummit



© 2019, Amazon Web Services, Inc. or its Affiliates. All rights reserved.



© 2019, Amazon Web Services, Inc. or its Affiliates. All rights reserved.

Photo by Kanashi on Unsplash



© 2019, Amazon Web Services, Inc. or its Affiliates. All rights reserved.



#PASSDataSummit

aws ec2 run-instances
  --instance-type t2.micro   --key-name mac   --tag-specifications
   'ResourceType=instance,Tags=[{Key=Name,Value=research-db-hotstandby}]'
  --image-id ami-0fd2c44049dd805b8            --region us-east-1 

sudo apt install postgresql-common 
sudo sh /usr/share/postgresql-common/pgdg/apt.postgresql.org.sh 
sudo apt install postgresql-15 

# cut and paste instructions from
#      https://ubuntu.com/server/docs/databases-postgresql 
#                        to easily set up the hot standby database
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Checklist for Responding to Data Corruption

Verify Backup and Log File Retention (long enough for investigation)

Articulate and Write the Business Impact at Present

Freeze Ongoing Changes (any dev teams)

Inventory Copies of Data
Safely Scan to Determine If There’s More Corruption

Follow General Best Practices
Two-person rule, rename/move not delete, verify/compare healthy neighboring 
data, test remediations before applying on prod, document everything.

https://ardentperf.com/2019/11/08/postgresql-invalid-page-and-checksum-verification-failed/
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Diagnosis



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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1. Putting words in order is simple

compare each character 
from beginning to end (memcmp)

INCORRECT 
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Putting Words In Order

select * 
from (values      ('Baptisto')
      ,           ('banqueta')
      ,           ('baño')
      ,           ('como')
      ,           ('chorizo')   
      ) list(word) 
order by word;
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Putting Words In Order

banqueta
baño
Baptisto
como 
chorizo

Baptisto
banqueta
baño
chorizo
como

baño
banqueta
Baptisto
chorizo
como

select * from (values('Baptisto'),('banqueta'),('baño'),('como'),('chorizo’)) list(word) order by word;
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Linguistic Collation is Complex
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.

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?

INCORRECT 
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“Correct” Ordering Does Change

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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3. Changing sort order is rare

INCORRECT 
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Rare Large Change Got Everyone’s Attention

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

42
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286,654

unicode code points

91

string patterns

26 million

strings
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Collation Torture Test
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4. Changing sort order is intentional

INCORRECT 
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Unintentional Changes

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

INCORRECT 
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Possible Corruption After Sort Order Change

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/



#PASSDataSummit

Possible Corruption After Sort Order Change

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

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”

INCORRECT 
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Hot Standby to Scale Out Reads

2014



#PASSDataSummit

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

53

INCORRECT 
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Assume Unexpected Characters
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8. My database understands all of 
the characters that are in it

55

INCORRECT 
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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 were under discussion on 
the mailing lists 
(I'm not sure of outcome)
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9. The Postgres warning message about 
“wrong collation library version” will 
be displayed to someone

57

INCORRECT 
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“Warning” May Appear in Server Logs Only
https://ardentperf.com/2023/03/26/did-postgres-lose-my-data/



“Warning” May Appear in Server Logs Only
https://ardentperf.com/2023/03/26/did-postgres-lose-my-data/
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10. Postgres can always know what 
version of C Libraries are installed on 
the OS

INCORRECT 
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Postgres Detects Version On Common OS’s
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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”

INCORRECT 
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12. ICU solves everything

INCORRECT 
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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

INCORRECT 
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Collation Torture Test Summary

• 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
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14. Assume Devrim and Christoph are 
happy to build old ICU versions for you

INCORRECT 
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14. Assume Devrim and Christoph are 
happy to build old ICU versions for you

INCORRECT 

🍻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

INCORRECT 
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15. Sort order doesn’t change in 
library updates with just patch 
version changes

INCORRECT 

✅  glibc 2.26-59.amzn2
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16. Sort order doesn’t change in 
library updates with NO version 
changes

INCORRECT 
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When It Changed With No Version Bump
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17. Postgres doesn’t yet have builtin 
collation that avoids all corruption 
risks

INCORRECT 
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POSIX locale – also known as C locale
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18. Postgres C and C.UTF-8 are the 
same

INCORRECT 
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18. Postgres C and C.UTF-8 are the 
same

INCORRECT 
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19. Sort order doesn’t change in 
C.UTF-8

INCORRECT 
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Sort Order Changed in glibc C.UTF-8

2021
2015
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Sort Order Changed in glibc C.UTF-8
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20. Collation provider is only for sort 
order

INCORRECT 
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Postgres “C” Locale Only Understands ASCII

✅  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



#PASSDataSummit

21. CTYPE doesn’t change in C.UTF-8

INCORRECT 
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Upper,etc might change too
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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

INCORRECT 
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Code Point Order as Database Default
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
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

INCORRECT 
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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

INCORRECT 
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Collation Precedence in PostgreSQL

Levels of Defaults:
OS Environment (for initdb)
Template0/1 (for database)
Database
Table/Column
Data Type (for constants)
Explicit in SQL statement

Conflict Resolution Rules:

1. Explicit > Implicit

2. Non-default > Default

3. Indeterminate collation only 
raises error if collation is needed 
at runtime

Docs: Part III (Server Admin)
Chapter 24 (Localization)
Part 24.2 (Collation Support)
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Advanced Collation Support with ICU

Case insensitive comparison
Comparison of base characters, ignoring accents

Example: count rows where user input was Mexico, México, mexico, or méxico

Compare digits by numeric value
Example: id-45 < id-123

Ignore whitespace, so that similar strings are kept close together
By default, glibc keeps similar strings close but with ICU whitespace can cause 
similar strings to sort far apart from each other.
Example: “full time” and “full-time” and “fulltime”

May get extra performance by comparing without normalizing
Safe for strings that are system-generated and guaranteed to be consistent, or that 
are pre-normalized
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Advanced Collation Support with ICU
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Advanced Collation Support with ICU
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Advanced Collation Support with ICU



Key Takeaways
Assume there are exotic unexpected characters in your data

When upgrading your operating system, (1) dump or (2) logical or (3) use old 
ICU/glibc or (4) use builtin C collation in pg17+

Move toward default C collation with table and query level linguistic collation
ICU brings powerful new capabilities around linguistic collation
o Consider ICU when doing fuzzy comparisons or multi-lingual sorting

Not a great idea to under-pay your administrators.
Give them lots of thanks and some extra vacation time.  🏝
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www.PASSDataCommunitySummit.com/evaluation

Your feedback is 
important to us



#PASSDataSummit

Thank you

pgtreats.info/slack-invite

linkedin.com/in/ardentperf

@jer_s

ardentperf.com

www.PASSDataCommunitySummit.com/evaluation


