Pos)gresPro

Roasted Toasted
JSON

How to TOAST your JSON
properly

Nikita Malakhov, Senior Software Developer, Postgres Professional,
Russia




JSON or Not JSON - It's Not a Question PoSgresPro
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The History of PostgreSQL in Short
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JSON Support

™,

ORACLE MySsoL.
 JSON data type « JSON binary
« OSON binary type type
 dot notation  dot notation
« JSONPath « JSONPath

« Some predicates
and schema
support through
functions

Pogzgres Pro

* json data type

* jsonb binary type

* jsonpath data type

« JSONPath

« Schema validation
support through
extension

* IS JSON predicate

« SQL/JSON Support

Keeping up
with v17/!



JSON In PostgreSQL
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-

Storage format

Write

Read

White spaces
Duplicated keys
Order of keys
Index support

JSON item edit support

json

Raw text
Slightly faster, minimal
validation
Slower, reparsing needed
Preserved
Preserved
Preserved
No

No

jsonb b

Binary, tree
structure

Slower due to
binary conversion

Faster
Removed
Removed

Could be altered
Yes

Yes




JSON, What’s Wrong??? PoslgresPro
Unpredictable performance degradation — simple update case:
INSERT values (1, '{"id":1,"foo":[0,0,...1}');

UPDATE SET jb = jb || '{"bar": "baz"}';
UPDATE 10000
Time: 263.360 ms

SELECT jb->'id’' FROM test WHERE id=1
Buffers: shared hit=2500

Execution Time: 5.413 ms SELECT jb->'id' FROM test WHERE id=1
Buffers: shared hit=30018

Execution Time: 34.089 ms




How It Looks - Data Flow Simplified PosiaresPro

/Id, {"id":i, "foo™:[0, O ,...]}
INSERT test
id [jb
1 | {"id":1, “foo":[0, 0 ,..]}

ﬂ, {*id"j, “bar":"baz", “foo"[0, O } " UPDATE J i | {"id"i, “foo™[0, 0 ,..]}

i | {"id":j, "bar":"baz", "foo":[0, 0 ,..]}
SELECT
/, {"id":j, "bar":"baz", "foo":[0, 0 ,..]}




It’s a Feature, Not a Bug

test

(Dragon sleeps here!)
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The Curse of TOAST PosdgresPro

* Table and activity hidden from the User. User does not really know if data
is stored in the original table or in the TOAST, and sometimes TOAST
activities result in unexpected performance degradation;

® Bloating — TOAST does not implement real UPDATE, having TOAST table
size growing very fast and lots of WAL traffic on large data and update-
heavy tables as a side-effect;

* Implicit limitations which are not obvious to User, i.e. 4 billions TOAST value
ids available, and sometimes strange behavior due to these limitations.
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How the TOAST is Cooked PosdgresPro

Tuple size > 2 kb?

Compress and store into
TOAST table biggest

attributes > Compress and store
TOAST_TUPLE_THRESHOLD into TOAST table main

compressible attributes

Tuple size still > 2 kb?

Tuple size still > 2 kb?

Store into TOAST table all
extended and external Tuple still > 2 kb?

attributes Store into TOAST table
main attributes left

n



The TOAST Pointer PosigresPro

va_header va_tag va_rawsize va_extinfo va_valueid va_toastrelid
\ /

varlena toast
header pointe

TOAST Pointer stpres toast relation
- original value size

. value_id  [chunk_seq [data |
- external values size

and compression method i .
- external value ID for lookup J
- TOAST table relation ID
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Add Some Sugar and Spice PoddgresPro

Custom TOAST Pointer

toast pointer size
(header + data chunk size)

original data size
data chunk (container) -

original data size
TOAST relation id




The Custom TOAST Pointer PosdgresPro

va_header va_tag va_rawsize va_datalen data

| | A |
varlena tqut Flexible data tail
header pointer
| |
Custom TOAST Pointer d storage facility
- original value size toast_options
- TOAST pointer size inline_datalen
- flexible data tail allowing inline_data

to store everything including
small chunks of inline data

14



The TOAST API
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extensions table
; ™ .
jsonb jsonb
/| toaster | | toast
—___ pointer| table
()
bytea bytea
~| toaster tOC}S’C
- custom storage| | Pointer
<D
N
2?77 ???
toaster toast
\ / w table
default vanilla
toast

toaster

pointer
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The Pluggable TOAST Posigrespro

* Faster access. Small amounts of data could be stored inline
* Specific. Could use knowledge of internals of data types being TOASTed
* Flexible. Data chunk could be used to store any kind of data we need

/ \ extended TOAST

pointer

bytea TOAST pointer
Appendable header
streaming 64-bit value id
of binary data
header

: header PostGIS TOAST pointer
version
= _ advanced compression Fast access to geometry
inline data tail s data

key-value map header

inline data tail geometry data header
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Jjsonb Toaster Highlights PodgresPro

® Uses knowledge of internal structure of JSON objects
® Provides additional set of functions used by Postgres JSONb API
* Implements UPDATE for JSON objects

* Greatly improves performance of all operations on Jsonb object

17



JSONb, What’s Wrong??? PoslgresPro
Unpredictable performance degradation — simple update case:
INSERT values (1, '{"id":1,"foo":[0,0,...1}');

UPDATE SET jb = jb || '{"bar": "baz"}';
UPDATE 10000
Time: 263.360 ms

SELECT jb->'id’' FROM test WHERE id=1
Buffers: shared hit=2500

Execution Time: 5.413 ms

SELECT jb->'id' FROM test WHERE id=1
Buffers: shared hit=30018

'7&\ Execution Time: 34.089 ms
/
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Let’'s Cook JSONb TOAST Anew PosigresPro

The same case as before — long jsonb object with array, simple
update:

INSERT values (1, '{"id":1,"foo":[0,0,..]1}');

UPDATE SET jb = jb || '{"bar": "baz"};
UPDATE 10000
Time: 101.223 ms

SELECT jb->'id"' FROM test WHERE id=1

Buffers: shared hit=2500

Execution Time: 4.416 ms SEMECT jb->'id' FROM test WHERE id=1
Buffers: shared hit=7500

xecution Time: 6.824 ms

19



SELECT and UPDATE PosigresPro

6,824
SELECT h 34 069
101,223

EXECUTION TIME, ms

- 7500
30018

SELECT BUFFERS

H jsonb Toaster mvanilla
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New Rules for the Game PogzgresPro

~300kb jsonb, short value after long key-value pair, vanilla:

INSERT values (1, '{"id":1,"bar":[0,0,...]}, “foo":"baz"’);

SELECT jb->'id' FROM test;
Buffers: shared hit=30065

O/ ~ Execution Time: 35.098 ms
5

SELECT jb->'foo’ FROM test;
Buffers: shared hit=30065

Execution Time: 37.631 ms
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With Iterative Detoast and Sorted Keys PosigresPro

Same value, same query, jsonb Toaster:

INSERT values (1, ‘{"id":1,"bar":[0,0,...]}, “foo":"baz"’);
SELECT jb->'id' FROM test;

Buffers: shared hit=2500
@/ . Execution Time: 3.757 ms

SELECT jb->'foo’ FROM test;
Buffers: shared hit=2500

Execution Time: 4.901 ms
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Full Detoast vs Partial PogzgresPro

3,757
37,631

EXECUTION TIME, ms

2500
30065

BUFFERS

m jsonb Toaster mvanilla
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Vanilla Jsonb Container PogzgresPro

Keys sorted by
length, name.
Values appear,
in an order of
keys.

Fully detoasted
to access

any value

Y

Jsonb Container
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Pogggres Pro

Sorted Keys

Sorted Key-Value Map

g— Key 1 — JsonbValue 1

e
@\ JsonbValue 4
@ JsonbValue 2 )
= JsonbValue 3 .

JsonbValue N

JsonbContainer
with values
sorted

by length
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Partial Iterative Detoast PosigresPro

| S—

Sorted Key-Value Map
A Jsonb Detoast Iterator

JsonbContainer
values sorted
by length

JsonbValue N

JsonbValue 1 JsonbValue 2 B JsonbValue i |l JsonbValue N

Detoast values one by one on demand
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Out-of-line Long Values PoSdgresPro

Jsonb Container

Nested Jsonb Container

Store long json values
out-of-line, replacing
with TOAST pointers,
detoasting on demand
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Further Improvements PotigresPro

® Shared deTOASTed values. Do not discard value immediately after usage,
to avoid sequential detoast of the same value — the PostgreSQL
community is already working on it;

* Integrated support of JSON schema, which would benefit a lot from key-
value maps and partial detoast;

® Common interface from JSON and JSONb facilities:

®* Many more possible.

28



Json + Jsonb =7

Pogggres Pro

In Postgres, json and jsonb datatypes look somewhat different though describe the
same JSON objects

P - e e e e e e e e e e e e e e e e mm e e e mm e e e e e e e e e e o e

e

J

son API
Separate
json
functions

set

jsonb API

Separate
jsonb
functions

N
\
\
\
[}
1
1

JSONDbD internal
representation
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Json + Jsonb = GSON! Po&grespm

Generic JSON - a common container for internal representation for both json and
jsonb data with common functions interface, the json and jsonb types just use their
own implementation

GSON Container

/json API \ JSON /jsonb API \

Operations
Interface

jsonb

json Container Container

Ops is_json

Ops

Impelentation Impelentation

Json

Container
Data
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Pogggres Pro

TODO

®* Commit custom TOAST pointer to vanillg;

® Port jsonb Toaster to current vanilla master. Current master has lots of
changes compared to v15 where this feature was developed, and porting
is complex and painful due to very invasive nature of the patch;

* Integrate jsonb Toaster with SQL/JSON support functions being
commited into current master to further improve their capabilities;

®* Benchmark jsonb Toaster with live datag;

® Propose GSON to PostgreSQL community and collect a feedback on this
feature.
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Open Issues PosdaresPro

® Uncertainty in dropping custom TOAST implementation flow — to drop
Toaster whole set of data processed with in needs to be re-TOASTed or

data will be lost;

* Logical replication of updated TOASTed tuples it is a subject for further
discussion;

® Controversial points of view on the TOAST API - should this feature be an
API or advanced TOAST mechanics should not be extensions but parts of a

certain datatypes

32



Conclusion Po@grespro

TOAST API, Pluggable TOAST and custom Toasters are promising complex
solution for some of the long-lived PostgreSQL issues, though a lot of work
still have to be done, and this approach is not perfect and has both
strengths and weaknesses.

® Strength:
Performance. The legal way to introduce powerful optimizations;

Flexibility. Use any knowledge of stored data structure and any storage.
®* Weakness:

DEPEREERSYISHIERIERSION. Losing extension could result in data loss;

EOMPBIERIRY. Developing custom Toaster requires deep knowledge of
Postgres internals and data being processed,;
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Thank you
for your attention!
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