SIHpeKC

UUIDv7: ctaHgapT v peanusauun

AHgpen bopoaunH, PostgreSQL hacker



[ 1pO MeHH

> Tnwy Postgres n gpyrue 6a3bl ang Yandex Cloud
> Vlccnepyto ynpasneHue gaHHbiMm ¢ 2008 roaa

> [loopepXmnBaro nayvky open source-npoeKkToB
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Host Layers

Media Layers
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CermMeHTbl
(0]

TpaHCnopTHbIN
[MpsamMas cBA3b Mexay
HEYHbIMWN NYHKTaMU N HaOEXHOCT

CeTteBoM
[TakeTbl OnpegeneHvie MapLupyTa

n nornyeckasa agpecaumsa (IP)




B HayKke O BbIYUCNEeHUAX ABe
CJ10XKHble Npoonembi:

> I HBanmnaoauung Kawa
> HanMeHoOBaHMe BeLLlen
> OWnObKN Ha eanHULY
Phil Carlton



Primary Key

CREATE TABLE employees (

employee_id  NUMBER NOT NULL,
first name VARCHAR(1000) NOT NULL,
last _name VARCHAR(1000) NOT NULL,
date of birth DATE NOT NULL,

phone_number VARCHAR(1000) NOT NULL,
CONSTRAINT employees pk PRIMARY KEY (employee 1id)

SELECT first name, last name
FROM emp loyees
WHERE employee 1id = 123

https://use-the-index-luke.com/sql/where-clause/the-equals-operator/primary-keys



[IpocTto coenan SEQUENCE

HopmanbHbIM nonb3oBartenb Postgres’a



[TpobnemMbl

> Sequence XunBeT B b/l
> ['lpn 3TOM He TpaH3aKUNOHHbIN



713733
02965
98859
33666
81666

15838
89793
78155
16381
79002

99982
84543
77737
80871
30500

45963
28303
23831
62570
26440

47174
34378
22466
66207
80827

27601
87442
04043
32792
28220

78134
90708
27965
64775
20422

76866
08730
81978
11698
03867

62686
20033
46176
87989
12444

A Million Random Digits with 100,000 Normal Deviates

63873
20025
62394
78428
05720

14330
263522
207323
99314
37797

44711
14021
42391
72248
71840
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RFC 4122: UUID
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BepoATHOCTb XOTA 6bl OAHOWU KOJ11M3UHK (p)
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384
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64-bit Datum(]

Datum

HEADER

Datum

Datum

Actual UUID
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BcTtaBka B B-gepeBo

Root page

Internal page Internal page

Leaf Leaf Leaf Leaf Leaf
page page page page page

Internal page

Leaf Leaf
pPage page

Leaf
page
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Registers

Caches

Main Memory

Block Storage

©

Network Object Storage



JlokanbHOCTL

> [longa B CTpyKTYypE
> Datum'bl B K3LL-NMUHUN
> Tuple'bl Ha cTpaHuLue

Ncnonb3yTcAa 0ObIYHO COBMECTHO

17



MOHOTOHHOCTDL

> YnobHa Oa3aM OaHHbIX

> Ee He ObiBaeT B pacnpeneneHHbIX
cucTtemax
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UUID version
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postgres
postgres

postgres
postgres

postgres

create

insert

insert
insert

select

table t (1 uuid, 1x serial);

1nto t values (uuid generate v1()):
into t values (uuid generate v1()):;
into t values (uuid generate v1()):

* from t order by 1;



postgres=# select * from t order by i;

033d2acc—ef3l-1lec-83aa-ee7894el15das8
0e9ce3Tb—ef3l-1lec-83aa-ee7894el15das8
106d73aa—-ef3l-1lec-83aa-ee7894el15das8 1
aefe9540-ef30-11lec-83aa—-ee7894el15da8
afeb94ae-ef30-11lec-83aa—-ee7894el15das8
P0351538-ef30-11ec—-83aa-ee’7894el15das8
b0b3628a-ef30-11lec-83aa-ee’7894el15das8
pl1171014-ef30-11ec—-83aa-ee’7894el15das8
bl15al9fe-ef30-11lec-83aa-ee’7894el15das8
c470db2c-ef30-11lec-83aa—-ee7894el15das8

(10 rows)

o U B W DD PO W 0o




Hacking hack

create extension uuid_vl_ops 5

This will add several operators and a btree operator class to the current schema in the search_path . The operator class
Is called uuid_v1_ops and it can be used to create an index on UUID columns like so:

create table v1(u uuid); 5
create index on v1(u uuid_v1l_ops);

https://github.com/pgnickb/uuid_v1_ops 22



Hacking hack

static unsigned int order[UUID LEN] = {6, 7, 4, 5, o0, 1, 2, 3, 8, 9, 10, 11, 12, 13, 14, 15};

static int
uuid_v1_internal_cmp(const pg_uuid_t *xargl, const pg_uuid_t *arg2)
{

int res,

for (int 1 = @0; i < UUID_LEN; ++i)

{
res = argl->datalorder[i]] - arg2->datalorder[i]];
if (res != 0)
break;
by

return res,;

https://github.com/pgnickb/uuid_v1_ops

23



AnbTepHaTUBDLI

1. [ULID] by A. Feerasta

2. [LexicalUUID] by Twitter
3. [Snowflake] by Twitter

4. [Flake] by Boundary

5. [ShardinglD] by Instagram
6

14

8

9.

1

. [KSUID] by Segment

. [Elasticflake] by P. Pearcy

. [FlakelD] by T. Pawlak
Sonyflake] by Sony

0. [orderedUuid] by IT. Cabrera

24



RFC 9562: UUID v7



postgres=# select uuidv’7();

uuidwv’/

0194a78b-006da-797c—-ab8f-c811£9205ba2hb

(1 row)



Cepreu NpoxopeHKo

27



—— version

SELEC]
SELECT
SELECT
+ SELECT
+ SELECT

uuid_extract version('11111111-1111-5111-8111-111111111111");
uuid_extract_version(gen_random_uuid()); -- 4

uuid_extract _version('11111111-1111-1111-1111-111111111111");
uuid_extract_version(uuidv4()); —-4
uuid_extract_version(uuidv7()); —-7

— 5

—— null

28



—— timestamp

SELECT uuid_extract_timestamp('C232AB00-9414-11EC-B3C8-9F6BDECED846")
SELECT uuid_extract_timestamp('C232AB00-9414-11EC-B3C8-9F6BDECED846"')
SELECT uuid_extract_timestamp('1EC9414C-232A-6B00-B3C8-9F6BDECED846")
SELECT uuid_extract_timestamp('017F22E2-79B0-7CC3-98C4-DCACOCA7398F"')

‘Tuesday,
'Tuesday,
'Tuesday,
‘Tuesday,

February 22,
February 22,
February 22,
February 22,

2022 2:22:22.00 PM GMT+05:00"';
2022 2:22:22.00 PM GMT+05:00";
2022 2:22:22.00 PM GMT+05:00";
2022 2:22:22.00 PM GMT+05:00"';

29



beHYMapK

postgres=# create

CREATE TABLE Time:

postgres=# 1insert

INSERT 0 30000000

postgres=# create

CREATE TABLE Time:

postgres=# insert

INSERT 0 30000000

table table for uuidv4d (1d uuilid primary key);

9.479 ms

into table for uuidvé4d select uuidvi ()

Time:

2003918.770 ms (33:23.919)

from generate series(1l,3e7);

table table for uuidv7(1d uuild primary key);

3.930 ms

into table for uuidv7 select uuidv7()

Time:

337001.315 ms (05:37.001)

from generate series(1l,3e7);



CuyeTyuk

440 static uint32_t sequence_counter;
441 static uint64_t previous_timestamp = 0;

31



CuyeTyuk

510 Datum

511 uuidv7 (PG_FUNCTION_ARGS)

512 {

513 pg_uuid_t s*uuid = palloc(UUID_LEN);

514 uint64_t tms;

515 struct timeval tp;

516 bool increment_counter;

517

518 gettimeofday(&tp, NULL);

519 tms = ((uint64_t) tp.tv_sec) x 1000 + (tp.tv_usec) / 1000;
520 /* time from clock is protected from backward leaps x/
521 increment_counter = (tms <= previous_timestamp);

522

523 if (increment_counter)

524 {

525 /%

526 * Time did not advance from the previous generation, we must
527 * increment counter

528 %/

529 ++sequence_counter;

530 if (sequence_counter > Ox3ffff)

531 {

532 /* We only have 18-bit counter *x/

533 sequence_counter = 0;

534 previous_timestamp++;

535 ¥

536

537 /* protection from leap backward *x/

538 tms = previous_timestamp;



Bits

546
547
548
549
550
551

/* most significant 4 bits of 18-bit counter x/
uuid->datal[6] = (unsigned char) (sequence_counter >> 14);
/* next 8 bits x/

uuid->datal[7] = (unsigned char) (sequence_counter >> 6);
/* least significant 6 bits x/

uuid->data[8] = (unsigned char) (sequence_counter);

33



Microseconds

Replace Leftmost Random Bits with Increased Clock Precision

(Method 3):
For UUIDv7, which has millisecond timestamp precision, 1t 1S
possible to use additional clock precision available on the system
to substitute for up to 12 random bits immediately following the
timestamp. This can provide values that are time ordered with
sub-millisecond precision, using however many bits are appropriate
in the implementation environment. With this method, the
additional time precision bits MUST follow the timestamp as the
next available bit in the rand a field for UUIDv7.

34



x4mmm@night bin % ./pg_test_timing

Testing timing overhead for 3 seconds.

Per loop time 1ncluding overhead: 19.51 ns
Histogram of timing durations:

< US % of total count
1 98.05201 150789646

2 1.94748 2994936

4 0.00009 135

8 0.00026 399

16 0.00016 243
32 0.00001 8
64 0.00000 3



[laTTepHbl NCNONTb30BaHUSA
UUID v7

36



[TapTuumoHmnpoBaHue

[To uuid_extract_timestamp()



UUID HeobsA3aTenbHO reHepupoBaThb B ba3le

bonbwuHcTBO All yXXe nogoepXnBaroT reHepauuio
> C pasHbiMu ypoBHeM criegoBaHna RFC

38



CrnULLKOM MHOIo 4Yero yrogHo —
9TO Nfoxo. OgHaKO CINUWKOM MHOIO
BUCKUN — 3TO eaBa O40CTaTOYHO.

Mapk TBeH



Koraa nokanbHOCTU CJITIULLKOM MHOIO

SELECT uuidv/(now
SELECT uuidv/(now
SELECT uuidv/(now
SELECT uuidv/(now

)+'10 years’);
)+'20 years’);
)+'30 years’);
)+'40 years’);

AN N N N



UUIDv/ cooepxut Bpems, B
KOTOpOe OH Obln creHepupoBaH

HO 3TO BPpeMA MOXXHO CKPbITb

41



UUID v8
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Figure 12: UUIDv8 Field

https://www.rfc-editor.org/rfc/rfc9562#name-uuid-version-8
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Uto Tam B .NET?



[API Proposal]: Uuid data type #86084

% vanbukin opened on May 11, 2023 - edited by vanbukin Edits v  Contributor

Background and motivation
There are 2 ways to organize the binary representation of Uuid:

1. as 16 separate octets
2. mixed-endian, which .NET inherited from COM/OLE.

Currently, the .NET Base Class Library only includes System.Guid. This is a data structure that implements the second
method of binary representation.

If you use System.Guid as a unique identifier for objects, it is necessary to be extremely careful.

For example, if it is used as a parameter in a database query. Due to the implementation specifics of System.Guid ,
calling the method System.Guid::ToByteArray() and calling System.Guid::ToString() with subsequent conversion of
the resulting hexadecimal string to a byte array will produce different results. ‘_

https://github.com/dotnet/runtime/issues/86084



304
305
306
307
308
309

317
318
319
320
321
322
323
324
325
326
327

public static Guid CreateVersion7(DateTimeOffset timestamp)

{

// This isn't the most optimal way, but we don't have an easy way to get

// secure random bytes in corelib without doing this since the secure rng

// 1s 1n a different layer.

Guid result = NewGuid():

long unix_ts_ms = timestamp.ToUnixTimeMilliseconds();

ArgumentOutOfRangeException.ThrowIfNegative(unix_ts_ms, nameof(timestamp));

Unsafe

Unsafe

Unsafe

Unsafe

return

.AsRef(in
.AsRef(in

.AsRef(in
.AsRef(in

result;

result. _a)

result. b)

result. c)

result. d)

https://github.com/dotnet/runtime/pull/104124/files

(int) (unix_ts_ms >> 16);

(short) (unix_ts_ms);

(short) ((result._c & ~VersionMask) | Version7Value);

(byte) ((result._d & ~Variantl@xxMask) | Variantl@xxValue);



Guid.CreateVersion/() - bug? #111503

) Closed

@ sdrapkin opened on Jan 16

Description

Guid.CreateVersion7() explicitly states that it "Creates a new Guid according to RFC 9562, following the Version 7
format." (RFC link).

The RFC states that the v7-UUID uses a Unix millisecond-timestamp in the most significant 48 bits (i.e. first 6 bytes in
network-order).

Quoting from the RFC:

unix_ts_ms:
48-bit big-endian unsigned number of the Unix Epoch timestamp in milliseconds as per Section 6.1. Occupies bits
O through 47 (octets 0-5).

https://github.com/dotnet/runtime/issues/111503
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using System,;
using UUIDNext;

// Creating a database friendly UUID for PostgreSQL (version 7) or MS SQL Server (Version 8)
Guid postgreSqlUuid = Uuid.NewDatabaseFriendly(Database.PostgreSql);
Console.WriteLine($"This is a PostgreSQL friendly UUID : {postgreSqlUuid}");

Guid sqlServerUuid = Uuid.NewDatabaseFriendly(Database.SqlServer);
Console.WriteLine($"This is a SQL Server friendly UUID : {sqlServerUuid}");

https://github.com/mareek/UUIDNext/tree/main 47



152 ¢-- public static Guid CreateUuidV7(long timestamp, Span<byte> followingBytes)

153 {

154 if (followingBytes.Length > 10)

155 throw new ArgumentException($"argument {nameof(followingBytes)} should have a size of 10 bytes or less", nameof(followingBytes));
156

157 // Extra 2 bytes in front to prepend timestamp data.

158 Span<byte> buffer = stackalloc byte[18];

159

160 // write the timestamp

161 Span<byte> timestampBytes = buffer.Slice(0, 8);

162 BinaryPrimitives.TryWriteInt64BigEndian(timestampBytes, timestamp);

163

164 // write the data provided by the caller

165 Span<byte> followingUuidBytes = buffer.Slice(8, followingBytes.Length);
166 followingBytes.CopyTo(followingUuidBytes);

167

168 // fill the remaining bytes with random data

169 Span<byte> randomBytes = buffer.Slice(8 + followingBytes.Length);

170 RandomNumberGeneratorPolyfill.Fill(randomBytes);

171

172 // cut the 2 highest bytes of the timestamp to keep only 48bits (see bit layout) and create the UUID
173 Span<byte> uuidBytes = buffer.Slice(2);

174 return CreateGuidFromBigEndianBytes(uuidBytes, 7);

175 }

https://github.com/mareek/UUIDNext/blob/main/Src/UUIDNext/Tools/UuidToolkit.cs#L.152

48



& C O 8 & github.com/medo64/Medo.Uuid7 B <% Yy ® 55 O

o
= O medo64 / Medo.Uuid7 Q + - O 1N 8 &2
<> Code () Issues {9 Pullrequests (») Actions Projects () Security [~ Insights
@ Medo.Uuid7 Public & Wwatch 3 ~ Y Fork 9 v Y7 Star 47 v

F main ~ F O Go to file + About

This is a C# implementation of

&) medo64 Each interface gets its own file b6a1293 - 3 months ago %) UUIDV7 generation algorithm.
" docs/rfc Added RFCs to docs 2 years ago ] Readme
53 MIT license
M examples Added ID26 to examples 5 months ago
A~ Activity
M src Each interface gets its own file 3 months ago vy 47 stars
&® 3 watchin
0 tests Added benchmarks 5 months ago J
% 9 forks
[ .editorconfig Updated editor config 5 months ago Report repository
[ .gitattributes Updated git files 5 months ago

Releases

https://github.com/medo64/Medo.Uuid7



46
47
48
49
50
51
52

// Timestamp

bytes [0]
bytes[1]
bytes [2]
bytes [3]
bytes [4]
bytes [5]

(byte) (msCounter
(byte) (msCounter
(byte) (msCounter
(byte) (msCounter
(byte) (msCounter
(byte)msCounter;

>>

>>

>>

>>

>>

40) ;
32);
24) ;
16);

50



54
55
56
57
58
59
60
61
62
63
04
65

// Randomness
uint monoCounter;
if (newStep) {

GetRandomBytes(ref bytes, 6, 10);

monoCounter =
} else {

(uint) (((bytes[6] & 0x07) <

GetRandomBytes(ref bytes, 9, 7);

monoCounter =

unchecked(monotonicCounter

bytes[7] = (byte)(monoCounter >> 14);

bytes[9] = (byte)(monoCounter);

}

monotonicCounter

monoCounter;

51



Benchmarks

Y medo64 on Aug 20, 2023

| tried to follow @bgrainger example as close as possible. Since my code does both UUIDv7 and UUIDv4 generation, |
expanded both table and code a bit.

Repository Write
Standard, —
Author or ) Description Language Platform Format frequency, fre
version
reference kHz
UUIDv7
(48-bit
. timestamp,
.NET library NET ,
26-bit
. for 7.0,
Josip . . . counter
Medo.Uuid7 rfc4122bis-09 generating C# .NET , 13401.2
Medved with
- v7 and v4 Standard
rollover
UUIDs 2.0
guard, 48-
bit
random)
.NET library NET
Josi for 7.0, UuiDv4
Kd?/ed Medo.Uuid7 rfc4122bis-09 generating C# NET (122-bit 23849.3 n/a
- v7 and v4 Standard random)
UUIDs 2.0



Z]_,' ¥ b067223 ~  primitives / src /| Dodo.Primitives / Uuid.cs T Top

Code  Blame Raw (0 & 2 ~ [o
212 public static Uuid CreateVersion7(DateTimeOffset timestamp)
213 {
214 const long unixEpochTicks = 621_355_968_000_000_000L;
215 const byte variantl@XxMask = 0b11000000;
216 const byte variantl@XxValue = 0b10000000;
217 const ushort version7Mask = 0b11110000_00000000;
218 const ushort version7Value = 0b01110000 _00000000;
219 const ushort ticksNotFitInRandAExtractMask = 0b00000000 00000011;
220 const ushort ticksNotFitInRandASetMask = 0b00110000;
221 if (timestamp.UtcTicks < unixEpochTicks)
222 {
223 throw new ArgumentOutOfRangeException(
224 $"{nameof(timestamp)} must be greater than {DateTimeOffset.UnixEpoch}.");
225 ¥
226
227 Span<byte> result = stackalloc byte[16];
228 var tempGuid = Guid.NewGuid();
229 tempGuid.TryWriteBytes(result);
230 var unixTsTicks = (ulong) (timestamp.UtcTicks - unixEpochTicks);
231 ulong unixTsMs = unixTsTicks / TimeSpan.TicksPerMillisecond;
232 BinaryPrimitives.WriteUInt64BigEndian(result, unixTsMs << 16);
233 var remainTicks = (ushort) (unixTsTicks - (unixTsMs * TimeSpan.TicksPerMillisecond)); // up to 14 bits
234 var randA = (ushort) (remainTicks >> 2);
235 var randAVer = (ushort) ((randA & ~version7Mask) | version7Value);
236 BinaryPrimitives.WriteUInt16BigEndian(result[6..], randAVer);
237 result[8] = (byte) ((result[8] & ~variantl@XxMask) | variantl1@XxValue);
238 var ticksNotFitInRandA = (byte) ((byte) (remainTicks & ticksNotFitInRandAExtractMask) << 4);
239 result[8] = (byte) ((result[8] & ~ticksNotFitInRandASetMask) | ticksNotFitInRandA);
240 return new Uuid(result);
241 ¥

https://github.com/dodobrands/primitives/blob/main/src/Dodo.Primitives/Uuid.cs#L212



NWcnonb3yute UUID v7
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