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ONNX Runtime

ONNX Lj2 5 &dot= ZEZ TEIR

https://onnxruntime.ai/

Platform Windows Linux Mac
API Python C++ C# C
Architecture X64 X86 ARM64
Default CPU CoreML
MIGraphX NNAPI
Hardware Acceleration ROCm QNN
ArmNN (Preview) Azure (Preview)

TVM (Preview) Vitis Al (Preview)

Android i0S

Java JS
ARM32

CUDA

oneDNN

TensorRT

CANN (Preview)

XNNPACK (Preview)

Web Browser

Obj-C WiInRT
IBM Power

DirectML

OpenVINO

ACL (Preview)

Rockchip NPU (Preview)

ONNX

HD

\untime


https://onnxruntime.ai/
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onnxruntime-server

=

« Z2 DX(developer experience)ES |5l 7H=t
* No-Build, Zero Configuration

« Ready-To-Run Docker Image A=
« ONNX === ?let TCP, HTTP/HTTPS REST API

« LHZHEl Swagger Document X|[&510] E|AE 2
XA HE M &0

« CUDAS &dli GPU 75 X|&
 C++, Async IO, Managed Thread Pool

ONNX Runtime Session

/api/sessions List sessions

/api/sessions Create sessions

Create a new session

Parameters

No parameters

Request body

{
"model": "sample",
"version": "2"

}

Responses

Curl

curl -X "POST' \
"http://localhost:8080/api/sessions"’ \
-H "accept: application/json' \
-H "Content-Type: application/json' \

-d '{
"model”: "sample",
"version": "2"

Request URL

http://localhost:8080/api/sessions

Server response

Code Details

200
Response body

"created_at":
"execution_count": 0,
"inputs": {
"input_ids": "int64[-1,512]",
"onnx::Equal_1": "int64[-1,512]"
1,
"last_executed_at": 0,
"model"”: "sample",
"option": {
"cuda": false
1,
"outputs": {
"output": "int64[-1]"
},

"version": "2"

Response headers

content-length: 225

/\
A4
/\
/api/sessions/{model}/{version} Execute session N\
Execute a session
Parameters Cancel Reset
Name Description
model * Model name
string |
(path) sample
version * Model version
string
2
(path)
Request body application/json v
{

"input_ids": [
[
101, 11834, 21600, 2102, 9005, 12098, 8566, 5740, 6853, 1999, 1996, 2806, 1997, 15262, 19699, 14663, 1005, 1055,
3203, 8447, 102, 0, 0, 0, 0, 0, 0, 0, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O,
0, 0, 0, 0,0, 0,0, 0,0 0,0 0,0 0,0, 0 0,0, 0 0, 0 0,0 0, 0,0, 0,0, 0,0 0,0 0, 0,0, 0, 0, 0,
o, o, o, 0o, 0, O, , 0, 0, 0, 0o, 0, 0, 0, 0, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O,
0, 0, 0, 0, 0, O, , 0,0, 0, 0, 0,0 0, 0,0, 0 0,0, 0 0, 0,0, 0 0,0,0, 0, 0,0, 0,0 0, 0, 0, O,
o, o, 0, 0, O, O , 0, 0, 0, 0, 0, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O,

’

’

[=-N~]
[==-]

’ ’

BN

Responses

Curl

curl -X "POST" \
'http://localhost:8080/api/sessions/sample/2' \
-H "accept: application/json' \
-H 'Content-Type: application/json' \
-d '{

"input_ids": [
C
101, 11834, 21600, 2102, 9005, 12098, 8566, 5740, 6853, 1999, 1996, 2806, 1997, 15262, 19699, 14663, 1005, 1055,
3203, 8447, 102, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, 0, 0, O, O, @, 0, @, O, O,

Request URL

http://localhost:8080/api/sessions/sample/2

Server response

Code Details

Ll Response body

{
"output": [

Response headers

content-length: 21



https://github.com/kibae/onnxruntime-server
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PostgreSQL

®
-

pg_onnx

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------

postgres Processes Background Workers

7

= pg_onnx schema

@ ONNX(large object)
@ ONNX(large object)
@ ONNX(large object)

( : background writer
(@ postares process |

ONNX I}

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ONNX Model Functions

(@ postgres process

I Pg_onnx

’0

.
.
.
.
o
.
.
.
P

“““

*e
.
.
.
-
‘.
-
Y
L J
Yy

.......................................................... ..[ %%ONNX Session 2

autovacuum launcher

o 7 \_ J U J

onnxruntime-server

A
ONNX A|M <k ONNX Session 1

create/execute

----------------------------------------------------------------------------------------------------

ONNX Session Functions

e pg_onnx_import_model(TEXT, TEXT, BYTEA, JSONB, TEXT) .
* pg_onnx_drop_model(TEXT, TEXT)

* pg_onnx_list_model()

* pg_onnx_inspect_model_bin(BYTEA)

pg_onnx_create_session(TEXT, TEXT)
pg_onnx_describe_session(TEXT, TEXT)
pg_onnx_execute_session(TEXT, TEXT, JSONB)
pg_onnx_destroy_session(TEXT, TEXT, JSONB)
Pg_onnx_list_session()


https://github.com/kibae/pg_onnx/wiki/Functions#onnx-model-functions
https://github.com/kibae/pg_onnx/wiki/Functions#onnx-session-functions

pg_onnx

pd onnx import model(TEXT, TEXT, BYTEA, JSONB, TEXT)

@ postgres Processes Background Workers
Postgre SQL %@ postgres process . walwriter y
It ) | background writer ]
| &% postgres process l pg_onnx extension | P J ;
. @ , > _ 1y autovacuum launcher ]
O 5 postgres process [ pPg_onnx extension ] :
= pg_onnx schema I PO i,
&) ONNX(large object) onnxruntlme-s?rver
) ONNX(large object) L ONNX I} =2 large object= A&t <L ONNX Session 1
9 J QT ——— e |]-||E_|- E||O|E-| E-||O|§O“ e MH X—|II— % _
€} ONNX(large object) e R T | (T ONNXSession2 .
Arguments SELECT pg_onnx_import_model(
e name(TEXT): Model O|Z sample_model’,
'v20230101",

o version(TEXT): Model &

PG_READ_BINARY_FILE('/your_model_path/model.onnx’)::bytea,
e model(BYTEA): ONNX I HO|LH 2| Ci[O]E '

{"cuda": true}'::jsonb,

» option(JSONB): 2M(GPU X|& &) 'sample model
e description(TEXT): Model &Y )


https://github.com/kibae/pg_onnx/wiki/Functions#pg_onnx_import_modeltext-text-bytea-jsonb-text

pg_onnx

pg onnx execute session(TEXT, TEXT, JSONB)

@ postgres Processes Background Workers
[ postares process ((pa_omx exenson - T —
Postgre SQL L@ posigres p PY_ 1
H( : \ background writer
| &5 postgres process l pg_onnx extension | -
@ > autovacuum launcher )
5 - &5 postgres process [ pg_onnx extension ]«
.- Y.
= pg_onnxschema | e S | B bo_onme
() ONNX(large object) 4 ............................................... onnc))(lr\lu[\rll)t(lrge-sfarvcjr
€ ONNX(large object) ............ e eSS!On
£3 ONNX(arge object  oleitw DB RS g T * . TCONNXSession2
Arguments SELECT pg_onnx_execute_session('sample_model’, 'v20230101", {

"x": [[1], [2], [3l],

"y": [[3], [4], [3]],

"z": [[5], [6], [7]]
1)

« name(TEXT): Model 0|
o version(TEXT): Model &
« inputs(JSONB): ONNX F=E2 2|5t ==



https://github.com/kibae/pg_onnx/wiki/Functions#pg_onnx_execute_sessiontext-text-jsonb

PO_O0oNnNXx
Trigger &£

trigger test table (

PG READ BINARY FILE(
::jsonb

trigger test new data()

result jsonb
result :=

JSONB_BUILD OBJECT(

[ L
[ L
[ L

:= result ->

R

\ g 2 - - TR gkl
S - - /. _ o -
— o mr B £ AR T G 2l Y o G — g~

trigger test insert
trigger test table
trigger test new data()

ONNX 22 Import

Trigger &+

|

NEW record?| Zj== &&5}0]
ONNX =g JSON A1
ONNX MM Adll A0S NEW

record?| Z21H{} ZE0f| &=

Insert M X2|k|= Trigger


https://github.com/kibae/pg_onnx/blob/main/pg_onnx/sql/05-trigger.sql

pg_onnx

Background Worker

W é postres Processs R

| % postgres process onnx extension walwriter

Postgre SQL ( postgres p PY_ \ )
( ) ) background writer

® | % postgres process l pg_onnx extension | . 3

autovacuum launcher

5 £ postgres process [ Pg_onnx extension ] e
1 > - onnx :
=] pg_onnx schema | I pg_onnhx
time-
H—— | e
@ONNX(Iarge object) " |
€) ONNX(large object) N [ ONNX Session2

----------------------------------------------------------------------------------------------------

» TE postgres ZEMAODIC ML 2R E HZ20f| 22| X 02
>

« postgres ZZM|A LH2| pg_onnx extension <- TCP/IP E4I -

Background Worker[onnxruntime-server]



Background Worker

LM A M5

void PG init(void) {
1. BackgroundWorker 7+ AH
2. RegisterDynamicBackgroundWorker

3. WaitForBackgroundWorkerStartup £ A|%}

T2
&

=
A=X| |3 (optional)



void PG 1nit(void) {
// Background Worker 8, HFZ ¢
BackgroundWorker worker;
// Background Worker ¥ME. Background Worker= ‘HdstH O 20| Z{YZXICt. O] 22E Background Workers MO == RULC}.

BackgroundWorkerHandle *handle;

9

TR

// Background WorkerO|A A3E Z0[2fH B=
1if (IsBackgroundWorker) return;

// Background Worker &M =7|s}

MemSet (&worker, 0, sizeof (BackgroundWorker));

// Background Worker flag &H.

// BGWORKER SHMEM ACCESSE Background WorkerZt 3% MHZZ[0f & £ JXE SiCh.

// BGWORKER BACKEND DATABASE CONNECTIONE Background WorkerZ} C|O|EH|O|A & (sp1)E & £ UES
worker.bgw flags = BGWORKER SHMEM ACCESS | BGWORKER BACKEND DATABASE CONNECTION;

// Background WorkerZ} A3E|= A|7|& HAWSICl. extensionOiCt CIEZAX|TH HE Recovery’/l 2t2E T AHIME|EE MHAoiC},

// BgWorkerStart PostmasterStart, BgWorkerStart ConsistentState, BgWorkerStart RecoveryFinished

Ct.

o

worker.bgw start time = BgWorkerStart RecoveryFinished;

// Background Worker Ol AW . ZEZEMA =E=0| HEA|ZD TF0l0F &,

snprintf (worker.bgw name, BGW MAXLEN, "pg onnx");

// Background Worker EI AHE. Background WorkerE F&E6t=0| AFZEILCE.

snprintf (worker.bgw type, BGW MAXLEN, "pg onnx");

// Background Worker’/} A3E 2l0[=2e2{2| O0|F HAH. &K= H[<stC).

snprintf (worker.bgw library name, BGW MAXLEN, "pg onnx");

// Background WorkerZ| &3E o+ 0|5 HFH.

snprintf (worker.bgw function name, BGW MAXLEN, "worker main');

// Background Worker”Zt M & AlZt 7t MF . = TP[. BGW NEVER RESTARTE HXsIH THAIME|X| 9t=Ct.
worker.bgw restart time = BGW NEVER RESTART;

// Background Worker’t &&= W MSE MBS pip. 022 MHFSIH MSE 2HK| Q=L

// MyProcPidE HASIH Background Worker &3 AMEf7} HAE W ASE @2 o QUC}
// Ol WaitForBackgroundWorkerStartup &+E SEHAM HYHQ SHS Bod{™ 0| g2 HJs|oF oirt

worker.bgw notify pid = MyProcPid;

1if (!RegisterDynamicBackgroundWorker (&worker, &handle))
elog (ERROR, "could not start background process");

pid t pid; // Background Worker?2| ZEMA 1D
BgwHandleStatus status = WaitForBackgroundWorkerStartup (handle, &pid);
1f (status == BGWH STOPPED || status == BGWH POSTMASTER DIED)

elog (ERROR, "could not start background process");

Assert (status == BGWH STARTED) ;



// Background Worker MM, H™ZS ¢

TR

o

BackgroundWorker worker;
// Background Worker ®ME. Background Worker= MHESHH O Zf0| MLUTICE. O] Zf2Z Background Workers MOE =+ QULCE.

BackgroundWorkerHandle *handle;

// Background WorkerOAl &= Zi0[2tH B=
1f (IsBackgroundWorker) return;



// Background Worker JZ&A| =7|s}

MemSet (&worker, 0, sizeof (BackgroundWorker));
// Background Worker flag &74.

// BGWORKER SHMEM ACCESSE Background Worker?t &7 HZZ[o| HI2E = JUEF SiCt.

// BGWORKER BACKEND DATABASE CONNECTIONE Background Worker”| CIO[EH|O|A 1A (sp1)2 & # JUEE $iCt.
worker.bgw flags = BGWORKER SHMEM ACCESS | BGWORKER BACKEND DATABASE CONNECTION;

-

// Background Worker/} &3lkl= AI7[E HAHSICH. extensionOiCl CIEZX|TE HE Recovery/t 2= = A= HHoHC},
// BgWorkerStart PostmasterStart, BgWorkerStart ConsistentState, BgWorkerStart RecoveryFinished
worker.bgw start time = BgWorkerStart RecoveryFinished;

// Background Worker O|E AH. Z=ZNA FE0| EAE[D OFal0F €.

snprintf (worker.bgw name, BGW MAXLEN, "pg onnx");

// Background Worker EI) A& . Background WorkerE F=ot=0 AtEE=ICE.

snprintf (worker.bgw type, BGW MAXLEN, "pg onnx");

// Background Worker’/t &iE EZl0|EZZ| 0| Ed. TA= HleiCt.
snprintf (worker.bgw library name, BGW MAXLEN, "pg onnx");

// Background Worker’/| &dE e 0| HF.

snprintf (worker.bgw function name, BGW MAXLEN, "worker main'");

// Background WorkerZ} Z{&™l E AlZh 7tA HF . = ©P|. BGW NEVER RESTARTE HHNSHH I{MAT(X| 9t=C}.
worker.bgw restart time = BGW NEVER RESTART;

// Background Worker/t &JE O MsE FMYES pip. 022 HYsIH MSE 2K 2L=Ct.
// MyProcPidE& AHASIH Background Worker A3l AEW/I HAE O
// Ol WaitForBackgroundWorkerStartup +E S=SHAM FAHOl SEHS 2ros{M 0| gt= HEHsloF SiCt.

worker.bgw notify pid = MyProcPid;

=
or
i
-
[0
1
20
Il



1f (!RegisterDynamicBackgroundWorker (&worker, &handle))
elog (ERROR, "could not start background process");

pid t pid; // Background Workerf2| EZEMA 1D
BgwHandleStatus status = WailitForBackgroundWorkerStartup (handle, &pid);
if (status == BGWH STOPPED || status == BGWH POSTMASTER DIED)

elog (ERROR, "could not start background process");

Assert (status == BGWH STARTED) ;

—+— 55714 kibae /opt/homebrew/Cellar/postgresql®l4
|-——= 55718 kilbae postgres: checkpolnter

\-—= 55748 kibae postgres: pg_onnx

|
|
| |——= 55722 kibae postgres: stats collector
|



void PG init (void) {
BackgroundWorker worker;
BackgroundWorkerHandle *handle;

1f (IsBackgroundWorker) return;

MemSet (&worker, 0, sizeof (BackgroundWorker))

worker.bgw flags = BGWORKER SHMEM ACCESS | BGWORKER BACKEND DATABASE CONNECTION;
worker.bgw start time = BgWorkerStart RecoveryFinished;

snprintf (worker.bgw name, BGW MAXLEN, "pg onnx");

snprintf (worker.bgw type, BGW MAXLEN, "pg onnx");

snprintf (worker.bgw library name, BGW MAXLEN, "pg onnx");

snprintf (worker.bgw function name, BGW MAXLEN, "worker main");

worker.bgw restart time = BGW NEVER RESTART;

worker.bgw notify pid = MyProcPid;

1f (!RegisterDynamicBackgroundWorker (&worker, &handle))
elog (ERROR, "could not start background process");

pid t pid;
BgwHandleStatus status = WaitForBackgroundWorkerStartup (handle, é&pid);
1f (status == BGWH STOPPED || status == BGWH POSTMASTER DIED)

elog (ERROR, "could not start background process");

Assert (status == BGWH STARTED) ;

https://qithub.com/kibae/pg onnx/blob/main/pg onnx/pg background worker.cpp#L40



https://github.com/kibae/pg_onnx/blob/main/pg_onnx/pg_background_worker.cpp#L40

Background Worker

LM A 4S5

* RegisterBackgroundWorker
o MM mtAUO|A shared_preload_libraries & =dfl 2i0|E2{2|7} 2EEE WDF AIEe = JS
» SPI (Server Programming Interface)
 postgres ZEZM|ANHML| extensiontt= CtEH| SPIE 0|28 DB & 20
« A8 FIEZT H|O|E{|2t readonlyZ E2 7t
» BackgroundWorkerlnitializeConnection(char *dbname, char *username, uint32 flags) & &
M EICH D Z=AM0l= LIIAX| 2 A2 Fe| Al A Zuhet
* https://www.postgresal.org/docs/current/bgworker.html

. (TSt 2 A 12t E )
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https://www.postgresql.org/docs/current/bgworker.html
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Test X}=3}

onnxruntime-server

« CMake?| ctest + GoogleTest

GitHub ActionsZ Build+Test XI= &}

Unit Test

E2E Test

Of| A

2: HE CTest

v @ 12 1= - ¥ Q1 &

v E|AE Zu} 5% 680ms
unit_test_context
unit_test_session_key
e2e_test_tcp_server
e2e_test_http_server
e2e_test_http_swagger
e2e_test_https_server

(M) Summary

Jobs

@ build (Ubuntu-20, gcc, Debug)

build (Ubuntu-20, clang, Debug)
build (Ubuntu-22, gcc, Debug)
build (Ubuntu-22, clang, Debug)
build (Debian-11, gcc, Debug)
build (Debian-11, clang, Debug)

build (Debian-12, gcc, Debug)

0000000

build (Debian-12, clang, Debug)

Run details

(¥ Usage
59 Workflow file

HAE S1: 6

[

o~

Iy

true

oo 6 60O~ O~ O 6O OO O O

suc

API: List sessions

0.6492120623588562

InfoACCESS2023-10-17 07-31-07.143do_writel27.0.0.1:49281 task: DELETE /api/sessions/sample/1 status: 200 duration: 240

Time taken: 10000 microseconds

API: Destroy sessions

InfoACCESS2023-10-17 07-31-07.153do_writel27.0.0.1:49282 task: GET /api/sessions status: 200 duration: 30

Time taken: 9534 microseconds

] test_onnxruntime_server_http.HttpsServerTest (513 ms)
—————————— ] 1 test from test_onnxruntime_server_http (513 ms total)

—————————— ] Global test environment tear-down

build (Ubuntu-22, clang, Debug)

13go in 3m 19s

v @ Test

» Run ctest —-—extra-verbose --build-config Debug

UpdateCTestConfiguration
UpdateCTestConfiguration

Test project /home/runner/work/onnxruntime-server/onnxruntime-server/build

Constructing a list of tests

Done constructing a list of tests

Updating test list for fixtures

Added 0 tests to meet fixture requirements

Checking test dependency graph...

Checking test dependency graph end
test 1

fiYs
iy
iy
iy
iy
e
ile
ile
ile
ile
it
ale
iy
iy
iy
iy
iy
1he
1he
iy
iy
iy
iy
iy
iy
e
ile
ile
ale
ile
it
qi=

Start 1: unit_test_context

Test command: /home/runner/work/onnxruntime-server/onnxruntime-server/build/src/test/unit_test_context

Working Directory: /home/runner/work/onnxruntime-server/onnxruntime-server/build/src/test
Test timeout computed to be: 10000000
Running main() from ./googletest/src/gtest_main.cc
==========] Running 3 tests from 1 test suite.
---------- 1 Global test environment set-up.
—————————— 1 3 tests from test_onnxruntime_server_context
1 test_onnxruntime_server_context.SimpleModelTest
Debug2023-10-13 19-12-48.851initSession created: sample/1
Time taken: 135 microseconds
{
"output": [
[
0.6492120623588562

}
[ 0K ] test_onnxruntime_server_context.SimpleModelTest (30 ms)
[ RUN 1 test_onnxruntime_server_context.SimpleModelBatchTest
Debug2023-10-13 19-12-48.856initSession created: sample/1
Time taken: 53 microseconds
{
"output": [
[
0.6492120623588562
1,
[
0.7610487341880798
1,
[
0.8728854656219482

from :/home/runner/work/onnxruntime-server/onnxruntime-server/build/DartConfigura
from :/home/runner/work/onnxruntime-server/onnxruntime-server/build/DartConfigura


https://github.com/kibae/onnxruntime-server/blob/main/src/test/CMakeLists.txt
https://github.com/kibae/onnxruntime-server/tree/main/src/test/unit
https://github.com/kibae/onnxruntime-server/tree/main/src/test/e2e
https://github.com/kibae/onnxruntime-server/actions/runs/6512163149/job/17689269061

Test X}=3}

pg_onnx

e CMake?| ctest + pg_regress
« Z2|El PostgreSQL HI=22 A3

e ZIQSH AL EX extension A= 2E

OII

. %QSQLwﬂiiﬁﬂﬁhrziE

o GitHub ActionsZ Build+Test X}= 35}
. O||A|

extension install
v © 12 1= =T »
v HAE A} 5%

pg_onnx

test_verbose

HAE S1}: 1

1: Test command: /opt/homebrew/1lib/postgresql@l4/pgxs/src/test/regress/pg_
"--outputdir=/Users/kibae/CLionProjects/pg_onnx/cmake-build-debug/pg_onnx'
: Working Directory: /Users/kibae/CLionProjects/pg_onnx/cmake-build-debug
: Test timeout computed to be: 10000000

: CREATE DATABASE
: ALTER DATABASE

: test 0l1l-create-model ... OK
: test 04-session ... 0K
: test 05-trigger ... OK
: test 09-drop-model ... 0Ok



https://github.com/kibae/pg_onnx/blob/main/cmake/FindPostgreSQL.cmake#L272
https://github.com/kibae/pg_onnx/tree/main/pg_onnx/sql
https://github.com/kibae/pg_onnx/tree/main/pg_onnx/expected
https://github.com/kibae/pg_onnx/actions/runs/6512185105/job/17689329882

pg_regress

Regression Tests

* Regression test authoring

e Options
 --temp-instance

o H2|=l PostgreSQLO| AFE% H|0|H C|HEZ| AZ(PG_DATA)

e --inputdir

YUY SQL At gl XS0 fixlet =2
C

* sql(&=), expected(t|=) o7

e --l]oad-extension

[HEE|7 ER

« AZ|El PostgreSQLS Aldlist = 2= extension

« =3 0f|= H|O|E{0f] 2ix| A[ZFO|Lt BIFHEL €2 A
A

AMalisk ot Zo7F SefX| 7| 20| H|AE=

$ Is sql/ expected/
sql/:
test hame_1.sgl test_name_ 2.sql

expectedy/:
test name 1.out test name 2.out

$ pg_regress \
--temp-instance=/tmp/regress_test \
--inputdir=/your/input_test_files_path \
--load-extension=pg_onnx \
test nhame_1 test hame_2


https://wiki.postgresql.org/wiki/Regression_test_authoring
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» PostgreSQL extension 7h& EiESl(CMake + pg regress)



https://www.postgresql.org/docs/current/spi.html
https://www.postgresql.org/docs/current/bgworker.html
https://www.postgresql.org/docs/current/regress.html
https://github.com/mkindahl/pg_extension




