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AKTyanbHOCTb paboThbl m

«SPD Online filter» 6ygeT npencraeBnaTe Co60M nMporpaMmmMmHo-

annapaTHbIN KOMIS1IEKC BbICOKOMPOMYCKHOW 06paboTKu LHCb
6|

NepBuYHbIX daHHbIX 3akcnepumeHta SPD konnanpgepe NICA, ¢ 1o , .KTeV ‘
Liefiblo YMeHbLLEeHNs X obbema Afs nocnenytolleii o6pabotkn n 2 8 SPD CMS

Q =
OONIFTOBPEMEHHOIO XpaHeHus. AnnaparHasa 4YacTb 6ydeT CoCToATb & 1055 ‘

X :
N3 COBOKYMHOCTW MHOMOSIAEPHbIX BbIYUCUTENBHbBIX  Y30B, :'3 o . COMPASS .DO
BbICOKONPON3BOANTENbHBIX CUCTEM XpaHeHns faHHbiX W pspa = 2 .Hl
yrpaBnsoLLMX CepBEepPOB; NPOrpaMmHast 4acTb 6Y[eT COCTOATb He 3 A OPAL ‘Baiirl -
TONMbKO W3 MPUKNAQHOrO NPOrpamMMHOro o6ecrneyeHusi, Ho N 1”3 10 “ ‘BELLEI | .
KoMmrinekca npomexxytodHoro MO — «SPD Online filter» «Visor», ' I S— —

5 10* 10° 10° 107

POMb KOTOPOIrO 3aK/lo4aeTcs B peann3aumm MHOMOCTYMeHYaTol Event size (Bytes)

06paboTKM OaHHbIX.

Cuctema ynpaBiieHnA Harpy3K0|7|, ABNAETCA KJHOYEeBbIM
KOMIMOHEHTOM KOMIUJ1IEKCAa NMpoMe>xyTo4HOro Mo

> ~20T'Bb/c (nnn 200 MNb/rop) «cblpbiX» OaHHbIX
> 6estpurrepHbin DAQ (Data Acquisition System) 5



Bbicokon PONMyCKHbI€e BbIYUCJTIEHUA

> HTC onpepnensdaeTcs Kak Tur Bbl4MCNEHNN, npm KOTopoM oaHOBPEMEHHO
BbIMOJIHAETCA MHO>XECTBO T[MPOCTbIX N HE3aBUCUMbIX Opyr OT Apyra
3aaYy anAa BbINO/MIHEHNA 3aaHUA O6p360TKI/I AOaHHbIX.
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> [lOCKOMIbKY KaXObl 3neMeHT [OaHHbIX MOXEeT obpabaTbiBaTbCs

OOHOBpPEMEHHO, 3TO MOXXEeT ObITb nPEUMeEHEHO K OaHHbIM, P

B IR
1

L input-dataset_1.raw J \

arpernpoBaHHbIM cuctemon cbopa gaHHbix (DAQ).

> (O6paboTka AaHHbIX MHOIOCTyneH4yaTas: e

] ] (o)
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OpuH atan o6paboTkn — task
O6paboTka 6noka gaHHbIx (danna) — job

Task

dataset: dat.l

executable: reco.exe

size: 4Tb

job 1

file: file_1
executable: reco.exe

size: 4Gb

Task-job relationship
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Data processing workflow example



[MpomexyTo4yHoe nporpammHoe obecrneyvyeHue LABORATORY of

INFORMATION
«SPD OnLine filter» — annapaTHo-NporpamMMHbli KOMMEKC, obecnednsatomia TECHNOLOGIES
MHOIFOCTYMNEHYaTyi0  BbICOKOMPOMYCKHYO  006paboTKy  MNEepBUYHbLIX  AaHHbIX

akcnepumeHTa SPD.

> Cwucrema ynpasneHusi aHHbIMU

O

[Mooaep>Kka >XU3HEHHOIO LMKna gaHHbIX (KaTanor
OAaHHbIX, NPOBEpPKAa COrnacoBaHHOCTU, OYNCTKA,
XpaHeHwue);

> Cucrema ynpasneHus npoLleccamm

O

OnpepgenexHne 1 BbINOHEHNE LIENOYKN 06paboTKu,
creHepupoBaB HEOBXOQMMOE KOJINYECTBO

BbIHUNCITNTESIbHbIX 3a,u,aH|/||7|;

> CucTtema ynpasJieHNsi Harpy3Kou

@)

[eHepaums Heo6XoAMMOro KONM4YecTBo 3aaa4y s
BbIMOJIHEHWSA 3aAaHUS;

KOoHTpOsb BbINOMHEHWS 3a4a4 C MOMOLLbIO MUIOTOB,
paboTaloLLMX Ha BbIYUCITUTENbHbIX Y3Nax;

> KooppguHatop: aHnna OnenHuk

—

‘ DB |
— Job e
Workflow
/ management Pilot

Dataset info — Job _}—V
DB \ / Tasks
Pilot
Data & Storage ¢

\ 4

I

Files management
Storage managment

Input buffer

e

Data files

managamant Fiesinfo |  Workioad — Job J——y
management -
(sheduler) Pilot i
be — Job —)—¢
—H Pilot

Data files

Files management
Storage management
L

Architecture of SPD Online Filter



TpebGoBaHUA K cucteme ynpaBrieHUs Harpy3Kom

H

Perncrpauus 3sagaHvi: hopmann3oBaHHOE
onncaHne 3adaHuns, BKoYasi napameTpbl 3a4a4 U
Tpebyemble MeTagaHHbIE;

OnpepeneHue 3agay: reHepaumsa He06xXoaMMoro
KONM4eCcTBa 3aday AN BbINONHEHNS 3a4aHnNsa NyTeM
KOHTPOIMPYEMOW 3arpy3Kn OOCTYMHbIX
BbIYMNCNUTENbHbIX PECYPCOB;

YnpaBneHne ucnonHeHus 3agad: KOHTPOb
COCTOSIHMA 3aa4, MOBTOPHbIE MOMbITKN BbINMOHEHWS
3agad B c/iyyae cOoeB, 3aBepLUEHNE BbIMOHEHUS
3apauu;

KOHTpPOb COrnacoBaHHOCTU: KOHTPOJIb
COrnacoBaHHOCTWN AAHHbIX B OTHOLLEHUN 3a4aHun,
dannos n 3agav;

NMnaHupoBLMK: peannsauus anroputmMa
nnaHNpoBaHUSA Ons pacnpeneneHns 3agaHnia/3agay;

- - - -

RDBMS
Postgres

DAC & Manage

e set
Get/Create/Delete Task Get chunk
Get Job/Files Summary API ‘_G‘t;ﬂ;ﬂ””‘v
Change Task's priority A
! Close dataset

Task-Manager
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SPD Workload Management System High Level Architecture



Pilot Agent

> AreHTCKOe MpUNOXeHNe  pasBepTbiBAeTCs  Ha

BbIHNCJIUTENIBHOM Yy3Ji€eé 1N COCTOUT N3 ClieayroLnx

nByx komnoHeHToB: UNIX gemoHa n camoro nunorTa.

> 3apadya pgemoHa UNIX - 3anyctute cnegytowmia

MWOT, 3arpy3unB akTyanbHY BEPCUO N3 XpaHunuLa.

> (Cam Pilot npeactaBnsier cobol MHOronoTOYHOE

npunoXxeHme, oreevaroLlee 3a

O

[MonyyeHne n Banupauuio 3agad mM3 b6pokepa
COOOLLEHNI;

3arpyska BxogHbix annos 1 BbIrpy3ka annos
C pe3ynsraTamMmn B BbIXOQHOE XPaHWINLLE;
3anyck nognpouecca AONnd  BbIMOSIHEHUS
NONe3HON Harpyskn (oekoguposaHne dopmata
DAQ, anropnt™ pacnosHaBaHusi TPEKOB U T. A.)
NHdopMrpoBaHMe BbILLECTOSILLEN CUCTEMbI O
TEKYLLEM CTaTyce NOMe3HON Harpy3kn n camoro
nunoTa

IlBa Tvna y3nos:
e Multi-CPU

[lBa kaHana cBs3u:
HTTP (aiohttp)

e Multi-CPU + GPU °

|

CPU queue

JobExecutor GPU queue
A i -

job11

| job21

job12

—————————— paylo.

hearbeat
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AMQP (message broker - RabbitMQ)

ad- ===

Input
Storage
Output
Storage

stage-in

(== =====~

Repository

|

stage-out

Payload
Thread

< Daemon

Node
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TeKywum ctaTtyc

NMpoekTnpoBaHue:

PaspaboTtaH n peannsosaH Habop Heobxoaumbix REST APl metogos (DB API cepsuc);

PeannsoBaH MexaHn3M 06baABNEHNS MOAENN AaHHbIX B 6a3e gaHHbiX Ha ocHoBe ORM n ckpuntoB Mmurpauny;
Hactponka nHctpymeHtoB CD (cObopka n passepTbiBaHuEe) B o6nadHon nHppactpyktype JINT;

PaspaboTka cueHapueB MEXXCEPBUCHOIO B3aMMOAENCTBIUS - onpeaeneHne KoHTpakTos AP,

PeannsosaHa Mofenb B3aMOAENCTBUSA C MMNOTOM Ha 6a3e onncaHHOW CcTaTyCHOW Mogenn 3agad.

NMpoToTunupoBaHue:

BoMbLUIMHCTBO MUKPOCEPBUCOB peann3oBaHo;

[Togcuctema ynpasneHust 3agadyamm aBnsieTca Hanbonee NpoaBuUHYTOW: peann3oBaHo N TECTUPYETCA
OONbLUNHCTBO B3aNMOAENCTBUN;

[lepee3n Ha npousBoacTeeHHbIn CYB/[], Postgres;

[TunoT obpabaTbiBaeT BCE 3Tanbl BbINOSIHEHNS 3a0a4W;
O  Peannsyetcs pa3bueHne 3agaHus;

O [lepeesq Ha npoun3BoacTBEHHLIN cepBep RabbitMQ.
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(sPD)
MnaH pa6oTbl Ha 2025 rof m

d O6paboTka 3agaHun n pabo4vnx npoLeccos
o BbInonHeHne Bcero pabo4vero npoiecca, yCTaHOBNEHHOMO Ha YPOBHE CUCTEMbI
yripasneHusi npoLeccamu;
o Becb pabo4ynn npouecc - uenoyvka 3aBUCUMbIX 3agaHUN.
O WHTerpauyus c npuknagHbiM nporpamMmmMmHbIM obecnevyeHnem
o TpebyeTcsa npuknagHoe nporpamMmmHoe obecredeHne (B npouecce pas3paboTku) u
CcMOOeNUpoBaHHble AaHHbIE;
o HedyHKUMOHanbHbIE TPEOOBAHUS K MPUKNAAHBbIM MporpaMmam.



Cnacu6o 3a BHUMmaHue!
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Backup slides

11



(sPD)
Architecture and functionality of Workload Management System m

Workflow
Management
System

> task-manager — implements both external and

internal REST APIs. Responsible for registering T
tasks for processing, cancelling tasks, reporting on  RabbitmQ |
current output files and tasks in the system. e
) i . ) : I T Task management -
> task-executor - responsible for forming jobs in the 1 restres ! ﬁ”ﬁiﬁéﬂﬁ.’i’
1 ! System
system by dataset contents. S A . —

> job-manager — accountable for storing jobs and i:";':f!;?éfﬁ?&::i; R W
files metadata, as well as providing a REST APl for | '

N Job 4 Register files
~

S e e e . e e e wm e m em e em Em e e e e e e e e e e e e e e e -

the executed jobs.

> job-executor — responsible for distribution of jobs

Job-Register

to pilot applications, updating the status of jobs - . Jebmanagement

T RDBMS
Postgres

> pilot - responsible for running jobs on compute
., - - - CPU payload - - —4— Pilot

\
!
1
!
I
I
(I
1
Get chunk 1,
Get ready Job Job-Executor g !
(I
I
I
I
1

DAO & Manage

nodes, organizing their execution, and

1

Job-Manager Get

Change job's priority

communicating various information about their

G
3
]

- - - GPU payload - - - <— Pilot

hearbeat
7 status update

progress and status.

- e e e am e e e e e e e e e - - - — -

SPD Workload Management System High Level Architecture 12




i . (sPD)
Workload management system requirements - reminder m

The key requirement - systems must meet the high-throughput

paradigm.
RabbitMQ Global queue
[ Task registration: formalized task description, ' S [Tk [ Tesk | o [ Tasks | Taskp [ Task, |
including job options and required metadata Dataset#1 Dataset#2 Dataset#3
registration; rank 3 rank 5 rank 3 .
1 Jobs definition: generation of required number of - e .
jobs to perform task by controlled loading of %ij fj zi
available computing resources; L e e
1 Jobs execution management: continuous job state o gi
monitoring by communication with pilot, job retries Eii o ;:
in case of failures, job execution termination; fiz {i:
A Consistency control: control of the consistency of S,
information in relation to the tasks, files and jobs; fle 3 —

[ Scheduling: implementing a scheduling principle for
task/job distribution;

Forming jobs based on dataset contents, one file per one job

13



Triggerless DAQ

Triggerless DAQ means that the output of the system is not a set of raw
events, but a set of signals from sub-detectors organized into time slices.

YVY

()

Frontend SPD DAQ

N channels N channels N channels
ADC pe » ADC
\ / Vi \ /
. f Read out

@@ Processing

3 MHz event rate

v i~

Data buffer _Jl

v

Event building, SPD On-line Filter
Filtering

\ 4

S

Data-Logging
150 kHz event rate

Storage ?

«triggerless» DAQ

SPD

Free-run SPD DAQ

40 Builder nodes

20 GB/sec

f Input buffer
compute
l v l v l e

O w Application
O wwn storage
0 e (Read)

sl

> DAQ provide data organized in time frames which placed
in files with reasonable size (a few GB).

> Each of these file may be processed independently as a
part of top-level workflow chain.

> No needs to exchange of any information during handling
of each initial file, but results of may be used as input for
next step of processing.

14



Database design
RDBMS - PostgreSQL 16

Tables:
% alembic_version — managing and tracking

database schema changes

file_dat — a directory specifying the output files ®

and logs generated on the pilot 2 S
job_dat — jobs currently being processed in the £ version
system

task_dat - current tasks in the system

Extra mechanisms:

Indexes — on filter fields for optimization of
operations (B-tree);

Procedures - task and job generation for test
pUrposes;

Triggers — rank update logic;

Decomposition — single database per
microservice (Postgres in Docker initially)

L3

<& public

] job_dat
id

] parent_job_id

[ task_id

] executable

args

rank

state

[ retries
cur_retry

] device_type

1 mode

[] created_at

updated_at

o

< public

= file_dat
id

2 job_id

1 file_name

1 file_url

A type

[l size

] status

] check_sum

] created_at

71 updated_at

&
& public
Q 1 task_dat
. id
<> public
v ] executable
— pilot_dat
. Il args
i
] rank
] job_id
I device_type
Il device_type
] mode

[] created_at =

(1) data_in_uid
7 updated_at -

] data_stor_url

[] data_out_url

ER Diagram of the Workload
Management System Database

15



Tech stack

Common

> Python 3.12

> docker compose - running
multi-container applications

DB

> PostgreSQL - RDBMS

> Alembic (Migration)

> SQLAIchemy 2.0

> asyncpg - Postgres DBAPI

Frameworks

>

aio-pika (RabbitMQ + asyncio) -
asynchronous API with RabbitMQ

> FastAPI + uvicorn

Extra

> aiohttp - asynchronous HTTP
client/server framework

> Pydantic - validate and serialize data
schemes

> pytest-asyncio - test purposes

16



Task and job definition m

> A task is a workload unit responsible for processing a
block of homogeneous data - dataset.

> A processing request is a set of input data, which may Task
consist of multiple files, and a handler. dataset: dat.1

> The criterion for the completion of the task is the executable: reco.exe
processing of the entire block of data. size: 4Tb

> The Workflow Management System is responsible for

defining and executing workflows, as well as defining a

processing request, which is a task. job_1 job_1024
file: file_1 v file: file_1024
executable: reco.exe HER executable: reco.exe
> A job (payload) is a unit of work that processes a unit of size: 4Gb size: 4Gb
data (file).

. _ , , L Task-job relationship
> The unit responsible for processing a single file in terms of

workload is called a job.

> The Workload Management System is responsible for
generating jobs, sending them to compute nodes, and
executing them.

17



Interaction with Data Management System

Routing Key

Msg

Algo

dataset.close

Dataset info
e Dataset UID
e File check list (file

Request the registered files in the dataset. If

they match the checklist, set the status to
CLOSED. Otherwise, return the messages

names) back to the queue for deferred execution.
dataset.upload | Dataset UID Marking dataset for uploading
(TO_UPLOAD)
dataset.delete Dataset UID Marking dataset for deletion (TO_DELETE)

Signature and algorithm of message receiving gateways for the dsm-register service

Within a Workload Management System, there are several scenarios

for interacting with the data management system:

> Obtain information about dataset contents for forming jobs from

DSM-Manager (Data Catalog REST API)

> Register files in datasets after executing payload on compute
node — DSM-Register (Data Registration)

> Close dataset after cancellation or sufficient number of
successfully processed files — DSM-Register*

DAQ

Register Dataset of

DSM (Data & Storage Management)

Input Files

/ DSM-Register }»Message—n" MQ e
4" )

N

(Monitoring &

DSM-Inspector |
updating services)

G _i—

Tﬂm\o & Manage") DSM-Manager
Data Catal )

i e

Register files
Close dataset

Workload
management

A

/

Delete & Upload
dataset A 4

Workflow
management

Architecture of Data Management

Tereschenko, D., Ponomarey, E., Oleynik, D. et al. SPD On-Line Filter: Workflow and Data Management Systems. Phys. Part. Nuclei 55, 603—605 (2024).



Dataflow and data processing concept m

Main data streams: U;U

% SPD DAQs, after dividing sensor signals into

time blocks, send data to the SPD Online — o ‘
Filter input buffer as files of a consistent size. W et S

Input Data Middle Data Output Data

% The workflow management system creates o 4
and deletes intermediate and final data sets 3 o

% The workload management system i T
“populates” the data sets with information 3

about the resulting files
% At each stage of data processing, pilots will

read and write files to storage and create
secondary data

19



Modularization: deploying and using own packages

Following tools are used:
% Poetry

> Particularly good at handling complex
dependency trees and ensuring that the different
modules can integrate with each other without
version conflicts
% Python packages
> Separate GitLab repositories for each package
> Poetry for packaging and dependency
management
% Gitlab
> Access Tokens used as kind of credentials for
scripts and other tools
> CI/CD for automate testing and building

W WMS[EI Qv New subgroup

Subgroups and projects  Shared projects  Archived projects Q Search Name v | T=
e J job-executor (& Owner 0 Q1 &1
e J job-manager & Owner 0 Q1 81
o T task-executor (3 Owner 0 Qo &1
e T task-manager & Owner 0 @1 &1
W wms-schema & * 0 1 week ago

wms-schema
blishe

£ PyPl & Lastdownloaded May 29, 2024

History
(@© wms-schema version 0.2.0 was first created 6 days ago

@ Published to the wms-schema Package Registry 6 days ago

Installation Show PyPi commands v

Pip Comman d
pip install wms-schema --index-url nttus://,,tnken,,:<vour,persul\al,token—packaqes/PYPi/smple (5}
You v ed a personal access toke

Registry setup

If you haven't already done so, you will need to add the below to your .pypirc file.
[gitlab]
eeeeeeee = __token__

password = <your personal access token>

For more information on the PyPi registry, see the documentation.

wms-schema is a package that contains a scheme for task and job data that is used
in almost every other service

20



Interaction with the Pilot Agent

*

0‘0

2
%

Pilot has a series of prepossessing stages before running a job itself:
a. start logging

b. read configuration

c. getting a job from message queue

d. validation
After those steps the Pilot launches another thread where it does
environment setup script
copying files locally from the input storage
starts execution of a job itself in a separate sub-process
analysis of the result of a job
copying output data and logs to storage
sends regular messages to WMS

g. cleaning up the local environment

Pilot sends status-update message at any point of internal changes
WMS may terminate the job if the corresponding task is cancelled or if an
error occurs.

-~ P Q200D

GPU queue CPU queue
job2 job2
job1 job1

/_/

N A 4

CPU+GPU CPU

SPD

21



Cucrtema ynpaBneHusi Harpy3skom - lnnor

Overview

Totals

OnucaHa nogpobHas Mofenb COCTOSIHUS 3a0av;
BBeaeHbl Koabl OLLUNOOK;

Queued messages last minute ?

Ready

Pilot npoluen Bce atanbl BbINOHEHNA 3a4a4u;
IleMOH peann3oBaH 1 3anyLeH;
Bonblwe HeT amynaTopa nunoTta!l

TpebyeTcs 60NbLLIOW LMK TECTUPOBAHUS U

17:08:40

Message rates lastminute ?

t 2 NN N N

Unacked

Total

Deliver
(manual

0.3/s
02/s
0.2/s
01/s
0.1/s
0.0/s
17:08:30 17:08:40 17:08:50

pedakToOpUHra;
OTnapgka BbINOSHEHNA BCEro 3afdaHuns (Bcex
3a[a4, CBA3aHHbIX C 3aaHNEM);

X

Overview

Totals

Queued messages last minute ?

e
ack)
Deliver

17:09:00  17:09:10  17:09:20

(auto ack)

Consumer
ack

UNIX Daemon’s running Pilot

Ready

Message rates m 2

Unacked

Total

Deliver
(manual
ack)

Deliver

(auto ack)

Consumer
ack

INFORMATION
TECHNOLOGIES
"
0
mn
Redeli d M 0.00/s G
G edelivere et (empty)
Ge[(mar;léﬁ; o 0.00/s Disk read
0.00/s Disk write
Get(auto | moooss
W 0.00/s
6
0
He6
0.00/s
0.00/s
W 0.00/s

Aftermath of executing the entire queue

MESHCHERYAKOV
LABORATORY of

0.00/s
M 0.00/s

M 0.00/s

22



What it all looks like

collector INFO: 2024-11-05 50:13 alohttp.access |
collector- Il : 2024-11-05 0: collector.src. job_manager

jate 2( 1 09 I

tr | L - yad ' , 'memory g 1.2,

ter-col -1 INFO: 202¢ ( ¢ 5 | aitohttp.access | Py

tter-collector-1 INFO: 2024-1 ¢ : ® | collector.src.job_manager
s 116 Q:50 -1 p 1 ‘ PR ‘

pu ad

| atohttp.access




(sPD)
Prototyping Job-Manager (API)

e The chosen framework for building the service is FastAPI + Uvicorn asynchronous framework
e A basic set of CRUD operations on data in the form of REST API is developed.
e API description autogeneration according to OpenAPI 3.0 specification is implemented (available in Swagger Ul at <server address>/docs)

job-manager “¢ Jobs o~
/v1/jobs/get-job/{id} Getjob v
Tasks ~
0s1 /v1l/jobs/create-job/ Createjob A
13 /v1/tasks/get-task/{id} GetTask v
Creates a new job.
/v1l/tasks/create-task/ Create Task v
Args: payload: Job data to create based on JobSchema (format for newly generated jobs). db_session: Database session dependency.
/vl/tasks/get-all-tasks/ GetAlTasks N7 Returns: The newly created job data in JSON format.
Raises: HTTPException: If job creation fails.
Jobs ~
p = e v I =
/v1/jobs/get-job/{id} Getjob e o
/v1/jobs/create-job/ Createjob v

No parameters

GE /v1/jobs/get-all-jobs/ GetAlljobs v
Request body application/json v

‘ LIE3N /v1/jobs/delete-all-jobs/ Delete Alljobs v
Example Value | Schema
/v1/jobs/get-one-ready/ GetOne Ready v
/v1/jobs/get-jobschema-ready/ Getjobschema Ready v
/v1/jobs/get-chunk-ready/{chunk_size} GetChunk Ready v
/v1/jobs/update-job/{job_id} Updatejob v
/v1/jobs/update-job-new/{job_id} Updatejob New v
/v1/jobs/get-jobschema/{id} Getjob Schema v
Files A
}
: : A 5 1.
- - Get Input File Id N7
/vi/files/get-input-file/{id} GetinputFile o
{
/vi/files/get-output-file/{id} GetOutputFileld v "file_name”: "string",
E /v1/files/get-log-file/{id} GetlogFileld v
/vi/files/get-all-input-files/{job_id} GetAllnputFiles v Responses
/vi/files/get-all-output-files/{job_id} GetAl OutputFiles v e .
Code Description Links
GE' /vl/files/get-all-log-files/{job_id} GetAllLog Files v

Swagger Ul with job-manager service AP description Example of a service call to post a new job 24



Prototyping Job-Executor - Pilot (RabbitMQ queues)

e RabbitMQ is selected as the message broker

e Queues are defined using the declarative notation of the aio-pika tool
e At the start of the application their unfolding is performed

E Ra b b | t RabbitMQ 3.11.28 Erlang 25.3.2.9
Overview Connections Channels m Queue

s Admin

Exchange: jobs

Overview

Message rates last minute ?

Publ

21:14:30 21:14:40  21:14:50 2111500 21:15:10  21:15:20
Details
Type | direct
Features
Policy
Bindings

This exchange

!

To Routing key = Arguments

CPU i
pilot-cpu

GPU i
pilot-gpu

Configured RabbitMQ queues

lish (In) 0.00/s

Publish
(Out)

=]

00/s

To Routing key | Arguments

cpPU
amgq.gen-uZThpsVHSQt0udUh1NcuYg ‘

amgq.gen-uZThpsVHSQtOudUh1NcuYg

Add binding from this exchange
| To queue v

Routing key:

Arguments: N ‘ String V"

Publish message

Routing key: | CPU

Headers: ? = \String v }

Properties: ? o

Payload: {
“id": 11,
“task id": i
“execut "2
"azgs": "-in file in 1157 file in 1158 -gut file out 1157 file out 1158",
"zank": 1,
“device type": "CPU
"files in url": [
{
"file name”: "file in 11577,

/data/sSPDOF-buffers/input/file in 1157",
“input”,
"size": 1073741824,

"status": {"state”: "ready”, "error code": "", "info": "File is ready to be processed"},
"check sum™: "a9f8c7e6-4a9b-4f0a-8f2c-9c4ada3fefef”
I
{
"file in 11587,
/data/sSPDOF-buffers/input/file in 1158",
"type": "input".
"size": 1073741824,
"status": {"state": "ready”, "error code": "", "info": "File is ready to
"check sum™: "3faB5f64-5717-4562-b3fc-2c963f66afa7"
}
1.
“files out url": [
{
"file name”: "file out 1157",
"file url": "/data/SPDOF-buffers/output/file out 1157",
"type": "gutput”,
"status": {"state”: "readv” "error code": "" "infa": "This file should he created"}

Payload encoding: ‘String (default) v‘

Publish message

Jobs could be delivered manually




Examples of Templates and Tasks

Registration and authorization
Template and task output
CWL template creation by user

Templates Tasks

Create templ

Template Manager

a@aaa.aaa

template_id name inner_dataset_mask description status

":{"run

1 template1 .test. '‘CommandLineTool", "baseCommand": "echo”, "inputs": ACTUAL
{"dataset_name": {"type": "string"}, "processing_program": {"type": "string"},
"processing_program_version": {"type": "string"}, "cable_map": {"type": "File"}, "input_params": {"type":

"File"}}, "outputs": {"output_dataset": {"type": "File"}, "log_dataset": {"type": "File"}}}, "in":

{"dataset_name": ".test.", "processing_program": "processing_program", "processing_program_version":
"processing_program_version", "cable_map": "cable_map”, "input_params": "input_params"}, "out":
"[output_dataset, log_dataset]"}, "reconstruction”: {"run": {"class": "CommandLineTool",
"baseCommand": "echo", "inputs": {"dataset_name": {"typ string"}, "processing_program": {"type":
"string"}, "processing_program_version": {"type": "string"}, "cable_map": {"type": "File"}, "input_params":
{"type": "File"}}, "outputs": {"output_dataset": {"type": "File"}, "log_dataset": {"type": "File"}}}, "in":
{"dataset_name": ".test.", "processing_program": "processing_program", "processing_program_version":

"processing_program_version", e | =g

cable_map": "cable_map", "input_params": "input_params"}, "out":
"[output_dataset, log_dataset]"}}}

{"steps": {"decoding": {"run": {"class": "CommandLineTool", "baseCommand": "echo", "inputs":
{"dataset_name": {"type": "string"}, "processing_program": {"type": "string"},
"processing_program_version": {"type": "string"}, "cable_map": {"type": "File"}, "input_params": {"type":
"File"}}, "outputs": {"output_dataset": {"type": "File"}, "log_dataset": {"type": "File"}}, "in":

{"dataset_name": ".test.", "processing_program": "processing_program", "processing_program_version":

"processing_program_version", "cable_map": "cable_map", "input_params": "input_params"}, "out":
"[output_dataset, log_dataset]"}}}

2 template2 .test. ARCHIVED

Created template

Preliminary validation and writing of CWL templates to the database

20

21

22

23

24

task_id wflow_id

6

Template Manager

exec
processing_program
processing_program
processing_program
processing_program
processing_program
processing_program
processing_program
processing_program
processing_program
processing_program
processing_program
processing_program
processing_program

processing_program

Templates Tasks

args rank device mode retry datas_in_id datas_out_id datas_log_id

cable_map 1 CPU map 5
cable_map 1 CPU map 5
cable_map 1 CPU map 5
cable_map 1 CPU map 5
cable_map 1 CPU map 5
cable_map 5 | CPU map 5
cable_map 1 CPU map 5
cable_map 1 CPU map 5
cable_map 3 | CPU map 5
cable_map 1 CPU map B
cable_map 1 CPU map 5
cable_map 1 CPU map 5
cable_map 1 CPU map 5
cable_map 1 CPU map 5

WfMS task description

26

27

31

32

36

37

41

42

46

47

51

52

56

57

27

29

32

34

37

39

42

44

47

49

52

54

57

59

28

30

33

35

38

40

43

45

48

50

53

55

58

60

status
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS

IN_PROGRESS

a@saa.asa

26



(sPD)
Interaction with Workflow Management System m

The following interaction scenarios have been identified with the Workflow
Management System

> Registration of a task for processing: WFMS passes the or R s
System ; System

task description into the message queue;

> Summary of current intermediate properties of jobs/files [ I vvevrce SR IR s W
in the system: aggregated information about the status of T s st
each job/file for further decision making; ; s

DSM-Listener g y Task-Generator

. . Workload- ________,E
> Task cancellation: based on the decision made on the
WIMS (too many errors occurring) on operator side;

GET Status Get/Update Datasets

POST Status Create Tasks/Workchains/Datasets
Get/Update tasks statuses

> Change priority of a task: is used to accelerate the rate at
which the corresponding dataset is being processed;

> API

Get/Create Users
RDBMS DAO & Manage Get/Create Templates |
Postgres Get Tasks
WfMS-manager

Workflow Management System

27



Task generation service

Getting registered datasets
from DMS from RabbitMQ;
Matching datasets by name
mask to the desired template;
Registration of input dataset
in the system;

Creating a workflow from a
template;

Creating output dataset and
log dataset in the system;
Creating a task;

From template to tasks

Template

“name": "template1”,
"description”: "(CWL)",
“inner_dataset_mask": ".test.",
"template_id": 1,

"status": "ACTUAL"

[
{

Datasets

“type": "input”,

"dataset_id": 26,

"dataset_uid": "5a2775f5-73¢c5-4328-bdf3-166¢ff26a594",

"name": "input.test.368d6f34-3925-4272-9d40-3059295a7fcd.raw”

L

{

"type": "output",
"dataset_id": 27,
“"dataset_uid": "37222a88-6bde-4183-ba4f-06d164ae689b",

"name": "input.test.368d6f34-3925-4272-9d40-3059295a7fcd.raw.output.1"

h

{

"type": "output",

"dataset_id": 28,

"dataset_uid": "410dcf92-7534-4009-ba3d-55222161dfc8",

“name": “input.test.368d6f34-3925-4272-9d40-3059295a7fcd.raw.log.1"

h

i

“type": "output”,
"dataset_id": 29,
"dataset_uid": "2a81e72d-5368-4c57-a752-6a74ch787e2a",

“name”: “input.test.368d6f34-3925-4272-9d40-3059295a7fcd.raw.output.2"

b

{

}
1

"type": "output”,

"dataset_id": 30,

"dataset_uid": "391baf82-5fdb-482a-8736-276844452f45",

“name": "input.test.368d6f34-3925-4272-9d40-3059295a7fcd.raw.log.2"

{
“template_id™: 1,
"workflow_id": 6

}

Task

"task_id": 11,
"args": "cable_map",

"retry™ 5,

"dataset_log_id": 28,

"workflow_id": 6,

"executable": "processing_program",
“rank": 1,

"mode": "map",

"dataset_in_id": 26,
"dataset_out_id": 27,

"status": "DEFINED"

"task_id" 12,
"args": "cable_map",

"retry": 5,

"dataset_log_id": 30,

"workflow_id": 6,

"executable": "processing_program',
“rank": 1,

"mode": "map",

“dataset_in_id": 27,
"dataset_out_id": 29,

“status"; "DEFINED"

28



Task management service

Sending tasks for processing

Task before

“task_id": 11,

"device_type'": "CPU",

“retry": 5,

"dataset_log_id": 28,

"warkflow_id" 6,

“executable”: "processing_program",
“rank": 1,

"mode": "map”,

“dataset_in_id": 26,
"dataset_out_id" 27,

“status": "DEFINED"

“task_id": 12,

"device_type"; "CPU",

“retry™: 5,

“"dataset_log_id": 30,

"workflow_id": 6,

“executable”: "processing_program®,
“rank": 1,

"mode"; "map”,

“dataset_in_id": 27,

"dataset_out_id": 29,

"status": "DEFINED"

lterate on tasks in “DEFINED” status;
Querring DMS about the status of the input dataset (“CLOSED”);

Creating output datasets and log datasets in DMS;
Sending the task to RabbitMQ for further processing in WMS;
Change task status to "IN_PROGRESS".

RabbitMQ

the server reported 5 messages remaining

Exchange

Routing  wfms.
Key

Redelivered
Progertles
Payloac

e C , "'mode":

map","retry":5,"dataset in uid"

["6e€BaBa7-fec3-4€58-aa ed

Task after

“task_id": 11,

"args": "cable_map",
"device_type": "CPU",
"retry™: 5,
"dataset_log_id": 28,
"workflow_id": 6,

" “processing_prog

“rank": 1,

“dataset_in_id": 26,
"dataset_out_id": 27,
“"status"; "IN_PROGRESS*

"task_id" 12,

“"args": "cable_map",
"device_type": "CPU",
"retry™ 5,
“dataset_log_id": 30,
"workflow_id": 6,

: "processing.progi

“rank": 1,

“mode": “map",
"dataset_in_id": 27,
“dataset_out_id": 28,
“status"; "DEFINED"

29



Data access service

Data access service is implemented and provides all necessary endpoints at this stage;

Test coverage is required;

Templates ~
‘m /template/all Get All Templates v ‘
‘m /template/actual Get Actual Templates A ‘
‘“ /template/{template_id} Template Response v ‘
‘ /template/create Create Template v ‘
’m /template/{template_id}/change Change Template v ‘
/template/{template_id}/delete Delete Template v ]
Datasets N~
‘m /dataset/all Get All Datasets v ‘
‘m /dataset/{dataset_id} Dataset Response v ‘
‘ /dataset/create Create Dataset v ‘
‘m /dataset/{dataset_id}/dataset_uid Change Rank 4 ‘

auth ~
‘ /auth/jwt/login Auth:jwt.Login N ‘
Workflows A

[ - av|

‘m Jworkflow/all Get All Workflows v ‘
‘ /auth/register Register:Register N ‘
’ﬂ /workflow/{workflow_id} Workflow Response v ‘ g
‘ /auth/forgot-password Reset:Forgot Password v ‘

‘ /workflow/create Create Workflow v ‘
‘ /auth/reset-password Reset:Reset Password N/ ‘

Tasks ~

‘ /auth/request-verify-token Verify:Request-Token NA ‘

PG resan Get Al Tasks v ‘
’ ‘ /auth/verify Verify:Verify v ‘

’ /task/{task_id} Task Response v ‘

users N

GET /task/status/{status_name} Get Defined Tasks v ‘
‘- ‘m /users/me Users:Current User a8V ‘
‘ /task/create Create Task A ‘ ‘m /users/me Users:Patch Current User & v ‘
’m /task/{task_id}/rank Change Rank v ‘ ‘m /users/{id} Users:User i v ‘
‘m /task/{task_id}/status Change Rank N ‘ ‘m /users/{id} Users:Patch User ﬂ v ‘
/task/{task_id}/delete Delete Task v ] /users/{id} Users:Delete User v ]

Description of the current implemented API’s

30



Service for interaction with user

Registration and authorization of users with different rights;
CWL template/tasks output;

Creation of CWL templates by superuser;

CWL template status changes by superuser;

Store template in the database;

Template Manager ( Login |

Registration

Email

Complete registration

© 2024 WFMS

e FastAPI Users

o JWT-token

Template Manager

Enter CWL here

© 2024 WFMS

Templates

CWL Template

Template name
Inner dataset mask

Status

Complete

31



Examples of Templates and Tasks

e \iewing templates and tasks is available to all users who have completed the authorization process;

e Template creation is only available to superusers;

Templates Tasks

ate template

Template Manager

template_id name inner_dataset_mask description status
1 template1 .test. ": {"run CommandLineTool", "baseCommand": "echo”, "inputs": ACTUAL
{"dataset_name": {"type": "string"}, "processing_program": {"type": "string"},
"processing_program_version": {"type": "string"}, "cable_map": {"type": "File"}, "input_params": {"type":
"File"}}, "outputs": {"output_dataset": {"type": "File"}, "log_dataset": {"type": "File"}}}, "in":
{"dataset_name": ".test.", "processing_program": "processing_program", "processing_program_version":
"processing_program_version", "cable_map": "cable_map”, "input_params": "input_params"}, "out":
"[output_dataset, log_dataset]"}, "reconstruction”: {"run": {"class": "CommandLineTool",
"baseCommand": "echo", "inputs": {"dataset_name": {"typ string"}, "processing_program": {"type":
"string"}, "processing_program_version": {"type": "string"}, "cable_map": {"type": "File"}, "input_params":
{"type": "File"}}, "outputs": {"output_dataset": {"type": "File"}, "log_dataset": {"type": "File"}}}, "in":
{"dataset_name": ".test.", "processing_program": "processing_program", "processing_program_version":
"processing_program_version", "cable_map": "cable_map", "input_params": "input_params"}, "out":
"[output_dataset, log_dataset]"}}}
2 template2 .test. {"steps": {"decoding": {"run": {"class": "CommandLineTool", "baseCommand": "echo", "inputs": ARCHIVED

{"dataset_name": {"type": "string"}, "processing_program": {"type": "string"},
"processing_program_version": {"type": "string"}, "cable_map": {"type": "File"}, "input_params": {"type":
"File"}}, "outputs": {"output_dataset": {"type": "File"}, "log_dataset": {"type": "File"}}, "in":

{"dataset_name": ".test.", "processing_program": "processing_program", "processing_program_version":

"processing_program_version", "cable_map": "cable_map", "input_params": "input_params"}, "out":
"[output_dataset, log_dataset]"}}}

Created template

a@aaa.aaa

Template Manager

task_id wflow_id

20

21

22

23

24

6

exec
processing_program
processing_program
processing_program
processing_program
processing_program
processing_program
processing_program
processing_program
processing_program
processing_program
processing_program
processing_program
processing_program

processing_program

args
cable_map
cable_map
cable_map
cable_map
cable_map
cable_map
cable_map
cable_map
cable_map
cable_map
cable_map
cable_map
cable_map

cable_map

Templates

rank device

1

CPU

CPU

CPU

CcPU

CPU

CPU

CPU

CcPU

CPU

CPU

CcPU

CcPU

CPU

CPU

Tasks

mode retry datas_in_id datas_out_id datas_log_id

map 5 26 20 28
map 5 27 29 30
map S 31 32 33
map 5 32 34 35
map 5 36 37 38
map 5 37 39 40
map 5 41 42 43
map 5 42 44 45
map 5 46 a7 48
map 5 47 49 50
map 5 51 52 53
map 5 52 54 55
map 5 56 57 58
map 5 57 59 60

WfMS task description

a@saa.asa

status
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS
IN_PROGRESS

IN_PROGRESS
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RabbitMQ configured queues

Exchange: dsm.register

» Overview

v Bindings

To

This exchange

dsm

.register.dataset.close

dsm.

register.dataset.delete

dsm.

register.dataset.input

dsm.

register.dataset.upload

dsm.

register.file.input

dsm.

register.file.process

dsm.

register.file.process.reply

U

Routing key Arguments
dataset.close

dataset.delete

dataset.input

' dataset.upload

| file.input

file.process

file.process.reply

Unbind

Unbind

Unbind

Unbind

Unbind

Unbind

Unbind

Exchange

Routing Key

Appointment

dsm.register

(direct)

file.input

file.process

dataset.close

dataset.upload

dataset.delete

Receiving information about incoming
files to the input buffer

Receiving information about new files,
received during processing

Accepting a request to close a dataset
Accepting an application to upload
files in a dataset to an external storage
Accepting a request to delete files in a

dataset on the internal storage
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R&D

e Jobs scheduling algorithm

e Partitioning of a task
o Imagine a multitasking operating system.
o Each dataset represents a process, and each record
within a dataset is like a thread within that process.
o The algorithm acts as the operating system's
scheduler, allocating processing time to threads
based on their priority.

e Chunk size and rank/priority of a job as a basic control
unit:
rank;s1 = a X x; + B X y; + v X rank;

ZT; — aging, y; — retries

Cycle 2 Cycle 1
< > € >
q,
a, (w|Vv]u] IWRR =
as ME

Interleaved Weighted round-robin

Algorithm 1 Task Scheduling Algorithm

Variables:
global_queue — global queue with tasks
dataset — array of datasets
N — number of datasets
rank_max — maximum task priority
heap — binary heap storing maximum task priorities
rank — array with task priorities
Algorithm:

1: initilize_datasets(dataset)

2: build_heap(rank)

3: while true do

4:  rank_max = heap.top()

5. for r =1 to rank_max do

6: for i =1to N do

7: if not dataset[i].chunk.empty() and rank[i] > r then
8: await dataset[i].chunk.cur_item

9: update(dataset[i].chunk — j cur_item)
10: else if dataset[i].chunk.empty() then

15 3 if dataset[i].chunk.cur_item then

12: dataset[i] = global_queue.head()

13: end if

14: update(rank]i])

15: update(heap)

16: end if

17: end for

18: end for
19: end while

Proposed task-partitioning algorithm
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