
ML-ͨ͊ͭ͡ͺͦͪͣ͊ ́-ˣ͊ͤ͊͟
̉ͭͦ ͔͚͍͙͔͒ͫͭͭ͡Έͤͦ ͼ͔ͤΎͭ ͨͦ͡Έ͍͔͙ͦ͊ͭ͘͡Κ

̉ͭͦ ͔͚͍͙͔͒ͫͭͭ͡Έͤͦ ͼ͔ͤΎͭ ͨͦ͡Έ͍͔͙ͦ͊ͭ͘͡Κ

https://space.tinkoff.ru/blog/entry/video-i-prezentatsiya-s-vorkshopa/


˽͔ͭͪ ˤ͙͎͊ͤ͡ | ͙͙́ͣ͒͡

pvalingp.valing@tbank.ru

3

Á5 ͡ ͔ͭ ͍ ML-ͨ͊ͭ͡ͺͦͪͣ͊ͻ

ÁSber AI

ÁAI-ͼ͔ͤͭͪ ́-ˣ͊ͤ͊͟



˽͊ͤ͡
˴͊͟ ͍͔ͫ ͤ͊;͙ͤ͊ͦͫ͡Έ ͙ ͯ͒͊͟ ͙ͨͪ΄͙͡

́ͦͨ-ͺ͙;͊

͙͎́ͯͤ͡

˹͔͗͒͊ͤ;͙͙͟

˴ͭͦ ͣ·

˽ͦ͡Έ͍͔ͦ͊ͭ͘͡Ύͣ ͤ͊ ͫ͊ͣͦͣ ͔͔͒͡ ͍͊͗ͤͦ

͔͎̉ͦ ͙ͨͪͦ͟͡Έ͎ͤͦͦ ͙͙ͨͦͤ͊ͨͫ͊͡

˿͙ͭͦͭ ͨͦ͒ͯͣ͊ͭΈ ͦ͋ Ήͭͦͣ ͫͪ͊ͯ͘

4

ˢ ͦͤͦ ͤ͊͒ͦΚ

˿͙ͭͦͭ ͙͡ ͊ͣͦͪ͊͘;͙͍͊ͭΈͫΎΚ



Á -́ˣ͊ͤ͟ τͼ͙ͺ͍ͪͦ͊Ύ Ή͙͔ͦͫͫͭͣ͊͟

Á ˸͙ͦ͋͡Έͤ·͚ ͔ͦͨͪ͊ͭͦͪ κ ˿ͭͪ͊ͻ͍͙͔ͦ͊ͤ κ ͙͍͔͙͔̂ͤͪͫͭͭ κ ΦΦΦ

Á ˸͎ͤͦͦ ML/DL ͫ ͔ͨͼ͙͙͍͊ͫͭͦ͡

Á ˸͎ͤͦͦ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·ͻ ͒͊ͤͤ·ͻ 

Á ˾͊ͤ͘·͔ ML/AI ͘ ͊͒͊;͙Υ

Á [[a κ ¢¢{ κ {¢¢ κ wŜŎǎȅǎ κ h/w κ b[t κ wŜǎŜŀǊŎƘ κ /ƭŀǎǎƛŎ a[ κΧ

Á Batch / Realtime Inference

˹͊΄͙ ͍͍ͦ͒ͤ·͔Φ ˴ͭͦ ͣ·Κ

5



2025 Model Registry, LLMaaS

Jobs API, Slurm, WandB, Jupyter

[ƻƴƎ ǘƛƳŜ ŀƎƻΧ SSH-͔͍͙ͫͪ͊͟

˹͊΄ ͨͯͭΈ

6

2024

2023

2022

2021

Kubernetes ͙  Airflow

Serving Platform, ͙͍͊ͭͤ͟·͚ ͪͦͫͭ

WandB->  ClearML, Distributed

˽ͦΎ͍͔͙͔ͤ͡ ͟͡Ό;͔͍·ͻ 
͔͍ͦͣͨͦͤͤͭͦ͟



˹͎͊ͪͯ͊͘͟ ˮͤͺͪ͊ ˴ͦͣ͊ͤ͒͊˿͔͍͙ͪͫ·

Á˹͔ͫͦ͟͡Έͦ͟ ˨͍̇ ͔ͦͤͭͯͪ͟

Á˹͔ͫͦ͟͡Έͦ͟ Cloud

Á˿͙ͦͭͤ ͔͍͔͍ͫͪͪͦ

Á˾͊ͤ͘·͔ ͔͙ͨͦͦͤ͟͡Ύ GPU

Á InfiniBand

Á͙͙̆ͪ͊ͤ͟͡

Á ~1k MAU

Á 30k ͘ ͊͒͊; ͍ ͔͒ͤΈ

Á Compute Jobs

Á Jupyter

Á Experiment tracking

Á Pipelines

Á Serving

Á LLMaaS

ÁModel Registry

ÁΧ

Á 6+ mid-size ͟ ͦͣ͊ͤ͒

˻ ͨ͊ͭ͡ͺ͔ͦͪͣΦ ˸͊ͫ΄ͭ͊͋·

7



˻ ͨ͊ͭ͡ͺ͔ͦͪͣ

8

˽ͦ ͫͦ͡Ύͣ

ˮͤͺͪ͊

˴͔͚͔ͦͤͭͤͪ·

͔͙͎̊͒ͯͤ͡

API

˿͔͍͙ͪͫ·

˴͙͔ͤͭ͡·

S3 NFS BareMetal VM Cloud BareMetal + VMs

ML Core Kubernetes regions T-Kubernetes

Volcano.sh

Jobs API

Jobs Jupyter Airflow
Model 

Registry Servings

ClearMLStorages API

WebUI Cli SDK ELK

Prometheus

Grafana

Time

Kafka Redis Postgres

-ͼ͔͙͍ͤͭͪ͊ͦ͊ͤͤ͘͡·͔ ͔ͦͣͨͦͤͤͭ͟· ́-Tech

IAM



́ͦͨ ͺ͙;͊ 
͒͡Ύ ͨͦ͡Έ͍͔͔͚ͦ͊ͭ͘͡



ζ̆ͦ;ͯΣ ;ͭͦ͋·͙͎ͤͦ͒͊͟ 
͔ͤ ͤ͊͒ͦ ͋·ͦ͡ ͗͒͊ͭΈ ͔͍ͪͫͯͪͫͦη



͙͙̂ͭ͊͘͡ͼ͙Ύ ͔͍ͪͫͯͪͫͦ
˸͔͙͙ͭͪ͟ ͙͘ ͪͯͨͤ͟·ͻ ͔͎͙͍ͪͦͤͦ

100%

0%

GPU
GPU

Elite GPU General Purpose GPU

˹͔͔͒͡Ύ ˹͔͔͒͡Ύ



˨ͦͫͭͯͨͤͦͫͭΈ ͔͍ͪͫͯͪͫͦ

͔͙͎̊͒ͯͤ͡ ͊͒͊͘;

Á˽ͦͭͤͦ͡ ͍ͯͨ͊ͦ͟·͍͔͊ͣ 

͊͒͊͘;͙ ͤ͊ ͤͦ͒·

Á Data-affinity

Á Image-affinity

͙͙͍̅ͫͪͦ͊ͤͤ͟·͔ ͨͪͦͨͦͪͼ͙͙ 

CPU/GPU/RAM͍  ͊͗͒ͦͣ͟ ͔͎͙͔ͪͦͤ 

όмлҌ ͍͙͍͊ͪ͊ͤͭͦύ

Á Data Load-API

Á˴͔΄͙͍͙͔ͪͦ͊ͤ ͍ ͔͎͙ͪͦͤ͊ͻ

Á̆ͦͦ͒ͤ͡·͔ ͙ ͎ͦͪΎ;͙͔ ͔͟΄͙

˾͔͊ͣͪ͘·
ͦͤ͟ͺ͙͎ͯͪ͊ͼ͙͚

˸͙͙͙ͤͣ͊͘ͼ͙Ύ
ͨͪͦͫͭͦΎ

˴͍ͦͭ·

́ͦͨ-͔͔͗ͦ͘͡ ˽ͪͦͼ͔ͫͫ·

12

Á˥͙͍͊ͪ͊ͤͭͪͦ͊ͤͤ·͔ 

͍ͦͭ͟·͙ ͙͙ͣͭ͡·

Áˤ·͔ͭͫͤΎ͔ͣ·͔ ͊͒͊͘;͙

Á˽͙͙͔ͪͦͪͭͭ· ͙ ͭΦ͒Φ

Á 8xGPU ͫ ͔͍͔ͪͪ͊

Á Infiniband/ NMVE / x ·ͫͭͪ·͔ NFS

Á Benchmarks

Á˴ͦͤͭͪͦ͡Έ ͙͙ͯͭ͊͘͡ͼ͙͙

Á˽͎͙͍͙͔ͪͦͤͦͪͦ͊ͤ͘ 

͔͔͙ͨͦͭͪ͋ͤ͡Ύ

Á˽͔͔͔͔͔͙͔ͪͪ͊ͫͨͪ͒ͤ͡

Á Data-driven ͊ ͙͙ͤ͊ͭ͊͟͡



Á Volcano.sh

Á˽ͦͭͤͦ͡ ͍ͯͨ͊ͦ͟·͍͔͊ͣ ͊͒͊͘;͙

Á Data-affinity

Á Image-affinity

˨ͦͫͭͯͨͤͦͫͭΈ 
͔͍ͪͫͯͪͫͦ

13

͔͙͎̊͒ͯͤ͡ ͊͒͊͘;



˨ͦͫͭͯͨͤͦͫͭΈ ͔͍ͪͫͯͪͫͦ

14

˴͍ͦͭ· ͙ ͙͙ͣͭ͡·

˽͔ͪͦͭͤ͟·͔ ͍ͦͭ͟·

Á˥͙͍͊ͪ͊ͤͭͪͦ͊ͤͤ·͔Υ ͫͦ͟͡Έͦ͟ ͔͍ͪͫͯͪͫͦ ͔͔͍͙͍͊ͪͪͪͦ͊ͤͦ͘͘ ͨͦ͒ ͔ͨͪͦͭ͟ 

Á˶͙͙͙ͣͭͪͯΌ΅͙͔Υ ͎͙ͦͪ͊ͤ;͔͙͔ͤ ͍͔ͫͪͻͯ ͤ͊ ͙ͦ͟͡;͔͍ͫͭͦ ͊ͨͪ͊͘΄͙͍͔͊ͣ·ͻ ͔͍ͪͫͯͪͫͦ

platform

Limit

Guarantee

Limit

Guarantee

Limit

Guarantee

project1 project2 project3

Áˤ·͔ͭͫͤΎ͔ͣ·͔ ͊͒͊͘;͙

Á˽͔ͦ͒ͨͪͦͭ͟·



Á͙͙͍̅ͫͪͦ͊ͤͤ͟·͔ ͨͪͦͨͦͪͼ͙͙ CPU/GPU/RAM 

͍ ͊͗͒ͦͣ͟ ͔͎͙͔ͪͦͤ όмлҌ ͍͙͍͊ͪ͊ͤͭͦύ

˨ͦͫͭͯͨͤͦͫͭΈ ͔͍ͪͫͯͪͫͦ

15

˾͔͊ͣͪ͘· ͦͤ͟ͺ͙͎ͯͪ͊ͼ͙͚ κ flavors

S

S

S

XL

node1 node2 node3

M

S



˻͍ͭͨͪ͊͊͟ ;͔͙ͨͦͤͭ͊͟

͍ ͎ͦͪΎ;͔͔ 

ͻ͙͙ͪ͊ͤ͡΅͔ ͔͎͙ͪͦͤ͊

˭͎͊ͪͯ͊͘͟ ͒͊ͤͤ·ͻ 

͙ͣ ͔͙ͦ͒͡ ͍ 

͎ͦͪΎ;͔͔ 

ͻ͙͙ͪ͊ͤ͡΅͔ 

͔͎͙ͪͦͤ͊

͙̇͟͡ ͔͙͍͙ͭͪͤͪͦ͟ ͔͙ͣͦ͒͡

16

˻͋ͯ;͔͙͔ͤ ˻͋ͯ;͔͙͔ͤ ˻͋ͯ;͔͙͔ͤ

˻͍ͭͨͪ͊͊͟ ;͔͙ͨͦͤͭ͊͟

͍ ͎ͦͪΎ;͔͔ ͻ͙͙ͪ͊ͤ͡΅͔ 

͔͎͙ͪͦͤ͊

˿ͦͻ͔͙͔ͪ͊ͤͤ ͔͊ͪͭͺ͍͊ͭͦ͟

ͫ data-api͍ ͔ͭ ͤ͊ͭͤ·͚

ͫͭͦͪ͊͒͗

˨ͦͫͭͯͨͤͦͫͭΈ ͔͍ͪͫͯͪͫͦ
˸͙͙͙ͤͣ͊͘ͼ͙Ύ ͨͪͦͫͭͦΎ



Á Data Load-API

Á˴͔΄͙͍͙͔ͪͦ͊ͤ ͍ ͔͎͙ͪͦͤ͊ͻ

Á̆ͦͦ͒ͤ͡·͔ ͙ ͎ͦͪΎ;͙͔ ͔͟΄͙

Áˣ·ͫͭͪ·͚ ͔ͪͫͭ͊ͪͭ ͊͒͊͘; ->Profit

˨ͦͫͭͯͨͤͦͫͭΈ ͔͍ͪͫͯͪͫͦ

17

˸͙͙͙ͤͣ͊͘ͼ͙Ύ ͨͪͦͫͭͦΎ



Á 8xGPU ͫ ͔͍͔ͪͪ͊

Á InfiniBand / NMVE / x ·ͫͭͪ·͔ NFS

Á Benchmarks

˨ͦͫͭͯͨͤͦͫͭΈ ͔͍ͪͫͯͪͫͦ

18

ˬ͔͔ͦ͘͡

CPUFreq governor 

NUMA topo



Á˴ͦͤͭͪͦ͡Έ ͙͙ͯͭ͊͘͡ͼ͙͙

Á˽͎͙͍͙͔ͪͦͤͦͪͦ͊ͤ͘ ͔͔͙ͨͦͭͪ͋ͤ͡Ύ

Á˽͔͔͔͔͔͙͔ͪͪ͊ͫͨͪ͒ͤ͡

Á Data-driven ͊ ͙͙ͤ͊ͭ͊͟͡

˨ͦͫͭͯͨͤͦͫͭΈ ͔͍ͪͫͯͪͫͦ

19

˽ͪͦͼ͔ͫͫ·



˨ͦͫͭͯͨͤͦͫͭΈ ͔͍ͪͫͯͪͫͦ

͔͙͎̊͒ͯͤ͡ ͊͒͊͘;

Á˽ͦͭͤͦ͡ ͍ͯͨ͊ͦ͟·͍͔͊ͣ 

͊͒͊͘;͙ ͤ͊ ͤͦ͒·

Á Data-affinity

Á Image-affinity

͙͙͍̅ͫͪͦ͊ͤͤ͟·͔ ͨͪͦͨͦͪͼ͙͙ 

CPU/GPU/RAM͍  ͊͗͒ͦͣ͟ ͔͎͙͔ͪͦͤ 

όмлҌ ͍͙͍͊ͪ͊ͤͭͦύ

Á Data Load-API

Á˴͔΄͙͍͙͔ͪͦ͊ͤ ͍ ͔͎͙ͪͦͤ͊ͻ

Á̆ͦͦ͒ͤ͡·͔ ͙ ͎ͦͪΎ;͙͔ ͔͟΄͙

˾͔͊ͣͪ͘·
ͦͤ͟ͺ͙͎ͯͪ͊ͼ͙͚

˸͙͙͙ͤͣ͊͘ͼ͙Ύ
ͨͪͦͫͭͦΎ

˴͍ͦͭ·

́ͦͨ-͔͔͗ͦ͘͡ ˽ͪͦͼ͔ͫͫ·

20

Á˥͙͍͊ͪ͊ͤͭͪͦ͊ͤͤ·͔ 

͍ͦͭ͟·͙ ͙͙ͣͭ͡·

Áˤ·͔ͭͫͤΎ͔ͣ·͔ ͊͒͊͘;͙

Á˽͙͙͔ͪͦͪͭͭ· ͙ ͭΦ͒Φ

Á 8xGPU ͫ ͔͍͔ͪͪ͊

Á Infiniband/ NMVE / x ·ͫͭͪ·͔ NFS

Á Benchmarks

Á˴ͦͤͭͪͦ͡Έ ͙͙ͯͭ͊͘͡ͼ͙͙

Á˽͎͙͍͙͔ͪͦͤͦͪͦ͊ͤ͘ 

͔͔͙ͨͦͭͪ͋ͤ͡Ύ

Á˽͔͔͔͔͔͙͔ͪͪ͊ͫͨͪ͒ͤ͡

Á Data-driven ͊ ͙͙ͤ͊ͭ͊͟͡



˴ͭͦ ͔͒ͦ͗ͤ͡ ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈML 
͙ͤͺͪ͊ͫͭͪͯͭͯͪͯ͟Κ

21



˨͙͙ͤ͊ͣ͊͟ ͔͙ͣͦͫͭ͟ ͨ͊ͭ͡ͺͦͪͣ·
ͦ͋ͯ;͔͙ͤΎ όGPU count)

22

2021 2022 2023 2024 2025

GPU v3 k8s

GPU v2 k8s

GPU v1 k8s

GPU v1 Slurm

SSH GPU



23

˹͔͙͍͚ͭͨͦͦ k8s ͙  storage API

˹͊ ͙͙͒ͫ͟ ͙ ͔ͫͭΈ

˹͔͔͔ͨͪ͒ͫ͊ͯͣ͊͘͟Ύ ͎ͤ͊ͪͯ͊͘͟

˸͎ͤͦͦ ͎ͪ͊ͤͦͦ͘ ͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎ ͙ ͔ͫͪ͒

GPU Operator

ˤ͔͙͙ͪͫ ͚͍͔͍͒ͪ͊ͪͦ GPU

InfiniBand ͙  

͔͔͔͔ͪ͊ͫͨͪ͒ͤͤͦ͡ ͦ͋ͯ;͔͙͔ͤ

ˤ·ͫͦ͊͟Ύ ͎͙͙͍ͦͤͭͤ͊͟Ύ 
ͫͦ͗ͤͦͫͭ͡Έ



˽ͦ͒͋ͦͪ ͙ͦͨͭͣ͊͡Έͤ·ͻ ͊ͨͨ͊ͪ͊ͭͤ·ͻ ͔͍ͪͫͯͪͫͦ

24

ͣ͋ ͨͪͦͫͭͦ ͔ͫ͊ͣͦ 
ͨͦͨͯ͡Ύ͔ͪͤͦΚ

ÁTDP

ÁCost

ÁBenchmarks

ÁAvailability

ÁOut-scalability

ÁCost

ÁThroughput

ÁMem bandwidth

ÁFP vs Int

ÁΧ



˻͔ͭ͒͡Έͤ͊Ύ 
ML Infra Team

˻͍͔͙͔͋ͤͦͤ͡ ͚͍͔͍͒ͪ͊ͪͦ ͙ ͭΌ͙͎ͤͤ 

͙͍͙͔ͨͪͦͦ͒ͭ͘͡Έ͙ͤͦͫͭ

͔͙͔̏ͫͨͪͣͤͭ͟· ͫ ͔ͫͭΈΌ

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͦ͊͟͡͡Έͤ·ͻ ͙ 

͔͔͍ͫͭ·ͻ ͻ͙͙ͪ͊ͤ͡΅

˴͊ͫͭͦͣͤ·͚ ΄͔͙͎͒ͯͤ͡

̉͊ͫͭ·͔ ͔͔͎͙ͨͪ͊ͪͯ͘͘͟

Cilium, DNS, InfiniBandΣ ͙ͦ͘͡Ύͼ͙Ύ

˴͔΄͙Σ ͎͙͙ͦͫͭ͊͟͡ ͔͊ͪͭͺ͍͊ͭͦ͟Σ huggingface-proxyΣ Χ

͔͔́ͪ͋ͯͭ ;͎͊ͫͭͦͦ ͍͔͙ͦ͋ͤͦͤ͡Ύ ͙ Ή͔͙͔͍ͫͨͪͣͤͭͦ͟

25

ML ͭ ͔͔ͪ͋ͯͭ Ή͔͙͔͍ͫͨͪͣͤͭͦ͟ 

ͤ͊ ͍͔ͯͪͦͤ ͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟·Σ 

;ͭͦ ͔ͤ ͍͔͎ͫ͒͊ ͍͔͙ͫͦͣͫͭͣͦ 

ͫ core-business ͘ ͊͒͊;͙͊ͣ



͙͎́ͯͤ͡



Á ˿͍͔ͦ͋ͫͭͤͤ·͚ ͙ͫͭ͊͋͡Έͤ·͚ http/ grpcAPI

Á Python / Go SDK ͒͡Ύ ͙͔͎ͤͭͪ͊ͼ͙͚

Á ˴͊ͤ͊͡· ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘ΎΥ ͦͤͫͦ͟͡Έͤ·͚ ͙͔ͤͭ͟͡Σ ͍͔͋UI, remote IDE

Á ˹͙͙͚͘͟ ͎ͨͦͪͦ ͍ͻͦ͒͊

Á Self-service ops (ͫ ͔͔͍ͭ·͔ ͒ͦͫͭͯͨ·Σ ͍ͦͭ͟·Σ ͙͙͎ͣͦͤͭͦͪͤΣ ͎͙ͦ͡  ͙ ͭΦ͒Φ)

Á ˤ͙͍͙ͦͫͨͪͦͦ͒ͣͦͫͭ͘Έ ͙͘ ͙ͦͪͦ͋͟͟

͙͎́ͯͤ͡Φ Compute Jobs

27



Compute Cluster

͙͎́ͯͤ͡Φ Compute Jobs

28

node1

ML Core 

SDK

ML Core 

API

node2

node N

ˮ͔͎ͤͭͪ͊ͼ͙͙ 
ͨͦ͡Έ͍͔͔͚ͦ͊ͭ͘͡
ˮ͔͎ͤͭͪ͊ͼ͙͙ 
ͨͦ͡Έ͍͔͔͚ͦ͊ͭ͘͡
ˮ͔͎ͤͭͪ͊ͼ͙͙ 
ͨͦ͡Έ͍͔͔͚ͦ͊ͭ͘͡
ˮ͔͎ͤͭͪ͊ͼ͙͙ 
ͨͦ͡Έ͍͔͔͚ͦ͊ͭ͘͡

ˮ͔͎ͤͭͪ͊ͼ͙͚ ͔͋ͯ͒ͭ ͎ͣͤͦͦ



Á ˿͍͔ͦ͋ͫͭͤͤ·͚ ͙ͫͭ͊͋͡Έͤ·͚ http/ grpcAPI

Á Python / Go SDK ͒͡Ύ ͙͔͎ͤͭͪ͊ͼ͙͚

Á ˴͊ͤ͊͡· ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘ΎΥ ͦͤͫͦ͟͡Έͤ·͚ ͙͔ͤͭ͟͡Σ ͍͔͋UI, remote IDE

Á ˹͙͙͚͘͟ ͎ͨͦͪͦ ͍ͻͦ͒͊

Á Self-service ops (ͫ ͔͔͍ͭ·͔ ͒ͦͫͭͯͨ·Σ ͍ͦͭ͟·Σ ͙͙͎ͣͦͤͭͦͪͤΣ ͎͙ͦ͡  ͙ ͭΦ͒Φ)

Á ˤ͙͍͙ͦͫͨͪͦͦ͒ͣͦͫͭ͘Έ ͙͘ ͙ͦͪͦ͋͟͟

͙͎́ͯͤ͡Φ Compute Jobs
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͙͎́ͯͤ͡Φ Compute Jobs

30

UI ͒ ͡Ύ ͊͒͊͘;



31

͙͎́ͯͤ͡Φ Compute Jobs
UI ͒ ͡Ύ ͊͒͊͘;



͙͎́ͯͤ͡Φ Compute Jobs

32

˴ͦͤͫͦ͡Έͤ·͚ ͙͔ͤͭ͟͡ ML Core



Á ˿͍͔ͦ͋ͫͭͤͤ·͚ ͙ͫͭ͊͋͡Έͤ·͚ http/ grpcAPI

Á Python / Go SDK ͒͡Ύ ͙͔͎ͤͭͪ͊ͼ͙͚

Á ˴͊ͤ͊͡· ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘ΎΥ ͦͤͫͦ͟͡Έͤ·͚ ͙͔ͤͭ͟͡Σ ͍͔͋UI, remote IDE

Á ˹͙͙͚͘͟ ͎ͨͦͪͦ ͍ͻͦ͒͊

Á Self-service ops (ͫ ͔͔͍ͭ·͔ ͒ͦͫͭͯͨ·Σ ͍ͦͭ͟·Σ ͙͙͎ͣͦͤͭͦͪͤΣ ͎͙ͦ͡  ͙ ͭΦ͒Φ)

Á ˤ͙͍͙ͦͫͨͪͦͦ͒ͣͦͫͭ͘Έ ͙͘ ͙ͦͪͦ͋͟͟

͙͎́ͯͤ͡Φ Compute Jobs

33



Á ˹͊ ͔͋͊͘ ͔ͭͻ͎͙͙ͤͦͦ͡ Jobs

Á ˽ͦ͒͟͡Ό;͔͙͔ͤ ͒͊ͤͤ·ͻ͙ ͔͔͍ͫͪͭͦ͟

Á ˴͎ͦ͒͊ ͍·͟͡Ό;͊ͭΈ ͙ͤͦͯͭ͋ͯ͟Κ

Á ˿͋ͦͪ͊͟ ͍ͦ͋ͪ͊ͦ͘

Á ˾͊ͫ΄͙ͪΎ͔ͣͦͫͭΈΥ 

observability / ͫ ͙͔ͤͨͨͭ·

Á AI-͙͔͊ͫͫͫͭͤͭ·

͙͎́ͯͤ͡Φ Jupyter
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͙͎́ͯͤ͡Φ Jupyter

35

˿͋ͦͪ͊͟ ͍ͦ͋ͪ͊ͦ͘ ͒͡Ύ ͍ͤͦͯͭ͋ͯͦ͟



͙͎́ͯͤ͡Φ Jupyter

36

˿͙͔ͤͨͨͭ·͍ͦ͒͊͟ ͤͦͯͭ͋ͯ͊͟ͻ



Á ˹͊ ͔͋͊͘ ͔ͭͻ͎͙͙ͤͦͦ͡ Jobs

Á ˽ͦ͒͟͡Ό;͔͙͔ͤ ͒͊ͤͤ·ͻ͙ ͔͔͍ͫͪͭͦ͟

Á ˴͎ͦ͒͊ ͍·͟͡Ό;͊ͭΈ ͙ͤͦͯͭ͋ͯ͟Κ

Á ˿͋ͦͪ͊͟ ͍ͦ͋ͪ͊ͦ͘

Á ˾͊ͫ΄͙ͪΎ͔ͣͦͫͭΈΥ observability / ͫ ͙͔ͤͨͨͭ·

Á AI-͙͔͊ͫͫͫͭͤͭ·

͙͎́ͯͤ͡Φ Jupyter
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Á ML-͚͚ͨ͊ͨ͊ͤ͡· - must

Á ˿͙͊͡ OpenSource-͔͋ͪͤ͒͊

Á ˿ͦ͗ͤͦ͡ ͍͙ͦͫͦͭΈΣ ͤͦ ͊ͭͦ͘ ͔͎ͦ͟͡ ͤ͊;͊ͭΈ

Á ͔̂͗ нрлҌ ͙͍ͤͫͭ͊ͤͫͦ 

Á ˹͙͍͊ͭͤ·͚ ͒ͦͫͭͯͨ ͟ ͺ͙;͊ͣ ͙ ͔ͪͫͯͪͫ͊ͣ 

ML-ͨ͊ͭ͡ͺͦͪͣ·/ ͦ͋΅͙͚ ͙͎͙ͭͯͤ͡ UX

Á ˿͋ͦͪ͊͟ ͍ͦ͋ͪ͊ͦ͘

Á ˸͔͔͚͊ͪͭͨͫ͟͡ ͔ͨͦͤ͘͡·ͻ ͔͍ͦͨͪ͊ͭͦͪͦ

͙͎́ͯͤ͡Φ Managed Apache Airflow
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͙͎́ͯͤ͡Φ Managed Apache Airflow

39

ML-͚͚ͨ͊ͨ͊ͤ͡· ͍ Airflow



Á ML-͚͚ͨ͊ͨ͊ͤ͡· - must

Á ˿͙͊͡ OpenSource-͔͋ͪͤ͒͊

Á ˿ͦ͗ͤͦ͡ ͍͙ͦͫͦͭΈΣ ͤͦ ͊ͭͦ͘ ͔͎ͦ͟͡ ͤ͊;͊ͭΈ

Á ͔̂͗ нрлҌ ͙͍ͤͫͭ͊ͤͫͦ 

Á ˹͙͍͊ͭͤ·͚ ͒ͦͫͭͯͨ ͟ ͺ͙;͊ͣ ͙ ͔ͪͫͯͪͫ͊ͣ 

ML-ͨ͊ͭ͡ͺͦͪͣ·/ ͦ͋΅͙͚ ͙͎͙ͭͯͤ͡ UX

Á ˿͋ͦͪ͊͟ ͍ͦ͋ͪ͊ͦ͘

Á ˸͔͔͚͊ͪͭͨͫ͟͡ ͔ͨͦͤ͘͡·ͻ ͔͍ͦͨͪ͊ͭͦͪͦ

͙͎́ͯͤ͡Φ Managed Apache Airflow

40



͙͎́ͯͤ͡Φ Managed Apache Airflow

41

͍͔͙͔̂ͨͪ͊ͤ͡ ͙͙ͤͫͭ͊ͤͫ͊ͣ Airflow



͙͎́ͯͤ͡Φ Managed Apache Airflow

42

˿͙͔ͦ͒͊ͤ͘ ͍͎ͤͦͦͦ ͙ͤͫͭ͊ͤͫ͊ Airflow



Á ML-͚͚ͨ͊ͨ͊ͤ͡· - must

Á ˿͙͊͡ OpenSource-͔͋ͪͤ͒͊

Á ˿ͦ͗ͤͦ͡ ͍͙ͦͫͦͭΈΣ ͤͦ ͊ͭͦ͘ ͔͎ͦ͟͡ ͤ͊;͊ͭΈ

Á ͔̂͗ нрлҌ ͙͍ͤͫͭ͊ͤͫͦ 

Á ˹͙͍͊ͭͤ·͚ ͒ͦͫͭͯͨ ͟ ͺ͙;͊ͣ ͙ ͔ͪͫͯͪͫ͊ͣ 

ML-ͨ͊ͭ͡ͺͦͪͣ·/ ͦ͋΅͙͚ ͙͎͙ͭͯͤ͡ UX

Á ˿͋ͦͪ͊͟ ͍ͦ͋ͪ͊ͦ͘

Á ˸͔͔͚͊ͪͭͨͫ͟͡ ͔ͨͦͤ͘͡·ͻ ͔͍ͦͨͪ͊ͭͦͪͦ

͙͎́ͯͤ͡Φ Managed Apache Airflow
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͙͎́ͯͤ͡Φ Managed Apache Airflow

44

˿͋ͦͪ͊͟ ͊ͫͭͦͣͤ͟·ͻ ͍ͦ͋ͪ͊ͦ͘ ͒͡Ύ Airflow



Á ML-͚͚ͨ͊ͨ͊ͤ͡· - must

Á ˿͙͊͡ OpenSource-͔͋ͪͤ͒͊

Á ˿ͦ͗ͤͦ͡ ͍͙ͦͫͦͭΈΣ ͤͦ ͊ͭͦ͘ ͔͎ͦ͟͡ ͤ͊;͊ͭΈ

Á ͔̂͗ нрлҌ ͙͍ͤͫͭ͊ͤͫͦ 

Á ˹͙͍͊ͭͤ·͚ ͒ͦͫͭͯͨ ͟ ͺ͙;͊ͣ ͙ ͔ͪͫͯͪͫ͊ͣ 

ML-ͨ͊ͭ͡ͺͦͪͣ·/ ͦ͋΅͙͚ ͙͎͙ͭͯͤ͡ UX

Á ˿͋ͦͪ͊͟ ͍ͦ͋ͪ͊ͦ͘

Á ˸͔͔͚͊ͪͭͨͫ͟͡ ͔ͨͦͤ͘͡·ͻ ͔͍ͦͨͪ͊ͭͦͪͦ

͙͎́ͯͤ͡Φ Managed Apache Airflow
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͙͎́ͯͤ͡Φ Managed Apache Airflow

46

˴͎͊ͭ͊ͦ͡ ͎͍ͦͭͦ·ͻ ͔͍ͦͨͪ͊ͭͦͪͦ͒͡Ύ Airflow



Á ML-͚͚ͨ͊ͨ͊ͤ͡· - must

Á ˿͙͊͡ OpenSource-͔͋ͪͤ͒͊

Á ˿ͦ͗ͤͦ͡ ͍͙ͦͫͦͭΈΣ ͤͦ ͊ͭͦ͘ ͔͎ͦ͟͡ ͤ͊;͊ͭΈ

Á ͔̂͗ нрлҌ ͙͍ͤͫͭ͊ͤͫͦ 

Á ˹͙͍͊ͭͤ·͚ ͒ͦͫͭͯͨ ͟ ͺ͙;͊ͣ ͙ ͔ͪͫͯͪͫ͊ͣ 

ML-ͨ͊ͭ͡ͺͦͪͣ·/ ͦ͋΅͙͚ ͙͎͙ͭͯͤ͡ UX

Á ˿͋ͦͪ͊͟ ͍ͦ͋ͪ͊ͦ͘

Á ˸͔͔͚͊ͪͭͨͫ͟͡ ͔ͨͦͤ͘͡·ͻ ͔͍ͦͨͪ͊ͭͦͪͦ

͙͎́ͯͤ͡Φ Managed Apache Airflow
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Á ˣ͔ͫ΄͍ͦͤ͊Ύ ͙͔͎ͤͭͪ͊ͼ͙Ύ ͫ Jobs / Jupyter / 

ModelRegistry/ Serving

Á ˿͙͊ͣͦͨͫͤ͊Ύͣͯ͡Έ͙͔ͭͭͤ͊ͤͭͤͦͫͭΈ

Á +-˴͙͔͊ͫͭͦͣͯͭͫ͘Ύ

Á ˨͔͙ͪ͗ͭ ͎ͤ͊ͪͯͯ͘͟ ͙ ͣ͊ͫ΄͙͔ͭ͊͋ͪͯͭͫΎ

Á Rate limiter͙  retention (!)

Á ͔́ͻΦ ͔͍͙͙ͤ͊ͫͣͦͫͭ͘Έ κ in-house

Á ˩ͫͭΈ ͙ͨͪͦ͟͡·Χ(ͺ͚͔͍͔͊ͫͪͪ͡Σ ͙͔ͤͭ͟͡)

͙͎́ͯͤ͡Φ ͔͙͎́ͪͤ͟ Ή͔͙͔͍ͫͨͪͣͤͭͦ͟  κ ClearML
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͙͎́ͯͤ͡Φ ͔͙͎́ͪͤ͟ Ή͔͙͔͍ͫͨͪͣͤͭͦ͟  κ ClearML

49

UI ͭ ͔͔ͪͪ͊͟ Ή͔͙͔͍ͫͨͪͣͤͭͦ͟



Á ˣ͔ͫ΄͍ͦͤ͊Ύ ͙͔͎ͤͭͪ͊ͼ͙Ύ ͫ Jobs / Jupyter / 

ModelRegistry/ Serving

Á ˿͙͊ͣͦͨͫͤ͊Ύͣͯ͡Έ͙͔ͭͭͤ͊ͤͭͤͦͫͭΈ

Á +-˴͙͔͊ͫͭͦͣͯͭͫ͘Ύ

Á ˨͔͙ͪ͗ͭ ͎ͤ͊ͪͯͯ͘͟ ͙ ͣ͊ͫ΄͙͔ͭ͊͋ͪͯͭͫΎ

Á Rate limiter͙  retention (!)

Á ͔́ͻΦ ͔͍͙͙ͤ͊ͫͣͦͫͭ͘Έ κ in-house

Á ˩ͫͭΈ ͙ͨͪͦ͟͡·Χ(ͺ͚͔͍͔͊ͫͪͪ͡Σ ͙͔ͤͭ͟͡)

͙͎́ͯͤ͡Φ ͔͙͎́ͪͤ͟ Ή͔͙͔͍ͫͨͪͣͤͭͦ͟  κ ClearML
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͙͎́ͯͤ͡Φ ͔͙͎́ͪͤ͟ Ή͔͙͔͍ͫͨͪͣͤͭͦ͟  κ ClearML

51

͔͙͔͍̏ͫͨͪͣͤͭͦ͟ ͍ ͔ͣͫΎͼ



͙͎́ͯͤ͡Φ ͔͙͎́ͪͤ͟ Ή͔͙͔͍ͫͨͪͣͤͭͦ͟  κ ClearML
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́ͪ͊ͺ͙͟ ͔͙ͣͭͪ͟ Ή͔͙͔͍ͫͨͪͣͤͭͦ͟ ͨͦ ;͊ͫ͊ͣ


