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CQuery : Cuve N A9 E1EsqQLE £2|of/| o Z|¥HA

from cquery import hive

e T e # 1. connect lago hive using keytab file
BXAY conn = hive.connect(location= :
principal= m N CEm

Data catalog eytab_file - )

Region Group Show with - Sort by
cursor = conn.cursor()

Lry:
cursor.execute(f"""
select count(x) from
where log_date='2021-09-01"
saiiel
cnt = cursor.fetchone() [0]
finally:
# 2. close connection
cursor.close()
conn.close()

“H|0|H =15 X|ESt= 2l (DataStore =1 X|Zr4A)”, DEVIEW 2019
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Dev. :
! YARN docker |
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%2 AiSuite Pipelines
MyMNIST » @ Enabled

Build Pipeline Run Pipeline

Overview

MNIST3 Status Waiting

59s

Schedule 25 18 * * TUE
LastRun 201944 98 25% 2% 1:53
NextRun 20194 108 1% 2% 6:25

_i

MNIST refining
im 47s .
Al SUITE ‘ o
201944 9@ 25%
M5 omos v
C3DL Training 201944 9@ 259!
#4  ox1021 v
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20194 98 248
M2 os 701 v
Model Serving
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Transfer A

E — o Build Pipeli
e— uild Pipeline Run Pipeline
—
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mentivaie waaie Draggable
A 59| F7t 70| Q)

MNIST3 b

D aps_template.html Allow user to write multiple aps config files (#222)
(Y  base.html Update cache numbers
(3  build_pipeline.html Show message to create job if none to list Refining v
] dump_template.htmi Show hdfs namespace
[ home.html Home polish (#133) Training ia
D inference_template.html Let user set japan employee number

C3DL Training
(3 list.html Use real enum type for status (#214)
] pipeline.html update hash date
D refine_template.html Implement run pipeline page (#70) Serving ~
B run_pipeline.html More intuitive dates (#120)
] training_c3dI_template.html Add tooltips (#115) Model Serving
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“Machine learning toolkit for Kubernetes”

Jupyter
@

Notebooks

] JupyterLab 7N
)

Distributed training / TF job

TensorFlow Extended (TFX) 1E
)

Model training } <

» Kubeflow

TensorBoard 1@ TensorFlow Extended
TensorBoard
Fairing J
. ) Katib / Google Vizier
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E fomize | kustomize \ ( . ]
ustomize.io Miscellaneous
Nuclio functions / L J

{ Kubernetes J { Multicloud J(

Katib

Al Hub

J[ Web Ul J

- “Kubeflow — a machine learning toolkit for Kubernetes”

Version 1.1 20190807 @MichalBrys


https://medium.com/@michal.brys/kubeflow-a-machine-learning-toolkit-for-kubernetes-d8686f6c91b6
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https://github.com/kserve/kserve/blob/master/docs/diagrams/dataplane.jpg
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Aisp =20 E 2f0| 22| 2|0 M 2T 12

=
(Knative serving, Istio A|H| A 0| | &)
A

Kiali : A|H| 22| 215

= o T A
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L

HI I APSH 5 ) =2 A| 248} 810 E3

? markwinter (Owner) ¥ E')

« Model server details # DELETE

@ flower-sample

OVERVIEW DETAILS

. O kiali anonymous v

Predictor: flower-sample-predictor-de}

Total CPU Usage

Namespace: markwinter w Versioned app graph + D Lastim + Everyl5s w E

1.50

Display = Find Hide ® Graph tour
0.500
0
16:58 17:00 17:02 17.04 17:06 17:0 Current Graph:

May 24, 03:27:42 PM ... 03:28:42 PM
kfserving-container requests == limits _‘_/_/L

6:7%
™" torchserve-transformer-transformer-default-7r7vn markwinter @

¥ Hide

Response Time by Revision

‘ H,H \\\ 2 3 apps (5 versions)
_h unknown . 10 edges

"42:7%,

150s
00 ms 100%
el Inbound Outbound
6:51 7 7C 7:0 7:06 T
Madel S 16:58 1700 1702 1704 17:08 17:0 P
Bptioc OT) Avg: 1.28 fipSoo (PE0) Avg: 1.08 torchserve-transformer-transformer-default-wxtzp .
6pSce (p95) Avg: 1.93 s 6pScc (p99) Avg: 1.99s // HTTP (requests per second):
ot
A0'4%
Total %Success %Error
@A) torchserve-transformer-transformer-default . N
. 844 100.00 000
% 12508,
latest
[ I S E—
25% 0 25 50 75 100
torchserve-transformer-predictor-default-dvbc4
—

W OK 3xx M 4xx MW S5xx M NR

.
Iatest\ 25%,

\ HTTP - Total Request Traffic min / max:
knative-serving-install RPS: 6.87 / 707, %Error 0.00 / 0.00

(knative-serving)

torchserve-transformer-predictor-default-qsm5s

TCP - Total Traffic - min / max:
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Knative | 2 2 A ¥ X| &

apiVersion: '"serving.kubeflow.org/vlbetal"
kind: InferenceService
metadata:
name: sentiment
annotations:
autoscaling.knative.dev/target: "150"
autoscaling.knative.dev/metric: "rps"
spec:
predictor:
onnx:
storageUri: ""
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Model Model
Server Server

# tensorflow.yaml

apiVersion: "serving.kubeflow.org/vlbetal"
kind: "InferenceService"

metadata:

spec:
predictor:
canaryTrafficPercent: 5
tensorflow:
storageUri: "gs://kfserving-samples/models/tensorflow/flowers-v2"

Client . -~
istio-ingressgateway
< ° 9 latest
N N 1 host o a 7 )
AN
\ )
\ .67 Ips flower-sample-predictor-default-gbhcb
N\ N o <“‘ 3 flower-sample-predictor-default-gw8x4-private

i

cluster-local-gateway "~~~y 57 rps o
0% latest 65.5%
1 host 47
; flower-sample-predictor-default-gw8x4

1 flower-sample-predictor-default-gbhcb-private

| S—

A flower-sample-predictor-default

I
I
I
I
I
I
I
I
I
I
I
I
| name: "flower-sample"
I
I
I
I
I
I
I
I
I
I
I
I
[
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Prometheus = ot 2 L|H 2 X|& =%

- Prometheus Operator : ServiceMonitor 2 PodMonitor2f= CRDs
DL EKZ EAS 280t = A&

2L E{ EFA

- kube-state-metrics : k8s APl A1H{ O Al k8s

T A
OBNE X|E$E

- metrics-servers : kubeletOl| Al =& Z1E|O| L4

INE=3 s

- DCGM exporter : GPU A| H =&

- Knative serving metrics : Knative X| H =&
- |stio service mesh metrics : Istio A| #H =4

Metrics endpoint

Service A

maltches

[ServiceMonitor } matches
\ e

] Service B

MMMMMMMM

Prometheus
CRD

‘w [ServiceMonitor J
Service C

S ol A

Prometheus deployment

4\_/

PrometheusRule CRD

Node exporter

DCGM exporter

Istio service
mesh metrics

Knative serving
metrics

Node problem
detector

Alluxio exporter

Dynamic mr;a: g
configuration
atches
Alert rule &7
Alert E2|AH

Metric A2t}

Alertmanager

N

SMTP server
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Webhook
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Grafana 712 E 4| EE M
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> Transformer

v Predictor

- metrics-server, kube-state-metrics,

No data

Istio, Knative serving, DCGM exporter

0B
15:50 16:00 16:10 16:20 16:30 15:50 16:00 16:10 16:20 16:30
== requests Current: 0.200 limits Current: 0.200 == average Current: 0.194 limits Current: 2.15GB == average Current: 496 MB
total Current: 0.194 otal Current: 496 MB
: I_ —— i E I E E I ¢ A i 1 E O Requests Response Time Response Time Heatmap
E L o I 0.800 reg/s

0.600 req/s

= X ol¢ A
A S 200 78

S I N R N .l
Oreq/s

15:50 16:00 16:10 16:20 16:40 15:50 16:00 16:10 16:20 16:30

0Oms

= 2XX == 5XX == p50 Avg:1.57s == p75 Avg:1.85s == p95 Avg:4.76s == p99 Avg:6.35s

Networking GPU Usage CPU Throttling

195 KiB
146 KiB
97.7 KiB

48.8 KiB
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Kubeflow CHF| EE B LI E 4
- Kubeflow CHE|EEE E6 MEHO| 2| AA ECHE AMEH 820 OfL| 2} @ HN E

AEH, 2 VAMLO| CHS HEE RS g @

- KFServin g H‘l X,_-l OGEE %-I _1c ‘ O‘ = ré "::w . . 5

L
s Kubeflow @ wangyuhan (Owner) ¥ >
- Paafs vae Tme Try Ry reon Ragueast Volume Dy Resporss Cooe Cass Raaporse Tme Oy Reaporse Code Ciass
< Model server details ¥ DELETE
@ bert :
OVERVIEW DETAILS METRICS LOGS YAML .
Predictor: bert-predictor-default-00001-deployment-59848b64d-565n2
= T transformer - default
[2021-09-08 H H . [ServerApp] [info] [ServerApp onnxruntime bfc_arena.cc:118 Extend]: Total allocated bytes: 536870912 faf\sf(ﬂT“!f . .
[2021-09-08 2541255 [ServerApp] [info] [ServerApp onnxruntime bfc_arena.cc:121 Extend]: Allocated memory at 0x7fa91c35a040 to 0x7fa93c35a040 - .
An CPU Unage Tt Marsory Utipe Flasgums ! i roe 1ry Faryrisos

[2021-09-08 :54:56. [ServerApp] [info] [ onnxruntime session_state initializer.cc:222 SaveInitializedTensors]: Done saving initialized tensors
[2021-09-08 :54:56. [ServerApp] [info] [ onnxruntime inference session.cc:620 Initialize]: Session successfully initialized.

[2021-09-08 :54:56. [ServerApp] [info] GRPC Listening at: 0.0.0.0:9000

[2021-09-08 :54:56. [ServerApp] [info] Listening at: http://0.0.0.0:8080

[2021-09-08 :56:17. [d72990da-50fa-4479-a412-0106b205a255] [info] Model Name: default, Version: , Action: predict

[2021-09-08 :56:17. [ServerApp] [info] [ onnxruntime inference_session.cc:794 Run]: Running with tag: d72990da-50fa-4479-a412-0106b205a255
[2021-09-08 :56:17. [ServerApp] [info] [d72990da-50fa-4479-a412-0106b205a255 onnxruntime sequential_ executor.cc:51 Execute]: Begin execution
[2021-09-08 :56:17. [ServerApp] [info] [ServerApp onnxruntime bfc_arena.cc:114 Extend]: Extended allocation by 536870912 bytes.

[2021-09-08 H H . [ServerApp] [info] [ServerApp onnxruntime bfc_arena.cc:118 Extend]: Total allocated bytes: 1073741824

[2021-09-08 :56:17. [ServerApp] [info] [ServerApp onnxruntime bfc_arena.cc:121 Extend]: Allocated memory at 0x7fa847f£f££f040 to 0x7fa867f£££040
[2021-09-08 :57:00. [£5c7e9fe-c9da-4dd9-a333-36cfbld9eb92] [info] Model Name: default, Version: , Action: predict

Baaporas Tme by Mevwmon Baguest Volume by Reaporse Cocde Cass Raaporas e by Reaporas Code Claas

[2021-09-08 :57:00. [ServerApp] [info] [ onnxruntime inference_session.cc:794 Run]: Running with tag: f5c7e9fe-c9da-4dd9-a333-36cfbld9eb92
Model Servers

[2021-09-08 257:00. [ServerApp] [info] [f5c7e9fe-c9da-4dd9-a333-36cfbld9eb92 onnxruntime sequential executor.cc:51 Execute]: Begin execution
[2021-09-08 :57:29. [daa9ec78-1c8f-42cb-8039-9566a46ecbla] [info] Model Name: default, Version: , Action: predict

[2021-09-08 :57:29. [ServerApp] [info] [ onnxruntime inference_session.cc:794 Run]: Running with tag: daa9ec78-1c8f-42cb-8039-9566a46ecbla
[2021-09-08 :57:29. [ServerApp] [info] [daa9ec78-1c8f-42cb-8039-9566a46ecbla onnxruntime sequential executor.cc:51 Execute]: Begin execution
[2021-09-08 :58:07. [0£2588a7-047£-4198-b102-fa30a96a573b] [info] Model Name: default, Version: , Action: predict

[2021-09-08 :58:07. [ServerApp] [info] [ onnxruntime inference_session.cc:794 Run]: Running with tag: 0£2588a7-047£f-4198-b102-fa30a96a573b
[2021-09-08 :58:07. [ServerApp] [info] [0£2588a7-047£-4198-b102-fa30a96a573b onnxruntime sequential_ executor.cc:51 Execute]: Begin execution
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- Mutating Admission Webhook : Admission controllers | A}
Kubernetes API AH 2 7= 28 = S70]| 7I2X{=

Uz oo g 2y e wel

apiVersion: serving.kubeflow.org/vlbetal
kind: InferenceService APl request | AP Authentication Mutating o Validat Persisted
metadata: - ;E; ™| Authorization | [ | admission ‘s"‘"‘“‘””. —| riasto "l toetcd
name: torchserve
namespace: markwinter A |A [
annotations:
| P B "W /transformer-cache: "true"
& ~ /transformer-cache-config: redis-config

Yi. VY
M —
- “A Guide to Kubernetes Admission Controllers”



https://kubernetes.io/blog/2019/03/21/a-guide-to-kubernetes-admission-controllers/
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Total Requests per Second

|

= instance: = reqps

15:00 16:00

== instance

Response Time

Response Times (ms)

YW\ ‘QWW%WM\””W‘ WA Vi w“ﬂw*‘*f”-\’%‘“ﬁ’*mm

= all:

== cache missed:

= 99th percentile:
- all = 75th percentile:

AiSP " oot ~ 4 KFServing
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Model

A
|
ML | Ops
Offline |
data !
! |
|
ettt I
Manual experiment steps |
|
|
' |
Data extraction E Data Model Model evaluation Trained '
and analysis ; preparation NI training NI and validation : model |
|
|
! |
................................................................................................................ |
|
|
experimentation/development/test
---------------------------------------------------------------------------------------------- Model
registry

staging/preproduction/production

- “MLOps: 412 o X[ =M Hij i 5! Xt= 2} THO| L2 P17, Google Cloud

serving

Prediction
service
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https://cloud.google.com/architecture/mlops-continuous-delivery-and-automation-pipelines-in-machine-learning
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Orchestrated experiment
Data Data
P i Cy
; analysis — validation
Offline
extract

Data
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staging/preproduction/production

. Feature
I store

Batch

fetching Automated pipeline

Data
N 7 extraction

e

Data
validation

—

_

Model
analysis
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Pipeline
M.oc.lel Mode;l Modt?l ] Source N Source s deployment
training evaluation validation code .
repository
|
|
|
|
|
|
|
|
|
|
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3.1 MLOps Er?

Model MLODS

MLOps =% 2: CI/CD
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PyTorch || uptor Notebook
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- “Kubeflow components in the ML workflow”
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Production phase
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=== [ransform data mmms= - Train model mm=  for online/batch mmmms model’s
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3.4 ML LO[

2. ofo|Z 2|0l Ao

- Pipelines SDK=

] 4

—
— O
D=E===

Ol

&

74
=

¥ master +  kubeflow-pipeline-components / components / cuve-transfer /

:=: mark-winter Fixes

M src Fixes

D Dockerfile Pull specific tag

[ README.md Remove references to docker secret
Y  build_image.sh Add substitutions for e2e component
0 component.e2e.yaml Bump version

D component.inline.yaml bump version

README.md

cuve-transfer

Transfer data from Cuve to HDFS using PyLagos library

hdfs_save_path: str,
transfer_queue: str,

"""Transfer data selected with SQL to specified HDFS save path."""
conn = hive.connect(
principal= § e e
keytab_file=keytab_path,
location=cuve_location,
ticket=cuve_ticket,
config={ o - '

cursor = conn. ClJf'SOI'( )
with open(cuve_sql, "r") as sql_file:

DEVIEW
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Go tofile Add file ¥

£170940 on Aug 30 YO History

last month
2 months ago
3 months ago
last month
last month

2 months ago

4

cursor.save_hdfs(sql_file.read(), cluster_name=hdfs_namespace, path=hdfs_save_path)

cursor.close()
conn.close()
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2HO| LA

UO[ =2 1807 | 71 | H ALt

1. B2 %
-O0| 29l B == &7 O|0|X| 2

2. LfO| =29l H A

name: Cuve Transfer

description: Transfer data from Cuve to HDFS using SQL

inputs:

- {name: Cuve Location}

-~ {name: Cuve SQL}

- {name: C3S Username}

- {name: HDFS Namespace}

- {name: HDFS Save Path}

- {name: Transfer Queue}

outputs:

- {name: HDFS Path}

implementation:

container:
image: fom s e ol & o B ooms | sl
command: [

python3, /kfp/component/src/transfer-inline.py,
--cuve-location, {inputValue: Cuve Location},
--cuve-sql, {inputPath: Cuve SQL},
--c3s-username, {inputValue: C3S Username},
--hdfs-namespace, {inputValue: HDFS Namespace},
--hdfs-save-path, {inputValue: HDFS Save Path},
--transfer-queue, {inputValue: Transfer Queue},
--output-path, {outputPath: HDFS Path},

DEVIEW
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3.4 ML IO 24Ol 71

UO[Z 2f @ 7807 71 | H AL

@kfp.dsl.pipeline(

: - - ”
Ll o]
1 . E | name="'TFJob, HDFS PVC, KFServing E2E Pipeline',

)
def e2e_pipeline():
. . O — O # OloJg #FH| : Pylago® O|23f CuveolM SQLZ CIOIE{E 71X2t HDFSO| XZE
a _LL|. O ‘ 11 El— | E E  —— E 9-| O ‘ D ‘ Xl E | transfer_task = transfer_op(
— L E 120 cuve_location="bw v ',
cuve_sql=sql,
- 12: c3s_username= g =,
?— O:I ‘ hdfs_namespace= nm
hdfs_save_path= ’

transfer_queue= . ,
).apply(use_k8s_secret(secret_name='kerberos', k8s_secret_key_to_env={"'keytab': 'KEYTAB'})) \

\ | I
_ E E O — b .apply(use_k8s_secret(secret_name='cuve', k8s_secret_key_to_env={"ticket': 'TICKET'}))
E — | # Component caching 7|88 off
transfer_task.execution_options.caching_strateqgy.max_cache_staleness = "P@D"

a mI El_ O I xI-A_l 131 # Clo|gf Fx2| : C3S EAEN|M Spark® O|28 CIO|E|E Tx{e|
y E L o 13 sparkjob_task = sparkjob_op(

spark_code=spark_code,
requirements=requirements,

c3s_username="l W N,
hdfs_input=transfer_task.outputs(["hdfs_path"],

2 _I_ O‘ _I I El_ Ol A—l hdfs_o:,gtput: - R e s wews
. -LL [ [ I () | queue=" =
| ).apply(use_k8s_secret(secret_name='kerberos', k8s_secret_key_to_env={'keytab': 'KEYTAB'}))
sparkjob_task.execution_options.caching_strategy.max_cache_staleness = "P@D"

. . o .
PI pe I I neS S D KE E % % E E 7E:| # HDFS PVC 44 : C3S HDFSOl MZE ClolE AM2& 98 Alluxio PVC ‘44

data_task = kfp.dsl.VolumeOp(

name="Create Alluxio PVC",
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UO[Z 2f @ 7807 71 | H AL

1. 2= ¢

_Oio|Z 2ol B ES £7{ O|O|X| 2 => Ol 2} 22| X} 7} Of Ll
AH|O|H2tot0] e ALY 7HEE R} =1L 24 A
D=0 e, == HA|SI= =

2. o[ =210l 414

- Pipelines SDKE 2 === Y Z
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| O| B &=H| (Cuve, CQuery),
L[ O] B X 2 (€3S Spark)

README.md
README.md
cuve-transfer SparkJob
Transfer data from Cuve to HDFS using PyLagos library Run a Spark job on C3S using code from a Git repo
usage: transfer.py [-h] —--cuve-location CUVE_LOCATION --cuve-sql CUVE_SQL - sparkjob git:(master) x src/spark_submit-inline.sh
——c3s-username C3S_USERNAME --hdfs—-namespace HDFS_NAMESPACE Usage: ./spark_submit-inline.sh
——hdfs-save-path HDFS_SAVE_PATH --transfer-queue —f <SPARK CODE FILE>

TRANSFER_QUEUE

—-r <PYTHON REQUIREMENTS FILE>
-1 <HDFS INPUT PATH>

-0 <HDFS OUTPUT PATH>

—u <C3S USERNAME>

Cuve-HDFS data transfer utility

optional arguments:




> * nachogarciam fix: Remove some data from model_status when ... ...

2 Bl Sk (TFJob), :
28 A8l (KFServing)

c

F master ~

& github.com/kubeflow /pipelines/tree/master, /components /kubeflo w

2021

a % o n=TQ

pipelines / components / kubeflow /

X 28daysago ‘Y History

common 3 months ago
deployer last month
dnntrainer last month

katib-launcher 9 months ago

kfserving 28 days ago

launcher 5 months ago

2 months ago

pytorch-launcher

- “Kubeflow Pipelines Components”
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https://github.com/kubeflow/pipelines/tree/master/components/kubeflow
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. < @ [AiSuite] ML E2E Pipeline
al

G| O] B =H] (Cuve, CQuery) -> i

H|O| & ™A 2| (c3S Spark) -> | 0

HDFS PVC ‘-8 (C3S HDFS) -> l

25 A2 (KFServing)

Kubeflow - Launch @

L

Kubeflow - Serve <@
Model using
KFServing




3.5 AL 2 E= HAI ML L O 221 Q1 1

H|O|Eq =H| (Cuve, CQuery) ->

H|O|Ef ™M X 2| (€3S Spark) -> ?

HDFS PVC 28/ (C3S HDFS) -> =

#H#HHHR Cuve Transfer #####HHEEHE

sqgl = """

SELECT raw, label, type

FROM korea_ai_public_dataset.mnist

WHERE cuve_start_time="201211291900" and cuve_end_time="201211292000"
limit 30

@kfp.dsl.pipeline(
name="'TFJob, HDFS PVC, KFServing E2E Pipeline’,
)
def e2e_pipeline():
# GO|E] #4| : Pylago® 0|88 CuveliM SQLE GIO|E{E Zt&2t HDFSO X
transfer_task = transfer_op(
cuve_location="mmsam, sam ',
cuve_sql=sql,
c3s_username="N5 0",
hdfs_namespace= = ,
hdfs_save_path= .
transfer_queue= .

) .apply(use_kBs_secret(secret_name='kerberos', k8s_secret_key_to_env={'keytab': 'KEYTAB'})) \

DEVIEW
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.apply(use_kBs_secret(secret_name='cuve', k8s_secret_key_to_env={'ticket': 'TICKET'}))

# Component caching 7|s& off
transfer_task.execution_options.caching_strategy.max_cache_staleness

" Pwll
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3.5 ALY Z2HZ-S M A St ML IFO| I 2pQl 1] K=

#RERBRREn PySpark #ggesssssanss
spark_code = """import argparse

from pyspark import SparkContext

H|O| E{ =H| (Cuve, CQuery) ->
| O|E| M A 2| (C3S Spark) -> 1 ookt imortrer

from pyspark.sql.types import StructField, StructType, StringType, IntegerType, FloatType, ArrayType
from pyspark.sql.functions import udf

HDFS PVC ‘8- (C3S HDFS) ->

import requests

(TFJOb) —> | def refine(input_dir, output_dir):
(

KFSE rVi ng) sc = SparkContext()

# CO|E Tx2| : C3S SAHOM SparkE 0|88 GO|EE T2
sparkjob_task = sparkjob_opl
spark_code=spark_code,
requirements=requirements,

c3s_username='
hdfs_input=transfer_task.outputs["hdfs_path"],

hdfs_output=""m »  smm TSNS § B,

queue= rma'
) .apply(use_k8s_secret(secret_name='kerberos', k8s_secret_key_to_env={'keytab': 'KEYTAB'}))
sparkjob_task.execution_options.caching_strategy.max_cache_staleness = "P@D"
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3.5 ALY Z2HZ-S M A St ML IFO| I 2pQl 1] K=

H|O| E{ =H| (Cuve, CQuery) ->
E” O‘ E'l 7F__l X_l E‘ (C3S Spa rk) -> # HDFS PVC 44 : C3S HDFSO MZE GlOJE| ABE /81 Alluxio PVC 44

data_task = kfp.dsl.VolumeOp(
144 name="Create Alluxio PVC",
HDFS PVC ACI; é_)l (C3S HDFS) -> 145 resource_name="tf-mnist-hdfs",
146 size="1G1",
| _,_I_A 147 storage_class="alluxio",
E = QI = (TFJOb) -> 148 modes=["ReadwWriteMany"],
149 annotations={
"hdfs/namespace": sparkjob_task.outputs["hdfs_namespace"],

E L_él A-| IEIDI (KFserV|ng) 1 "hdfs/path": sparkjob_task.outputs["hdfs_short_path"],

"hdfs/mkdirIfNotExists": "true"

by
).after(sparkjob_task)
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-

48 def main():

I:-” O‘ E'l —7|:— I:I‘ (Cuve, CQuery) -> 49 train_data, test_data

load_data()

I: O E X-l X E 21 # Construct a model
-” ‘ -| -| ‘ (C3S S ark) -> 52 X = tf.placeholder(tf.float32, [None, 784])
- p 53 Y = tf.placeholder(tf.float32, [None, 10]) Tensorflow
Desta A

HDFS PVC ACﬂ Ao_l (C3S HDFS) -> 55 logits = convnet(X)
57 logits_test = convnet(X, is_training=False, reuse=True)
0 & ot5 (TFlob) ->

prediction = tf.nn.softmax(logits_test)
28 A8l (KFServing)

77 BRuR#a##® TFJob #R#HHERHRHAN

TFJob Hij 22 A&

156 # 22 8g : TFlJobS 0|28 22 SgsS Y
tfjob_worker_yaml=""" 157 training_task = tfjob_launcher_op(
1
1

replicas: 1 name="mnist",
restartPolicy: Never 5¢ namespace="wangyuhan",
template: 160 ttl_seconds_after_finished=-1,
metadata: 161 worker_spec=tfjob_worker_yaml.format(data_task.outputs['name']),
annotations: 162 chief_spec={},
sidecar.istio.io/inject: "false" 163 tfjob_timeout_minutes=60,
spec: 164 delete_finished_tfjob=True
containers: 165 ).after(data_task)

- name: tensorflow 166 training_task.execution_options.caching_strategy.max_cache_staleness = "P@D"
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3.5 ALY S Z 2 A S MmLIIO| = 2ol A B
H|O| E{ =H| (Cuve, CQuery) ->
L[ O] B A 2| (€3S Spark) ->
HDFS PVC ‘& -3 (C3S HDFS) ->

# DY MY : KFServing2 0|23 Tensorflow 2EE Tensorflow Serving2z My Z#
serving_task = kfserving_op(

action="apply", # apply = create or update

namespace="wangyuhan",

mode l_name="tf-mnist",

framework="tensorf lLow",

model_uri=f"pvc://{data_task.outputs['name']}/trained_model",
).after(training_task)
serving_task.execution_options.caching_strategy.max_cache_staleness = "P@D"

< D 00

1
1€
17
17
173
173
17+
1/3
17€

S = A2 (KFServing)

MH| 19020 T ER M Tt



($ wangyuhan (Owner)

{f: Kubeflow

Experiments > EZE Pipeline

H|O| Ef =H| (Cuve, CQuery) -> ¢ o [AiSuite] ML E2E Pipeline

H| O] B T X 2] (C3S Spark) -> e e e
HDFS PVC ‘-8 (C3S HDFS) -> l ‘
D& SF5 (TFJob) -> —
23 M3 (KFServing) l o
N

(

Kubeflow - Launch @

-+ tf-mnist git:(master) x -X POST -H http://tf-mnist.wan TFd
. . . . ob

gyuhan. /vl/models/tf-mnist:predict -d @input. json
{

"predictions": [[0.0447704382, 0.332736582, 0.0966353193, 0.055440288, 0.102505483, 0 L\; —
.0576355532, 0.0804797933, 0.0749690384, 0.0740943104, 0.08073318]

] Kubeflow - Serve V]
}5! Model using

B KFServing

+ tf-mnist git:(master) x
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Pipelines

|

L_I ¢ [AiSuite] GPT3 Finetuning - mm Cossmsm = IEEEEEET BT BN § s EE

GPT3 LI 2l 75

P Simplify Graph

onExit - service-gpt3- create-
master

S e N e

service-gpt3-master-2

HDFS PVC ‘8 -d ->

I\ e
HIO|E MK 2| -> o
HEos (2o o98)->
St e 2Y Y




Components Explorer
_TOO|ZElol R E

,b
s Kubeflow

:f.‘ Kubeflow

€@ Components Explorer

$ wangyuhan (Owner) ¥

$ wangyuhan (Owner) ¥
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Kubeflow Pipeline Components

& Back SparkJob BvAlinfra

py E2E Version Link

Kubeflow Pipeline Components

Type

Strinc

String

String
AIDA E2E By Al Infra :

Strinc
Example of an End-to-end Al pipeline using the AIDA platform

example

>
Cuve Transfer v By Al Infra k
Transfer data from cuve to hdfs
data
SparkJob By Al Infra
Run a Spark job on C3S using code from a Git repo




4. Multi-Tenant Kubeflow



- Tenant1

aw Tenant2 aw Tenant3 2° Tenant 4

'E' Namespace 1

!

Control Plane ® .
% (apiserver) ¢<— g Cluster Admin

l

'E' Namespace 2 'E' Namespace 3 'E' Namespace 4

1. Multi-Tenancy

a) ce HIVE HBase
(Analytical SQL on (NoSQL Database) (Coordination)
i Hadoop)
al
[1=5 )

Resource
Management

Storage
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Kubeflow

kubernetes

2. ML= ?| St Storage (50| A 2 &)
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4.2.1 Kubeflow2| Multi-Tenancy A| & - @15

Kubeflow CHA|EE S

oIs 2
~ WA
@

Af

S X7} Kubeflow ingress gateway < off &

Envoy filter Istio Gateway ‘k
Enforces Auth ~
ext_authz | }i--- (@ envoy

- OIDC AuthService

%

Kubeflow

kubernetes

ie>dex

—

4

N

External
IdP
(Google, Linkedin, ...)

\

Static
Password
File

https://v1-2-branch.kubeflow.org/docs/started/k8s/kfctl-istio-dex/#architecture-overview

63
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4.2.1 Kubeflow 2| Multi-Tenancy K& -0l=s

S
=

Kubeflow CHA|EH E QI

S
O

Af

Envoy filter

ext_authz

Istio Gateway ‘k
Enforces Auth ~

____________________________________________________

_____________________________________________________

- OIDC AuthService

%

Kubeflow

kubernetes

ie>dex

ZANN

() Istio EnvoyFilter7| -2 Z| 0] dex0]| 215 2

https://v1-2-branch.kubeflow.org/docs/started/k8s/kfctl-istio-dex/#architecture-overview
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4.2.1 Kubeflow®| Multi-Tenancy X| & — 0= W=

Kubeflow CHA|E E 215 AKX} (3) 7|& 35, C3DL AFEX}I}

L2 AR SHZS Q1 2 2 35 pAPY| 21 2| <

>,

' External
Envoy filter Istio Gateway ‘\ IdP
Enforces Auth .
e : B . OIDC AUthSGI’ViCG / (Google! Llnkedln’ "')
oo |4 @emoy |
Static
P Password
/// File
-
‘E v::dex
Kubeflow \ T
w
\\
LDAP [ AD
kubernetes N\
\/

https://v1-2-branch.kubeflow.org/docs/started/k8s/kfctl-istio-dex/#architecture-overview 65



4.2.2 Kubeflow2| Multi-Tenancy X| &

Kubeflow Profile= =2t

multi-tenancy X| &

Profile Controller

Kubeflow

Reconcile

2 Al & K| O

”
”
”

‘/

”

”

”’

”’

”
”’
”

Watch

Kubeflow

Profile

66

Istio AuthorizationPolicy

k8s RBAC

k8s Namespace

k8s ResourceQuota

c| A2 TEE

A
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2ot MH|A9| B2 ChE tenant0f| & & X| 2= = E =l node pool X[ & E R

JEEE & nodeE L 1A St= B2 A/ HR

o
AF SF5 Al InfiniBand topology 11215l pod 27|=3 2R
- o &=l AFE AR node poolOf| pod= HI 2SS X[or ER
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4.4 T8 Node pool X| & — (1) Node pool Tt = 2021

Node pool 2 3 : Kubernetes node label2 2273} node pool T+ &

Node #1 Node #1

Label: aisuite/node-pool: busan-ibl Label: aisuite/node-pool: ai-infra

Node #2 Node #2

Label: aisuite/node-pool: busan-ib1 Label: aisuite/node-pool: ai-infra
Node pool: busan-ibl Node pool: ai-infra

F4hDpC/ 18 InfiniBand switchOfl 7 21 .= & Alinfra 82| T& &

63
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4.4 T1-E Node pool X| & - (2) 2AH =4 203

Node pool0f| pod 27|= 2l Kubernetes admission webhook ZH-&

API request Authentication Mutating Validating Persisted
HTTP - > . - o —» Schema [——» L S
handler Authorization admission Validation admission to etcd
A A ™"

Webhook | | Webhook Webhook

Kubernetes admission webhook
Kubernetes API A|HH 2 7= @ Z S7H)| 7 EX{= webhook= BH=0 S|E @M= HZ (mutating

admission) ot 1Lt 445 (validating admission) ot= A 0| 7t5.

https://kubernetes.io/blog/2019/03/21/a-guide-to-kubernetes-admission-controllers/ 69
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Cluster Utilization: Kubernetes PriorityClass& Zr-2 2t preemptible pod X| &

: scheduling.k8s.10/vl
: PriorityClass

: spotinstance

pod 2A|=2 =71 Al
=

= 7t% podO| preemption =l

: Never
: false
: Spotinstance can be terminated at anytime

Kubernetes PriorityClass

70
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4.4.1 & node pool 27| = ¢

API
R APlrequest| AP Authentication | | Mutating | | P | | vaiidating | | Persisted

handler Authorization admission Vaidation admission to etcd
1. Pod 4/d 27
‘metadata:
. annotations:
aisuite.navercorp.com/node-pool: busan-ib1
Webhook | | Webhook Webhook
aisuite.navercorp.com/priority: spotinstance

https://kubernetes.io/blog/2019/03/21/a-guide-to-kubernetes-admission-controllers/ 71



4.4.1 & node pool 2H|=

API|
R API reguess HTTP
handler

1.Pod /4 28

https://kubernetes.io/blog/2019/03/21/a-guide-to-kubernetes-admission-controllers/

2l 73

e

admission

{ g

Validating

admission

Webhook

Webhook

2. Mutation (scheduling)

Node pool EE X > & &

Preemtible pod 28 2 71 07 U=

72

Webhook

2 node pool Off

to etcd

A;LHKEI

node pool0f| &27|=&
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4.4.1 & node pool 2AH =4 %

3. Validation

o1& =l node pooldf| pod= LEMN=X| S

API Object
APl request Authentication Mutating Validating Persisted
f< ’\ ha"nd",'; ™| Authorization || admission »| Schema ™ admission ™ toetcd

1.Pod ¥M/d 28

Webhook | | Webhook Webhook

2. Mutation (scheduling)

https://kubernetes.io/blog/2019/03/21/a-guide-to-kubernetes-admission-controllers/ 73
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A
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KFServing At& TWO| & 2ot Q& 22 278

Kubeflow notebook 3| A{ Pipeline SDK At WO = ot 215 22| 27
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Kubeflow Profile= 2F2&St custom resource = €1 AiSuiteProfile

i Reconcile i

: multitenancy.atisuite.navercorp.com/vlalphal | . . . |

- AlsuiteProfils | AiSuiteProfile Controller —  Kubeflow Profile i
: jwpark : I :

. : search i : i
- al-infra i WatCh | . . i
- i ! K8s LimitRange ;

: é@@m i l i

: 161 | i i

. i AiSuiteProfile Custom RBAC i

1T i i

: Contatiner : :

i Kiali i

AiSuiteProfile G| A| e

AiSuiteProfile ControllerE &t k8s object 7|2}
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4.5.2 AiSuiteProfile Controller T+%4: Metacontroller 2021

Metacontroller

- Custom Kubernetes controllers &l A 7|2t = U E == =
HS

=
- Kubernetes controller 7 &} A| &&=l I &

- 2RI webhook 2. £ controllerl| &A= AFHAGHH reconciliation &< metacontrollerZf CHA =24

MetacontrollerOf| A| =425 X| S SH= controller (Kubernetes custom resource 2 A| &)
- CompositeController: AFE A7} M A1SE parent 2| A 0| B children 2|24 =2 7|2t

- DecoratorController: =73 2| A7 /A /AN 2 O ST 2| AAE annotate Of= & decoration=

OH === controller

https://metacontroller.github.io/metacontroller/ 76



4.5.2 AiSuiteProfile Controller 1t 23: Metacontroller

AiSuiteProfile (parent)

@ Watch

_-—_—_—»

Metacontroller

@ Reconcile

\

DEVIEW
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A2 X7} 712 et webhook

000

@ Send sync request

\
N @ Watch
\

\

Children resources

(LimitRange, ...)

)

apiVersion: metacontroller.k8s.10/vlalphal
kind: CompositeController
metadata:

name: aisuite-controller
spec:
generateSelector: true
resyncPeriodSeconds: 20
parentResource:

apiVersion: multitenancy.aisuite.navercorp.com/vlalphal
] . ajcnif {1
childResources:

- apiVersion: kubeflow.org/vl

resource: profiles

updateStrategy: S7|2HE children 2|22

7|=0] k| = parent 2|22

CompositeController CR

}

method: InPlace ==
=
- apiVersion: security.istio.ilo/vlbetal O'IT/%-”:-"oIE EIE—'!:

resource: authorizationpolicies
updateStrategy:

method: InPlace

hooks:
sync:
webhook:
url: http://atsuite-controller.kubeflow/vl/sync/aisuite-profile

Webhook URL

CompositeController 0| Al
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4.5.2 AiSuiteProfile Controller T+%4: Metacontroller 2021

AiSuiteProfile (parent)

!/w\l
@

His
AI‘%XI‘yl' 7H = ol—l- WEbhOOk apiVersion: multitenancy.atisuite.navercorp.com/vlalphal
kind: AiSuiteProfile
metadata:
name: jwpark
spec:
zone: search
exclusiveZones: A Q.I Ad XA CHa} Xd
- ai-infra o
@ Send sync request LimitRange: FEXH 2800 theh B &
Llimits:
- default:
cpu: 500m
ephemeral-storage: 206G
memory: 1Gi

\
\ .
v ) Watch o
\
\

@ Watch

_-—_—_—»

Metacontroller

cpu: "60"
ephemeral-storage: 400G
memory: 1T1

b type: Container

@ Reconcile CompositeController CR kesclncanota;

hard:
persistentvolumeclaims: "100"
alluxio.storageclass.storage.k8s.10/persistentvolumeclaims: "20"
kialti:
enabled: false

Children resources

(LimitRange, ...)

AiSuiteProfile 0| A]
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4.5.2 AiSuiteProfile Controller T+%4: Metacontroller 2021

AiSuiteProfile (parent)

@ Watch

_-—_—_—»

Metacontroller

@ Reconcile

\
\
N @ Watch
\
\

b )

Children resources

(LimitRange, ...)

DEVIEW

Webhook 0| A]

A2 X7} 712 et webhook

00

@router.post("/atsuite-profile")

@ Send sync request

async def sync_atisuite_profile(request: SyncRequest):
namespace = request.parent.get("metadata", {}).get("name")
Llimit_range_spec = request.parent.get("spec", {}).get("limitRange", {})
kiali_spec = request.parent.get("spec", {}).get("kiali", {})
exclusive_zones = request.parent.get("spec", {}).get("exclusiveZones", [])

desired resources = []
desired_resources.append(_profile(namespace, resource_quota))

CompositeController CR

return SyncResponse(status=current_status, children=desired_resources)

- Request: Parent 2| 22 (AiSuiteProfile)

- Response: &7|2tEf children 2|22
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4.5.2 AiSuiteProfile Controller 1t 23: Metacontroller

AiSuiteProfile (parent)

@ Watch

_-—_—_—»

Metacontroller

@ Reconcile

\
\
N @ Watch
\
\

)

Children resources

(LimitRange, ...)

A2 X7} 712 et webhook

@ Send sync request

CompositeController CR

30

000

apiVersion: metacontroller.k8s.10/vlalphal
kind: CompositeController
metadata:
name: aisuite-controller
spec:
generateSelector: true
resyncPeriodSeconds: 20
parentResource:

DEVIEW
2021

apiVersion: multitenancy.aisuite.navercorp.com/vlalphal

resource: aisuiteprofiles

childResources:
- apiVersion: kubeflow.org/vl
resource: profiles
updateStrategy:
method: InPlace
- apiVersion: security.istio.ilo/vlbetal
resource: authorizationpolicies
updateStrategy:
method: InPlace

hooks:
sync:
webhook:

7|2} children 2| 2&A

55/ YHlo|= M

}

url: http://atsuite-controller.kubeflow/vl/sync/aisuite-profile

CompositeController 0| Al
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5.1 ML &f5= 9ISt Storage

HIVE
(Analytical SQL on

Hue
(Web Interface)

e&hue

Slider
(Support Long-live
Application)

Resource
Management

OB M2| / 22

- 2 storage EHAH 52 &5 EX

- 7|&E AR SHE HDFESE k8sOf| A AFR

Kubeflow
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5.2 Alluxio

L

..:.:.. APACHE W @ .
Sporl(z, ) O PyTorch
Presto MapReduce HIVE TensorFlow

HDFS Interface _ Java File AP| - POSIX Interface - S3 Interface REST API

/_\ ALLUXIO

DATA ORCHESTRATION FOR ANALYTICS AND Al

HDFS Driver S3 Driver — GCS Driver - Azure Driver - NFS Driver
NINp L
LT = A @ ® = KB owuen v
:\:vs s3  OCStorage  Azure : MinlO C cleversafe Net App =Ecs N Cloudian
- =c|do= He| O, E= =2 0|C|01of| & E Ho|H &

| ChSt AEZ|X|E YBHs Q)

https://docs.alluxio.io/os/user/stable/en/Overview.html

B0l A2 §d

NS
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5.2.1 Alluxio2| 7+ &

Alluxio

Application Client

Job

Master
Master

Zookeeper/
Leading
Alluxio Masters

Job

Master
Master

Standby
Alluxio Masters

https://docs.alluxio.io/os/user/stable/en/overview/Architecture.html

RAM /SSD / HDD

Job

Worker Worker

Alluxio Workers

RAM /SSD / HDD

Job

Worker Worker

Alluxio Workers

34

Amazon S3
Microsoft Azue Object Store
Apache HDFS

Under Store

Under Store
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5.3 Alluxio= k8sH| Al Ar&St7]: Alluxio FUSE?

Alluxio FUSE
- 4 L EO 5 B=0| FUSE mount 2 A& Xl= hostPath volume2 = Alluxio AFS 7t
- EF2Y mount point AF& Al HDFS H2H0| & K| ot S 0| 012 R multi-tenant cluster0f| & 25X

—
o4 40| B

Data
Applications

Spr K TensorFlow presto = é‘ W

1

ALLUXIO FUSE

Unified Data A ALLUXIO

- Dynamic provisioningO| 0121 &

Storage s Mi
“‘amazon icrosoft
Systems ** webservices ~|S3 = Azure
Google

https://docs.alluxio.io/os/user/stable/en/api/POSIX-APl.html 85
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5.4 Alluxio= k8s0l| Al AF-&St7|: Alluxio CSI

Container Storage Interface (CSl)
- Storage= Container Orchestration SystemO| .==35}7| 2| ot CIEIH O| A H 9

- 0| storage= CSIE= & T+2I01H k8s volumeL = AFE 715

Controller Plugin

- CreateVolume
Container Orchestration gRPC - DeleteVolume

Platform | - ListVolumes

Node Plugin

-  NodePublishVolume
- NodeUnPublishVolume.

36
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5.4.2 CSl in Kubernetes 2021

_________________________________________

external-attacher I

i i http

- external-provisioner | Unix Socket
| External CSI SiderCar

. external-snapshotter

- external-resizer CSI Node Plugin 723

- Volume mount, unmount

CSI Controller Plugin T+

- Volume create, delete, “

attach, detach

https://www.alibabacloud.com/blog/getting-started-with-kubernetes-%7C-storage-architecture-and-
plug-ins_596307
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5.4.3 Alluxio CSI: Dynamic Provisioning

(3) ControllerPublishVolume

"

[ csi-provisioner

csi-attacher

)
]

alluxio-csi

|
1
l
I
I
/

(2) CreateVolume

JL

/

(3) Check HDFS permission

@ Apache Ranger

(2) Alluxio mount

hdfs://user/jwpark/test

\

\
\

client

DEVIEW
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(1) Create pod / PVC

(4) NodePublishVolume

-

N

node-driver-registrar

alluxio-csi

1/

3

i

(4) FUSE mount

/var/lib/kubelet/.../kubernetes.io™~csi/.../mount

jwpark/test
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/
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\
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\

client

DEVIEW
2021

(1) Create pod / PVC

(4) NodePublishVolume

-

N

node-driver-registrar

alluxio-csi

1/

3

i

(4) FUSE mount

/var/lib/kubelet/.../kubernetes.io™~csi/.../mount

jwpark/test
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I
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/
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\
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-

N
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3

i
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(3) ControllerPublishVolume

"

[ csi-provisioner

csi-attacher

)
]

alluxio-csi

|
1
l
I
I
/

(2) CreateVolume

JL

/

(3) Check HDFS permission

@ Apache Ranger

(2) Alluxio mount
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\

\
\
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(4) NodePublishVolume
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(4) FUSE mount
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CI/CDE N MBHTL, CHOFS RHE21E
- Iro| =Rl 7H 4 (Kale, Elyra X & %
. O”HIE 7|HOtO|Z 2|Ql E2|H 7| =

- 22 B/ Lo|mel Ars =)

- HIE QIS 3 HAE At (21 E2 228 45, Locust X Cuve

EESt ALY 7ZHE A S0 Al E=0| E|l= 782 Kubeflow Pipeline
D=0 A== M-S0l Lior& O 78 & LI
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6.2 0 L2 353 oM =?

- SHLEHMAZETS 23X A= control planell| 52 5ol & &
- Kubeflows O & ClusterOf| HHiE1T @8O = 1= 5 Ate[ot= L R

GPU Scheduling 7l
- Gang Scheduling

- Topology awareness (inter-node)

- HiveD Scheduler 22 volcano 22 Q= AA AF|=E A|AEEO 17

94
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632% Ajlo:‘ 2021

Kubeflow £ & projectOf| Or2f|2r £2 7|0 == S0 K.

- https://github.com/kubeflow/manifests/pull /1877 - https://github.com/kubeflow/fairing/pull/560

- https://github.com/kubeflow/pipelines/pull/5293 - https://github.com/kserve/kserve/pull/1361

- https://github.com/kubeflow/pipelines/pull /5552 - https://github.com/kserve/models-web-app/pull/7
- https://github.com/kubeflow/pipelines/pull/6494 - https://github.com/kserve/models-web-app/pull/10
- https://github.com/kubeflow/kubeflow/pull/6052 - https://github.com/NVIDIA/deepops/pull/893

S Nt D, 7| 7|52 I MBI0] QZ A A0 7|0f8t

L=
- Ry —
2= Y2k HEo| Al o 8 /LT
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Al & Data Platform 27|
- https://naver-career.gitbook.io/kr/service/search/ai-and-data-platform

A3 249

- https://d2.naver.com/news/7591059

96
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