CB0oA necoyHuy,

Data Engineer
A. A. CenesHeB




tg: @SeleznevArtem

/NameArtem

m /seleznev-artem

n /seleznev.artem.info




https://github.com/NameArtem/apache_cluster

tg: @SeleznevArtem

/NameArtem

m /seleznev-artem

n /seleznev.artem.info




|II e o
I aY ||'; -_ [
A '!'I'lel' W, nimﬂ ":"’ by

i _Mn- -..l u,,' a'

)
H. "







@ Personal recommendation Data Engineer in 2020 v
@ General recommendation s »
@ Cloud based
®
© o

| ? [ CS fundamentals ]
Basic Terminal usage —

Data structures &
algorithms

Git is used for tracking changes in source code and

coordinating work among programmers. In your day
to day work you will use Git server as a service like

- ' CLI Il Vim GitHub, GitLab or Bitbucket.
Serialisation -
;] ""'-n.\ ' Shell scripting

' Cronjobs

Structured vs
unstructured data

[ Learn a programming language ]
=
| Python @ K4




Nice to have &)



* Machine Learning

Nice to have &



* Machine Learning

Nice to have @  |Infra as Code



Nice to have &

* Machine Learning
 Infra as Code

- ML/Data Ops
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UNDERSTANDABLE ENV

STACKTRACE / DEBUG BbIMNOJIHEHVE KOOA

Stack trace: ef merge_sort(m):

v ? ; Return a sorted copy of m
assert merge_sort(testcase) testset Uses the recursive merge sort algorithm

perge_sort{left), merge_sort(right) if len(m)

ach - . ; return m
; ) i : middle  len(m)
merge_sort(left), merge_sort{right) left  ml:middlel
KL Ol heart ‘ ¢ right mimiddle:]
return Bergel return NEEONI
nerge_sort(left), merge sort(right)
merge_sort(left), merge_sort(right) ) =
)
y 1 f merge(left, right):
left_idx 1 37498 result [)
37498 left_idx, right_idx A
518646 while left_idx - len(left) right_idx = len(right):
481149 if left[left_idx] right [right_idx]:
237261 result append(left[left_idx])
237261 left_idx
else:
243887 result append(right{right_idx])
243887 . right_idx
37497 if left_idx = len(left):
16843 result extend(left[left_idx:])
37497 if right_idx  len(right):
20654 result extend(right(right_idx:])
37497 return result

https://github.com/alexmojaki/heartrate




UNDERSTANDABLE ENV

ART OF SPARK

In [ ]: def f(x):
global a
a+=x
RDD9. foreach(f)
RDD9. foreach|f
print(a.value)
#Display should appear automatically

https://github.com/krishnan-r/sparkmonitor



Cyero Hayatb?
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VIRTUAL

C KITACTEPA

VDS RUS

VDS OTHERS

HETZNER

ONLINE
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VIRTUAL

G

VDS RUS

R

C KITACTEPA

VDS OTHERS

= 7499 aTakK
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C KITACTEPA

Failec
Failec
Failec
Failec
Failec
Failec
Failec
Failec
Failec
Failec

16 87:37:56 cnt-cls-ml sshd[4478] ]
16 87:39:11 cnt-cls-ml sshd[4578] |
16 87:40:26 cnt-cls-ml sshd[4663] ]
160 07:42:22 cnt-cls-ml sshd[4792] ]
10 687:42:28 cnt-cls-ml sshd[4799] ]
10 87:45:19 cnt-cls-ml sshd[4993] ]
10 87:45:42 cnt-cls-ml sshd[5829] ]
160 87:46:39 cnt-cls-ml sshd[50887] ]
16 87:48:085 cnt-cls-ml sshd[5197] ]
16 87:50:088 cnt-cls-ml sshd[5333] ]
18 87:560:23 cnt-cls-ml sshd[5349]: Failed
18 87:50:29 cnt-cls-ml sshd[5345]: Failed
18 87:52:14 cnt-cls-ml sshd[5476]: Failed
18 87:52:42 cnt-cls-ml sshd[5504]: Failed
[ 1: ]
[ ] ]
[ ] ]
[ ] ]
[ ] ]
[ ] ]
[ ] ]
[ ] ]
[ ] ]
[ ] ]
[ ] :

I o o o o D o 0 o o Q0 EI.- W o oo o o o ) 0 o D0 Qo oo
(7]
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(¥

(451

| 2r loser from 118.188.20.5 port 45382 ssh2
| er chef from 200.73.128.148 port 32832 ssh2
| =r dpi_clean from 118.89.236.249 port 55114 ssh2
| =r jiong from 118.188.20.5 port 37306 ssh2
| or willie from 118.89.236.249 port 48640 ssh2
| - ts3audiobot from 122.58.5.243 port 40125 ssh2
| - security from 102.65.] )6 port 52626 ssh2
| - squid from 118.8¢ 19 port 35692 ssh2
| or jboss from 118.188.20.5 port 45358 ssh2
| =r pruebas from 149.202.175.255 port 39357 ssh2
| or alka from 102.65.152.96 port 59496 ssh2
| fc or user3 from 69.250.156.161 port 41850 ssh2
“d for 1nvalic or prueba from 112.188.20.5 port 37282 ssh2
| C—r= o= - -
|
|
|
|
|
|
|
|
|
|
|

[¥5]

(¥

(¥

[¥5]

(93]

(93]

(93]

[¥5]

(¥

(¥

[¥5]

(V5]

>r bialkowski from 49.232.106.176 port 39676 ssh2
>r stephanie from 200.73.128.142 port 46662 ssh2
=r news from 118.188.20.5 port 41312 ssh2
er user3 from 37.152.183.18 port 47628 ssh2
or smmsp from 176.192.126.27 port 57344 ssh?2

- 1cinga from 118.188.20.5 port 33236 sshz

160 87:53:39 cnt-cls-ml sshd[5572 Failec
18 87:54:59 cnt-cls-ml sshd[5663 Failec
16 87:55:081 cnt-cls-ml sshd[5666 Failec
16 87:58:36 cnt-cls-ml sshd[5937 Failec
180 087:59:086 cnt-cls-ml sshd[5985 Failec
18 87:59:15 cnt-cls-ml sshd[5998 Failec
10 88:80:81 cnt-cls-ml sshd[66851 Failec
10 88:82:18 cnt-cls-ml sshd[6219 Failec
18 88:82:37 cnt-cls-ml sshd[6268]: Failec
10 88:82:47 cnt-cls-ml sshd[6284]: Failec
160 88:86:083 cnt-cls-ml sshd[6598]: Failec
p 10 08:06:45 cnt-cls-ml sshd[6651]: Faile

(93]

(451

[¥5]

(¥

[¥5]

- rstudio-server frum 123.58.5.243 port 37313 ss

[¥5]

- redis from 102.65.152.96 port 45030 sshz

(93]

(93]

- cfaniger from 69.250.156.161 port 48572 ssh2

(93]

- netzke from 176.192.126.27 port 38316 ssh2

- openelec from 51.68.88.26 port 46070 ssh2

- enderdirt from 49.232.106.176 port 34416 ssh?2
[root@cnt-cls-ml ~]# journalctl | grep "Failec passwurd for _'.:f;: user” | wc -1

7499

ol

[ - - - - -

MY
My
My
invalid user hone from 51.68.82.26 port 40048 ssh2
walic
M
M




C KITACTEPA

* Ansible



C KITACTEPA

* Ansible

»  Apache Hadoop3



C KITACTEPA

* Ansible

»  Apache Hadoop3

» Apache Spark 3



C KITACTEPA
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C KITACTEPA

* Ansible

»  Apache Hadoop3

» Apache Spark 3
»  Apache Dirill

* JupyterHub + Kernel



C KITACTEPA

* Ansible

»  Apache Hadoop3

» Apache Spark 3
»  Apache Dirill
* JupyterHub + Kernel

* Feature Store



Linux Centos 7
Java 8

Scala 12
Python 3

[Ty6nuyHble IP /
BHewHue IP

KINACTEP

IP agpec
10.0.0.2
10.0.0.3
10.0.0.4

10.0.0.5

Mma y3na
cnt-cls-m
cnt-cls-s1
cnt-cls-s2

cnt-cls-s3

Ponw

NameNode, ResourceManager
SecondaryNameNode, DataMode, NodeManager
DataMNode

DataMode

24




ANSIBLE

- =

A

/

/ ANSIBLE

/
/ TARGET
NODE
j
HOSTS PLAYBOOK

https://tproger.ru/translations/ansible-how-to-use/ 25




yum
yum
yum
yum
yum

install
install
install
install
install

KINACTEP

-y net-tools openssh-server

ntE ntpdate ntp-doc -y

openssl
-y Zookeeper
-y Zookeeper-server

26



yum
yum
yum
yum
yum

install
install
install
install
install

KINACTEP

-y net-tools openssh-server

ntE ntpdate ntp-doc -y

openssl
-y Zookeeper
-y Zookeeper-server

Clock Drift
Clock Skew

27



yum
yum
yum
yum
yum

install
install
install
install
install

KINACTEP

-y net-tools openssh-server

ntE ntpdate ntp-doc -y

openssl
-y Zookeeper
-y Zookeeper-server

KnuneHT

Cepeep

Janpoc KNWeHTa

>

OTBeT cepBepa
< pBep

<

3anoMuHaeM "BpemMa obHoBneHns",
_Koraa obHoBM/IM BpeMms cepBepa

Mocne nony4YeHn s nakeTa
< 38noMuHaem "Bpems npuema’

Mapcum naket UDP B]

3anoMnHaem "Ha4aNbHoe BpeMa”
M3 NpulleWero nakeTa

..........

CocTtasnaem nakeT UDP B]

< 33N0NHAEM "BpeMs OTMpaskn™

https://clck.ru/R87Kx 22



KINACTEP

SSH KEY ADD USER

sudo groupadd hadoop
sudo useradd -d fhome/hadoop -g hadoop hadoop
sudo passwd hadoop

ssh-keygen -t rsa -b 4696
ssh-copy-id *wma yzna*

29



Download

Hadoop is released as source code tarballs with corresponding binary tarballs for convenience. The downloads are distributed via mirror sites and should be checked for tampering

using GPG or SHA-312.

Version

314

3.3.0

2100

3.2.1

2892

Release date
2020 Aug 3

2020 Jur14

2019 0ct 29
2019 Sep 22

2018 Mov 19

Source download
source (checksum signature)

source (checksum signature)

source (checksum signature)
source (checksum signature}

source (checksum signature)

Binary download
binary (checksum signature)

binary (checksum signature)
binary-aarch64 (checksum signature)

binary (checksum signature)
binary (checksum signature)

binary (checksum signature)

Release notes

Announcement

Announcement

Announcement

Announcement

Announcement

30



HADOOP

e Core-site.xml

1
1:
1:
1:
1:
1:
1:
1:
1

¢ hdfs-sitexml
* mapred-sitexm|

¢ yvarn-site.xml

= e e e e I e e e




HADOOP

ADD DIRS

mkdir -p $HADOOP HOME/tmp
mkdir -p $HADOOP_HOME/hdfs/name
mkdir -p $HADOOP HOME/hdfs/data

COPY SETTINGS

scp ~f.bashrc cnt-cls-m2:~/ #(onAa ecex 2, 3, 4)
scp -r fopt/hadoop3/fetc/hadoop/ cnt-cls-m2:/opt/hadoop3/etc/ #(pna Bcex 2, 3, 4)

32




HADOOP

ADD HOSTS

cnt-cls-ml> $HADOOP HOME/etc/hadoop/workers
cnt-cls-m2> $HADOOP HOME/etc/hadoop/workers
cnt-cls-m3> $HADOOP HOME/etc/hadoop/workers
cnt-cls-md> $HADOOP HOME/etc/hadoop/workers

33



HADOOP

export HADOOP_ HOME=/opt/hadoop3

export HADOOP INSTALL=$HADOOP HOME

export HADOOP MAPRED HOME=$HADOOP_ HOME

export HADOOP COMMON_HOME=$HADOOP HOME

export HADOOP HDFS HOME=$HADOOP HOME

export YARN HOME=$HADOOP HOME

export HADOOP COMMON_LIE NATIVE DIR=$HADOOP HOME/lib/native
export PATH=$PATH:$HADOOP HOME/bin:$HADOOP HOME/sbin

export YARN HOME=$HADOOP HOME

export HADOOP COMMON_LIE NATIVE DIR=$HADOOP HOME/lib/native
export PATH=$PATH:$HADOOP HOME/sbin:$HADOOP HOME/bin

export HADOOP ROOT _LOGGERi=INFQ,console

export HADOOP SECURITY LOGGER=INFO,MNullAppender

export HADOOP INSTALL=3%HADOOP HOME

export PATH=$PATH:$HADOOP HOME/sbin:$HADOOP HOME/bin

export HADOOP CONF_DIR=$HADOOP HOME/etc/hadoop

export HADOOP PREFIX=%HADOOP HOME

export HADOOP LIBEXEC DIR=$HADOOP HOME/libexec

export JAVA_LIBRARY PATH=$HADOOP HOME/lib/native:$JAVA LIBRARY PATH
export HADOOP YARN HOME=$HADOOP HOME



HADOOP

MEPBbIN 3AMYCK

hdfs namenode -format
start-dfs.sh

start-yarn.sh

35



SPARK

APACHE
SpQrK, Lightning-fast unified analytics engine

Download Libraries ~ Documentation ~ Examples Community ~

Download Apache Spark™

1. Choose a Spark release: | 3.0.0 (Jun 18 2020) v |

2. Choose a package type: | Pre-built for Apache Hadoop 3.2 and later v

Pre-built for Apache Hadoop 2.7
Pre-built for Apache Hadoop 3.2 and later

3. Download Spark: spark-

4. Verify this release using { Pre-bullt with user-provided Apache Hadoop o evs
Source Code

Mote that, Spark 2.x is pre-built with Scala 2.11 except version 2.4.2, which is pre-built with Scala 2.12. Spark 3.0+ is pre-built with Scala

212

Developers ~

pip3 install pyspark
pip3 install py4j

36



/opt/spark3/conf/spark-env.sh

SPARK_LOCAL IP=cnt-cls-ml

SPARK_MASTER IP=pub-cnt-cls-ml
SPARK_MASTER HOST=cnt-cls-ml
S5PARK_MASTER_PORT=7@7@
PYSPARK_PYTHON=/usr/bin/python3
PYSPARK_DRIVER_PYTHON=/usr/bin/python3

SPARK

37



lopt/spark3/conf/spark-env.sh

SPARK_LOCAL IP=cnt-cls-ml

SPARK_MASTER _IP=pub-cnt-cls-ml
SPARK_MASTER _HOST=cnt-cls-ml
SPARK_MASTER_PORT=7@7@
PYSPARK_PYTHON=/usr/bin/python3
PYSPARK_DRIVER_PYTHON=/usr/bin/python3

SPARK

Browser on any platform

Browser on any platform

Master Web Ul
spark.master.ul.port

Listen (B080)

Driver Web Ul
spark.ui.port
Listen (4040)

Block Manager
spark.blockManagerport =& y
Listen (random) J

'

ol

|

|

I

\
A

I

1

|

|

1

!

|
v,

1

1

1

|

!

|

!

|

|

I

1

|

|

!

|

|

0=

Driver
spark.driver.port
Listen (random)

Spark Master
SPARK MASTER PORT
Listen (7077)

REST server
spark.master.rest.port
Listen (6066)

Block Manager
spark.blockManager.port
Listen (random)

Block Manager
spark.blockManager.port
Listen (random)

z/0S LPAR

Worker Web Ul

spark.worker. ui.port
Listen (8081)

Spark Worker
SPARK_WORKER_PORT
Listen (random)

Optimized
Data Layer

O HIY VT e e UPA WAD  vewl conn [0S



SPARK

start-master.sh

start-slave.sh spark://cnt-cls-m1:787@ (BeINOAHWTE Ha KaXA0W HOoAE)

39



DRILL

Apache Drill

Schema-free SQL Query Engine for Hadoop, NoSQL and Cloud Storage

&) Learning Apache Drill News:

Drill 1.17 Released Drill User Meetup 2019

Bridg (Bridget Bave

drillbit.sh --site $DRILL_SITE
drill-on-yarn.sh --site $DRILL_SITE

https://github.com/apache/drill/tree/1.17.0 40



yum install install npm nodejs-legacy
pip3 install jupyterhub
npm install -g configurable-http-proxy

JUPYTERHUB

=
jupyter
.\/

Knaccmnyecknim «HoyTOyK»

Pa3snumuHble 93blIKU
NPOrPaMMmnpPOBaHUSA

HTepakTUBHbIA KOA,
Nerko MeHATb Ha nNety

Busyanusauuw,
NPOU3BOJIbHbIN output

<Y [q]

| &

T jupyter emsch_och BIROAIAS-COPY2 Law Owchinrrt § eyt Masas iwmasnd <hunges

B+ B ¢ & 3 B C » con v O A Ao S

MpuaymbiBaemM ONTUMaNbHbIW MaPWPYT

et 1Pyt
frame . o
1
e v one
o 31
it '~ " vy
”
patane| lax i -
o "
et
.- e
' i " Lam nta
- Sratet (140 O
¥ Loy _progress ek,
from ippcidpets tspers IntFrogress
fram JPytran. alcolar bepart aliplay

it

41



JUPYTERHUB

Browser
/hub/ [ 1 /user/:name/
l Configurable HTTP Proxy
Authentificator i
Database 2 /api/auth Notebook server
Spawner
L™
Hub




JUPYTERHUB

bazoeu NyTe W nybauuHei IP agpec gnAa xaba

.JupyterHub.base url = /'
.JupyterHub.bind_url = "http://pub-cnt-cls-m1:8765"

SCNH MN3aHHUpPY2TCA WCNOoNE=0BaHKE Gonee 4em anA 1 none3o0BartenA

.JupyterHub.spawner_class = 'jupyterhub.spawner.SimplelocalProcessSpawner’
.Spawner.args = ['--allow-root', '--debug’, "--profile=PHYS131']

nonezoeatent B linux- 3To noabzoeaTens B jupyterhub

JAuthenticator.admin users = {'nobaenAem agMuHOB knacTepa’, }
JAuthenticator.whitelist = {cnucok nonszoeaTeneid Linux, koTopwe GyayT 2axogwTe Ha jupyterhubl

TaK Ka3K Yy HaC KNacTep Ha BHYTpeHHeld ceTu, To gobaenAaem napaMeTp MNpPOKCH
localhost (127.8.8.1) MeHAEM Ha BHYTPEHMH CETH

.ConfigurableHTTPProxy.api url="http://16.8.8.2:8188"
.JupyterHub.proxy api ip = "18.8.8.2°
.JupyterHub.proxy api port = 5678

.JupyterHub.hub_ip = '10.8.8.2°

.JupyterHub.hub_port = 5678

nepemeHHsle cepaw anAa spark okpyxenus B jupyterhub

.YarnSpawner.environment = {

"PYTHONPATH' : “opt/spark3/python’,
'SPARK_CONF_DIR': '/opt/spark3/conf’

¥

43



JUPYTERHUB KERNEL

Upload |Neww | &
Motebook

Python 3 e

Python3.6 + Pyspark(Spark 2.4)

Other:
Text File

Folder
Terminal kB

—w KB

T T T T iy



{

JUPYTERHUB KERNEL

/usr/share/jupyter/kernels/

Targv': |
"python3.6",
"_m"
"ipykernel_launcher”,
n_gn
"{connection_file}"
1,
"display name": "Python3.6 + Pyspark(Spark 3.8)",
"language”: "python™,
"env: {
"PYSPARK_PYTHON": "/usr/bin/python3.6",
“SPARK_HOME™: "/opt/spark3”,
"HADOOP_CONF_DIR": “/etc/spark3/conf/yarn-conf”,
"HADOOP CLIENWT OPTS™: "-Xmx2147483648 -XX:MaxPermSize=512M -Djava.net.preferIPvdStack=true”,
"PYTHONPATH": "/opt/spark3/python/lib/py4j-8.1@.4-src.zip:/opt/spark3/python/",
"PYTHOMSTARTUP™: "/opt/spark3/python/pyspark/shell.py”,
"PYSPARK_SUBMIT ARGS": " --master yarn --deploy-mode client pyspark-shell”

45



A panbuwe?
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[lenaem DS cyacTtausee...
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Ybupaem ctpawHbin Spark Config

49



JUPYTERHUB KERNEL DYNAMIC

Tenw™:

{

/usr/share/jupyter/kernels/dynamicone

"JAVA HOME": "/usr/lib/jvm/java-1.8.0-openjdk-1.8.0.262.bl0-0.217 8.x86 &4",

"PYSPARK_PYTHON": "python3",
"PYSPARK DRIVER PYTHON":"jupyter",
"PYSPARE DRIVER PYTHON OFTS":"notesbook"™,

"SPRARE HOME": "/opt/spark3"™,

"HADOOF CONF DIR": "/opt/spark3/conf/yarn-conf”,

"EYTHONPATH": "/opt/spark3/python/lib/py4i-0.10.4-src.zip: fopt/spark3/python/",
"EYTHONSTARTUFE": "/opt/spark3/python/pyapark/shell.py",

"DM"™: "readDM(){ £ (cat ~/params | grep -oF 'drmem=‘\d+' | tz "=" "\n" | grep -oPF “\d+)'g" "
"EM"™: "readDHM(){ £ (cat ~/params | grep -oF 'emem=‘d+' | tx "=" "\n" | grep -oP M\d+)'g" "
"DC": "readDM(){ % (cat ~/params | grep -oP 'dcomem=‘d+' | tr "=" "\n" | grep -oP ‘\d+) "
"ET": "regdDM(){ £i(cat ~/params | grep -oPF 'emem=i\d+' | £tr "=" "\n" | grep -oP hd+) BT
"PYSPARE SUBMIT ARGS™: " -—--master varn --deploy-mode client

——driver-memory DM
——eXecutor-memory ZEM
——driver-cores 5DC
——executor-cores 2DC
——num-executors SE
——name studtask
pvepark-shell"™



JUPYTERHUB KERNEL DYNAMIC

yarn top

YARN top - 12:12:36, up 34d, 2:28, © active users, queue(s): root

NodeManager(s): 4 total, 4 active, © unhealthy, © decommissioned, @ lost, © rebooted

Queue(s) Applications: 1 running, 1277 submitted, © pending, 1262 completed, 14 killed, © failed
Queue(s) Mem(GB): © available, 2 allocated, @ pending, © reserved

Queue(s) VCores: @ available, 1 allocated, © pending, © reserved

Queue(s) Containers: -2 allocated, -2 pending, -2 reserved

APPLICATIONID USER TYPE RVCORES MEM RM|
application_1598597016512 1669 seleznev




JUPYTERHUB KERNEL DYNAMIC

yarn application —status app_id

Application Report :
Application-Id : application 1598597816512 1669
Application-Name : autopay
Application-Type : SPARK
User : seleznev
Queue : root.users.seleznev
Start-Time : 1601466651473
Finish-Time : ©
Progress : 10%
State : RUNNING
Final-State : UNDEFINED

Tracking-URL : http://pklis

RPC Port : -1

AM Host :

Aggregate Resource Allocation : 168064457 MB-seconds, 79216 vcore-seconds
Log Aggregation Status : NOT_START

Diagnostics :




JUPYTERHUB KERNEL DYNAMIC

ResourceManager REST API
(curl =v =X GET -H “Content-Type: application/json”)

+
Apache DRILL

with tmp as
(
select flatten(t.apps.app) as col

from dfs.tmp. restapi/data.json’ t

)

select tmp.col.id
, tmp.col. user” as "user
, tmp.col.runningContainers as ‘runningContainers’
, tmp.col.allocatedMB as "allocatedMB"
, tmp.col.allocatedVCores as "allocatedVCores
from tmp
where tmp.col.state="RUNNING'

order by tmp.col.runningContainers desc;



JUPYTERHUB KERNEL DYNAMIC

with tmp as
(
select flatten(t.apps.app) as col

from dfs.tmp.’restapi/data.json’ t

)

select tmp.col.id

, tmp.col."’user” as “user’

, tmp.col.runningContainers as ‘runningContainers”

, tmp.col.allocatedMB as “allocatedMB®

, tmp.col.allocatedVCores as "allocatedVCores®

from tmp
w here tmp.col.state='"RUNNING'

order by tmp.col.runningContainers desc;

i e e i i e ikl &
| EXPREE | vzer | runningContainers | allocatedMB | allocatedvVCores |
R e et e L e e e et e it e i e it B R L B LD L LRt
| application_ 1475192858844 @@83 | mapr | 4 | 16384 | 4 |
| application_ 1475192658844 @884 | mapr | 1 | 2048 | 1 |
e ittt L D e et s ¥



Yymmca yamsnAaTb
[lenaem ymHoe xpaHunauuie
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HOPSWORKS

&

https://github.com/logicalclocks/hopsworks



HOPSWORKS

Pernctpupyem

from hops import featurestore
teaturestore.create featuregroup(fteatures df, featuregroup name)

from hops import featurestore
featurestore.insert into featuregroup(features df, featuregroup name)

icnonbayem

from hops import featurestore
teatures df = featurestore.get features(["average attendance”, "average player age”])

57




HOPSWORKS

Client Interface Feature Store Service Output
AN AN AN
| |
| | a2 o
I | Pandas r ;gNumPY Sﬁafz
SQL I | Dataframe With Features

| |

Fsala | oo rentire Store Dore| |

uery Planner —t=
A pgthon‘/ I Hive on HopsFS |
hops-util | \ |

58




HOPSWORKS

Raw data Basis features Training dataset Model
J\Z hops-util 3 Scala

HopsF'S

>
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