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2.1 3K A|AE} Feature

Dataset
<User features> <Item (peer user) features> <Target>
Id gender country age avg_chat_sec Id gender country age avg_chat_sec chat duration
1001 MALE KR %0 12 20017 FEMALE KR 21 3 142
1001 MALE KR 20 12 2002 FEMALE JP 23 3 5
1002 MALE JP 20 142 2002 FEMALE JP 25 /1 35
1002 MALE JP 20 142 2003 FEMALE CA 21 11 5
1003 FEMALE US 22 48 2001 FEMALE KR 21 3 11
1003 FEMALE US 22 48 2002 FEMALE JP 23 /1 127
1003 FEMALE US 22 48 2003 FEMALE CA 25 11 26
Unknown Input (Online Environment)
1001 MALE KR %0 12 2003 FEMALE CA 25 11 "07?

NAVER
DEVIEW
2023

Target (chat duration)=
Ol=otes =i

)

FA 10010 #A1 2003=
QLA CHRA|ZHO] 20
LEEAIOl& (=2




2.1 35 A|AEI Feature

2p}0| Gl X ] ==

2loll A= user/item0il

ol Sol= featureS 22I2U0IM S2i= = U

CiOF &

J

Unknown Input (Online Environment)

1001

MALE

KR

20

12

2003 | FEMALE  CA 25 11
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AR

Product (Azar, Hakuna)
Backend
Server

S QoA

1} Feature

Feature O|O]

1S =ol= o+ U HI0E AEA7t

2@l Bigauery), =22l(RDBMS, NosaL) A& A~ 5|

<Feature List>

user_id

user_gender
user_country
Onllne Data Store USEr_agde
user_avg_chat_sec
(ex. RDBMS, NOSQL)

user_id (long),
peer_user_id (long)

"0Hudl = Atol2

Cll-f CHk Al 222"

peer_id

peer_gender
peer_country
peer_age
peer_avg_chat_sec

Recommendation

Server > ML/AI 2ZE

NAVER
DEVIEW
2023
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2.2 Feature Store 0|X9| ol0|IfAHUE

Dataset

2h& dl0|0]

=

Offline Data Store

N .\

Online Data Store

(ex(

M=Z CHE F HIOIE M4 2

CIOIE| S7I2t IH0|ZaflS JHESHH ZXIS RAIGHZE!

~NOSAL)

user features item features

user features item features

target

NAVER
DEVIEW
2023

Backend Server

target user features

item features

(target)

‘ o o

ML

Deploy, Serving

MLEZE
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- 2kl AAE OF7[EiKl = Ol 22 2A S /IRRIS

()
Offline Store @ .., TS T 2TETTTL e __ Sy MLEngineers
aieieeiieinieieieiniaiuintainiuininininty Feature ] | Model Serving Platform
I Table1 » Feature 2 I
! ' ML ML
|
! Teble2 Model 1 Model 2
: Table 3
| . o
. Table 4 Batched data sync pipeline 0
e N0 N\ e e e e e e e L Y Y Y Y Y Y o
|
l Feature
: ______________________ » Feature 3
(Somedataisprovided @ m
viaKafka in real-time) . . . ‘
i * Online Store
|
' Feature Feature 2 Online DB I (ScyllaDB)
CHE : Calculator |4 Feature 4 Uslleecar | -
: (Python or Scala) : Get features nrerence
Recommendation
Server

12
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- SIRIDHCISE 0 AX AIAMS MRS O B2 27 LA

01 e /MY HIO|E S XA
02 IO X7} Al =2 AIK|L|0{2! H|=
03 LI FHAIAR ES A BREHE 5=
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04 O] =8 AIAE 2 TN SR2| 01
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2.3 A2 22X 1-er& /MY HIO|E €A RN
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ldeal:

22 User IDE IIME R2|ofH k& & A{E f\"_°_d_elfrf“_"_"_‘? pipeline 1 By ML Engineers
0|0 2E0IA 22 HIO|E gt ; e g
Reality: Batched datasyncpipeline 5wt
- O A4 2210] 3200 LIS ™ /= g Featies

- IHO[Z2rIOrC AKILIK 7L EHE

- o ehg/HMY 0K ZHHOIE =2 A 24| Ed N reoure [TV RS GcDe
(ex. 22 X0l CH3t avg_chat_duration / time spent 2/0| i (Pythomos Somi) s Uploader

BigQuery2t Online DB AHOII M2 CHS) ToTTTTTTTTTTTTTmTooTmomm oo T oo
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2.3 72 28| 2 - K £7 Al =2 AXILIOJ HIS eV

2023

20 MZ22 TN S F=7tol7| et SW HA/L/0/E ZiE=

1) 22t HIO|E A& A A7|0F &7
2) 27 OHE 29t HI0IH =7|=h IHo[ Z 2ol 7H
3) MER IIMES 222! HEAR backfill
4) SHRIE NHOIA M2 TIHES A8SHEE sHe 23 271/#3

=X

A~ T EQH JiE 2o = Qlot H= 20|
DE 22101 29 iteration 71 =0 K| = Ao Af: A




2.3 A= =M 3 - Ci8| £ AlA

CILISESS
H

| A AHE
=0| Z0| Z'8ortl B

OFCF

o) J=)
-

- HE ofg IO
A

=] I
=X LEH, 3

T

OF

AA
A=)
-

- CHel, HIOlE =7121= 2let DO et

me =40 S=EI UARVUS

o

- ex) Offline DB connector, Online DB connector, Data
validation logic, Parallel execution, Incremental update
logic, Throughput limiter etc

- Ol ME22 =8 A|IAE S =71 Ok
e BNE NS

Eil
=
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2.3 72 2K 4-0l2) 28 AAY 2 IK 3R ofzig

iffo

- OILIO| AMH|Aex azanHIA HE SE9| 2A A| AE (e 11Matching, Live, Lounge) O] U= 2~ Q)

.

- FAHIO|IAVE EOtE, =8 AIARZEHIOJE A7[01F =291 HEF 40| SFIHEHE &
/|0 I[N SF7H A =E = US
- OftH A Al

JSON= 0|82t A ZEeE & 4 U

Z AF2SHHA, flatten key-value YEHQ| Xt 2R X E AFRSIT,

| >-
nZ
[0
<
@)
-
(@)
@)
W,
Uy,
T
00 1o
L
rO
2d
o)l
-

- L= =8 AIAE 2 RedisE 2210 M AE AFE0IHA], nested HEHS| A2 AR E AFEot, protobuf= 0| &¢h
7§|E=I"9'_|.§ o AN OlS
1 = = = T AALC

- L= =8 AIARIZ2 Cassandras 229 XA E AFEolHA, DB A8 2SS F70IH AZAE Y = US
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2.4 Feature Store =¢ O]

30

Feature Store?| &t

- oh5 /MY HIOIE ZEHIOIE =24 22X o
[IQFSHATIHEEZE LR RO QAE0| ZeiE At Adh

- LHr0| 28 A ARS 20otH SAL 02l EXHES S22otlH, 7|== ellH2[X| of7| 2ok

Model Training “

Model Serving
Layer Offline Data Store Online Data Store ‘ | Layer
(ex. BigQuery) (ex. NOSQL)

((
i
(0

Feature Store= F21 A[A 8} 85 /A5 GIOEf A& AF0/9] £& 9/ abstracted /ayerO/H
EH AAE0) L 2FF O ZH|(ZFX)E EEL ESE 4 2 o=

18
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3.1 QEAA? XHH| THL? e,

ofOIHAHNE F=H AL A

=
\E“O\ Ot FXS ZF—Eﬁfé §$7PE'JO'_';' A I SSH 2 L= T3
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0%
o T
1
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-

=
=

2

Q.

D

=]

—h

G

E

QD

s

O

D

- K{X9| feedbac

02 Historical I|A0| CHet K& EL
- Session-based recommendation 223 Al S0|H, [L2FA] historical I|AHE K| 2loH0F &

03 LILZN AZAE BigQuery, =2t KAz ScyllaDB (cassandra compatible) K&l 2R
- AHLHOI[AT OO H[OIK StAH| Al=otE 7E ARO R, TA QIE2t de| @ =t AFA0IA 7|& ARlE FAlot= 20|

SLEN
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3.1 QEAA? XHH| THL? e,

- B LEXAS f?'“.ﬁH HUOLE LAAZ = 50 LEAATHG0IA XM 7HE 238

L O L o
- 7P 2tEetE] QA AQl Feastlt In-housel| 7= H|WotH Ot 2=
In-house
Feast Feature Store
Historical feature X|€! X O
Offline = Online &gk
HI0IE} 7|3} O O
Online = Offline &gt
Hl0lE £ 7|3t X O
20191 HEA
AAIZH YHI0IE X/ A .
Cassandra (ScyllaDB)S X 0
20101 HEAZ X2
Point-in-time Join X[ O X

120224 583 PoCet Z2it=, = LHE & AUSLIC 21
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3.1 QEAA? XHH| THL? e,

In-house Feature Store?| Scope

- HY1A09I 71592l feature discovery, point-in-time join 22 7|2 Ml& X

- Feature discovery (I &) 2 0| AHE BigQueryE SollA £~AMBIHCF

- Point-in-time Join2 7|&X& SQL= O|Sot AL AEE|S HE2IAI0IEHIM RHMH L= LAt}

22
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3.2 Feature Store O|22| SIO|HAHYE £ A|AR]  Dovew

SR <BZ 3l0/of> <AIS 2l0101>
By ML Engineers By SW Engineers

Google

Data warehouse (@) >>%° Feature Store
i Table 1 i i i —— “— ( Kafka .
| Table 2 i | . Real-time
E Table 3 i i i features
; Table4 i ba'\izﬂer(??'e:t?rees . OfflineStore ™ Online Store
: | ' (BigQuery) (ScylaDB+Redis) |
| Get features
S
‘ -
Inference
Deploy
>

Model Training pipeline
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3.3 olO|I{HH4Y E Feature Storel| 7|Is= DEVIEW

01 GitOps 7|8te| A Fo| Al A

02 Offline = Online K& 4 Z7|gt Ot0|Z221 (Upsync)

03 Online = Offline &4 S71gt 00| Z2Q! (Downsync)
04 =cf2l OJX Read API

05 E2HM|0 & Data Governance K&



3.3 715 1-GitOps 7|42 m|A S| A|AR

| L—

- GItL= L

-

MLEngineerB  —1u

I

ML Engineer A

N\

|

F

ML Engineer C / feature-store-

Register

features
using PRs

gitops

Al

| GitOpssE 0|&ol(d Crek A1

=}

Online Store
(ScyllaDB)

live: :hakuna-host-stat-v1l:
feature_type: Object
owner: "shawn.s"
schema:
user_1id:
type: Text
is_key_field: true

@ , gender:

Offline Store
(BigQuery)

.@

Feature Store Platform
(APl Server & Sync Pipelines)

type: Text
description: ""

default_value: "MALE"

level:
type: Long

description:
default_value: 0

country_code:
type: Text

description:

default_value: "XX"

birthday:
type: Text

description:

default_value: "2000-01-01"

Python/Java
Data Class Files

NAVER
DEVIEW
2023

azar-match::rich-history:

feature_type: History
owner: "ray.l"
schema:
user_1id:
type:
description:

Long

is_key_field: true
user_gender:
type: Text

description:

default_value:
user_country_code:
type: Text

description:

default_value:
user_language_code:
type: Text

description:

default_value:

25



NAVER
3.37|1s2 - Upsync IFO| X 2191 (offline - Online Store) 2623
- HiAI2 QI 22 M A (BigQuery) 8 HIO|EE 222l M A (scylaDB)0f| 7|2 T 7S
- SQL F2|E &&oll AirFlowol| IO|Z2tQl S=CtotH HEE Q@ IT2tQ1 & 2291 K& A0 A

FAE Vst IME BtE = RS

- SQLEFAgotH 20|22 AEor| 0% Elor SW AIKILIGL| 2|l AAE S ER0oHAIT
Al TN = ALEE 4 GlCh= SHAl &R

Data warehouse . BQQ ory Feature Store

______________________________________________

Real-time «— ( Kafka .
' Real-time Feature Calculator
. ‘ M features

Non-real-time Offllne Store ™  Online Store i
batched features i (BigQuery) (ScyllaDB+Redis)
! A
5 %
6,5@@ %0 Recommendation
Model Training < Server

26
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3.3 7|§ 2 — UpSynC ]II'OIEal'?_I (Offline = Online Store) DEVIEW

2023

GitOps Yaml S& & AirFlow DAGEH 2Hd6HH 14 2=

transform_user_stats = BigQueryOperator(
task _1d='transform user_stats’',
use_legacy_sqgl=False,

azar-lounge: :user-interaction:

feature_type: Object

owner: "“shuki" sql=open(f"{dirname}/query/transform/user_stats.sql").read(),

schema: dag=dag,

upsync:

feature_store_upsync_worker_op = FeatureStoreUpsyncOperator(

enabled: true target_features=|

incremental_update: true "azar-lounge::user-interaction",

"azar-lounge: :user-stats",

*Incremental Update: & 2= H[O|HE &712tot= 20| Ol
OrRI2 712k AIE 0|20 SO0 EE GIOIHE sHFE = ot &4

transform_user_interaction,
transform_user_stats

] >> feature_store_upsync_worker_op >> end




3.3 7|§ 3 - Downsync ]I|'0|EE|'9_| (Online -> Offline Store)

SW AIXILIN 2| ~2ASE EL=Z of(H UpsyncOi| H|orH
2AZME0] % BEO|LF A 7HUAF AN Eor o2 RS
A

=28 FTUM ZAIZE AFERE 2, HIE TIA, Al 7H4AES] click rate feature S

Feature Store

Table 3 i i

Non-real-time
Table 4

features

sync

batched features Offllne Store Online Store i

(BigQuery) (ScyllaDB + Redis)

|
|
|
|
|
|
1 1
| | I
1 1 | I
1 ees I I I
I 1 [ I
R gy /%
2 3
@ K [ ]
o % Recommendation
@ ¢

Model Training Server

NAVER
DEVIEW
2023

-
Real time

28
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3.3 7| 3 — Downsync I0|Z2}Q! (oniine -> Offline Store)  Jexa™

=2 Apache Flink@t Z2 Event Streaming Application= 0| 20t0] 2A|ZF | A Al A
|A €HI0|E= Kafkat®l CommandE EL= A0 2 48

147 live::realtime-room-context:
feature_type: Object
owner: "owen. l"

schema:

downsync:

enabled: true
min_interval_by_key: "1m"
random_sampling_ratio: 0.9

*Min Interval By Key 2 Random Sampling Ratio Update:
OA4 EH[0|E Al OE HEE o“%HOE QIR N AN 7= X0 CHel &4

THIOIEH ©& 2 AER|TS flot QE A4 24k

OOI-

I HA-++= HIAIS SHE
29



3.3 7l 4 - Online Il Read API

- 23 AMHE2 22t HI01E XME20 A8 o= O

NAVER
DEVIEW
2023

tRead APIE Soll |4 &2

- API AHHE Sofl 2 A0, SAZ22Havo), WAl 4 Redis) a= A E

- X 7| FastAPIZ oA 2BotLi/L kie ds &
- TPS: & A 0|af / p99 latency: 25msT

Feature Store
. Offline Store Online Store
(BigQuery) (ScyllaDB + Redis)

———————————————————————————————————————————————

T 99% request’t 25ms 0|6te| X|HA|ZtS H0|1 !

0jo

NIZ Spring@ = 010|1g|0]

30
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3.3715 5 - EZM0 & Data Governance X|& 1 o

&A= NHl0f
- 22191 Read APINIA= OI0|Z 2 AH|IA/WEAIOICE E Vs HIOIE2 €3 s
- QIO JE AN A= BigQueryl| B2 M0 7|s= AtE &

Data Governance
- QIUHIOI & =22iQl HEA RO HIOJE 2|54
- H|ALIAOIC 28N 27| =282 OO0 &7
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3.4 5l0|I{H4U E Feature Store LIS Of7|ElA DEVIEW

Feature Store Platform
‘ Register feature
Register feature B LLoad feature config & binary schema
ab g
: sprin
: A — g p g """""""""""
8 @ I
' o} |
l — :
' & 8 @ i \ Read features ,
Reaq eatwe 5 X/ MainDB (Scy“a) 5 GSONorave) - Recommendation
Model Training ’f acce;; 3 N ' Server
Pipeline - : & §§"’ Sring O FastAPI
"‘ : . Read data ! € )spring
Kubeflow : ] ‘> i (Avro) :
| Offline Store e . |
: (BigQuery) 6’5@ Cache (Redis) :
Read targets : T !
4 |
| @ Online Store ,
\4 ! |
: .
I |
|
S _ < Produce downsync feature write commands Real-time Feature
a Produce | Calculator
upsync feature ! »
Data Warehouse write commands : {@kel‘
I Sq
:
|

|
|
|
(BigQuery) l
|
|
|

32
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3.5 ol0|I{HYUE Feature Store A2 Q9F e

GitOpsUll S5

st d|0]012HH SQL A& 2 AirFlowE SoliA,
/\1“' 4|0|0{2}H KafkaE SollAf

Offline = Online H2&f0|2tH Upsync OHO| T 2191 s}
Online = Offline &&f0|2t™H Downsync I}0| X291 £ 5}

2t o} | GitOpso|l flagRh £71olH £

st& dl|0]021H BigQuery AR
H“' H|0]|02™H Read AP HI:H EolA
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Feature Store7t H2El AH|A

- 7|&0]| SEE|E HEES| 22X A|AEIN| Feature Store &

(Azar, Hakuna AH|A LI 571 O[&e| =8 A|AR)

- MEA| AIRISE 2H A|ARISE D5 Feature StoreE &

_I

O
=

- A AIAY 019I0E 014 RF EX| AIAKOE Feature Store7t AFBEIT /S

Qzor HAKUNA

HYPERCONNECT
ENTERPRISE
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4153 Al o

Feature Store7| 2= =X A|ARI QF

Boosting 7180 CTR(Click Through Rate) 01'% [y

Deep learning 7|2F2| time spent 0| E2&
ALt history SEZE AtEot= Al4 7|210] =38 A[AE]

2ZAIZPHICIQZ2RE vision 82 = =0t 2| (IH O = AtSot= &8 AIAE]
lole AE2|Y 3HT)
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4.2 T Z3t> HIO|E| L2 2H) 512 i

. -
.

St 2hoj] st HH =2 Data Inconsistency 28| &A”

* BigQueryHlA 2415 T EA| 2, AX 22Ol input £ =07+ /U T|AH9
EA ALO|0f| 2 KIO|7t 2R S & A

Feature Store = ¢! 0|2 Data Inconsistency =X| & X
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Before

After

A'S cIOIHOIM clt DI Z ArSol/|MRIL] AlZE

(DA AXILIo= 2 3

=l O+
=35 ME

O]

2t 2, A 2 SR Lok AlZ)

Before

After

2 Al DMK AlSot= 3%
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ML IXILI0] (m22]) RIE0IA2| =3t
1. SW HXILIGI2e] AFLIAIOE BIE &da
2. et HOIS0= IME 02 28 220IA THALE 7ts

3. L& ML HXILI37 Bi= OfAH S LAV Bh= =8 RZ20A THALS &= 7ts

- ML HIX|LIOf: BOfIA] O] TIHE AFRSHT 4
- SW IK|L|Of: O] TIK= RSO 2 AF20| 27
- ML HX|LIOf: 9 5?7

£ L=t 4 0l NO!

IS =rLICH
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SW AIXILIN L 0IAC] =1t
1 11\7(4 7|3t OO X241 8! 2&! ek A|ZHS 0177|110, Core 22! 20| A= THs
/AR 0B 22Xl 2R 418 X

O] T|A A 2000l &
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{(_o“’ 2b0 af 0| A EX| O
g




NAVER
DEVIEW
2023

CHEE9| =X A|AE!IO| Online Feature Read APIE Al2ot= 1L

- ¢t H9 7|s FIIE £~UE S48 ALTE0 SAi 20lE 2 £ US

\

1. Redis CacheE& (Al SAl0| =8 AlH latency &= 24HE S

2. Binary A&2havro)E E/6IH HI0|H K& HIZS 0|11, HIERIZ latency tf= 21 E =
(Featureoll L2} X|CH 80% 04 @F %)

3. 0l OJM B AAR =/ Al 252 =X AARUM 21E & & US @6 te 3)

41



NAVER

4.5 = P30 M2 022 DEVEw

Feature Store2 2AIZ H&ot7| floll, =& A|AR 21 7H0| Feature Store

kRS pea))l NS ES R S

AILH Feature Store 238 2|= 2 HAO| LT 2rE (ML AIXILIO, SW HKILIO] =)

Online Read API AH+= Python + FastAPIZ % =0| & -s(atency + throughput) O]
2 OF LIRIA] Kotlin + Spring@ = LAl KtV | = &

AL 2& EAFDB(Scylla)Q| 7t 2 1124 & oLt/ |2 A DevOps B 19| A& ?) =

e

42






Thank You



