
R&D-ͼ͔ͤͭͪ ́-ˣ͊ͤ͊͟

˭͊;͔ͣ ͺ͙͔ͤͭͻͯ ͔͔͖ͪ͊ͫͨͪ͒ͤͤ͡·͔
͍·;͙͔͙ͫͤ͡Ύ ͙ ͤ͊ͯ͊͟

ˢ͔͔͚ͫ͟͡ ͔͍́ͨͦ͡
ˢͪͻ͙͔ͭͭͦͪ͟ ϪŀƭŜƪǎŜȅǘŜǇƭƻǾ



ˢ͔͔͚ͫ͟͡ ͔͍́ͨͦ͡
-́ˣ͊ͤ͟ wϧ5 ͔̇ͤͭͪ

ˢͪͻ͙͔ͭͭͦͪ͟ ͍ wƴ5 ͔͔̇ͤͭͪ ́-ˣ͊ͤ͟

˾͍ͯͦͦ͗ͯ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ͙ͣ ͍ ͙ͦ͋͊ͫͭ͡ ͙͔ͫͫͭͣ ͙ͦ͋ͪ͊͋ͦͭ͟ ͙ ͻ͔͙ͪ͊ͤͤΎ

͒͊ͤͤ·ͻ ͙ ͍͎͍ͦ͊͘͡͡ΎΌ ͙͊͋ͦͪ͊ͭͦͪ͡Ό ́ ͍ ˹ˮ̂ ˤ̊̏

˾͔͔͊ͤ:

Principal Engineer Huawei R&D

ˢͪͻ͙͔ͭͭͦͪ͟ ͔̇ͤͭͪ͊ ˾͍͙͙͊ͭ͘Ύ ˣ͊ͤ͊͟ ˾͙͙ͦͫͫ

˹͊ͯ;ͤ·͚ ͙ͫͦͭͪͯ͒ͤ͟ ˹ˮˤ̇ ˸˥̂ ͙ͣΦ ˸ΦˤΦ ˶͍ͦͣͦͤͦͫͦ͊

͟ΦͺΦ-ͣΦͤΦ

˭͙͊ͤͣ͊ͫ͡Ύ ͙͔͍͙͔ͫͫ͒ͦ͊ͤͣ͡ ͣ͊ͫ΄͙͔͙ͭ͊͋ͪͯͣͦͫͭ ͔͔͔ͪ͊ͫͨͪ͒ͤͤ͡·ͻ

͍·;͙͔͙͚ͫͤ͡ ͙ ͦ͟-͙͚͒͊ͤͦͣ͘ ͍ ˹ˮˤ̇ ˸˥̂

02



ˮ͔͔ͤ͗ͤͪͤ·͚ wϧ5
˻͙͋ͫͯ͒ͣ

01 ̉ͭͦ ͔ͭ͊ͦ͟ wϧ5 ͍ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ́-ˣ͊ͤ͊͟

02 ˭͊;͔ͣ ͍ͦͦ͋΅͔ ͙͙͙ͤ͒ͯͫͭͪ ͺ͙͔ͤͭͻ͊ ͤͯ͗ͤ· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ

03 ˽͙͔ͪͣͪ· ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͦͭͦͪ͟·͔ ͔ͯ͗ ͪ͊͋ͦͭ͊Όͭ

04 ˤ·͍ͦ͘· ͦͭͦͪ͟·͔ ͫͭͦΎͭ ͔͔ͨͪ͒ ͙ͤ͊ͣ ͍ ͍·;͙͔͙ͫͤ͡Ύͻ

03



̉ͭͦͭ͊ ͔ͦ͟R&D ͍

͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙́-ˣ͊ͤ͊͟

04



wϧ5 ́-ˣ͊ͤ͊͟

˽͔ͪͦ͋ͣ͊͡
͙͔͋ͤͫ͘ Ҧ͊ R&D Ҧ

R&D + Business
˴ͦͣ͊ͤ͒͊ ͔ͨͪͦͭ͊͟
͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ

Ҧ
˻ͼ͔ͤ͊͟
Ήͺͺ͔ͭ͊͟

˴͙͚ͦͪͦͭ͟ͼ͙͟͡

ˤ·ͫͦ͊͟Ύ͙͙͒ͤ͊ͣ͊͟

05



ˮ͔͔ͤ͗ͤͪͤ·͚ R&D
computer science, AI, ML, software engineering

˥͍͙ͦͦͪͣ ͨͪͦ ͦͣͨ͟ΈΌ͔ͭͪͤ·͔
͔ͭͻ͎͙͙ͤͦͦ͡Υ

̂ͯ͡;΄͔͙͔ͤ ͔ͭͻ͎͙͚ͤͦͦ͡˾͊ ͪ͊͋ͦͭ͊͘͟ ͍ͤͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡

˽͍͙ͪͦ͒ͤͯͭ·͔ ͎͙͊ͦͪͭͣ͡·˹͍ͦ·͔ ͔ͣͭͦ͒·͙ ML-ͣ ͔͙ͦ͒͡

Theoretical computer science

06



˽͙͔ͪͣͪ·
͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡

14



˥͍ͦͭͦͤͦͫͭΈ
˹ͦΎ͋ͪΈ

˭͔͔ͣ͡Έͤ·͔ ͪ͊͋ͦͭ·

˿͊͒͟͡

˻ͺ͙ͫ

̇˻˨ ˢ
̇˻˨ B

˴˽˽

˴͊ͪ͊ͫ͟

ˮ͔͔ͤ͗ͤͪͤ͊Ύ ;͊ͫͭΈ

˹͊ͪͯ͗ͤ·͔ ͔͙ͫͭ

ˤ͔͙͔ͤͯͭͪͤͤ ͔͙ͫͭ

͔̅ͯͤ͒͊ͣͤͭ

15



Runtime k8s ͨ͊ͭ͡ͺͦͪͣ͊ Spirit

ML Compute ͨ͊ͭ͡ͺͦͪͣ͊ ML Core

16

̉ͭͦ ͭ͊ͣ ͍ Ή͙ͭͻ
̇˻˨͊ͻ?

02

01

03

Storage ͨ ͊ͭ͡ͺͦͪͣ͊ T-Object 

͙ Data Platform



˽͔ͪͦ͋ͣ͡· ͨ͊ͭ͡ͺͦͪͣ

01 Data platform

˸͊ͫ΄ͭ͊͋

˾ͦͫͭ ͒͊ͤͤ·ͻ ͙ ͨͦ͡Έ͍͔͔͚ͦ͊ͭ͘͡

˻͔ͪͫͭͪ͊͟ͼ͙Ύ ͔ͣ͗͒ͯ ̇˻˨͙͊ͣ

ˬ͔͙͚ͫͭ͟ {[!

02 Spirit

˸͊ͫ΄ͭ͊͋

͙͙̂ͭ͊͘͡ͼ͙Ύ ͔͍ͪͫͯͪͫͦ

͍̂ͨͪ͊͡Ύ͔ͣͦͫͭΈ

˸͔͗̇˻˨ ͙ CǊŜŜŎƻƻƭƛƴƎ

03 ML Core

˸͊ͫ΄ͭ͊͋

͙͙̂ͭ͊͘͡ͼ͙Ύ ͎͔͔͎͔ͭͪͦͤͤ·ͻ

GPU

˴͙ͦͣͣͯͤ͊͟ͼ͙ͦͤͤ·͔ ͔͙ͫͭ

˻ͻ͔͙͔͊͗͒ͤ͡ ͙ Ή͔͙ͭͪ͟͡;͔͍ͫͭͦ

17



͙͙̂ͭ͊͘͡ͼ͙Ύ
͍·;͙͙͔ͫͭ͡͡Έ͚ͤͦ
͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟·

18



͙͙̂ͭ͊͘͡ͼ͙Ύ ͍·;͙͙͔ͫͭ͡͡Έͤ·ͻ ͔͍ͪͫͯͪͫͦ

Spirit Compute

CPU-͔͍͔ͫͪͪ· ͍ YǳōŜǊƴŜǘŜǎ ͒͡Ύ ͎ͤ͊ͪͯͦ͘͟

͙͙ͦͣͨ͊ͤ͟Φ

˹͔͔͔ͨͪ͒ͫ͊ͯͣ͘͟·͔ ͎͙ͤ͊ͪͯ͘͟ ͔ͭͪ͋ͯΌͭ ͔͒ͪ͗͊ͭΈ ͒ͦ

ол҈ ͣͦ΅͔͚ͤͦͫͭ ͍ ͔͔͍͔ͪͪ͘Φ

˽͙͔͙ͪͦ͗ͤ͡Ύͣ ͤͯ͗ͤͦ ͎͔ͣͤͦͦͪ͊ͭͤͦ͟

͔͔͍͙͍͙͔ͪͪͪͦ͊ͤ͘ ͒͡Ύ ͖͙ͤ͊͒͗ͤͦͫͭΦ ̏ͭͦ

͍͔͙ͯ͡;͙͍͔͊ͭ ͪ͊ͫͻͦ͒ ͔͍ͪͫͯͪͫͦΦ

ML Core

˿͔ͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·͔ Dt¦-͔͍͔ͫͪͪ· ͒͡Ύ a[Φ

˭͊͒͊;͙Υ ͍ͨͦ·͙ͫͭΈ ͙͙ͯͭ͊͘͡ͼ͙ΌΣ ͙͙͙͍ͦͨͭͣͪͦ͊ͭ͘Έ

͙ͤͺ͔͔ͪͤͫ ͙ ͦ͋ͯ;͔͙͔ͤ ͔͔͚ͣͦ͒͡Φ

˥͔͔͎͔ͭͪͦͤͤ·͔ ͙͔͙ͯͫͦͪͭ͟͡ ͍ ͪ͊ͤ͘·ͻ ̇˻˨͊ͻ ͙

ͺ͎͔ͪ͊ͣͤͭ͊ͼ͙Ύ ͔͍ͪͫͯͪͫͦ ͯͫͦ͗ͤ͡ΎΌͭ ͍͔ͫͦͣͫͭͤͯΌ

ͪ͊͋ͦͭͯΦ

˻͋΅͙͔ ͍·͍ͦ͘·Υ ͖ͤ͊͒͗ͤͦͫͭΈΣ ͎͙͔ͨͪͦͤͦͪͯͣͦͫͭ͘Έ ͙ ͙͙ͯͭ͊͘͡ͼ͙Ύ

19



˹͖͊͒͗ͤͦͫͭΈ

20



͔̇͡Έ ͔ͨͪͦͭ͊͟ ςͪ ͊ͪ͊͋ͦͭ͊ͭ͘Έ ͙ ͙͍͊ͨͪͦ͋ͪͦ͊ͭΈ ͔ͣͭͦ͒· ͔͙ͨͪ͒ͫ͊͊ͤ͘͟Ύ ͍·ͻͦ͒͊
͎͊ͨͨ͊ͪ͊ͭͤͦͦ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͔͍͔͎ͫͪͪͤͦͦ ͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎ ͙͘ ͫͭͪͦΎ

Server Faults Prediction
-́ˣ͊ͤ͟ R&D x ˹ ˮˤ̇ ˸˥̂

21

ͻ



Server Faults Prediction

Seagate

Precision Recall PR AUC ROC AUC F1 TTF

2020 0,68 0,56 0,54 0,80 0,62 57
2021 0,74 0,69 0,72 0,86 0,72 57
2022 0,80 0,72 0,77 0,90 0,76 61
2023 0,79 0,73 0,76 0,89 0,76 54
2024 0,90 0,72 0,81 0,92 0,80 41
2025 0,86 0,80 0,85 0,93 0,83 58

Toshiba

Precision Recall PR AUC ROC AUC F1 TTF

2023 0,74 0,34 0,45 0,69 0,47 38
2024 0,70 0,71 0,65 0,85 0,70 59
2025 0,70 0,61 0,65 0,88 0,65 51

HGST

Precision Recall PR AUC ROC AUC F1 TTF

2023 0,69 0,77 0,63 0,85 0,73 65
2024 0,63 0,81 0,68 0,93 0,71 90
2025 0,64 0,75 0,64 0,94 0,69 66

22

Ǻͦ;ͤͦͫͭΈ ͔͙ͨͪ͒ͫ͊͊ͤ͘͟Ύ ͍ ͼ͔ͦͣ͡ 
͍·ͫͦ͊͟Ύ

Å˻͍͔ͫͤͦͤͦ ͙ͫ͟͡Ό;͔͙͔ͤ ςToshiba ͍  
нлно ͎ͦ͒ͯ ό͋·ͦ͡ ͍͍͔͔͒ͤͦ ͎ͣͤͦͦ 
͙͍͒ͫͦ͟ ͍͚ͤͦͦ ͔͙ͣͦ͒͡ 
MG08ACA16TA)

Å˹͔ͭ ͔ͦͪͪ͟͡Ύͼ͙͙ ͔ͣ͗͒ͯ ͔ͪ͊ͣͪͦͣ͘ 
͔͍͒͊ͭ͊ͫͭͦ ͙ ͊͟;͔͍ͫͭͦͣ 
͔͙ͨͪ͒ͫ͊͊ͤ͘͟Ύ

Å˩ͫͭΈ ͔ͦͪͪ͟͡Ύͼ͙Ύ ͔ͣ͗͒ͯ ͎ͦ͒ͦͣ ͙ 
͊͟;͔͍ͫͭͦͣ(c͍ Ύ͊ͤͦ͘ ͍ ͭͦͣ ;͙͔ͫ͡ ͫ 
͙͙͚ͨͦͭͦ͟͡ ͪ͊͋ͦͭ· Backblaze)



˽͍͔͔͙͔ͪͦ͒ͤ ͙ͤͺ͔͔ͪͤͫ͊

у ͔͔͚ͣͦ͒͡ ͙͍͒ͫͦ͟ ́-ˣ͊ͤ͊͟
ˣ͔͔ͦ͡ млл ͙͍͒ͫͦ͟ ͚͊͗͒ͦ͟ ͔͙ͣͦ͒͡

͙́ͨ ˹͍͙͔͊͊ͤ͘ ͔͙ͣͦ͒͡ ͙̉ͫͦ͡ ͙͍͒ͫͦ͟

HDD ST16000NM000J-2TW103 6192

HDD ST8000NM017B-2TJ103 2515

NVMe Intel/Solidigm SSDPF2KE032T1 1006

NVMe INSPUR-NS8500G2U384 688

HDD TOSHIBA MG08ADA800E 584

NVMe INSPUR-NS8600G2U320 560

NVMe DAPUSTOR DPRD31016TT515T3000 138

NVMe SAMSUNG MZQL23T8HCLS-00A07 120

23

HDD
ML-͔ͪ΄͔͙ͤΎ͍ͨͦ ͔ͤ͒ͦͪ͊ͣ: ͦ ͒ͤͦ͒͡ Ύ
͍͒ͯͻ͔͔͚ͣͦ͒͡Seagate ͙ͦ͒ͤͦ͒͡ Ύ
͔͙ͣͦ͒͡Toshiba

NVMe
˽ΎͭΈML-͔ͪ΄͔͙͚ͤ, ͨ ͦͦ ͒ͤͦͣͯ͒͡Ύ
͚͊͗͒ͦͨͦͨͯ͟͡Ύ͚͔͙ͪͤͦͣͦ͒͡



˾͔ͯ͘͡Έͭ͊ͭ· ͊͗͒͟·͚ ͔͒ͤΈ ͫͦͻͪ͊ͤΎΌͭͫΎ ͤ͊ s3

ˤ·͒͊;͊ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ

˽͙͔ͪͣͪ ͍·͒͊;͙ ͫ ͙͍͙͔ͪ͊ͤ͗ͪͦ͊ͤͣ ͙͍͒ͫͦ͊͘͟ ͍·͋ͪ͊ͤͤ·͚ ͔͒ͤΈ

24



˾͔͔͖͊ͫͨͪ͒ͤͤ͡·͔
͙͔͙ͨͪͦ͗ͤ͡Ύ

25



˽͔͔͔ͪ͒͘ ͔͍͙͍ͫͪͫͦ ͍ ́-ͼͦ͒ ͍͔͔ͣͫͭ ͫ ¢-Ready

˿͍͔͙͔ͦͨͪͦͦ͗͒ͤ ͙͔͋ͤͫ͘-
͙͙͚ͤ͡

˴ͦͤͫͯ͡Έͭ͊ͼ͙͙Σ ͔͍ͪΈΌ ͊ͪͻ͙͔ͭͭͯͪ͟· ͙

͍͙͊͒͊͡ͼ͙Ύ ͔ͪ΄͔͙͚ͤ

˿͍Ύ͘Έ ˣ˶ ͫ ͨ͊ͭ͡ͺ͙ͦͪͣ͊ͣ ͙
͙ͤͺ͚ͪ͊ͫͭͪͯͭͯͪͦ͟

˿ͤΎ͙͔ͭ ͙͔ͫͫͭͣͤ·ͻ ͔͍͋ͦͪͦ͟͡

˥͍ͦͭͦͤͦͫͭΈ ͟ ͦͭ͊͊ͣ͘͟

˽͙͙ͪ͊ͭ͟͟ ͚ͦͭ͊ͦͯͫͭͦ͘͟;͙͍͙ͦͫͭ ͙

Ήͫͨͯ͊ͭ͊͟͡ͼ͙͙ ͍ ͎͔͔͔͔͚ͦͪ͊ͫͨͪ͒ͤͤͦ͡

͔͔ͫͪ͒

˸͊ͫ΄͙͍͙͔ͭ͊͋ͪͦ͊ͤ ͍ ́-̇˻˨

˽͎͔ͦͣͦ͊ͣ ͫ ͔͔ͨͪͤͦͫͦͣ ͒͊ͤͤ·ͻ ͙

ͭͪ͊ͺ͙͊͟ ͍ ͔͎͙ͪͦͤ·

˶͙͙͊͋ͦͪ͊ͭͦͪ ͙
Ή͔͙͔ͫͨͪͣͤͭ͟·

˽͍͔ͪͦͪ͊͟ ͎͙͔ͨͦͭ͘ ͙ ͔͎͙ͪͦͤ͊͡Έͤ·ͻ

ͫͼ͔͙͔͍ͤ͊ͪ

˽ͯͭΈ ͎͍͙ͨͦ͒ͦͭͦ͟ ͙͔ͫͫͭͣ

˸͔͎͙ͭͦ͒ͦͦ͡ΎΣ ͔͍͙ͭͪ͋ͦ͊ͤΎ ͙ ͨ͊ͤ͡

͔ͭͻ͙ͤ;͔͚ͫͦ͟ ͎͍͙ͦͭͦͤͦͫͭ

26



ˮ͘ GreenPlum (GP)͍ DataLakeHouse (DLH)

MPP ͟ ͔͊ͫͭͪ͡ (9k cores; 3PB) * 10 ́ ͭΦ
25+ ͭ ·͙͙͍ͫ͊ͤ͊ͭͦ͟͡

Cloud compute + S3 storage
100k cores + 21 PB

˾͔΄͔͙͔ͤ ͔ͨͪͦ͋ͣ͡· ͣ͊ͫ΄͙͔͙ͭ͊͋ͪͯͣͦͫͭ ;͔͔ͪ͘ ͔͔ͨͪͻͦ͒ ͤ͊ ͍ͤͦͯΌ ͊ͪͻ͙͔ͭͭͯͪͯ͟



ˢͪͻ͙͔ͭͭͯͪ͊͟GP

28

Master Secondary Master

Segment Host1

primary1

primary2

primary3

primary4

mirror5

mirror6

mirror7

mirror8

Segment Host2

primary5

primary6

primary7

primary8

mirror9

mirror10

mirror11

mirror12

interconnect

Segment Host36

primary141

primary142

primary143

primary144

mirror1

mirror2

mirror3

mirror4

primary1 mirror5 ς ͔͎͔ͫͣͤͭ·Σ ͙ͤͫͭ͊ͤͫ· ǇƻǎǘƎǊŜǎǉƭ

Segment Host1
ς ͔͍͔ͫͪͪ

̂ ͤ͊ͫ ͙͋ͦ͡ 36 ͡ ͙͋ͦ 72 ͤ ͦ͒· ͙ мпп ͔͎͔ͫͣͤͭ͊

Ήͭͦ ͔͒͊ͭ ͤ͊ͣϝ Ϥф˴ Ύ͔͒ͪ ͙ Ϥоt. ͒͊ͤͤ·ͻ ͤ͊ ͔͊ͫͭͪ͟͡
ϝ͍ ͔͔͔ͨͪ͒͡ ͤ͊ ͔ͭͯ͟΅͔ͣ ͔͔͔͗͘͡

1.  GP - ͟ ͙͊ͫͫ͡;͔ͫ͊͟Ύ MPP (massive 

parallel processing) ͊ ͪͻ͙͔ͭͭͯͪ͊͟

2.  ˿ ͔͎͔ͣͤͭ· όprimary, mirror), 

͔͍͙͙ͤ͊ͫͣ͘·͔ ͙ͤͫͭ͊ͤͫ· postgresql, 

mirror ͨ ͙͙͔ͪͤͣ͊ͭ ͊ͨͪͦͫ͘· ͤ͊ ͔ͫ͋Ύ 

͙ͨͪ ͍·ͻ͔ͦ͒ ͔ͣ͊ͫͭͪ͊Σ wCҐн 

3.  Dtр ͙͔͋͊ͪͯͭͫ͘Ύ ͤ͊ ͍͔͙͙ͪͫ 

PostgreSQL уΦоΣ Dtс ͤ͊ PostgreSQL 9.4

4.  ʕ ͔ͫ ͒͊ͤͤ·͔ ό͍ ͙͔͔͒͊͡ύ ͍͔ͪ͊ͤͦͣͪͤͦ 

͔͔͔ͪ͊ͫͨͪ͒ͤ͡· ͨͦ ͍͔ͫͣ ͔͎͔ͫͣͤͭ͊ͣ 

5.  ˭ ͊ͨͪͦͫΣ ͦ͋ͪ͊͋͊ͭ·͍͔͊ͭͫΎ 

͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͤ͊ ͍͔ͫͻ ͔͎͔ͫͣͤͭ͊ͻ ͙ 

͔ͪ͊͋ͦͭ͊ͭ ͫͦ ͫͦͪͦͫͭ͟ΈΌ ͎ͫ͊ͣͦͦ 

͔͔͎ͣ͒ͤͤͦͦ͡

6.ˤ͔ͫ ͻͦͫͭ· ͫͭͦΎͭ ͍ ͚ͦ͒ͤͦ ͔ͦͤ͘ 

͙͒ͦͫͭͯͨͤͦͫͭ
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ingest
(͒ ͍ͦͫͭ͊͊ͫ͟·ͪ·ͻ͒͊ͤͤ·ͻΣ Ϥнл˴ ͙ͭ͊͋͡ͼ)

˹͔͊͒͗ͤͦͫͭΈ ͙ ͻͪͯͨͦͫͭ͟Έ

GP1 ˾͔͔͍ͪ͘

˴ͦͤͼ͔ͨͼ͙Ύς͔ ͙͎͒ͤͦͦ ͪ ͔͔͍ͪ͊͘

΄͙ͤ͊ ͔ͦ͋ͣͤ͊ 9¢[ ͒͊ͤͤ·͙ͣ

ˤ ͫͯ͡;͔͊ ͫ͋ͦΎ

ˤ͔ͫͫ·ͪ·͔͒͊ͤͤ·͔͍͒ͦͫͭ͊͡ΎΌͭͫΎ͙͊ͣ͟͟ ͙ͤͣͯͣͤ 2͊ ͟ ͔͊ͫͭͪ͊͡, ͒͡Ύ ͙ͤͻ ͔ͤͭ

͔͋͊ͨ͊͟ ͍ ͨ͊ͭ͡ͺ͔ͦͪͣΣ ͭͦ͡Έͦ͟ ͤ͊ ͔ͫͭͦͪͦͤ ͋͊͘ ͙ͫͭͦ;͙͍ͤͦ͟

9¢[ ͒͊ͤͤ·͔ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎΌͭͫΎ ͤ͊ ͔͔͍ͪͪ͘ ;͔͔ͪ͘ ͔ͫͨͼ͙͊͡ΈͤͯΌ ΄͙ͤͯΣ ͦͤ͊ ͔͗

Ύ͍͡Ύ͔ͭͫΎ ͒͡Ύ ͙ͤͻ ͔͋͊ͨͦͣ͟

˾͔͔͍͘͘ ͙ Dtм ͫͭͦΎͭ ͍ ͪ͊ͤ͘·ͻ ͦͤ͊͘ͻ ͙͒ͦͫͭͯͨͤͦͫͭ

˽͙ͪͫ͋ͦΎͻ͍͔͔ͣͨͦ͘͡Έ͍͔͔͚͔͔͍ͦ͊ͭͤ͊ͪͪ͘͘͡

1.˻ͭ͊͘͟ ͡Ό͎͋ͦͦ ͔͎͔ͫͣͤͭ͊ 

͙͍͙ͨͪͦ͒ͭ ͙͔ͨͪͣͪͤͦ ͟ нл-30% 

͔͙ͨͦͭͪ ͙͍͙͔ͨͪͦͦ͒ͭ͘͡Έ͙ͤͦͫͭ

2.˴͔͊ͫͭͪ͡ ͔ͤ ͔͔͙͍͔ͨͪ͗͊ͭ ͦͭ͊͘͟ 

ͦͤ͘· ͙͒ͦͫͭͯͨͤͦͫͭ

3.˭͊ ͍͔ͫ ͎ͦ͒· ͣ· ͭ͊͟ ͙ ͔ͤ 

͙͙ͨͦͫͭͪͦ͡ ͔ͣͻ͙͊ͤͣ͘ ͎ͦͪΎ;͔͚ 

͔͊ͣͤ͘· ͦͭ͊͊͘͟ ͔ͣ͊ͫͭͪ͊
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ingest
(͒ ͍ͦͫͭ͊͊ͫ͟·ͪ·ͻ͒͊ͤͤ·ͻΣ Ϥнл˴ ͙ͭ͊͋͡ͼ)

˸͊ͫ΄͙͍͙͔ͭ͊͋ͪͦ͊ͤ

GP1 ˾͔͔͍ͪ͘

˹͊΄͔ͣ͊ ͫ΄͙͍͙͔ͭ͊͋ͪͦ͊ͤ͋·͙ͦͫ͡ ͡Έ͎͙ͤͦͦͪ͊ͤ;͔ͤͦ

΄͙ͤ͊ ͔ͦ͋ͣͤ͊ 9¢[ ͒͊ͤͤ·͙ͣ

ˤ ͫͯ͡;͔͊ ͫ͋ͦΎ

GP2 GP3

1. ˸·ͣ ͊ͫ΄͙͔ͭ͊͋ͪͯͣͫΎ͔͍͔͙ͨͯͭͣ͒ͦ͋͊ͤ͡Ύ

͍ͤͦ·ͻ͔͍͊ͫͭͪͦ͟͡

2. ˸·ͤ ͔ͣ ͔ͦ͗ͣͨͪ ͙ͦͫͭͦ͒ͦͤͯͭ͟Έ10 ͙ ͡2͙0 

͔͍͔͍ͫͪͪͦ, ͭ ͦ͡Έ͔ͦ͊ͫͭͪ͟͟͡

3. GP ͦ ;͔ͤΈ͎͙ͦͪ͊ͤ;͔͙ͤͤ͊ͦ͟͡;͔͍ͫͭͦ

͔ͨ͊ͪ͊͡͡͡Έͤ·ͻ͔͙͚ͫͫͫ

4. ͙́͊͋͡ͼ·͙ͫͤͻ͙͙ͪͦͤͪͯ͘ΌͭͫΎ͔ͣ͗͒ͯ

͔͙͊ͫͭͪ͊ͣ͟͡, Ήͭͦͨͦ ͔ͪͦ͗͒͊ͭ͋ͦ͡Έ΄͔ͦ

͙͍͙͔͒ͯ͋ͪͦ͊ͤ͒͊ͤͤ͡·ͻ, ͤ ͦ͘ ͊ͭͦ͒͊ͤͤ·͔

ͦ͊͟͡͡Έͤ·

5. ˸·ͨ ͦͫͭͦΎ͔ͤͤͦͪ΄͔͊ͣ͊͒͊͘;ͯάͪ Ό͊͊͘͟͟έ ͦ͋

Ήͺͺ͔͙͍͚͔͍͔ͭͤͦͪ͊ͫͫ͊͒ͫ͟͟ͻͤ͊΄͙ͻ

ͨͦ͡Έ͍͔͔͚ͦ͊ͭͨͦ͘͟͡ ͔͊ͫͭͪ͊ͣ͡

6. ˸·ͤ ͔ͣ ͔ͦ͗ͣ͊͘ ͍͙ͫͭ͊ͭΈͪ͊͋ͦͭ͊ͭΈͤ͊͒

͊͒͊͘;͔͚/͊ͨͪͦͫͦͣ͋ͦ͘͡Έ΄͔;͔7ͣ2 ͫ ͔͍͔ͪͪ͊.

7. ͙̊ͤ͊ͦ͋ ͔ͣͤ͊-͔΅͔ͦ͒ͤͦͯ͘ ͔͔ͦͣͫͭͦ͟, ͔ ͔

ͤͯ͗ͤͦͣ͊ͫ΄͙͍ͭ͊͋ͪͦ͊ͭΈ͎͍ͫͦ͊ͫͦ͊ͤͤͦ͡

8. ˩͙͒ͤ·͚͔͔͍͔͍͔ͪͪ͒ͦ͗ͤͣ͘͡΅͊ͭΈ͒͊ͤͤ·͔

͍͔ͫͻ͔͍͊ͫͭͪͦ͟͡

1. ˸·ͣ ͔ͦ͗ͣͣ͊ ͫ΄͙͍ͭ͊͋ͪͦ͊ͭΈ͔͍͊ͫͭͪ͟͟͡ ͦ͡-͍͔͔͍͔͍ͫͪͪͦͭͦ͡Έ͔͙͔ͦͫͦͫͭ͊ͭͫ͟͡Ύ144 

͔͎͔ͫͣͤͭ͊(ͤ Ή͊ͭͦͣ͋͊ ͙͔ͪͯͭͫ͘Ύ΄͙ͤ͊ͦ͋ ͔ͣͤ͊)

2. ˹ 1ͦ44 ͫ ͔͍͔͔ͪͪ͊ͯ͗ͫ;͙͔͙ͭ͊ͣͫ͡΄ͦͣ͟ͻ͚ͪͯͨͦͦͤ͟͟ͺ͙͎ͯͪ͊ͼ͙͔͚, ͨ ͦΉͭͦͣͯ͋ͦ͡Έ΄͔

72 ͤ ͔͙͔ͦ͒ͤͫͦ͋ͪ͊ͣ

3. ˸·ͦ ͎͙ͪ͊ͤ;͔ͤ·͍͘ ͔͊ͯͨͫ͊ͣ͟͟·ͻ͍͔͔ͫͦͪͣͤͤ·ͻ͔͍͔͍ͫͪͪͦ



˾͔͔͔͊ͫͨͪ͒ͤͤ͊͡Ύ

ˢͪͻ͙͔͔ͭͭͯͪ͊͊ͫͭͪ͊͟͟͡

Data Lake House (DLH)

8+ ͭ ·ͫΦ ͙͙͍͊ͤ͊ͭͦ͟͡ ͙ͯ͘;͊Όͭ ͒͊ͤͤ·͔

1. Storage (s3aaS)

2. Computeoverk8s

оΦ 5ŀǘŀ tƭŀǘŦƻǊƳ ͍͔ͦͭ;͔͊ͭ ͊͘ ͔͍͙ͫͪͫ·

͍ͫΎ͘·͍͊Ό΅͙͔ ǎо ͙ ͍͙͙͒͗͟Υ ͔ͣͭ͊͒͊ͤͤ·͔Σ

͔͋͊ͨ͟Σ ͍ͨͪ͊͊ ͒ͦͫͭͯͨ͊Σ etc

4. ʕ ͊͗ͤͦ ͙ͫͭͪͦͭΈ ͒ͦͫͭ͊ͭͦ;ͤͦ ͋ͦ͡Έ΄͙͔

ζ͙͙ͦͪͤ͘͟͟η ͭ͊͟ ;ͭͦ͋· ͦͨΎͭΈ ͔ͤ

ͫͭͦͤͯͭ͟͡ΈͫΎ ͫ ͔͚ͨͪͦ͋ͣͦ͡ ζͪΌ͊͊͘͟͟η

5. ˨ ͦ͟ ͦͤͼ͎͍͍͙͔͊ͦ͒͊ͦ͒ͣ΅~͔12PB ͨ ͦ͒

͒͊ͤͤ·͔3͙0PB ͨ ͦō͒ŀŎƪǳǇΣ ол˴ cpu͒͡Ύ

compute

dlh-services
(control plane &

metadata)

s3-dwh01 ~1.4PB

M4
16 servers

M1
16 servers

DS
16 servers

s3-dwh02 ~1.4PB

M5.31
16 servers

M2
16 servers

DS
16 servers

s3-dwh03 ~1.4PB

M5.31
12 servers

M2
12 servers

DS
12 servers

s3-dwh

s3-dwh-
backup

s3-dwh-backup ~3.3PB

M4
36 servers

k8s-Řǎ Ϥ сΦр˴ ŎǇǳ

DS
50 servers

k8s-m5.31 ~6.5K cpu

M5.31
50 servers

spark

trino
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ˮ͔ͤͫͭͪͯͣͤͭ·͙͊ͤ͊͊͘͡
͋ͦ͡Έ΄͙ͻ͎ͪ͊ͺ͍ͦ

32



ˮ͔ͤͫͭͪͯͣͤͭ· ͙͊ͤ͊͊͘͡ ͋ͦ͡Έ΄͙ͻ ͎ͪ͊ͺ͍ͦ

33



ˤ ;͔ͣ ͫͦ͗ͤͦͫͭ͡ΈΚ

˥ͪ͊ͺ ͫ ͦͭͦͪ͟·ͣ ͤͯ͗ͤͦ ͋·ͫͭͪͦ ͪ͊͋ͦͭ͊ͭΈ

улл ͣͤ͡
͍͔ͪ΄͙ͤ ͫ ͙͙͊ͭͪ͋ͯͭ͊ͣ

ул ͣͪ͒͡
͍ͫΎ͔͚͘ ͔ͣ͗͒ͯ ͙͙ͤͣ ͎͔͒ ͔ͭͦ͗ нлҌ ͙͍͊ͭͪ͋ͯͭͦ ͤ͊ ͍ͫΎ͘Έ

̉ͭͦ ͔ͭ͊ͦ͟ ˤˢˬ˹̍˩ ͍͔ͪ΄͙ͤ· ͙ ͍ͫΎ͙͘Κ

͔̇ͤͭͪ͊͡Έ͙ͤͦͫͭ ͒͡Ύ ͍͔ͪ΄͙ͤ

˿ͻ͔ͦ͗ͫͭΈ ͔͔ͪ͋ͪ

˽͙͔ͪͤ͊͒͗ͤͦͫͭ͡Έ ͟ ͎ͪͯͨͨ͊ͣ

ˣ͙ͦͫͭ͘͡Έ ͟ ͙͊ͤͦͣ͊͡Ύͣ ͍ ͎ͪ͊ͺ͔

Χ˴͊͟ ͨͦͤΎͭΈΣ ;ͭͦ ͣ· ͨͦͯ͡;͙͙͡ ;ͭͦ-ͭͦ ͼ͔͔ͤͤͦΚ

Χ͙ ͨͦ;͙ͭ ͫͪ͊ͯ͘ ͖͙ͯͨͪͫ͡Έ ͍ ͔ͫͭͤͯ ͍·;͙͔͙͚ͫͤ͡ ͍ 5²IΣ

͊ ͔ͦͨͤͫͦͪͫͤ·͔ ͙͙͔͙͋͋ͦͭ͟͡ ͔ͤ ͪ͊͋ͦͭ͊Όͭ ͤ͊ ͣ͊ͫ΄͔ͭ͊͋

͙͍͙͔̂͒ͭ͡Έͤͦ ;ͭͦ Ή͙ͭ ͒͊ͤͤ·͔ ͙ͦ͊͊ͫ͘͟͡Έ ͼ͔ͤͤ·͙ͣ
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˹ͯ͗ͤ· ͙͔ͤͫͭͪͯͣͤͭ· ͒͡Ύ
ͪ͊͋ͦͭ· ͫ ͋ͦ͡Έ΄͙͙ͣ ͎ͪ͊ͺ͙͊ͣ

˴ͦͣ͊ͤ͒͊ R&D

˴͊͟ ͔ͫ͒͊ͭ͡Έ ͭ͊͟Σ ;ͭͦ͋· ͼ͔ͤͤͦͫͭΈ ͙͘ ͍ͫΎ͔͚͘ ͣͦ͗ͤͦ ͋·ͦ͡ ͔ͪ͊͡Έͤͦ ͋·ͫͭͪͦ ͨͦͫ;͙ͭ͊ͭΈ ͤ͊ ͎ͪ͊ͺ͔ ͍ ͙ͫͦͭͤ

͙͙͍ͣͦͤͦ͡͡ ͍͔ͪ΄͙ͤΣ ͙ͫͭͪͦͭΈ ͙ ͍͔ͨͪͦͪΎͭΈ ͎͙͔ͨͦͭ͘·Σ ͨͦͯ͡;͊ͭΈ ͒͊ͤͤ·͔ ͒͡Ύ ͦ͋ͯ;͔͙ͤΎ ͙ ͙ͤͺ͔͔͍ͪͤͫ͊ ͨͪ ͔ͦ͒.

01

˿͙͔ͦ͋ͪ͊ͣ ͙ ͍ͦ͋ͤͦ͡Ύ͔ͣ

͋ͦ͡Έ΄͙͔ ͎ͪ͊ͺ·

͙͘ ͒͊ͤͤ·ͻ ͙͙ͦͣͨ͊ͤ͟

˨͊ͤͤ·͔ ͎ͪ͊ͺ͊

03

˻͖ͭ͒͊ͣ ͔ͪͯ͘͡Έ͍ͭ͊ͭ ͔͙ͣͦ͒͡

͙ ͨͪͦ͒ͯͭ͟· ͙͔͋ͤͫ͊͘

͔̇ͤͤͦͫͭΈ ͍ ͔ͨͪͦ͒

02

˿;͙͔ͭ͊ͣ ͔͙͙ͣͭͪ͟Σ

͔͊ͫͭͪ͟͡· ͙ ͙͙ͨͪͤ͊͘͟

ͤ͊ ͋ͦ͡Έ΄͙ͻ ͎ͪ͊ͺ͊ͻ

ˮ͔ͤͫͭͪͯͣͤͭ·
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˽ͦ;͔ͣͯ ͙͙͊ͤ͊ͭ͊͟͡ ͤ͊ ͎ͪ͊ͺ͔ τ
͊͒͊͘;͊ ͒͡Ύ ͙͔͔͎ͤ͗ͤͪͤͦͦ R&D

˸͔͎͙ͭͦ͒ͦͦ͡;͔ͫ͊͟Ύ ͫͦ͗ͤͦͫͭ͡Έ01

ˢ͎͙͙ͦͪͭͣ͡;͔ͫ͊͟Ύ ͫͦ͗ͤͦͫͭ͡Έ02

͔́ͻ͎͙ͤͦͦ͡;͔ͫ͊͟Ύ ͫͦ͗ͤͦͫͭ͡Έ03

ˣͦ͡Έ΄͙͔ ͔ͪ͊ͣͪ͘· ͒͊ͤͤ·ͻ04 PageRank Harmonic centrality

TOP IMDB
Actors

They have
largest degrees

They are closed
to all the other nodes, and
have larger degrees

They are closed all the other
nodes

Lots of path passing through
these nodes
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˴͊͟ ͋·ͫͭͪͦ ͨͦͤΎͭΈ
;͔ͣ ͼ͔͔ͤͤ ͎ͪ͊ͺΚ

37

˹͔ͦ͋ͻ͙ͦ͒ͣͦΥ

High Clustering

Coefficient

Degree=4

Triangle=4

High Betweenness

Centrality

High Closeness

Centrality

˹͊ ͙͋ͦ͡Έ΄͊Ύ͔͔ͫͭͨͤΈ ̂͘͡·-ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪ·ˤ͙͡Ύ͔ͭ͡Έͤ·͔

˸ͦͫͭ· ˸ͦͫͭ· ͫ ͍·͚ͫͦͦ͟
͔͔ͫͭͨͤΈΌ

˸ͦͫͭ· ͫ ͙͍͚ͤͦͪͣ͊ͦ͊ͤͤͦ͘͡
͍͊͗ͤͦͫͭΈΌ

Ҧ ˣ·ͫͭͪͦ ͙ ͔͒΄͔͍ͦ ͔ͨͪ͒ͪ͊ͫ;͙ͭ·͍͊ͭΈ ͔͙͙ͣͭͪ͟ ͤ͊

͎ͪ͊ͺ͔

Ҧ ̏ͺͺ͔͙͍ͭͤͦ͟ ͻ͙ͪ͊ͤͭΈ ͒͊ͤͤ·͔ ͪ͊ͫ;͔͍ͭͦ

Ҧ ˮ͔͍ͫͫ͒ͦ͊ͭ͡Έ ͙͊ͨͪͦͫ͊ͣ͘ ͋ͦ͡Έ΄͚ͦ ͎ͪ͊ͺ ό͙ͫ͊ͭ͟Έ

͔͔͚ͫͦͫ͒Σ ͙͊ͭͪ͋ͯͭ·Σ ͦ͋ͻ͙ͦ͒ͭΈ ͙ͨͯͭΣ ͫ;͙ͭ͊ͭΈ ͎͔͎͊ͪ͊ͭ·ύ

Ҧ ˮ͔͔͙͍ͤͭͪͨͪͭͪͦ͊ͭΈ ͤ͊͘;͔͙ͤΎ ͨͦͯ͡;͔ͤͤ·ͻ ͔͙ͣͭͪ͟ ͙

͔͔͙ͦͨͪ͒ͭ͡Έ ͼ͔ͤͤͦͫͭΈ ͒͡Ύ ͪ͊ͤ͘·ͻ ͊͒͊͘;

Ҧ ˿͙ͭͪͦͭΈ ͺ͙;͙ ͒͡Ύ ͔͔͚ͣͦ͒͡ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘

͎ͪ͊ͺ͊Σ ͎͔͎͙͍͊ͪͪͦ͊ͭΈ ͫ ͎͙͙͒ͪͯͣ ͒͊ͤͤ·͙ͣ



˥͔͒ ́-ˣ͊ͤ͟ ͙ͫͨͦ͡Έ͔ͯͭ͘
͎ͪ͊ͺ·

ML-͔͙ͣͦ͒͡ Ŏ ͺ͙;͙͊ͣ ͍͔ͪ΄͙ͤ

͙ ͍ͫΎ͔͚͘ ͙͘ ͎ͪ͊ͺ͊

OLTP-ͫͼ͔͙ͤ͊ͪΎͻ ͙͊ͤ͊͊͘͡

͔͙ͦͪͯ͗ͤ͟Ύ ͙͔ͤͭ͊͟͡

˾͊ͫ;͔ͭ· ͤ͊ ͙͙ͫͭͦͪ;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻ

͔̇ͤͤͦͫͭΈ ͎ͪ͊ͺ͍ͦ ͒͡Ύ ͦͣ͊ͤ͒͟ ́-ˣ͊ͤ͊͟

Self-service-ͫͼ͔͙͙ͤ͊ͪ ͙ discovery

͍ͫΎ͔͚͘ ͤ͊ ͎ͪ͊ͺ͔

ˤ·Ύ͍͔͙͔ͤ͡ ͫͦͦ͋΅͔͍ͫͭ ͙ ͙͚͊ͤͦͣ͊͡

͍ ͎ͪ͊ͺ͔ ͍ͫΎ͔͚͘

˾͔͍͔͙͊ͫͫ͒ͦ͊ͭ͡͡ ˾͙͙ͫ͟

˿ͦͼ͙͊͡Έͤ·͔

͔͙ͫͭ
˽͙ͪͦ͒͊͗

ˮͤͺͪ͊ͫͭͪͯͭͯͪ͊͟ ˮ͍͔͙ͤͫͭͼ͙͙

ˢ͙ͤͭͺͪͦ͒˽͙͍͔ͪ͡;͔͙͔ͤ

Graph
Analytics
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˥ͪ͊ͺ͍ͦ͊Ύ͙͙͊ͤ͊ͭ͊͟͡ ͍ ͔ͦ͋͊͟͡
GraphAr+

̅ͦͪͣ͊ͭ ͻ͔͙ͪ͊ͤͤΎ

͎ͪ͊ͺ͍ͦ ͍ ͔ͦ͋͊͟͡

˨͊ͤͤ·͔ ͍ S3
ˢ͙͙ͤ͊ͭ͡;͔͙͔ͫ͟ ͔͙͙ͣͭͪ͟

͙ͪ͊͘͡;ͤ·ͻ ͎ͪ͊ͺ͍͍ͦ DLH

˽͍ͦͫͭ͊͊͟ ͒͊ͤͤ·ͻ

ͤ͊ ͔͎ͪͯ͡Ύ͚ͪͤͦ ͍͔ͦͫͤͦ

ˮ͔ͤͫͭͪͯͣͤͭ·
ͪ͊ͫ;͖͍ͭ͊ͦ ͔͋͊͟͡
̏ͺͺ͔͙͍ͭͤͦ͟ ͍·;͙ͫ͡Ύ͔ͣ ͤ͊ ͦ͋΅͔͚

͙ͤͺ͔͙͙ͪ͊ͤ͊ͭͯ͟͡ ͤ͊ ͎ͪ͊ͺ͊ͣ

ˤ͙ͯ͊͘͡Έͤ͊Ύ
͙͙͊ͤ͊ͭ͊͟͡

˽͚͚͊ͨ͊ͤ͡·
ͦͼ͔ͤ͊͟
͍͙͡Ύ͙ͤΎ

˻͋͊͡;ͤ·͚
͊ͨͪͦͫͤ͘·͚ ͫͦͺͭ
DuckDBGraphAr

˥ͪ͊ͺ͍ͦ͊Ύ
˽͊ͭ͡ͺͦͪͣ͊

-́ˣ͊ͤ͊͟
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˹͍ͦ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͤ͊ ͋ͦ͡Έ΄͙ͻ ͎ͪ͊ͺ͊ͻ
˩͙͒ͤ͊Ύ ͔ͫͪ͒͊ ͒͡Ύ ͪ͊͋ͦͭ· ͫ ͪͯͨͤ͟·͙ͣ ͎ͪ͊ͺ͙͊ͣ ͒͊͊͡ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙͔͍ͫͫ͒ͦ͊ͭ͡Έ ͍ͤͦ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ

Dbb ͤ͊ ͎ͪ͊ͺ͊ͻ

˨ͦͫͭͯͨ ͟ ͔ͫͨͼ͙ͺ͙;͔͙ͫͣ͟ ΄͊͋ͦͤ͊ͣ͡ н-hop

͔͙ͦͪͯ͗ͤ͟Ύ ͙ͫ͡΄ͦͣ͟ ͔͔ͣ͒ͤͤ͡·͚ ͒͡Ύ ͔ͪ͡Ύͼ͙͎ͦͤͤͦͦ

ͻ͙͙ͪ͊ͤ͡΅͊Φ

DCa ͙ wCa

˨͡Ύ ͦ͋ͯ;͔͙ͤΎ ͤͯ͗ͤ· ͋ͦ͡Έ΄͙͔ ͦ͋Ά͖ͣ· ͎ͪ͊ͺ͍ͦ·ͻ

͒͊ͤͤ·ͻΦ

͙̅͡Έͭͪ͊ͼ͙Ύ ͔͙ͦͪͯ͗ͤ͟Ύ

˴͊͟ ͔͙ͨͪͦͪ͒ͭΈ ͔͙͔ͦͪͯ͗ͤ͟ ͔͋͘ ͔͙ͨͦͭͪ ͊͟;͔͍ͫͭ͊

͔͔ͨͪ͒ͫ͊͊ͭ͘͟͡Έͤ·ͻ ͔͔͚ͣͦ͒͡ ͤ͊ ͋ͦ͡Έ΄ͦͣ ͎ͪ͊ͺ͔Φ

˿͙͙ͭ͊ͭͫͭ;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ

˽͍͔ͪͦͪ͊͟ ͙͙ͫͭ͊ͭͫͭ;͔͙ͫ͟ͻ ͎͙͔ͨͦͭ͘ ͔͔ͭͪ͋ͯͭ

͙͔͍ͤͫͭͪͯͣͤͭͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͎ͪ͊ͺ͊Φ
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ˮ͔͍͙͔͍ͫͫ͒ͦ͊ͤͫͨͦͫͦ͋ͦ͡
ͻ͔͙ͪ͊ͤͤΎ͒͊ͤͤ·ͻ
͍ͦ ͔͋͊͟͡
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LPG ΉͭͦΥ

͍͔ͪ΄͙ͤ·

͖ͪ͋ͪ͊

͔͙ͣͭ͟ς͟ ͙͊ͫͫ͡ͺ͙͊ͭͦͪ͟· ͍͔ͪ΄͙ͤ

͍͚͍͍͔ͫͦͫͭ͊ͪ΄͙ͤ ͙ ͖͔ͪ͋ͪ

˽͔ͪͦ͋ͣ͡·Υ

͔ͤͭ ͙͍͔ͯͤͪͫ͊͡Έ͎ͤͦͦ ͫͨͦͫͦ͋͊

͔͍͙ͨͪ͒ͫͭ͊ͭΈ ͎ͪ͊ͺ

͙ͨͦͫ͟ ͔͔͚ͫͦͫ͒ Ήͭͦ ͯ͟;͊ JOIN-͍ͦ

ͺ͙͡Έͭͪ͊ͼ͙Ύ ͔ͣͭͦ͟

͔ͤ ͔͙͍͔ͨͦ͒͒ͪ͗͊ͭͫΎ

˽͙͔ͪͣͪ ͨͪͦͼ͔ͫͫ͊ ͍·͔͙ͨͦͤͤ͡Ύ ͊ͨͪͦͫ͊͘ ͟ LPG

͍ ͙ͭ͊͋͡;ͤͦͣ ͔͍͔͙͙ͨͪ͒ͫͭ͊ͤ͡

Nodes

Nodes Nodes

Rel
ati

on
shi

ps

Types

Relationships

Typeprioritets

Table A

Table B C

Labeled Property Graph (LPG)
͍ ͙ͭ͊͋͡;͚ͤͦ ͺ͔ͦͪͣ
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Apache GraphAr: ͎ ͪ͊ͺ͍ͦ·͚͊ͪͻ͙͍

˻͎͙ͪ͊ͤ;͔͙ͤΎ:

1
͔ͤ ͔͊ͣͤ͘Ύ͔ͭ ͫͯ΅͔͍ͫͭͯΌ΅͙͔ ͺͦͪͣ͊ͭ· ͍

DLHΣ ͭͦ͡Έͦ͟ ͍͒ͦ͋͊͡Ύ͔ͭ ͺͯͤ͟ͼ͙͙ ͒͡Ύ [tD

͔ͤ ͍·;͙͙͔ͫͭ͡͡Έͤ·͚ ͍͙͒͗ͦ͟ ͎ͪ͊ͺ͍ͦΣ

ͨͪͦͫͭͦ ͊ͪͻ͙͍ͤ·͚ ͺͦͪͣ͊ͭ ͙ ͙ͫͭͦ;͙ͤ͟

͒͊ͤͤ·ͻ ςͨ ͦ ͙ͫͯͭ ͎ͪ͊ͺ͍ͦ·͚Storage

͒͊ͤͤ·͔ ͔͙͔ͤͣͤ͘Ύ͔ͣ· ͔ͨͦͫ͡ ͙ͻ ͙ͫͦ͒͊ͤ͘Ύ

όͤͦ ͣͦ͗ͤͦ ͍͙͒ͦ͋͊ͭΈ ͍ͤͦ·͔ ͍͚͍ͫͦͫͭ͊ ͟

ͫͯ΅͔͍ͫͭͯΌ΅͙ͣύ

2

3

1 ˻ͭͪ͟·ͭ·͚Ήͺͺ͔͙͍ͭͤ͟·͚ ͺ͚͍͊ͦ͡·͚ ͺͦͪͣ͊ͭ ͒͡Ύ

[tD ͍ DLH

2

3

˿͍͔͙ͦͣͫͭͣ ͊͟͟ ͫ DLH,

ͭ͊͟ ͙ ͫͯ΅͔͍ͫͭͯΌ΅͙͙ͣ ͙͔͙ͤͫͭͪͯͣͤͭ͊ͣ

͙ ͙͔͙ͫͫͭͣ͊ͣ

˽͔͎͔ͪ͒͊͊ͭ͡ ͫͭ͊ͤ͒͊ͪͭ LPG͒ ͡Ύ ͔ͦ͋ͣͤ͊ ͒͊ͤͤ·͙ͣ

͔ͣ͗͒ͯ ͪ͊ͤͦͪͦ͒ͤ͘·͙ͣ ͎ͪ͊ͺ͍ͦ·͙ͣˣ˨͙

͙͔͙ͫͫͭͣ͊ͣ

Apache GraphArHome
https://graphar.apache.org/

Apache GraphArGitHub
https://github.com/apache/incubator-graphar

͔͔ͨͪ͒ͦ͗ͤ͡ ͍ нлно ͎ͦ͒ͯ ͙͔͚ͦͣͨ͊ͤ͟ Alibaba

43



GraphAr͊͟͟ ͔ͪ΄͔͙͔ͤ ͔ͨͪͦ͋ͣ͡ [tD ͍ 5[I

ͺ͚͊͡· YAML ͒ ͡Ύ ͙͙ͦͨͫ͊ͤΎ ͔͙ͣͭ͊ͤͺͦͪͣ͊ͼ͙͙

͙͔ͪ͊ͪͻ͙;͔ͫ͊͟Ύ ͫͭͪͯͭͯͪ͊͟ ͺ͚͍͊ͦ͡

͒͡Ύ ͙͔͚ͦͤͭͪͦͪͯͣͦ͟͡ ͔͎͔ͫͣͤͭ͊ͼ͙͙

ͻ͔͙͔ͪ͊ͤͤ ͒͊ͤͤ·ͻ ͍ Parquet/ ORC

GraphAr ͊ ͙͔͒͊ͨͭͪͯͭ ͔ͭͻ͙ͤͯ͟ RLE (Run-Length

Encoding) ͦ ͭ Parquet ͙  ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͍ͤͦ·͚

͎͙͊ͦͪͭͣ͡ ͔͙͍͙͒ͦ͒ͪͦ͊ͤ͟Ύ ͤ͊ ͍͔ͦͫͤͦ

͙͔͍͍ͤͭͪ͊ͦ͡

˿ͦͻ͔͙͔ͪ͊ͤͤ ͔͙͙ͫͣ͊ͤͭ͟ LPG ͙  ͔ͪ΄͔͙͔ͤ ͔ͨͪͦ͋ͣ͡·
ͺ͙͡Έͭͪ͊ͼ͙͙ ͔ͣͭͦ͟

͔͙͔̆ͪ͊ͤͤ ͖͔ͪ͋ͪ ͍ ͙͍ͦͭͫͦͪͭͪͦ͊ͤͤ·ͻ ͙ͭ͊͋͡ͼ͊ͻ ͍ Parquet ͍  ͍͙͔͒ ͙͍ͫͨͫͦ͟

͔͙ͫͣ͗ͤͦͫͭΥ

order_by_source/ CSR (ͫ ͗͊ͭ͊Ύ ͔͔ͪ͊ͪ͗ͤͤ͊͘Ύ ͫͭͪͦ͊͟ύ

order_by_dest/ CSC (ͫ ͗͊ͭ·͚ ͔͔ͪ͊ͪ͗ͤͤ͘·͚ ͔ͫͭͦ͋͡ͼύ

unordered_by_source& unordered_by_dest/ COO (coordinate format),

ͻͪ͊ͤΎͭͫΎ ͭͦ͡Έͦ͟ ͔͔͍ͤͤͯ͡·͔ Ή͔͔ͣͤͭ͡· ͙ ͙ͻ ͔ͤͦͣͪ͊ ͫͭͪͦ͟ ͙

ͫͭͦ͋͡ͼ͍ͦ

ͤ͊ ͍͔ͦͫͤͦ ͎͙͍͙ͪͯͨͨͪͦ͟ ͨͦ ͍͔͔ͤͯͭͪͤͤͣͯ id

˨͔͡Έͭ͊-͙͍͙͔ͦ͒ͪͦ͊ͤ͟ Parquet ͒ ͡Ύ ͙͔͙ͫͤ͗ͤΎ ͤ͊͊͒ͤ͟͡·ͻ ͪ͊ͫͻ͍ͦ͒ͦ

͙ͨͪ ͻ͔͙͙ͪ͊ͤͤ ͙ ͎͔͊ͪͯ͘͘͟ ͒͊ͤͤ·ͻ

ˢ͎͙ͦͪͭͣ͡· ͔͙͍͙͒ͦ͒ͪͦ͊ͤ͟Ύ ͙ͫͨͦ͡Έͯ͘Ό΅͙͔ ͍͔͙ͭͦͪ͊͘͟ͼ͙Ό όBMI ͙  SIMD)

ˤ·͍͔ͪͦͤͤͤ·͔ ͨͦ ͙ͫͭͪ͊ͤͼ͊ͣ ͔ͦ͟͟͡͡ͼ͙͙ όPAC)͒ ͡Ύ ͒͊͡Έ͔͚ͤ΄͔͎ͦ

͔͙ͯͫͦͪͤ͟Ύ ͨͪͦͼ͔ͫͫ͊ ͙ͨͦͫ͊͟ ͔͔͚ͫͦͫ͒

˾͔΄͔͙͔ͤ ͔ͨͪͦ͋ͣ͡· ͙ͨͦͫ͊͟ ͔͔͚ͫͦͫ͒
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͚͍̂ͫͭͪͦͫͭͦ GraphAr

˨ͦͫͭͯͨ ͟ ͒͊ͤͤ·ͣ ͔͋͘ ͫ;͙ͭ·͍͙͊ͤΎ ͍͔ͫͻ ͒͊ͤͤ·ͻ ͍ ͨ͊ͣΎͭΈ

͔̂͒ͦ͋ͤͦ ͍͔͙͔͒ͦ͋͊ͤ͡ ͍ͤͦ·ͻ ͍͚͍ͫͦͫͭ ͟ ͎ͪ͊ͺͯ

͔͋͘ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͔͎͙ͪͦͪ͊ͤ͊͘ͼ͙͙ ͒͊ͤͤ·ͻ

̏ͺͺ͔͙͍͔ͭͤͦ͟ ͻ͔͙͔ͪ͊ͤͤ ͙ ͒ͦͫͭͯͨ ͟ ͒͊ͤͤ·ͣ

͍ ͔͔͔͚ͪ͊ͫͨͪ͒ͤͤͦ͡ ͔͔ͫͪ͒ ͙ ͔ͨ͊ͪ͊͡͡͡Έ͚ͤͦ ͔ͦ͋ͪ͊͋ͦͭ͟
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ˮ͔ͤͫͭͪͯͣͤͭ·
͒ͦͫͭͯͨ͊͒͟ ͊ͤͤ·ͣ
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DuckDBextensions
DuckPGQ

ExecuteParse

Optimize

Optimize

Execute

ResultsBind

BindExecuteDuckPQO

DuckDB
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Duck-GraphAr

˾͊ͫ΄͙͔͙͔ͪͤ duck-graphar

͒͡Ύ DuckDB, ͒ ͍ͦ͋͊͡Ύ͔ͭ read-only ͨ ͔ͦ͒͒ͪ͗ͯ͟

ͺͦͪͣ͊ͭ͊ GraphAr

ˮ͔͔͙ͣͪͤ͘Ύ ͨͦͯ͡;͙͍΄͔͎ͦͫΎ ͔ͪ΄͔͙ͤΎ ͍

͍͔͙͙ͫͪ͊ͤͤ ͫ ͎͙͙͒ͪͯͣ ͺ͙ͦͪͣ͊ͭ͊ͣ ͍ ͪ͊ͣ͊͟ͻ

Ή͙͔ͦͫͫͭͣ͟· DuckDBͨ ͦ͊͘͟·͍͊Όͭ ͤ͊͘;͙͔ͭ͡Έͤ·͚

Ήͺͺ͔ͭ͟ ͍ ͙ͫͦͪͦͫͭ͟ ͙ ͔͔͙͙ͨͦͭͪ͋ͤ͡ ͔͍ͪͫͯͪͫͦ

˽͔͙͔ͦ͒͒ͪ͗͊͒͊ͭ͊͟͟͡ SQL/PGQ͙  ͔͎ͦ

͙͙ͦͨͭͣ͊͘ͼ͙͚

˾͔͊͋ͦͭ͊ͭ ͤ͊ͨͪΎͣͯΌ ͫ S3 ͍  zero-copy ͪ ͔͙͔͗ͣ

˾͊ͫ΄͙͔͙͔͙͍ͪͤͦͨͯ͋ͦ͊ͤͦ͊͟͟͟͡OpenSource
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1-hop
ˣ͙͚͗͊͡΄͔͔ ͔͙͔ͦͪͯ͗ͤ͟ ͍͔ͪ΄͙ͤ·

ˢͭͯ͊͟͡Έͤͦ ͒͡Ύ ͎ͪ͊ͺ͍ͦ·ͻ͍͖ͫͪͭͦ͟ όͫͦͪ͟ ͨͦ
͔͖ͯͫͪ͒ͤͤͤͦͣͯ ͔͙ͦͪͯ͗ͤ͟Ύύ

˿ͼ͔͙͙͔͙͎ͤ͊ͪͫͣͨͤ͊͡

˽͙͍ͦͫͫ͟Ύ͙͘
˽͍͔͙ͪͦͪͭΈ ͙ͤ͊͡;͙͔ ͍ͫΎ͙͘ ͔ͣ͗͒ͯ ͍͒ͯͣΎ

͍͔ͪ΄͙͙ͤ͊ͣ

˨͎ͦͪͦͦ

͒͡Ύ ͋ͦ͡Έ΄͙ͻ ͎ͪ͊ͺ͍ͦ

˻;͔ͤΈ-ͦ;͔ͤΈ ͎͒ͦͪͦͦ

͒͡Ύ ͋ͦ͡Έ΄͙ͻ ͎ͪ͊ͺ͍ͦ

͍ ͙ͭ͊͋͡;ͤͦͣ ͔͍͔͙͙ͨͪ͒ͫͭ͊ͤ͡

2-hop
˨ͪͯ͘ΈΎ-͔͚͒ͪͯ͘ ͍͔ͪ΄͙ͤ·

ˢͭͯ͊͟͡Έͤͦ ͒͡ΎΥ

GNN - Graph Neural Network

ͫΉ͙͍͙ͣͨͪͦ͊ͤ͡Ύ͎ͪ͊ͺ͊

͙͊ͤ͊͊͘͡ ͔͔͔ͨͪͫ;͔͙ͤΎ ͔͙͚ͦͪͯ͗ͤ͟

˨͎ͦͪͦͦ ͒͡Ύ ͋ͦ͡Έ΄͙ͻ ͎ͪ͊ͺ͍ͦ ͍

͙ͭ͊͋͡;ͤͦͣ ͔͍͔͙͙ͨͪ͒ͫͭ͊ͤ͡
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duck-graphar: ͨ ͙ͦͫ͟ 2-hop͔͔͚ͫͦͫ͒

1

10

100

1,000

10,000

Greenplum

352

Trino

962

DDB

39

Parquet

8,006

Hive

653

Iceberg

3,190

GraphAr

12

ˤ
ͪ
͔
ͣ
Ύ
 
͍
·
ͨ
ͦ
͡
ͤ
͔
ͤ
͙
Ύ
Σ
 
ͫ

Friends 24-01

x9

x29

˴͔͊ͫͭͪ͡ ͨ͊ͭ͡ͺͦͪͣ· ͒͊ͤͤ·ͻ

1ͦ͋͊͡;ͤ·͚
ͺ͔͚͍ͦͪ͡

˿͔͙͚ͪ͒ͤ ͔ͪ͊ͣͪ͘ н-hop ͒ ͡Ύ ͚ͦ͒ͤͦ ͍͔ͪ΄͙ͤ· рΣр ͙͙͍ͣͦͤͦ͡͡
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DuckDB
DuckPGQ
Duck- GraphAr

˽ͦ͊͘͟·͍͔͊ͭ ͍·ͫͦͯ͟Ό ͙͍͙͔ͨͪͦͦ͒ͭ͘͡ΈͤͦͫͭΈ ͒͡Ύ ͋ͦ͡Έ΄͙ͻ

͎ͪ͊ͺ͍ͦ ͤ͊ ͔͋ͤ;ͣ͊ͪ͊͟ͻ LDBC SNB ͙ LSQB

ˮ͔͔ͣͭ ͙͙͙͍ͦͨͭͣͪͦ͊ͤͤ͘·͚ ͺͯͤ͟ͼ͙ͦͤ͊͡ ͒͡Ύ ͔͙͎ͫͣͨͤ͊͡

͋ͦ͡Έ΄͎ͦͦ ͎ͪ͊ͺ͊ ͙ ͎͍͙ͨͦ͒ͦͭͦ͟ ͒͊ͤͤ·ͻ ͒͡Ύ ML͍ ͍͙͔͒

UDF ͒ ͡Ύ ͍͙͊ͪ͊ͼ͙͚ 1-hop ͙  н-hop

ˮ͔͒ͭ ͪ͊͋ͦͭ͊ ͤ͊͒ ͙͙ͦͨͭͣ͊͘ͼ͙͔͚ ͨ͊ͤ͊͡ ͊ͨͪͦͫ͊͘ ͤ͊͒

GraphAr

˨͔ͦͫͭͯͨͤ ͙͙͊ͤ͊ͭ͊ͣ͟͡ ͍ ͍͋͊ͦͦͣ͘ ͔ͦ͋ͪ͊͘ ˥ͪ͊ͺ͍͚ͦͦ

ͨ͊ͭ͡ͺͦͪͣ·

˭͊ͨͪͦͫͤ·͚ ͔ͫͭ͊ͨ͒͡Ύ ͋ͦ͡Έ΄͙ͻ ͎ͪ͊ͺ͍ͦ
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˭͊ͨͪͦͫ· ͟ GraphAr
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˻͙͙ͨͭͣ͊͘ͼ͙Ύ ͍ͨ͊ͤͦ͡ ͙͔͙ͫͨͦͤͤ͡Ύ(join Ҧ udf )

LSQB Q2 SF100
199 sec Ҧ нн ǎŜŎ
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˴͊ͪͭ͊ ͔ͦͣͨͦͤͤͭ͟ ͎ͪ͊ͺ͍͚ͦͦͨ͊ͭ͡ͺͦͪͣ· ͍ ́

˭͊ͨͪͦͫͤ·͚ ͍͙͒͗ͦ͟ DuckDB+
ͪ͊ͫ΄͙͔͙͔ͪͤ GraphAr

ˮ͔͎ͤͭͪ͊ͼ͙Ύ ͙͔͍ͤͫͭͪͯͣͤͭͦ ͍
Helicopter ͙  MLC

DuckDBas a Service

͔́ͣͨͦͪ͊͡Έͤ·͔͔͙͙ͣͭͪ͟ ͙ Ή͔͙͎͙ͣ͋͒͒ͤ

pygaτPython-͙ ͔ͤͭͪͺ͔͚ͫ

˿͔ͨͼ͙͙͙͍͔͊ͪͦ͊ͤͤͦ͘͡ ͻ͙͙ͪ͊ͤ͡΅͔ ͤ͊ ͒ͦͪ͊͋ͦͭ͊ͤͤͦͣ ͺ͔ͦͪͣ͊ͭ GraphAr

˥ͪ͊ͺ· ͔͔ͨͪ͒ͣͭͤ·ͻ ͔͚ͦ͋͊ͫͭ͡ ˴͔ͦͤͭͫͭͤ͟·͔ ͎ͪ͊ͺ·˥ͪ͊ͺ· ͨͦ ͦ͒ͯ͟˨͊ͤͤ·͔

͔͙͔̆ͪ͊ͤͤ

ˤ·;͙͔͙͔ͫͤ͡

˨ͦͫͭͯͨ

̊͊͋ͦͤ͡· ͒ͦͫͭͯͨ͊ ͟ ͔͙ͦͪͯ͗ͤ͟Ύͣ ͒͡Ύ Dbb
ˮͤͺͪ͊ͫͭͪͯͭͯͪ͊͟ ͦ͋ͯ;͔͙ͤΎ
͎ͪ͊ͺ͍ͦ·ͻ͔ͪ΄͔͔͚͊ͭ͡ όDbbύ

OLTP-͔ͪ΄͔͙͔ͤ ό͎˿̂ˣ˨)

˴͍͔͚͔ͦͤͪ ͍͔͔͙ͤͫͤΎ ͍͎ͤͦͦͦ ͎ͪ͊ͺ͊

gaτͪ͊ͫ;͖ͭͤ͊Ύ ͙͙ͯͭͭ͊͡

˽͍ͦͫͭ͊͊͟ ͍ FeatureStore/ DLH

˥ͪ͊ͺ͍ͦ·͚͋Ή͔ͤ͒͟ ͒͊ͤͤ·ͻ
͒͡Ύ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ ͔͔͚ͣͦ͒͡ όDCaκwCaύ

ˤ͙ͯ͊͘͡Έͤ͊Ύ ͙͙͊ͤ͊ͭ͊͟͡˽͔͔͙͔ͦͭͪ͋ͤ͡ Streaming

˴ͦͤͭͪͦ͡Έ

˽ͪͦͼ͔ͫͫ

˴͊;͔͍ͫͭͦ ͒͊ͤͤ·ͻ SLA MAU

ˣ͙͊ͫ͘ ͔͙ͨͦͫͭͪͦͤΎ ͺ͙;͔͚

˾͔ͫͯͪͫ·

˽͍ͪͦ͒ͯͭͦ͊͟Ύ ͔ͨͦ͒͒ͪ͗͊͟ ͍͔ͨͪͦ͒͊ͤ wϧ5 όDataMonetization) self-service ͟ ͦͤͺ͙͎ͯͪ͊ͼ͙͙

AI s ͎͔ͤͭ·
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ˢ͎͙͙ͦͪͭͣ͡;͔͙͔ͫ͟
͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ
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˻͙͙ͨͭͣ͊͘ͼ͙Ύ
͎͙͙͙ͦͫͭ͟͡

˽͊ͭ͡ͺͦͪͣ͊ ͍͒ͦͫͭ͊ͦ͟

˻͔͔͋ͫͨ;͙͍͔͍͊ͭ͒ͦͫͭ͊ͯ͟
͍ͨͪͦ͒ͯͭͦ͟-͙͔́͋͊ͤ͊ͤͭ͊ͣ͟͟͡

ˣ͔͔ͦ͡80 ͪ ͔͎͙͍ͦͤͦ˾͙͙ͦͫͫ

˽͔͍͙͔͔͚ͪ͒ͫͭ͊ͭ͡

мм͟
р͟ -с͟ ͊͗͒͟·͚ ͔͒ͤΈ

ˤ͔ͫͭͪ;

н ͣͤ͡
ˤ ͔ͣͫΎͼ ͨͦ ͔͔͋ͦ͡ ;͔ͣ

25ͨͪͦ͒ͯͭ͊ͣ͟

˴ͦͫͭ

мΦр ͣͪ͒͡
ˤ ͔ͣͫΎͼΦ ул҈ -

͍͎͔͙͔ͦͤ͊ͪ͊͗͒ͤ͘

͔͍͙͔͔͚ͨͪ͒ͫͭ͊ͭ͡

˴͊͟ ͣ͊ͫ΄͙͍ͭ͊͋ͪͦ͊ͭΈ

Ή͙ͦͤͦͣ͟Ό ͤ͊ ͊͗͒ͦͣ͟

ͣ͊ͪ΄͔ͪͯͭ ͤ͊ ͍ͫΌ

ͫͭͪ͊ͤͯΚ
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˻͙͙ͨͭͣ͊͘ͼ͙Ύ ͎͙͙͙ͦͫͭ͟͡

ˮ͔ͪ͊ͪͻ͙;͔ͫ͊͟Ύ ͔͙͊ͫͭͪ͊͘͟͡ͼ͙Ύ

˨͔͙ͣ͡ ͊ͪͭͯ͟ ͤ͊ ͦͣͨ͊ͭͤ͟͟·͔ ͚ͪ͊ͦͤ· ͙ͨͪ ͨͦͣͦ΅͙

͎͙͊ͦͪͭͣ͊͡ ˶͔͚͔͒ͤ͊ ͔͙͍ͪͯͪͫͤͦ͟

˻ͼ͔ͤ͊͟ ͣ͊ͪ΄ͪͯͭ͊

˿;͙͔ͭ͊ͣ ͪ͊ͫͫͭͦΎ͙͔ͤ ͔ͣ͗͒ͯ ͙͊͊͊ͣ͘͘͟ ͎͙͊ͦͪͭͣͦͣ͡

˴͙ͪͫͭͦͺ͙͔͒ͫ͊-˿͔ͪ͒Ό͍ͦ͊͟

˾͊͋ͦ;͙͔ ͙͒ͤ ͔͎͙ͪͦͤ͊

ˤ·͙͔͋ͪ͊ͣ ͙ͦͨͭͣ͊͡Έͤ·͔ ͪ͊͋ͦ;͙͔ ͙͒ͤ ͔͎͙ͪͦͤ· ͙ͨͪ

ͨͦͣͦ΅͙ LƴǘŜƎŜǊ [ƛƴŜŀǊ tǊƻƎǊŀƳƳƛƴƎ

˾͔͔͔͙͔͊ͫͨͪ͒ͤ͡ ͔͍͙͔͔͚ͨͪ͒ͫͭ͊ͭ͡

˹͊ͤ͊͘;͔͊ͣ ͔͍͙͔͔͚ͨͪ͒ͫͭ͊ͭ͡ ͨͦ ͔͎͙ͪͦͤ͊ͣ ͙ͨͪ

ͨͦͣͦ΅͙ ͍ͨͦͭͦͦ͟·ͻ ͎͙͍͊ͦͪͭͣͦ͡ ͤ͊ ͎ͪ͊ͺ͊ͻ
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˾͔͔͗ͣ ͊ͪͭͯ͟ ͤ͊ ζͯ͟;ͤ·͔η ͚ͪ͊ͦͤ·

͔̉ͣ ͔͔ͨͦͭͤ͡ ͊͊͘͘͟· ͍ ͚͔ͪ͊ͦͤ τ

͔ͭͣ ͋·͔͔ͫͭͪ ͙ ͔͒΄͔͍͔͡ ͍͒ͦͫͭ͊͊͟Φ

˴͔͙͔͎͔͎͊ͫͭͪͯͣͫ͊ͦͤ͘͟͡· ͊ͪͭ͟· ό͎͙͊ͦͪͭͣ͡

˶͔͚͔͒ͤ͊ύ ͍ ͦͣͨ͊ͭͤ͟͟·͔ ͦͤ͘· ͍͙͒ͦͫͭ͊͟Φ

˴͊͗͒·͚ ͼ͍͔ͭ τ͔ͦͭ͒͡Έͤ·͚ ͚ͪ͊ͦͤ ͎ͦ͒ͤͦͦ

͔͍͙͔ͨͪ͒ͫͭ͊ͭ͡ΎΦ

˶˻˥ˮ˿́ˮ˴ˢ
˽˾˩˨˿́ˢˤˮ́˩˶˩˯



˴͊͟ ͣ· ͔͔͒͊ͣ͡:

ˮ͔ͪ͊ͪͻ͙;͔ͫ͊͟Ύ
͔͙͊ͫͭͪ͊͘͟͡ͼ͙Ύ
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͔͙͒ͣ͡ ͍ͫΌ ͊ͪͭͯ͟ ˾͙͙ͦͫͫ

ͤ͊ ͪͯͨͤ͟·͔ ͚ͪ͊ͦͤ·

͍͔ͨͪͦͪΎ͔ͣ ͊͗͒͟·͚ ͚ͪ͊ͦͤ:͔͙ͫ͡

͍·͎ͦ͒ͤͦ ς͒ ͔͙ͣ͡ ͔͎ͦ ͤ͊ ͔͔͋ͦ͡

͔͙͔ͣ͟͡ ͯ͟;ͤ·͔ ͚ͨͦ͒ͪ͊ͦͤ·

˭͊;͔ͣΥ

͙ͫͭͪͦͣ ͚ͪ͊ͦͤ· ͫ ͯ͟;ͤ·͙ͣ ͙͊͊͊ͣ͘͘͟

͍·͔͒͡Ύ͔ͣ ͪͯͨͤ͟·͔ ͔͔ͤ͊ͫͤͤ͡·͔ ͨͯͤͭ͟·

͙ ζͨͦͭͤ͡·͔η ͚ͪ͊ͦͤ· ͍͙ͤͯͭͪ ͙ͤͻ

͔ͦͭ͒͡Ύ͔ͣ ͔͔ͣ͊ͦͤ͊ͫͤͤ͡͡·͔ ͔͔͍͙͒ͪͤ

ͦͭ ζͨͦͭͤ͡·ͻη ͎͙ͦͪͦ͒ͫ͟ͻ ͦͤ͘



˻͔ͪ͡
˹͊ͪ·΄͙ͤͦ͟

ˣͦ͡ͻ͍ͦ

˸ͼ͔ͤͫ͟

˸͊ͦ͊ͪ͡ͻ͎͔͊ͤ͡Έͫ͟
˴ͪͦͣ·
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˻͔ͪ͡
˹͊ͪ·΄͙ͤͦ͟

ˣͦ͡ͻ͍ͦ

˸ͼ͔ͤͫ͟

˸͊ͦ͊ͪ͡ͻ͎͔͊ͤ͡Έͫ͟
˴ͪͦͣ·



62

˻͔ͪ͡
˹͊ͪ·΄͙ͤͦ͟

ˣͦ͡ͻ͍ͦ

˸ͼ͔ͤͫ͟

˸͊ͦ͊ͪ͡ͻ͎͔͊ͤ͡Έͫ͟
˴ͪͦͣ·


