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Big Data
from Many Services

Large-scale GPUs
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Model RMSE MAPE Mean NQL[O.1, 0.9]
ols8x MA 79.28413.79 0.34840.015 -
MLP 72.231+:12.60 0.26710.015 -
LR 73.20+£13.60 0.30040.010 -
SARIMA  79.09+£17.50 0.318+£0.017 0.165+0.033
AW {DeepAR 76.694+17.86 0.28440.022 0.13240.026
DeepState  79.10+=15.83 0.314+0.030 0.15240.020
Facebook Prophet 82.21t17.64 0.41540.018 0.194=+0.027

4 201% BIO|E{I M= & ZHESHX oLl

“A Worrying Analysis of Probabilistic Time-series Models for Sales Forecasting”, ICBINB@ NeuRIPS 2020 (Best Poster Awards)
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CLOVA Forecast
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B Gonjiam
ma Gunpo

CLOVA AWS Prophet MA

AWS model is implemented by GluonTS.
MA = Moving Average.
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2.11 Ctefst &l y CIOFSH Sh HE H 13

2 & (Model Architectures)

- Classical: Moving Average, ARIMA,
- Amazon Forecast: Prophet, CNN-QR, DeepAR, DeepState
- CLOVA Forecast: Linear, MLP, LSTM, Transformer, Multivariate Forecasting, ...

st BF & (Training Strategies)

- Output Distributions & Loss functions
- Normalization & Augmentation

- Sampling Strategy

- Regularization
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CLOVA

AWS

BN Weekly

W Daily

Prophet

MA

AWS model is implemented by GluonTsS.
MA = Moving Average.
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3. HyperCLOVA =2 0| =: & X
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- FC(5): 26
- FC(10): 1,013

- FC(20): 1,048,555
00
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Feature Pool
a I a I a I a I Feature
\ J \ J \ J \ J
Auto Feature Selection
Rank Model: single or Feature Score Contributor
ensemble Combination
a I a I
1 m1l f2,f3,f6 0.23 Feature engineer
m1 m2
N J N J
2 m?2 f1,f2,f5 0.3

Model Pool
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Feature Pool
a ) a ) ) a ) a ) )
f1 f2 f3 f4 f5 fo
N J N J J N J N J J
Auto Feature Selection
Rank Model: single or Feature Score Contributor
ensemble Combination
g B g B 1 1 f2 f3,f6 0.23 F '
Hyperparameter m ,1D, . eatureenglneer
m1 m2 m3 Optimization
N J N J
2 m3 f2,f3,f4,f6 0.25 Model engineer
R Model
Model Pool Engineer
3 m?2 f1,f2,f5 0.3
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Feature Pool
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Rank Model: single or Feature Score Contributor
ensemble Combination
4 A 1 en(m1, m3) f2,f3,f4,f6 0.2 Model engineer
m?2 Feature engineer
\ )
2 m1l f2,f3,f6 0.23 Feature engineer
Ensemble Methods
Model Pool |
3 m3 f2,f3,f4,f6 0.25 Model engineer
4 m?2 f1,f2,f5 0.3
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4.1 “All models are wrong.”- George E.P. Box

L E/Cte=/tta S 05 2ol 0fE 222 21t

|

249 (Model Architectures)

Classical: Moving Average, ARIMA,
Amazon Forecast: Prophet, CNN-QR, DeepAR, DeepState

CLOVA Forecast: Linear, MLP, LSTM, Transformer, Multivariate Forecas

&r<5 W'Y (Training Strategies)

Output Distributions & Loss functions
Normalization & Augmentation
Sampling Strategy

Regularization

ting, ...

= model_111
— model_12
— model_275
- model_304
— model_2

- model_30
— model_133

1| —— model_269

model_113

{ | — model 78
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4.2 The dimensionality of the problem is huge 2021

SKU space is of million scale

sku 1 sku 3 sku4 sku5 sku 6 sku 7 sku8 sku 9 sku 10 sku 11 ...

2021-
02-21

2021-
02-22

2021-
02-23

2021-
02-24

2021-
02-25

and sparse...

0.0

0.0

1.0

0.0

0.0

40.0

60.0

32.0

58.0

16.0

132.0 0.0 0.0 0.0 106.0 0.0 0.0 0.0 ..
140.0 0.0 0.0 0.0 112.0 0.0 0.0 0.0 ..
232.0 0.0 0.0 0.0 82.0 0.0 0.0 0.0
154.0 0.0 0.0 0.0 96.0 0.0 0.0 00 -
1540 20.0 0.0 0.0 68.0 14.0 0.0 0.0 ..
—e— sku_0
1 —— sku_l
—e— sku_2

2020-02-05 2020-05-15 2020-08-23 2020-12-01 2021-03-11

Large dimension problem

SKU time-series of million scale
Different stores, categories, ...
Seasonality

event driven anomalies

H|O|E{ = 5= (sparse, not so long historical period)
OPET 0| 1o HY RS BIE = AKX %
UM = (Ensemble) B 20| 2| A
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Hyper parameter: choice of models

- N: total model pool
- p: number of chosen model set

>k * \C, number to be tested..

train period validation

es

Time series K-fold

time
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Different choice

of models (bagging)

HypercLOVA )
(EnsGen)

validation loss

Train loss

Finally chosen ensemble (or set of ensemble)

train period validation test

]
E— retrain for train+validation period test score

_ | Time series K-fold ceoe
time 9




Test loss

Top weighted models in the ensemble

be (1]

timestamp

validation loss

model 24
model 33
model 35
model_210
model 226
model 243
model sota
ensemble sota

Correlation matrix of the top weighted models
test_loss loss_std

Train loss

model_24 0.489 0.090

model_33 0.425 0.058

model 226

model_35

model_35 0.430 0.050
model_226

model_210 0.408 0.068
model_24

0.493 0.083
model 210

0.417 0.076

model 243

model SOTA

Ensemble

- 1.0

model 33 -

model_243

model 210 -
model 243 -

1
<
o~
o
°

o
E

model 33
model 35
model 226

test_loss

Scaling law..

test loss

log(size of model pool)
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4.7 Impact of HyperCLOVA 2021

- HyperCLOVA framework: Human intuition} HHCH 2|

ZIE PS> 450 52 2UE ROJOFE B2
A

o
Top weighted models in the ensemble Z4 J—_|_|.7|. L‘él- C—)I El E Zd 0 Ol. IE! .

Correlation matrix of the top weighted models =
-1.0

Test loss test_loss loss_std

10
U
0%
e,
N

- HyperCLOVA schemeO|A{= soTA 2 &
P2t 20| BR 1S, 74 23019 270

M =ZE CHE dimension= Eflol= R EIS0| 2

Scaling law..

test loss

e een
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y o5 s - HyperCLOVAS| &=3:SOTAE & 7} Z 0| 457712 2
2| A X| 71 & QX[ B Ensemble SOTA= HyperCLOVA

ensgen 2|2 0|24 = THo| 2 = AU

validation loss |

Train loss /
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(computing power!)



test score
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HyperCLOVA

Framework
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We are hiring..

clova-jobs@navercorp.com
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