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with R&D and product management to
define the direction and vision of SAS
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business value. Spiros holds master’s
degrees in both computer engineering and
information management from the
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Getting from Ato B

® [lexible
® C(Cost efficient

B Great for short
distances
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® [astand agile

® FEasy to park

B Great for days
with mild weather

Comfortable
Safe

Great for
families and
carrying luggage
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A Brief History of Forecasting Models
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Advanced Forecasting Techniques

i Panel Series Neural Network ¢

o

¥ Model Compariso

n
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Automatic data transtformation and feature
generation based on the specitied technique

Machine Learning and hybrid techniques
o Panel Series Neural Networks (PSNN) with
autotuning capabilities
o Multistage Model (hybrid, incorporates a hierarchy)
o Stacked Model (hybrid, NN + Time Series)

Deep Learning techniques (RNNs, LSTMs, GRUs)
with recursive strategy applied automatically for
multistep forecasting
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Jemo Hierarchical Modeling (Open)
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Number of Time Series
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Demand classification attri.
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Advanced Forecasting Techniques

Meodel Studio - Build Models

Pipeline
Auto-forecasting
Auto-forecasting

Custom

Hierarchical Modeling (Forecast Viewer)

«

&

Hierarchy level: | DistributionCenter ~ | 23

Status

Model Studio - Build Models

WMAPE

3.2213

3.4209

7.2033

Selected Series (4) ¥ Predicted v Confidence limit v | [~
Selected Series Plot L
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Horizon

10000000
8000000
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2000000

Mon, Apr 1,2013 Mon, Jul 1,2013  Tue, Oct1,2013 1,2014 Tue,Apr1,2014 Tue, Jul1,2014 Wed,Oct1,2014 Thu,Jan1,2015 Wed,Apr1,2015 Wed,Jul1,2015

Time ID Values
Reconciled Atlants @ Atlersa M Reconc Reconciled and @ Clevelend m Reconciled Detroit @ Detroit

Close

Forecast Viewer B T3
Reconciled WMAPE
29994
3.4188

8.0202

»

Series (20 of 20) H
Atlanta
Chicago
Cleveland
Detroit
Las Vegas
Los Angeles
Memphis
Mizmi
Minneapalis
New Haven
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Oakland
Philadelphia
Phoenix
Portland
Richmond
Salt Lake City
San Francisco
Seattle

Toronto

Hierarchical Modeling node with customizable
pipelines for each level of the hierarchy
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Advanced Forecasting Techniques

1S —_— * Hierarchical Modeling node with customizable
- T e pipelines for each level of the hierarchy
/-///”%\\-.\ . . .
e (s R i —— * Interactive modeling capabilities to assess and
P ———— compare existing models as well as create new
. custom models for each series
L .  Ensemble Modeling to always select the best
[ —— performing model for each series
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Empower Open Source Users

SAS VIYA WORKER NODES

2. 3.4 5 6 7

II.E.
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DISTRIBUTED FILE SYSTEM
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The script is
executed on
each time

series group in
parallel.

Distribute native Python and R
code, along with SAS code, to
run in parallel in the cloud

- asily reuse open source
forecasting algorithms in all
DUSINESS areas

Scale open source algorithms for
large volumes of time series

Take advantage of all coding talent

Apply, compare, and put into
production the best performing
algorithms from SAS and open
source
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Statistical Methods vs Machine Learning
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Segmentation Methods

Optimize forecasting process in
terms of accuracy and
computational efficiency

SAS Visual Forecasting

* Externally Created Segments
* Demand Classification
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Methodology Framework
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d.

Create a
Demand
Classification
Pipeline

Examine
distribution of
time series to

segments

A @ 8

Apply suitable
method for
each segment

=N

Explore results
and tune
algorithms

Compare
results with
competing

pipelines
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Pipelines’ Competition
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Demand Classification Segments

Demand Classification Modeling

[]

O O oo o0oQddnd

Segment Name
INSEASON_INTERMITTENT
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Number of Time Series

519

790

Pipeline

Regression Forecasting

Regression Forecasting

Naive Forecasting

Naive (Moving Average) Forecasting
Retired Forecasting

Naive (Moving Average) Forecasting
Auto-forecasting (Intermittent)
Custom

Naive (Moving Average) Forecasting
Custom

Temporal Aggregation Forecasting

Status

®©

OENORNORONNORBORORNORIOICO

WRMSE

3.4770

o o o o o o

12,470.2467
0
12,228.2796
0
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Nested Pipelines

Non-seasonal segment

I 13% accuracy improvement
compared to statistical models

Seasonal segment

No significant difference in
accuracy was observed
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VF Segmentation > Demand Classification Modeling (Open)

Segment Pipeline

Model Comparison

Champion

*

_

Model Name

Panel Series Neural
Network

Stacked Model
(NN +TS)

Non-seasonal

Model

Gradient Boosting
Model

YEAR_ROUND_NON_SEASONAL Pipeline

L Data

Status

Successful

Successful

Successful

Successful

E3 Output

WRMSE 1

12,470.2467

14,052.9792

14,395.5040

25,555.2637

Run pipeline

WMAE

8730.9649 * O :
9.718.7089
9 641.7198

18,961.1727
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Pipelines’ Comparison

10% accuracy improvement
vs ML only

20% accuracy improvement
vs Statistical Methods only
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Data

1 0O O O

VF Segmentation

Fipelines Pipeline Comparison Cwerrides
D
Champion Pipeline
[*] Demand Classification

Machine Learning

Auto-Forecasting

Insights

WRMSE 1
12,274.762
13,672.776

15,376.808

WMAE
9,115.953
9,895.578

11,011.275
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Tips & Tricks

 Optimize for RMSE or MAE instead of MAPE

* The best model always depends on your data

* Stacked Model: experiment with number of hidden layers
* Panel Series Neural Networks: autotune is your frenemy

ML methods are particularly useful when you’ve got external factors available
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Summary

 Segmentation can give you the best of all worlds

* Forecasting process can be optimized both in terms of accuracy and
computational efficiency to save on cloud costs

* You may achieve better results when applying ML methods to non-seasonal and
complex data

* Traditional time-series models perform well when you’ve got seasonality and
trend in the data
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Resources

e Demand Classification Documentation

e How Will Generative Al Influence Forecasting Software

e Getting A Glimpse Into The Future Of Forecasting

e Neural Network—Based Forecasting Strategies in SAS® Viya®

e Measuring Forecasting Accuracy: Problems and Recommendations

e Forecast KPls: RMSE, MAE, MAPE & Bias

e M5 accuracy competition: Results, findings, and conclusions
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https://go.documentation.sas.com/doc/en/vfcdc/v_017/vfug/n1k4svymy4omqqn1nu9j6x2vsu07.htm
https://www.sas.com/content/dam/SAS/documents/briefs/third-party/en/how-will-generative-ai-influence-forecasting-software-113681.pdf
https://blogs.sas.com/content/sascom/2023/12/08/getting-a-glimpse-into-the-future-of-forecasting/
https://support.sas.com/resources/papers/proceedings20/4493-2020.pdf
https://forvis.github.io/our-publications/davydenko2014.pdf
https://towardsdatascience.com/forecast-kpi-rmse-mae-mape-bias-cdc5703d242d
https://www.sciencedirect.com/science/article/pii/S0169207021001874

Thank you

Spiros.potamitis(@sas.com
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