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Abstract: The purpose of this study is to compare VAR, ARIMA and SARIMA methods in an attempt to generate sales
forecasting in Store xyz with high accuracy. This study will compare the results of sales forecasting with time series forecasting
model of Vector Auto Regression (VAR), Autoregressive Integrated Moving Average (ARIMA) and Seasonal Autoregressive
Integrated Moving Average (SARIMA). VAR or ARIMA model still accurate when the time series data is only in a short period,
these models is accurate on short period forecasting but less accurate on long period forecasting. Meanwhile Seasonal
Autoregressive Integrate Moving Average is more accurate on forecasting seasonal time series data, either it’s pattern shows
trend or not all three models are compared with forecasting data showing seasonal patterns. The data used is the data of super
mart retail store, sales from 2017 to 2022. Accuracy level of each model is measured by comparing the percentage of forecasting
value with the actual value. This value is called Mean Absolute Deviation (MAD). Based on the comparison result, the best
model with the smallest MAD value is SARIMA model (0,1,0) (0,1,0)12 with MAD value 0.122. From the comparison results can
be concluded that the SARIMA model is optimal to be used as a model for further forecasting

Keywords: Machine Learning, sales prediction, ARIMA, SARIMA, VAR, PYTHON, Anaconda navigator, Jupiter notebook.

L. INTRODUCTION

In the strip mall business, it is commonly known that consumer demand is normally very volatile. Before and after the COVID
pandemic | have seen a lot of difference, In fact consumer’s choice of mart is generally based on price. In this case, to overcome this
condition, the managerial store tried to forecast the demand and reduce the price by reducing the cost of maintance or by buying
goods directly from the manufacturer or the first party. Where machine learning is an innovative way for sales or demand
forecasting. It is one of the effective solutions to prepare a complete data set for eradication of different challenging situations in the
organization. In Machine learning system, the uses of different models such as VAR (multivariate forecasting algorithm), ARIMA
(non-seasonal time series data), SARIMA (seasonal or non-seasonal time series data) helps to introduce different algorithms to
understand the accuracy of business. last few decades for the maintenance of the organization’s potentiality in the organization. The
uses of artificial intelligence and computer algorithms help to create different programs for autonomous activities in the
organization. where python and Jupyter are two innovative software that has been used for sales prediction

The aim of this research paper is to determine the impact of machine learning in sales prediction for the enhancement of business
profitability. An authentic data preparation process is essential to determine the sales rate in the same year. The machine learning
process is important for the vision of future sales revenues to determine the mart profitability. Moreover, this process is required to
generate innovative sales management strategies for future performances .

1. LITERATURE REVIEW

In 2021, DontiReddy et al. [1] discussed about the machine learning is an effective way for sales forecasting. They Implement the
Jupiter and Python are two innovative models for introducing different algorithms for secured business profitability. The different
models, such as GARCH, SARIMA, SARIMAX helped to promote business profitability for the management. In 2020, Purvika
Bajaj et al. [2] discussed about the dimension for predicting the future sales of Big Mart Companies keeping in view the sales of
previous years. A comprehensive study of sales prediction is done using Machine Learning models such as Linear Regression, K-
Neighbors Regressor, XGBoost Regressor and Random Forest Regressor. In the paper The prediction includes data parameters such
as item weight, item fat content, item visibility, item type, item MRP, outlet establishment year, outlet size and outlet location type
etc. In 2021, Ashutosh Kumar Dubeya et al. [3] g. discussed about data analytics presented on the collected smart meter
measurement and then predicting the energy consumption on a daily basis using ARIMA, seasonal ARIMA, SARIMA and LSTM.
The results indicate the feasible method for forecasting energy consumption.
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In 2021, Prabhat sharma et al. this research shows in the tough time of covid-19, what will be the sales trend for various automobile
companies will the graph go downward or upward, by various machine learning techniques and the result is project successfully
meet its aim. In 2020, Ms. Rachana Mohite et al. [4] . This research discussed the comparison between market basket analysis by
using apriori algorithm and market basket analysis without using algorithm in creating rule to generate the new knowledge with the
help of these concepts can easily setup his retail shop and can develop the business in future. In 2020, Jiantao Zhao et al. [5] in this
paper discussed about combination model is to use prophet and SARIMA model to forecast the sales data respectively, and then
weighted combination to get the final forecast results, and the result is combination model which is weighted by two single models
is optimal. In 2018, G A N Pongdatu et al. [6] In this study they will compare the results of sales forecasting with time series
forecasting model of Seasonal Autoregressive Integrated Moving Average (SARIMA) and Holt Winter's Exponential Smoothing
method and the result is SARIMA model (1,1,0) (0,1,0)12 . With accurate forecasting results or estimates.

1. DATA AND ANALYSIS
A. Var (Vector Auto Regression)
Vector auto regression (VAR) is a multivariate forecasting algorithm that is used when two or more time series influence each other.
We set the first estimation period to be 2022:5 and forecast with each VAR recursively, applying 1,6 and 12-month ahead forecasts
in each single month of the sample 2017:12 through 2021:12 When factors are extracted from the 55 predictor variables, these are
estimated using the same sample period as the VAR

Forecasts are calculated at the end of each sample period,
T=2017 :12,..., 2022 :05
In [2]: | df=pd.read_csv('E:/sagar vishuakarme/SARIHA/S YEAR 2017-2022/book2.csv")
In [3]: df.head()

out[3]:

Month GROCCERY OTHER

01-01-2017 8.42 9.70
01-02-2017 10.27 8.42
01-03-2017 11.18 7.35

01-04-2017 1.72 752

A W N a o

01-05-2017 12.01 6.54

Here we will predict both “grocery’ and ‘other’. If we plot them, we can see both will be showing similar trends.

1 — GROCCERY ‘ | — GRoccERY
e f\ 2 — OTHER

First Difference
L e
@ e

——
-

2017 2018 2019 2020 2021 2022

20‘17 2018 2019 2020 2021 2022
Fig. 1 actual sales Fig.2 diffrence in sales

VAR Formula for multivariate forecasting.

Yit =C1 + d111Y16-1 + 12,1241 + €14
Yot = C2 + @21.1Y1.4-1 + P22.1Y2.4-1 + €2,

The VAR model has shown some
limitation which are as follows,

Only time series data can be used

It shows error in long time seasonal forecasting
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B. ARIMA (Autoregressive Integrated Moving Average)

Our dataset contained selling data for grocery and other (non-essential items ), spanning over five years and 41248 order lines. For
all product, we used the sales per month

In [50]: df.head()

Out[50]: Month sales in lakh
0 2017-01 18.12
1 2017-02 18.69
2 2017-03 18.53
3 2017-04 19.24
4 2017-05 18.55

Pre-processing has to take place in order to convert data to the appropriate format for the ARIMA model. During pre-processing the
following steps are taken:

1) Sales data are ordered by date time
2) Data are reduced to one-dimensional information, so extra information like average price and other product attributes are

removed.
GREENMART in LAKH First Difference of GREENMART Sales
N
A\ N A \ a
b [\ | V| \
N | /J V] "‘ 1
0 M A ‘: |
/J\/ \/\\5 .‘ / g
0 V [ 0
g5 \ | :
i w‘ a0
10 \‘ :
. “\ / =10
L/
0 ; ‘ ; i i -5 ! : : : ;
an 08 9 0 n m ol 8 09 00 nl m
Fig. 3 actual sales Fig. 4 difference in sales

ARIMA forecasting formula

o = Bt Yer tt §p Yep - 01801 -...- Bgrg
where:

yt—1...yt—p = are the selling quantities where:
et—1...et—q are the moving average parameters.
¢l...pp and 01...0q are the trained autoregressive parameters and moving average parameters

e Limitation with ARIMA model
1. It shows poorer result during long forecast
2. Cannot be used for time series seasonal data

C. SARIMA (Seasonal Autoregressive Integrated Moving Average)

The seasonal ARIMA model incorporates both non-seasonal and seasonal factors in a multiplicative model. One shorthand notation
for the model is ARIMA

pdaPDQS(,,)x(.,)
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with p = non-seasonal AR order,

d = non-seasonal differencing.

g = non-seasonal MA order.

P = seasonal AR order.

D = seasonal differencing.

Q = seasonal MA order.

S = time span of repeating seasonal pattern.
This study collected time series data of green mart and the data is 55 month period from January 2017 to march 2022. The data was
obtained from the sales in the mart. The original data is plotted as presented.

In [55]: df.tail()

Out[55]: Month Sales
58 2021-11 2285
59 2021-12 23.66
60 2022-01 27.22
61 2022-02 28.74
62 2022-03 31.62

The orginal data plotted graph is shown in Figure.5
SALES IN LAKH GREENMART Sales in LAKH

Sales

0 -’ 207 018 019 020 021 02
Y 18 019 020 0l m

Fig. 5 actual sales Fig. 6 sales fluctuation

Since time series plot of the historical data exhibited the seasonal variations which present similar trend every year, then SARIMA
was chosen as the appropriate approach to develop a model prediction.

SARIMA formula used for forecasting
The general form of seasonal model SARIMA(p, d, q) (P, D, Q)s is given by:

sDdsPstQt®oVV=00(B)(B)x(®B)B)Ww

V. RESULT AND DISCUSSION
A. VAR
In this method, the selected months sales separated for the period of Jan 20017 to march 2022, have been used as the basis on daily
scale. But to get the maximum explorative information and reduction of volatility, the data have been transformed to the monthly
scale. Data from January 2017 to march 2022 are used in-sample estimation and from April 2022 to December 2022 are used for the
out-of-sample forecasting purposes.

From Figure 5, it has been observed that each study variable, except grocery and other non-essential product and the forecasting
result as shown below.
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GROCCERY OTHER GROCCERY_annual_vol OTHER_annual_vol GROCCERY_month_avg OTHER_month_avg

Month
2017-02-01 1.771532 -0.524707 0.21414¢ 0.560100 1.012638
2017-03-01 0.871402 -0.438622 0.21414¢% 0.560100 -0.241147
2017-04-01 0.517096 0.069688 0.214148 0.560100 -1.025799
2017-05-01 0.277700 -0.401729 0.214148 0.560100 0.012697
2017-06-01 0.766068 -0.455019 0.21474¢ 0.560100 0.209811
2021-12-01 0.102468 0.157016 1.220766 0.282455 0.195611
2022-01-01 1.337081 1.256625 0.351213 0.232044 0.709606
2022-02-01 1.261177 -0.633260 0.351213 0.232044 1.012638
2022-03-01 0.712332 1.642518 0.351213 0.232044 -0.241141
2022-04-01 -0.817430 0.544208 0.351213 0.232044 -1.025799

Tab 1. Annual volume and monthly average

Summary of Regression Results

Model: VAR
Method: OLS
Date: Tue, 12, Apr, 2022
Time: 88:47:01
No. of Equations: 2.00000 BIC: 1.50165
Nobs: 56.0000 HQIC: 8.223027
Log likelihood: -73.8106 FPE: ©.735865
AIC: -9.563331 Det(Omega_mle): 2.310282

Where:
OLS = Ordinary least squares
BIC = Significant autocorrelation for Consumption
HQIC = Estimate of the deviance of the model fit
FPE = The function returns information criteria
In the result the standard error is 45% for grocery and 41% for other

B. ARIMA

-0.577486

-0.441414
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Here, the data is predicted from the taken dataset by first converting the data into stationary. To make stationary we have to find the
difference on mean of Number of sales. The final graph is plotted for the best fit ARIMA model of number of sales next following
years. The following is the output with forecasted values of grocery sales in blue. Also, the expected error is displayed with orange

lines on either side of predicted blue line.

First Difference of Sales

—— Data

Predictions

2021-08 2021-09 2021-10 2021-11 202112 2022-01

Fig. 7 forecast error
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Dep. Variable: sales in lakh No. Observations: 54
Model: ARMA(4, 1) Log Likelihood -152.461
Method: css-mle S.D. of innovations 3.972
Date: Tue, 12 Apr 2022 AIC 318.921
Time: 06:58:27 BIC 332.844
Sample: 82-01-2017 HQIC 324.291
- 87-21-2021
According to the result the standard error is shown in the table
coef std err z P>|z| [@.925 9.975]
const -9.2074 2.119 -1.737 9.882 -2.441 2.827
ar.Ll.sales in lakh 1.8255 8.133 7.714 9.000 8.765 1.286
ar.L2.sales in lakh -9.3784 2.188 -2.013 0.044 -8.747 -9.010
ar.L3.sales in lakh 9.2813 28.186 1.512 9.130 -2.083 0.646
ar.L4.sales in lakh -9.1933 8.131 -1.471 9.141 -0.451 0.064
ma.Ll.sales in lakh -1.0000 8.063 -15.77@ 9.000 -1.124 -0.876
Roots
Tab. 2 between coefficient and standard error
Real Imaginary Modulus Frequency
AR.1 1.2641 -0.45573 1.3437 -9.0551
AR.2 1.2641 +@.45573 1.3437 9.0551
AR.3 -2.5366 -1.608523 1.6925 -9.3013
AR.4 -2.5366 +1.608523 1.6925 9.3013
MA.1 1.9000 +0.00007 1.0000 2.0000

Root Mean Squared Error: 35%

C. SARIMA
-The final SARIMA model (0,1,0)(1,0,1)12 was used to forecast the values of the 55 months-ahead are presented in Table 2. While,
the whole forecasting plot is shown in Fig. 8

GREENAMART Sales in LAKH GREENMART in LAKHs

) )]

5 5
O» 5 |
2 ;
§ 5 g 5
w 0
Qy )

¢/ — Data 9 | Data

Predictions Predictions
0 0
an 18 ) a n m n 8 9 0 m m
Fig.8 demand Fig.9 production
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1) Error Check
The accuracy of the forecasting can be evaluated using error measures. It is achieved by comparing the original data and the forecast
values In this paper, Mean Absolute Percentage Error was used as the error measure. The result showed MAPE value for the
selected model was 12.2%. Thus, the empirical result indicated that the model was able to accurately represent the covid sales
historical dataset

Residuals from SARIMA Model Rolling Forecast Residuals from SARIMA Model

Error

202108 02009 202010 01 00 02001 02108 0109 0110 L1l 0112 02201

Fig. 10 Residual error Fig. 11 Rolling forecast residuals error

Different model fit for check the feasible result as shown below

P = d = q = range(8, 2)
pdq = list(itertools.product(p, d, q))
seasonal_pdq = [(x[©], x[1], x[2], 12) for x in list(itertools.product(p, d, q))]

for param in pdqg:
for sales_seasonal in seasonal_pdq:

try:
mod = sm.tsa.statespace.SARIMAX(train,
order=param,
seasonal_order=param_seasonal,
enforce_stationarity=False,
enforce_invertibility=False)
results = mod.fit()
print( "ARIMA{IxX{312 - AIC:{3} - BIC:{}".format(param,
sales_seasonal,
results.aic,
results.bic))
except:
continue
ARIMA(e, ©, e)x(e, @, 8, 12)12 - AIC:232.8255©856729480@1 - BIC:236.229©9781793447
ARIMA(e, ©, 8)x(e, &, 1, 12)12 - AIC:232.82550856729480@1 - BIC:236.229©9781793447
ARIMA(e, ©, e)x(e, 1, e, 12)12 - AIC:232.8255©85672948901 - BIC:236.229©9781793447
ARIMA(e, ©, e)x(e, 1, 1, 12)12 - AIC:232.825508567294801 - BIC:236.229©9781793447
ARIMA(E, ©, e)x(1, ©, 8, 12)12 - AIC:232.2255©8567294801 - BIC:236.229€9781793447
ARIMA(C, ©, e)x(1, ©, 1, 12)12 - AIC:232.2255©5672948021 - BIC:236.229€9781793447
ARIMA(e, ©, e)x(1, 1, e, 12)12 - AIC:232.2255©5672948Q21 - BIC:236.229©9781793447
ARIMA(E, ©, e)x(1, 1, 1, 12)12 - AIC:232.225525672948Q21 - BIC:236.229©9781793447
ARIMA(e, ©, 1)x(e, ©, e, 12)12 - AIC:199.7106673916368 - BIC:285.17985087115827
ARIMA(e, ©, 1)x(e, ©, 1, 12)12 AIC:199.7196673916368 - BIC:285.17985€7115827
ARIMA(e, ©, 1)x(e, 1, e, 12)12 AIC:199.710966739216368 - BIC:285.17985€7115827
ARIMA(O, ©, 1)x(O©, 1, 1, 12)12 AIC:19229.7196673916368 - BIC:285.17985€7115827
ARTIMACO,; ‘95 2)x(A;. 6, 6, A12)32> AIC:1929.71966739216368 - BIC:285.17985€7115827
ARIMA(O; 6, 1)x(1; ©; a; 12)22> AIC:199.7196673916368 - BIC:205.17985©7115827
ARIMA(O; ©, 1)x(1,; 1; 6, 12)22> AIC:199.719066739216368 - BIC:285.17985©87115827
ARIMA(O, ©, 1)x(1, 1, 12, 12)12 AIC:1929.71096673916368 - BIC:205.17985©87115827
ARIMA(O, 1, ©)x(e, ©, 6, 12)12 AIC:186.34658541238047 BIC:19©2.448472902259838
ARIMA(O, 1, ©8)x(e, ©, 1, 12)12 AIC:186.34658541238047 BIC:12©.44847290©225988
ARIMA(S, 1, ©8)x(e, 1, e, 12)12 AIC:186.34658541238047 BIC:1292.4484729022259838
ARIMA(S, 1, ©)x(e, 1, 1, 12)12 AIC:186.346538541238047 BIC:12©.44847290©225988
ARIMA(S, 1, e)x(1, ©, e, 12)12 AIC:186.34653541238047 BIC:12©.4484729©225988
ARTMA(D,. 1, )L, 6, A, IA2)32 AIC:186.34658541230047 BIC:12©2.44847290225988
ARIMA(S, 1, ©e)x(1, 1, e, 12)12 AIC:186.34658541230047 BIC:12©2.44847290©225988
ARTIMA(O;-"1; @)x(1, 15-32; 12)32 AIC:186.34658541238047 BIC:12©.44847290225988
ARIMA(O, 1, 1)x(O©, ©, 6, 12)12 AIC:182.91248762638415 BIC:188.2413©566788496
ARTMACD;-"1; 2IX(O; 6,32, 12)%2 AIC:182.91248762638415 BIC:188.2413©566788496
ARIMA(S, 1, 1)x(e, 1, e, 12)12 AIC:182.91248762638415 BIC:188.2413856678842S6
ARIMA(S, 1, 1)x(e, 1, 1, 12)12 AIC:182.91248762638415 BIC:188.2413856678842S6
ARIMA(S, 1, 1)x(1, ©, ©, 12)12 AIC:182.91248762638415 BIC:1838.2413856567884%96
ARIMA(O, 1, 1)x(1, ©, 1, 12)12 AIC:182.91248762638415 BIC:188.2413©8566788496
ARIMA(O, 1, 1)x(1, 1, ©, 12)12 AIC:182.91248762638415 BIC:188.24138566788496
ARIMA(O, 1, 1)x(1, 1, 1, 12)12 AIC:182.91248762638415 BIC:188.24138566788496
ARIMA(1, ©, ©O)x(e, o, 6, 12)12 AIC:192.269©382656382145 BIC:1927.66517218347208
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ARIMA(1, 1, e)x(e, 1, 1, 12)12 - AIC:188.31491440473712 - BIC:193.78409772468302
ARIMA(1, 1, @)x(1, @, 8, 12)12 - AIC:188.31491440473712 - BIC:193.78409772468302
ARIMA(1, 1, @)x(1, @, 1, 12)12 - AIC:188.31491440473712 - BIC:193.78409772468302
ARIMA(1, 1, ©)x(1, 1, 8, 12)12 - AIC:188.31491440473712 - BIC:193.784@9772468302
ARIMA(1, 1, ©@)x(1, 1, 1, 12)12 - AIC:188.31491440473712 - BIC:193.784@9772468302
ARIMA(1, 1, 1)x(e, 9, 8, 12)12 - AIC:181.108721895598476 - BIC:187.7682415068608
ARIMA(1, 1, 1)x(@, @, 1, 12)12 - AIC:181.18721895598476 - BIC:187.7682415068608
ARIMA(1, 1, 1)x(e, 1, 8, 12)12 - AIC:181.18721895598476 - BIC:187.7682415068608
ARIMA(1, 1, 1)x(e, 1, 1, 12)12 - AIC:181.18721895598476 - BIC:187.7682415068608
ARIMA(1, 1, 1)x(1, @, 8, 12)12 - AIC:181.18721895598476 - BIC:187.7682415068608
ARIMA(1, 1, 1)x{(1, @, 1, 12)12 - AIC:181.18721895598476 - BIC:187.7682415068608
ARIMA(1, 1, 1)x(1, 1, 8, 12)12 - AIC:181.18721895598476 - BI(C:187.7682415068608
ARIMA(1, 1, 1)x(1, 1, 1, 12)12 - AIC:181.18721895598476 - BIC:187.7682415068608
SARIMAX Results
Dep. Variable: sales in lakh No. Observations: 55
Model: SARIMAX(@, 1, @)x(1, o, [1], 12) Log Likelihood -153.856
Date: Tue, 12 Apr 2022 AIC 312.112
Time: 96:43:10 BIC 318.879
Sample: 81-01-2017 HQIC 314.413
- 87-01-2021
Covariance Type: opg
coef std err z P>|z] [8.025 9.975]

ar.S.L12 ©.8675 8.615 0.110 2.913 -1.138 1:273

ma.S.L12 9.4238 8.656 0.646 2.518 -8.862 1.710

sigma2 16.0121 2.201 7.275 2.000 11.699 20.326

Ljung-Box (L1) (Q): 0.19 Jargue-Bera (JB8): 3225

Prob(Q): .66 Prob(JB): 2.00

Heteroskedasticity (H): 7.85 Skew: 0.21

Prob(H) (two-sided): .00 Kurtosis: 6.76

Mean Absolute Percent Error: 0.1222
Root Mean Squared Error: 3.67004542635048
V. CONCLUSION

In our case study, we considered different machine-learning approaches for time series forecasting.. The use of SARIMA algorithm
for sales forecasting can often give us better results compared to ARIMA and VAR. in this research paper we use 5 year data in
which both seasonal and non-seasonal data set are present. The aim of this research paper finding the optimal method between them.
The uses of different algorithm and software made huge changes in the conduction of effective resource plans in the organization.
A secondary data collection method has been used to identify the impact of machine learning . by the application of this method we
were able to get mean standard error between 12 to 12.5 % in other models this error get so high

The model can hence provide following benefits to the greenmart company if the results of this research paper are adopted.

1) Accurate sales prediction before upcoming pandemic because we all know that what decision get taken by the government

2) Stock maintenance get easy

3) It helpsto increases customer satisfaction because demand and sale are both interconnected to each
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