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SALES FORECASTING FOR RETAIL SALES IN E-COMMERCE USING MACHINE LEARNINGS

Varuncharee Tiraphattanaporn', Subhorn Khonthapagdee”

Abstract

The forecasting of sales enables business owners to anticipate and meet consumer demand, thereby
ensuring that products are produced in sufficient quantities, neither exceeding nor falling short of consumer
needs. This research aimed to study the creation of models for sales forecasting using Long Short-Term Memory
(LSTM) and compare their performance with Multi-Layer Perceptron (MLP), Seasonal Autoregressive Integrated
Moving Averages (SARIMA), and Seasonal Autoregressive Integrated Moving Averages with Exogenous Regressors
(SARIMAX) models. The dataset used in this study comes from a retail store in Thailand that sells products
online. The dataset includes daily transactional sales data from January 2021 to June 2023. The researchers aim
to compare the performance of forecasting using the LSTM model MLP model SARIMA model ane SARIMAX
model, considering metrics such as RMSE, MAE, and MAPE. The experimental results indicate that the LSTM
model outperforms MLP, SARIMA, and SARIMAX in accurately forecasting sales for Tall Vase and Medium Slanted
Vase products. Both product types exhibit highly complex data patterns, especially during the COVID-19 situation
in 2020, where sales rapidly increased, followed by a sharp decline in the subsequent year. The LSTM model's
ability to sequence data and retain memory of past trends allows it to accurately capture seasonal patterns
and data trends. Additionally, it efficiently handles the complex data characteristics, leading to superior
performance. The MLP model demonstrates better performance in forecasting sales for Large Tall Vase products,
which have less complex data characteristics compared to the other product types. The simplified data nature
of these products contributes to the MLP model's effectiveness. Furthermore, the SARIMAX model, which
incorporates promotional days as external factors, outperforms the SARIMA model. This indicates that

promotional days significantly influence the model's forecasting accuracy, improving its performance.
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Fveaatayaledluguuuuvetasisd 3 37 Tagnuuseaniliu [sample, timesteps, feature] wisldluwuudiaes

LSTM udvinIs tuning parameter oA WIS 10LA05NAYER

wagyinnsivu Timestep = 7 Whandislunsviudeyadeundwizerdudeyaluthmi Tnefiwuudnass
LSTM agldfayauuu sequence Fwioanisnisdniseslmduddureseyamunan elilunadeuiuazdiladdiu
vostoyald etoya input Ndlukuudtaesll asldteyasenmevesiuneunditaldlunisnensal daudeya output

v
¢ U

Aedayafiseanisnensnsalifuldfmuaanlu 19 wszdesmsaznennsaloenvieviaiun 19 week
FalaAmsTwmesiafian Ae epochs = 300 A1 hidden neuron (n_node) = 16 Inefiviunen activation
function = relu Uag optimize = adam teliuUsEAVEA N luNSHIEYINERATEMULTIRY WndwinTs fit Toyariu

WUUIRBBNB LU IaRItN N SNENsaleanweludn 19 week 919mtn

4.3 WUUIaa9 MLP :

Tunsnensaleenuedudn veauuuinaes MLP agvinisuusteyasendu 2 4n Ao train 80% uag test 20%

wadsuisyndeyaues train uax test oandudeyaiazldlunis input war output vesuuuTiaes lnsularvesyn

1%

Joyalviegluguuuuvedaisisd 3 I7 Jsgnuuseanidu [sample, timesteps, feature] tialdluwuudnaes MLP ugi

N13 tuning parameter WeMANITWOTIATER InBkuUTIaes MLP agUsenausmeiaaivaledu (multi-layer) lag

wiaziaasasUsenaumielue (nodes) Fufaslvunazitousanulnualuawasinly
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Msfmua Timestep = 7 fednuniudeyadoundeizdunldlunsiuedeyatagduluudazyndoyn B
Yaya input NdlunuuInael wliteyasenusvesiuneumiieldlunisneinsal dudeua output Aevayad

foanisnensnsaltulamivuaandy 19 ms1edean1sasneInsaloanuneianun 19 week

saaa

Felarmsinesianan fe i 2 Layer Inefdnwiulvun (n_node) luusaziaiwasfe 16 wag 1 mudsiu
uay epochs = 300 laeiuuAA activation function = relu way optimize = adam tBILUTEANSANIUNTTE
MUENavUUUTIADY UAITBINT fit Teyaiuiuudnaeaielviuuudnaesivinisneinsalseavislusn 19 week

49min

%’uﬁauﬁ 5 : Model Evaluation

Tunsuszliuindszansnmassiuudiass Tunuideidazlyan Root Mean Squared Error (RMSE) , A1 Mean

Absolute Error (MAE) waz Mean Absolute Percent Error (MAPE) Tunsinananuusiugn

5.1 91nVId09909ALAAUAURANAINNIAIE09 (Root Mean Squared Error : RMSE) A9 NM353ARMULANGTS

SENINANTTILATANEINTA! 9191NAT RMSE tudliantias kansinAanensaliulseunum bainafeaiuaase saaunis

1 ~
RMSE = \/; Y —Y)?

o

fio A1 actual value 89 samples test 9 i

N '

fio A1 predict Y89 samples test 9 i

on SRS

fim 97UIU samples NIvuA

5.2 AAaIalAGeudYsalady (Mean Absolute Error: MAE) Al N15MNANRREU8IAURANANANYTAITEVING

ANNEINTALALAIDS D111NAT MAE TuilAntey wanainainuietuialndfeaiuaiase seaaunis

MAE= X7, |Y; — ¥y

e
Y; fie A193evide A1 actual value 193 samples test 7 i
?i flo Anfiuszunallewie e predict 483 samples test 7 i
7 fie §1uan samples W
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o

5.3 Anadernuinnanfesarduysal (Mean Absolute Percent Error : MAPE) fle nsvniUasidurniadeves
ANULANAALYTATENTNAMEINTAUALAIAT TN INAT MPAE Wuilintos waneitdnensaliuussanuala

TnaAgauA1939as @unns

n |YizY;
1

il
MAPE = —1 Yt
N

X100

Tae?

Ao A1 actual value 983 samples test 7 i

N '

fo A1 predict Y09 samples test 9 i

Moy SRS

Ao 91UIU samples NInuA

91A1 MAPE it 10% dainniswennsalreutnausiugh 1A MAPE agsening 10% s 20% §ai1nns
w3l glen A1 MAPE 08581319 20% 8¢ 50% dn31n15nensaineld ddn MAPE 11nnd1 50% Jadinsnensed
Laiwsiugh wagdnA1 MAPE taenii 10% 3091 msnensalreudeusiugn (Taha Falatouria & Farzaneh Darbaniana &

Patrick Brandtnera & Chibuzor Udokwua, 2022)

NAN15ILWALNUTIINANITIVY

Tums3sed IhinsineuasiinseiuTouiiovaussous seninauuusians SARIMA SARIMAX LSTM uas
MLP Tae3deldidendnudoyamsueauaniuduimils insvuunanesussulat deifeyasonviesety
fausifion unsiaw 2564 81 Squisu 2566 Tagldimadamateusveaados toduuumdunsiamninisadng
wuushaadunsnensaisenedudluin 19 dUavidnmth Tnonadnsfilaannisnaasdisuuusians SARIMA
SARIMAX LSTM wag MLP 9e3dudnis 3 518013 themennsalfildunidouiisuiveenueads sronswionnsim &

AwUsenout 16 - 18
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ATNEINIOIURIUANTUNTIZS
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2500
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1000

500

1 2 3 - 5 6 7 8 9 10 11 12 13 14 15 16 17

Actual == == e SARIMAX === = SARIMA == e= e [STVM o= e MLP
AwUsenau 16 LLﬁﬂ\‘lﬂ']‘JLU%‘EJULﬁEJUﬂ’ﬁWEJ’m‘EQjEUENLLG\Ia3LLUU‘\T’16EJ\1“UEJ\1LL?]5UV]‘N§Q

AINENNTOUD AT LN AN AN

18

1 2 3 - 5 6 7 8 9 0 11 12 13 14 15 16 17 18

Actual == == == SARIMAX == = = SARIMA LSTM o= e e MLP

AUSENBU 17 WanIN1SiUSULEuUNIIWEINI AU LARELUUSIADIUDILANUNT LB EINAN

MSDS CS SWU @2024

19

19

81



2024 4% Proceeding of the Data Science Conference

ANENTEiIBUATTUNI g vy

1800
1600
1400
1200
1000

800

600
400

200

1 2 3 - 5 6 7 8 9 00 11 12 13 14 15 16 17 18

e Actual == = == SARIMAX SARIMA LSTM == e= e MLP

MmUsEneU 18 wansnsiUieulfigunmnensalvesisaziuudnaasasnaiunssglng

{AfulF s AvBn e nesar SaneiiufiethinSeuisuuarasuna dslunisideildais
LUUS1889 SARIMA SARIMAX LSTM waz MLP wisldlunisnennsalvanungaiai satudadenld Root Mean
Squared Error (RMSE), Mean Absolute Error (MAE) wag Mean Absolute Percent Error (MAPE) uidusain
US¥A7S A NT8ILUUsIa8s wiiomsmean error 3sldainnismenauuanassEnineAilaainnisnensalfuaass
wdhlumeaniade Tne RMSE uansneifu MAE msefl RMSE axtimasiuaads error fildunenidsaosudinonsind
409 d1u MAE 9t masiuALadeves error ﬁlﬁmaammé’mysaﬁ wag MAPE 9ginauutiuguasnswensallagnism

5 &

' = ' ' ' I3 I a & I3 A =~ ] A v A&
ANRALVYDIANULANFANTZWINATNYINTULAEA1ILUULUD LT U I@EJ‘VW’T'] RMSE agdna@aa error Vlﬂauﬁlﬂ&qul,ﬁu

'
o e

outlier #alaa1nn1snennsaluInnin MAE 1889310 RMSE J9unaunisanuiuiiiamanaiawsasallenindsdad way
naIntuiIAedY dwalirianainiiinnuianaiauin g duinidnandulunisaiuanu RMSE Wellssuiiisu
fueiananitasas Buili RMSE sinagldaninnndy MAE Wesin MAE maadeves error Nldunaenmduysal

Inglyidasenindaaes vilvien Error indalinasiaA MAE wiriu laedaussdnsnmusswuudiaadld dannsned 3

Product Method parameter RMSE MAE MAPE
LLﬁ]ﬁ’umaqa SARIMA (p,d,q x (P,D,Q,s) = (1,1,1) x (1,1,1,12) 1222.19  968.65 44.96
SARIMAX  (p,d,q) x (P,D,Q,s) = (1,1,1) x (1,1,1,12) 810.37 690.57  31.45
LSTM n_step = 7, node = 16, epochs = 300, 592.50 452.65 19.84

Activation = relu, optimize = adam
MLP n_step = 7, 2 Layer node = 16, epochs = 629.83 566.07 2691

300, Activation = relu, optimize = adam
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LAAUNSADLINAN  SARIMA (p,d,q) x (P,D,Q,s) = (2,1,1) x (1,1,1,12) 879.41 701.46  29.26
SARIMAX (p,d,a) x (P,D,Q,s) = (2,1,1) x (1,1,1,12) 847.23 673.86  27.48
LSTM n_step = 7, node = 16, epochs = 300, 563.48 461.39  25.16
Activation = relu, optimize = adam
MLP n_step = 7, 2 Layer node = 16, epochs = 587.66 503.07  25.46
300, Activation = relu, optimize = adam
wariunsaaslng SARIMA (p,d,a) x (P,D,Q,5) = (1,1,1) x (1,1,1,12) 368.45 276.26  27.03
SARIMAX (p,d,a) x (P,D,Q,s) = (1,1,1) x (1,1,1,12) 349.95 281.21  26.14
LSTM n_step = 7, node = 16, epochs = 300, 303.47 26995  28.00

Activation = relu, optimize = adam
MLP n_step = 7, 2 Layer node = 16, epochs = 283.79 218.88 22.64

300, Activation = relu, optimize = adam

A9 3 WAASAT RMSE MAE tiag MAPE Ua4ufaztuudnasy

NATNN 3 wanan1sIeuiisudszansnmveaudazuuuiiaes asiuinlulaiunsege wuudiaes LSTM

'
a

TUsgansnmnANan 11e397nliA1 RMSE MAE uaz MAPE ¢n#iga fie A1 RMSE = 592.50, MAE = 452.65 g MAPE =
19.84 Mu8A1U3 InTidesvesnnunanndeulaeRisvesnsnensaliludiuan 592.50 v Armensalianaiy

waNAeaINATsalaeladisagfivsvana 452.65 UM uaz AAuraInwAsuRdsreIN1INeInsally 19.84% 03A1939

P

nafunsaBeenans uuudrassuuudiass LSTM Iiuszavisnmitanan 1eaanndlan RMSE MAE wag MAPE i
fign e A RMSE = 563.48, MAE = 461.39 Way MAPE = 25.16 mneaui1 nfiaesweeuamaindeulneiadoves
nswernseiidudian 563.48 uin Amensaiianuuanieeindiatilnedegivszuin 461.39 Um uag A
mnuAsLAABUIRAsYeINTNeINTaldy 25.16% veeA1a3s uasiiiuldiuuudiass MLP AfiuszAvEamlndiReaiy
wuuiiaes LSTM enatdumsgindeyavesuarunsadesnandhidudousnnmediazl LSTM fuszansamdtunnmilou

wady q lunsaindeyalidudounn lunansassenaiivssdnsnmlndifesiu

wafunsagelug) wuudiaes MLP TuseanSamiiafige 1lesaniid1 RMSE MAE wag MAPE fnfign Aa A1
RMSE = 283.79, MAE = 218.88 way MAPE = 22.64 “u18A21471 SINN@09U89AUARIALAADULALLARYYDINS
nensaldudiuau 283.79 uwm ANINTAIIANULANAINANRTSIAEIRALRENUTEIN 218.88 UM WAL AIAIILAAIA

\whsuAsveITNeINTaldu 22.64% Y0IA1939

NUITUNT 3 59871T UUUTIABINIIUTEEANSANTFTAAYDUANUNTIAY WAL NTUBLINATN AB LUUTIRBY
LSTM wagiuudtaesibilsed@niamiananveiuadiunsagadng Ao wuudtass MLP Fsluuuudtass LSTM &

ANuaInTatuNsiassdayauardnnudlutiiadeundclaa Jerigliuuudiassanunsaduggniauasuualiy
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vaatoyaliograuiug waziuudnaes LSTM fianuanansalunisdnnisiudnvauz dudoulasdidudeyaliogied

9 1%

UszdnSam andeyayaillutiellndaviliveyailvenviegelantuun Je1avilvideyaiidnuwaeidudeu wuuitaes

LSTM FaiiUseansnmannnda SARIMA vi3e SAIMAX wagluuinaes MLP Aliussansamnaigaluveiaiunseasing

91ainNaNYzvelayanlianududeulpyawselidnvugivanzauiunsld MLP wnndn LSTM

Tusideilsnnasdduuuiians SARIMAX wWaRansaniulustutudnluidudadenisuenlukuuinass 33370
NANISNARDINUILUUTIADY SARIMAX THUse@NSANAANIIWUUINaD9 SARIMA kanainTuluslududInalibuuIngod

I
a N

NUsEANESNINIATY
d3UNan15Y

nuATeilidumsinnmanensaisenmedudn Taglduusians SARIMA SARIMAX LSTM way MLP Taesinis
TaUseanEa nvelUUIIRed Iagia13a191nA RMSE MAE wag MAPE 21nrani153de aguladnuaiunsegauasuaiu
n3adeenan wuudiaesiiliussaninmidiian Ae wuudiass LSTM tiesanlul 2564 iAnanunisallainyinls
BeA18Y8Y 2 TEMILTsonIeTigiluognat warluddemsenunefanasedtirng ilvideyadaududeu
108U wuUSas LSTM flmuanansalunisdanisfudnuasdudounarddutoyaldosnedussaninm Sadamali
wuud1aes LSTM SuUszansamilifian wazuatunssgelug uwuudiaesiifiuszaninmiiaiian Ae wuudiaos MLP

Weannludeyavesuaiunssgelngjenalidnuvauzvestoyanianududeutovas Javinly MLP fusganSaminsngn

[

IINHANITNARDY VN lFausaneINIaleanuIensad1ILvesduAfenanld vilgsiaausninaununis
nAnbimzauiuaudenIsiy 9 lneanaudaudddunisdnnisadduduasUsuussssuudanisafion anAdw
gy deanndudfiviessegluadsduimsedudnuglils uasliduduiisameniuaiudenisvesuilaa liuin

wulunsetsaiuly
AnRNIsUUIZAA

mM3Iniidelasunisatuayuandudininends univedeeiuasunsilsa lunmaiauenanudde (33

YBYBUAMIN f 711l
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