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ACM: Absolute Change Model

ACF: Autocorrelation Function

ARM: Autoregressive Model

DES: Double Exponential Smoothing
DMA: Double Moving Average Model
HES: Holt’'s Method

MAD: Mean Absolute Deviation

MAPE: Mean Absolute Percentage Error
MSE: Mean Square Error

MPE: Mean Percentage Error

NCM: No Change Model

PCAF: Partial Autocorrelation Function
RCM: Relative Change Model

RMSE: Square Root of Mean Square Error
SES: Single Exponential Smoothing

SMA: Simple Moving Average Model
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o Moving average method

o Exponential smoothing method
o Autoregressive model*]
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. Mean square error (MSE)

o Root mean square error (RMSE)

o Mean absolute deviation (MAD)

o Mean absolute percentage error (MAPE) 8

° Mean Percentage error (MPE)“
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Principle and Practice TUEUIANT Rob J Hyundman S George Athanansopoulous TS
AnnaSwuswi: -minprinnaiEilGmIth sansAlHN EE o SHvEigimuugmn
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1 Rob J Hyunman and George Athanansopoulous, 2013, Forecasting: Principles and Practice, et
2 Ricky W.Griffin, 2012, Management, 11" edition G0 9l

3 Jay Heizer and Barry Render, 2012, Flexible Management, 10" edition, §AigH
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minprmninwigmelinisgsw melingnmwatumn puitsnumoogl ™
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* John E.Hanke, Dean Wichern, 2014,.Business Forecasting 9" Edition, §fi1 9-1
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MSIFMIZON N (g AR vin

fgdwinupyumsinmsugan: i
SN GAM GSSURILN miy g thifiud
9.0, jsinafgses

FeSwigimsivhicAhuUIRgINSYuS  FSSWIUIRG  Cross-sectional &4
GSSWUIAG Time series™

WIS Cross-sectional A3 §SWIRAIIMSIMUUTNAG RN ARG

aeinn ¢ mipygudgSuistibbgspmas guiusigmissuitngug)

V0o9c
@Ufﬂnﬁ% [muun Ll] IiﬁLUiﬁ G Cross-sectional
2014 NYC Population by Borough
2,621,793
2,321,580
1,636,268
1,438,159
I I 473,279
Bronx Brooklyn Manhattan Queens Staten Island

GgSwng Time series AM3gSWARLEHIOSIAPYUGUIWINUMEIRN SSNs

BB NG NAIRY YERTUEYN yyusmughmibs hatuhgsuitunsuinm

mﬁiﬁ’ﬂﬁ 3
juMngv: MuuinmisgSwUiIAG Time series
Passengers
700 ~
600 +
2 500 -
£ 400 -
w .
@ 300
o 200 -
100 4
0 T T T T T T T
2 8 5 B 8 3 8 8 B 8 3 8
Month
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9.é. 85e5S8ER Time Series Data
GSSWiIAGTime series FIMSIUNIGHMGEY G Trend, Seasonal, Cyclical 81
Random U Irregulart®

9.¢.9. Trend

a o

Trend MNEUHIIMPONSYUNSTZSWIAG Time series IRIUIMMMAGINIGIFNS

SgSwismmIALigii USWE:RRIWINUAMYW SgSwisigistnsugan:igh g: g
BN GIR UM SURAN:HUSUNTE M 81ty iINN 18 g SnS MG S MU e
Ami:R§nuigRIgwsgsidumsmhmipuistann mipuishinhsipmss Him
HAGILM SSSISNUGHUNME SUmMif fﬁﬁgﬁﬁﬁ%ﬁ SIEUARMIEY Y [MURMBUN M
FeSwikuuyUMSIMBIUMNN trend iXUMSSiInASIGuIgIMBINUTAN

oo

jumngms [MusiNmA S SWIAG Trend

Y Y Y Y Y Y Y Y - A
1000 o1 o2 o3 o4 05 ) o7 e o0 00
Original Trend

GeSIWUIAG trend 1S:IG)EANBHINSINUMGAMANUIRGUISUIS]HIVNS Linear
84 Non-linear trend HGMUIHUMSUINMONMY

jumnga: MuuinmNEgSwpiAg Trend iuuibisif ShBsbisif

® Ratnadip Adhikari, 2013, An Introductory Study on Time Series Modeling and Forecasting, §i9v-om
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9.¢.19. Cyclical Component

Cyclical Component SESHUMEHHIS time series data EUBSMAD{UIRSIEHM
§ﬁ@ﬁl§:ﬁ$i§]ﬁm‘ﬁ‘g”:ﬁmﬂjﬁﬂmﬁﬂjﬁsqﬂﬁmﬂﬁj&jmﬂ mgigihpimst:sgnnifigtinis
MGIAY (business cycle) AMSIINM AMiUEAEMIGyY wmsstitwmith Sansimis
1915188 88w Cyclical imﬁhmmpﬁmhmsmnnﬁmﬁaﬁm

jumnges Musinmi§gSWw{Ag Cyclical Component

/ \f/ \\ /\ o

— Treng-cydie
V/——\/

New orders index

Year

9.c.M. Seasonal Component

Seasonal Component ANEHIUMPYS time series data IEIESWDIAGIS
gigfinigupg:simigiug: IHUMSUFMNIGMNEG SHNGINMANMST Yunme:a
NENUIRG 8 g S WIS mmiﬁﬁigjﬁqﬁﬁinginmigjﬁmﬁ SUGNESNESHI §Emywia
UYwHItiEEY g Qﬁmmiii]ﬁﬁmﬁmlmﬁsgiiﬁ GGRUMSMIAE SUAMGISS
SIS UUIGInUIEIGR 9188 saUInNYwig)si:A AUIsGINNAANS UAMGIHSIS]
ﬁgvjmnm?mgﬁmmiﬁmﬁﬁmgmmﬁsmégmﬁf]s?mim:ﬂ

SsSuwnssifmgminmywigssoms

°
=

My gommipummasms gwﬁigj]ﬁ FOEANMNGRMA U il Pumam
ity

o Uiusruhulhiund oM AfunnGuiuindnigl UGS UANANTH 15

HUFI IR
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ubhmehnnaHgaomansigSwivingis:ms iymshensirniliciSusuifiywis:

NG I UM AT A NI RN S

N

MBS M{MuuNm 68 Ujijjiﬁg Seasonal component]

gﬁmnga% [MuuNm tﬁﬁﬁﬁ g Seasonal Component
$m
700
| ! | I
o _ P - PR
\ [ | .
| | Lo . | | s
500 - S - P ¢ FE F E 8§ F I t |
BN RN
400 f | “ | ‘ i ‘:'? ! | f '
; P8R & 0B b oo Pl I
i ER P LA
I : i | : ¢ A § I ./l ! TR W\
200 - ! : ‘ :‘ ‘ { ] [ [ ) ‘4 II”‘ ."' ‘ ‘.“ n'l "J. \]Il i1 .‘J‘
)\ ". ,Hv } ‘ 1) -..".l‘ "“;’A {v“A J Hf ‘ i\ A .\ ““ L N / ]
NI *
200 rl 7 3
Voo
L] 1 1 i 1 T LA | ] L 1 ) 1] I L] T T
1982 83 84 B85 86 87 88 80 G0 &1 92 93 G4 05 96 97 @@ 9 W0 M

9.¢.¢. Random / Irregular

Irregular component 1 1N :HRIG)FUTIRN Random B AIMAUMAYHREISIAIN

UIGTifuEasme Seasonal component 88 Trend component® NififigHAMADURKI:

i:f Nifisigih Uy Swus mssﬁﬁhﬁmmnﬂm sﬁmgimﬁt&@ﬁmﬁmmﬁs s hmuﬁﬁs
S8witueguMSINWIGHS LmﬁmﬂiLmHm 91;5531.8 Irregular / Random®]

jumnges uuinmi8gSwiving Random

10000 - '
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9.&. MIBRNF|BIHRRES ESFMBAUtocorrelation

NS TMEMID ARSI UHIGHE RGN RN SR QI
mymichmsHIsINISIMmu NS Idm AiahinnsENAESUM (correlate)q IHHG
IHMIEANHENAGSMNUHIBHS: (correlation) INWHTIHHANGAESH autocorrelation
coefficient U autocorrelation function (ACF)“1 Autocorrelation sRaEighibénnGsh
(correlation) NHFIFAHMHMSIIMUISIMEIN USIHWARIDWHGHRINUGWE U
i{5S{M (lagged variables)“l

>3

BHRnNANAG § S IRUMMIME Trend, Seasonal, Cyclical Ui Random
I UDHFIOANIBENGNAGSH autocorrelation coefficient TENUHNMBUBZSN
i[MY YRANSIMBHAYIE Minitab  Skimmglibipmng§gSwisinhmyivanné s shmy
{MUILAS autocorrelation function (ACF) MSBRIMITANSIMBAYIN Minitab*!
gﬁﬁgﬁiﬁdﬁﬁﬁﬂﬂ%ﬁ autocorrelation coefficient iS1 lag k (rk) iﬁ'«:ﬁﬁf’gﬁﬁﬁﬁ Y, 821 Y,

iniImwhmigRinmkas

= Leepes BN Ve ¥) = (1.1)
Y (-1 k=0,1,2...

Tk

W k= ‘ﬁgﬁ‘ﬁiSﬁQjﬁm R( the time gap being considered) IR MUTHItNSIAIUTIRIag
. = the autocorrelation coefficient for a lag of k periods
7 = vrijuisnigumauEgS Time Series
Y, = BGRUTIEISIS: N t
Yiop = MYAUMBYSIIN t §SS k 84 U 1SN tk
**fimﬁ
o 108g8wh Trend iR Autocorrelation iNH ¥, §41 Y,_, BISTYREUREITNT lag 1S lag
MISHYYRG I Autocorrelation B1SMYRBIS IBMmSnaSHSTNUGSS lagifiSigiia
HNING)H ACF U lag 1 theimmuShmnsaiytigindafiaigo with ACF il
lag 2 ARG SSHIYHLGIS] lag 115
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« 105g8wih Seasonal component i: Autocorrelation B1SHILLIS] Seasonal lag 1j 181
Multiple of the seasonal lag! GitN:§ g SRR {UYUNIHtEY seasonal lag IUFINEA
it 4 Wwsim:§gSwiushie Seasonal lag IFINE 12
. ‘iﬁ@gé[ﬁm Random i1: autocorrelation i3 ¥; 88 Y,_, 181 lag k nmﬁimmﬁmsrﬁy
Seiagsyd Gniig)anifis B8ty Time Series USIMATSMUNATNAIS
9.5 STenjasinMmInRnIRR
minpRinnAmMR§mMInweRysHinas ihwigrrlsgSuitnpyumsinie
miuShugygmu  shwifmimmetibugenn ynmigiag migprinnicmsomi
ngAminnrINNMBTUUUTNANIR U (Quantitative) SHMINNMINNMBILURANT AT
(Qualitative)1°
9.9.9. MIORFIRNFBIBBBIBINRNS 855
minprmhmuivsuinaniedw Ahminprinnaisoanmuigmehimistuns
ulguuegiul gumimnns NHSans 1eImuumSusiuERRANIEIMAGHTIY
ihanjeyis: Ehgn'jmnt:ntﬁjﬁgnjﬁn'jtiﬁﬁ"jﬁmﬁﬂilmighmﬁﬁﬁjtﬁﬁﬁﬁnyﬁmh sl
NS EgSwHMiRFNG URNTERN SgSwitNMAMGIYIIBATDIMAM SIS
ihanjeyis: m‘?‘t’smlﬁﬁﬁnjtﬁimSiﬁﬁﬁﬁjﬁﬁjﬁﬁnyﬁinhiminmiﬁmﬁﬁmyﬁmhms

o aa,

LﬁﬁﬂQSS[ﬁ ﬁﬂ[ﬁﬂj‘ﬁFLﬂ ﬂiﬁjﬁjiSfﬁfLﬂLﬁjiS . ﬂLﬁfﬁWﬁLﬁLﬂW Ffﬂ BISNIJG IHE|WRYR

12

53 9

Imaistie St

<

BUSHWRBANNAINNINGT SimsHRpnG st ?t"s anprgisan ANt

~

SIS

=%

=

IgRYIIRUMNTRRHELE i ugRiusgumsi:Momunisgs

D%

muiimdniysun unfmsizuyroREiEhigaeipyus: Bsinhnm:ianas:
inSwuidimasmRmm Ui«
Frumentguis:d ilgmoorinhigduneimeifianis:ms gaapriah

ﬁiﬁﬁjiLﬁLm ﬁjﬂj NIUY [Ufi%SigGm Naive approach, Moving average, Exponential smoothing

Si1 Auto Regression ity

® Douglas C. et al.,1976, “Introduction to time series analysis and forecasting”, 2™ edition, §fic-
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9.5 1. MEARHIRNFMBIBBHRNS eSS

minprinnmuiuuganiait  Shminprinhaisanhuigmelbmis i
gAY ughRpUERtgugmimmetidgSwitumsugan: gy fHanjans:iv
ignginputighd A%n wnuns Sutinn:Swumsymima ufgmamsovamn §hus
izt amighibumsugisin:HES I M UUA)MBM YU S{R: U
npAniglinamMInD yugsisunmamoidng:

gan:firsisibananssahfinigrehmilu gagys: H8muERIMA thw
gepimeotyainaignigiug Sun:npunsSisifonansdn  Adsmsmig:pwing
iy himagamigasiyguwnigsungw guielin mnprinnmuiianians:
MBS LN UER pnshmpsuighiade fusinn:duungmmmiwhmsiifinn
HBUIMATNSOMINNAIAMQ S UHAN: i [Fupivg smaiuig i

9.¢l. SiensieminpnarhamsisssismrnSaies Times Series Models

a4

Times Series Models AmifianjagiinnBifigfimnBmeis) patern)isighniyling
MRS R wgath&§ sSwhipmysmsiugigiysig)s hanaisiwndgsSw
iigihwnigasy Wiwwnhishfmantdih sansmiygisiHNRnSHIBY Times Series
Models ARERRIUIEUINGRWHISINHBRURMIFUER A UIGMIANAINNI:INE Wit
ieiguminprinnistinizuggSwas iy gipuubmtiunsmadsigll
NHG GiZsmINNRINMBIUUUTN AN Times Series Models H1SEGMIMYS

9.63.9. Naive approach

Naive model RAmginnisminprinnitaiivignsipubigSwimmon un
NNAIAN TGS iEhwSsmsminagugsSwonmgiwgothminmatann 84
OUISIInT giglgmnSsnpuaspimIng iyumsmeituwhEANNAINN:
184 Naive model IRHGIURIGAIGMENTNALYT ENORBIE Simple project Model] 1tftis

U 9

Simple project ModeliS: AOWNIWAGSSUNSMIHINAUGYS BRDAGARTIAM SINW

v 1

Besimonsiguimimanfinns TMRvYwIg)ARnSUTAN: yRaNMIELEiiRiGme]

S~

iﬂ?ﬁ“lﬁlfﬁ,mﬁﬁ'ﬁﬂjé’i AN ?ﬁﬁﬂlﬁﬁﬁﬁ Moving average , Exponential smoothing model*]
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auncsyifusgiRois:Asnmwicgumifig) mpensgitgsw 8 ifphufmicntivy’
sinnnnaaniviimAnSsingiiénshisasigumoifinm smeituamusnims:
nNAINIga SSIatinm: Naive Model ISAGRIGIEN M St Iig)s
9.63.9.9. No Change Model (NCM)
No Change Model (NCM) [fitnSimiBiminnrinnggsusitumsiu:inug Suds
ayinsmngasigngihiywimgpanmugigwmignsnmwg  thgigl  iduinianbmmi
NNRINMBHIKUIS: IRmgRMMRINUSIMMINNRIANFNNM oM

JUUSTNUBIR IS B°

Vo1 =Y, (1.2)

NG 7, =HgONRILN OIS INUUST
Y,= mymitaisinhns:nn ¢
9.63.9.19. Absolute Change Model (ACM)

minNRILNMBHIEIS: MmeiRuguumsmi ouisdgSwitujwnigSunsing

al

imaugsimnguminkIS: SumohiMwisimunBaitumn sHyngoEHRisHS

— 1

JUBSTNUBIR IR

Ve =Y + (Ve = Yioy) (1.3)

N 7, =HgONRIN TN INUU
Y= MYMAL RIS N ¢

9.¢1.9.M. Relative Change Model (RCM)
Relative change Model (RCM) I fSTRNMAMIE UG (absolute change) Bt

MAIUISHIGH UM SUIMISI Bl N USyh

7 Jae K. et al., “Budgeting Basics and Beyond", O'Reilly Online Learning tgﬂji"tdiﬂjig§98 i2ian g‘ﬁlﬂolﬂo
8 John E.Hanke Dean Wichern, 2014,.Business Forecasting 9" Edition, (i1 DY

9 John E.Hanke Dean Wichern, 2014, Business Forecasting 9" Edition, (s om
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JUUSTNUBIR IS A

. Y;
Yivi =Y +_Y (1.4)
t—1

NG 7, =HgONRIN I INUUT
Y,= MgMMaRISTtIn ¢
9.¢3.9. Moving Average Model
ihenjag Moving Average [RitSIAtIRBAITuEBIsEg S wrsmGms

npAiInng  GgsisistanségSwmsimsummsimiylSuuguidynnnigimimin

0

§39 1N Moving average (FimsyDiigfindhsifianans: ishnuitumimgng

ISHGITIMAMSI:  GgsunudShpimsaong inwuiguginyiugmuiwsmaniy

DVEUURMOIY HPUTEY Moving average 1SN SABATIEH N RN A GMUT
ygnmsmibugud gSunfunw i gSuipyninsussipunginnm«

Moving average iSFUENT k T UMD MA(K) RimsHANGGTNIME " ¢

N Ye+Ye 1+ 4+ Y giq
t+1 = X (1.5)

N 7, =HGONRIN OIS N
Y= MYMAL RIS N ¢

k = 5SS2N:INMISIAY moving average

*BMs The moving average technique NASMIRMNYIIBISSANINN k GRMWISEgSus
immsivintiom: 5gségsunsinhunulywISsHuns ShnuinniE MU SIAS

1 N

igjjﬁ“l The moving average model "EiSi—ﬂﬁUﬁ‘[,ﬁj‘lmtﬂgﬁ@géﬁﬁﬁﬁﬂend ngU seasonal

DSAYUIEOINE 9 191: TGRS SN SAUFAN:[UIIhY simple average method it

10 John E.Hanke Dean Wichern, 2014, Business Forecasting 9™ Edition, §fii v

11 Jonh E.Hanke Dean Wichern, 2014, Business Forecasting 9™ Edition, (i1 99-G1
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9.¢3.19.9.Simple Moving Average (SMA)
Simple moving average (SMA) RfmiEANIRBEBSYWANSFFSWINWYRUISH

My SImgM MU INHYM I Moving average 1S:imSiStumginRinNigi

{oy ]

4
« SMA (k) DRy gSuwinumsunnn:isss) yEgSwisi (Random/iregular) 16U
BsmsuanN:MTrend U seasonal igjty
o DgionsiPideiguyusaonn g gSwim SR aYSIENWSSHS outlier

JUUSTNUBIR IS A2

g, ==l (1.6)
n

NG 7, =HgONRILN IS INUU
Y,= MgMMaRISTIIn ¢
n= GSSH
9.03.0.1%. Double Moving Average (DMA)
ifitn|agDouble Moving Average (DMA) AthifianjasiturytRnGE gStuivy
ifan(mytiidgSuivuTrend GigBsiusmBgSwiuy seasonal1™ wWitsihianjagis:
SURIIGRUNNAIAN straight 841 sloped-line forecast 1
IEUIGRNIMUTIEN Double Moving Average (DMA)T SIBR{HIHANSNRA Simple
Moving Average fHSEUS JGWRIGRAREISGUIMSINBRIANMBEBTANAE Moving
Average ﬁﬁigjﬁ MBjuBRHTANIMYS
e M, isthe first moving average from Y;

N Ye+ Y1+ + Vg
My =Yy = K

e M, isthesecond moving average from M,
, M +Me_g o+ Mp_gyq
£ K

12 John E.Hanke, Dean Wichern, 2014, Business Forecasting 9" Edition, g1 Y

13 Xiao Cui. et al., “From Double Moving Average Strategy to Bar-Counting Strategy”, Datascience.uconn.edu,
http://datascience.uconn.edu/index.php/projects/students-work/item/104-from-double-moving-average-strategy-

to-bar-counting-strategy GRABIGEW9 i2ian FlWowo
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e Computing coefficients
at == 2Mt + Mt’
2 !
by = -1 (M — M{)

. cUBMINNAIAN

Yeip = ag + bep (1.7)

i p thigsisiinituigiyeinuiginprinn
9.¢3.0. Exponential Smoothing Models

b 9

Exponential smoothing model §RIGIMIE (IS S AJWANNISMFIRUM SAumniyS
inugefifianny Moving Average inuwainGgswGadnn munmsafiwiHsinay
ot sSwinuismstnmifisisin y mAn mutaniistius: fifivjing
ANSABRUGLIS UUBIMItSANSAERUGUISIIm ST bIGmIAnNsmgHNA
AIHTHIIS g MAns (it SImUNIGRNMUIRSUSIg) Ao MYs: 'S

9.¢3.00.9. Single Exponential smoothing (SES)

Single Exponential smoothing (SES) %m?ﬁﬁnlfgﬁimﬁﬁﬁmgjmﬁ‘imjmiﬁ WIS
sgémhﬁ%gﬁgﬁjg%mﬁ'ﬁinmﬁnﬂYt Si MINNAINNGIATY, 9 MIGIRG 2188 GUMSENSE
U1 a(0<a<1) MIHAGIUUEGUMSFHSBEINN(L-2) MicsnpHInuigania
MU GUMSSYSATINN a(1-a) My iS’i‘Ql‘ﬁ Exponential smoothing miﬂjﬁiﬁfﬂﬁ MG
NSABNRENBUYRAITUISMIETIING (for time) 8% MINNAINNIA5(at time t) $118 a(0<a<1) i
MSBIGHHIIMES UM SIUMAFUIeYS (1-a) [HINSEHITM SMINNRINN TG

JUUSTNUBIR IS A

Veyr = a¥ + (1 - )Y,
U Ve =Y +a(, - 1) (1.8)

4 Jonh E.Hanke, Dean Wichern.(2014).Business Forecasting 9" Edition, &li flc

15 Ralph D. et al., “Forecasting with Exponential Smoothing”, Department of Econometrics, Monash University,
http://zyrdrivud9.pdfcloud.org/dI2.php?id=188210093&h=e26a395fa4c655521c4f826ec3f
407f2&u=cache&ext=pdf&n=Forecasting%20with%20exponential%20smoothing%20the%20state%20space%20
approach GRIBIIIEE9E igisan FVOWOo
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1B 7., = ANSEANRINISTINUUNT
a= ﬁm‘ﬁ%‘g Smoothing constant HNSSWNIT a = 60% I HIEFENLMI
APAIRN SN WM EMEM AR 60%
Y, = yMAaRISIINm ¢
7, = &Y Smoothing B1&0 YMINNAIANESTENTIIING ¢

9.¢3.0n.19. Double Exponential Smoothing ( DES)
Double Exponential Smoothing (DES) Athifianjeytinsfisagnniinfjugitiing

ifumaumanpasiamaumaimigimuiamAmuSytsgg ° Double  Exponential

Smoothing Aieysinigfifugyigmaammumeaisimesiiamamulyw 34 Hanjayis: i
msirmHgnnMsgRdamsthiysuptmimadgSuinuunmigmi

iBujrnoimaggSunsimuiinnis: ubuigis

e (Calculate the first exponential smoothing (S;) by
Ss=aYr+ (1 —a)S;_4

e Calculate the second exponential smoothing (S';)
Si=aS' +(1—a)S'i_4

e Find coefficients of linear equation

a

at=25t—5't and bt=1 (SC_S’t)

—a
e Create forecasting equation
Yeop = ac + bep
e Calculate the first exponential smoothing (S;) by
St == a’Yt + (1 - (X)St_l
e (Calculate the second exponential smoothing (S';)

S’t = aS’t + (1 - (Z)S't_l

16 Stephanie Glen, “Exponential Smoothing: Definition of Simple, Double and Triple”, Statistics How To,
https://www.statisticshowto.com/exponential-smoothing/, GRIIBIIIGE09 i2grum FVoWOo
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e Find coefficients of linear equation

at = ZSt - S,t
a !
by = 1_a(5t—5 t)
. cUBmMInNAIANY
Yeip = ar + bep (1.9)

i p thigsisiinituigiyeinuiginpminn
9.¢.m.m. HOLT’s Method (HES)
Holt's Method (HES) AI{Uinsgituainuifislgndgsw Time series tSTing
G sAverage, Trend 811 Seasonall ihanjanssAaiGaniaidaumsmiSwsidmaGs
MRAREUESS Time series 1 mihanmsmumaiss ittty
HenjisiS UGN IYAUIWHAN SUHNN: JARN DR
mgigl imﬁﬁﬁﬂlﬁgis:gmmmﬁnﬂa UM SR iRsigiigem;
FUHRMN e
iByfnoimaggSwmutinnis:ms ubujpinnn s
e Smoothing level(L) iENWHD{MES smoothing coefficient a
Li=aY,(1—a)(Li_q + Te—1)
e Smoothing level (T) ENWIP{MES smoothing coefficient B

Ty = BYe(Le + Te—y) + (1 — B)Tey
o URREIBMINN[IAN

Smoothing level (L), 1N liiji‘[ﬁ‘[,mﬁ'j smoothing coefficient «

Li=aY;+(1—a)(Li—1 +T¢q)
Smoothing level (T), 10 liiji‘[ﬁ‘[,mﬁ'j smoothing coefficient g

T,=BY(Li+T;_ 1)+ (1A —B)T:4

17 John E.Hanke, Dean Wichern, 2014, Business Forecasting 9" Edition, §rir g

'8 "Holt-Winters Forecasting Simplified”, Orange Matter, https://orangematter.solarwinds.com/2019/ 12/15/holt-

winters-forecasting-simplified/, tnsmdimasisigiow i2gaum givowo
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. URREMINNAINND'

?t+p = Lt + th (1 .10)

WS L, = MISANSISABAUGLS
a = Tl Smoothing constant ISSWENT a = 60% 1 :HiEEN LM
NPAIRN SN WRIMERE AN 60%
v, = micagungmRingisiRsipn

B = ﬁ%‘;g" Smoothing constant
T, = MINSaNSEm
p = MINUIR LI RIRNIGIH R
Viyp = MINNAINEONUILTIN UNUHS AR
9.¢).¢. Autoregressive Model
B Autoregressive WIUTIMAS ARM Athjuiastitmuitunnmnh§gSuitnug
MSIMmHEIM: §gSw ARG NUAMIZUMN SRS auto correlation  FUTENTGMI
AANSIMBBIEIS: Ahsunan:puElameiujumel8ubiniSimple Linear Regression
{ighOSnBNSHIS B U M 18 MM SinwnggSwig: iwlufamannGich ot
10is1SHE g SWMmAT WIMBINN  AIANUIREGI B Y-lagged1?°

Py
o

ascsRs iSRS

GgSwisim

2 e

9.G. W6

(“c"'a.

HizuisminprinnnsSsuing  Sinaiiw  gRnpRinnsmstiSumBsitiyj
[ResTbituamisumsunan: o UIGmInN RN Bl djmonR ufaubicnm
YBmGmMINNAINNMS g 3
o Anndmutond gmusisminnRnhejmSENAIANA
o Anndisnn @ y g) inuShpiununnnminn
. Annduirsgsw uhwpyuigSwemsepvims Shiipanitumsgndgms

19 John E.Hanke, Dean Wichern, 2014, Business Forecasting 9" Edition, §§ii G9

20 Stephanie Glen, “Autoregressive Model: Definition & The AR Process”, Statistics How To,
https://www.statisticshowto.com/autoregressive-model/ GRUIBIUIGE 0L igiegrum §wowo
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o Rastiiudanmisumaig spuulpingsgsw
. wyuigsSwemspuims Shfipanitumogndams

Pl

. uginugeangamigaiitanetibigsw

2 =3

o igmInpRINMSETTIL L

a

. DwsgHHuAmgRimEwhnsiaEmsmnEusEE Ui

u

o ftutwAguamyitutEaEBwRSmMGMINAIND  whimaiglehm

>

inannnmgisinudyw s eiwiitutumsMalEl Eror GomnMRTEE
I IENGUSHRMNGIR TSR U ABMGMINNHIN

o CUNSHMM BMIATEEEME AT RTE UMM YIRS USRS
minpAInNY EhwisuigibmigRaaRNRSIGIRUSYw s Wwgisuywam
IS Error UMHBIEI: BN GUSADBIR TR R GIRBHGMINN [N

9 8. misasisetuleleminnar

inwsiEtsminpAInh Sy I giamsuann: Miailiags  wnagmsadugn
npAINNYwSgSH sMAimAphMIfEutudituamywsmiminpmnn 9 dggaimn
MBS SHRGM asaR M iy Qﬁiﬁﬁﬁjinjjﬁmjﬁﬁﬁﬁnjgﬁmm:masﬁ’jsmﬁim:

1
B =

MIRANSIR error ISHIRISHW IMYSTS
IBHGHANDerror IS HHIHANSNSIMBULS e, = ¥, — 7,
Y, =Y GRIINURANGS t
=ﬁ%§nj1ﬁmhm1mﬁﬁ94ﬁmm t
e, =Y, — 1, =ﬁmmmsnyﬁsnhqﬁﬁ94mnmt
Henpymibsimsufimdy  didaoguinaittuuiaehwuigmeannmnn
DAAYgWwY  mmisisimsmiginis:madgSusnjumaysiniyws gsismnguming
myhndumignprinnivasng  micopsdmfuigms onprinnhanng  figmehiismi
conpsRifuigRg s Suuiiaftuminpanhizumstuuicy whwmiiiugno
Uipmg unNRINNEHTRRSIHU ISMINNAINNRGHGISTTY U SISy hGiIghnms

ifj measuring forecast error iﬁ%ﬁﬁ NGRS HGMe
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. tLiﬂﬁtmjﬁm nifupisuigmssgumii (UJe)
o haimmnmspionsSymaidmhaismgme A
o gHIRUIGAIG OURE
ugiimbgaigeror isgituSywys wusihanjayudgsitigegnopman
mohasibEjRismiInpAInN M SEs My
9.8.9. Mean Absolute Deviation (MAD)
Mean Absolute Deviation (MAD) AEIGEN]AJAANSNIA error YIOUINGIRANNNSIY
AR SILMEIR A EINg N igfmoAMIMuiianaisims NEIUR error G

IEBAYRGUMARD BEjuiSHiyMG §ojuugMIMmu? ¢

I

le:|
MAD = L (1.11)
n

BNt = IS
n= fi%SEiS error
9.8.19. Mean Square Error (MSE)
Mean Square Error (MSE) ‘%m‘mi‘ﬁﬂﬂSﬁmﬁﬁjﬁiSﬁL‘ljigﬁmmmiﬁfiﬁf‘gﬁfm-ﬂﬁ“l

Z": (.‘-','rz )
=l

n (1.12)

JUUSIUESH A

MSE =

9.8.0M. Root Mean Square Error (RMSE)

Root Mean Square Error (RMSE) AfuasiSurjusuyAmmatibnigimi

juugiuasNA

(1.13)

21 Ronald K. et al., “Forecasting Performance Measures - What are their practical meaning?”, ResearchGate,
https://www.researchgate.net/publication/235312797_Forecasting_ performance_measures_-

_What_are_their_practical_meaning, nji&"mﬁgﬁom izgrum Iggllf] (0]UJ0]

22 John E.Hanke, Dean Wichern, 2014, Business Forecasting 9™ Edition, (it mv-me
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9.8.¢. Mean Absolute Percentage Error (MAPE)
Mean Absolute Percentage Error (MAPE) REMIBANMBHHSHYMGOGEISHU

yRsLguuRmMADHuShGgsAuuMAA U MEID Y

JUUSIUEGN A

n

MAPE :iM (1.14)
i=1

9.8.%&. Mean Percentage Error (MPE)
Mean Percentage Error (MPE) REMIRANIMNYEHHS migﬁisﬁmm:]ﬁiﬁﬁjﬁm—ﬂﬁ SH

SgsMmyumMniRHIRRMMAILT

JUUSIUESN A

thl=1(et/yt)

n

MPE =

(1.15)

9.90. &95: ANLERMICRHIRS

MINNAINARMMSANEINSAMET  UMHAGHUURS  MDHNGEwEHA

PO maaing audinhimismagissmisSumifiosfnpotamiBspinegom

micwifeismilingds migprinnnsan:sigrgumuimmiingds ndstssmh
Prinwiguisgamintifuniingg  gmehrminmigitwmadsmasunEgii
msuniAwskisiihww st Swimnprnh g MSERYIN o ITMAMosgums
imﬁﬁmqﬁmﬁiﬁgﬁimmg?iﬁmﬁmtmmﬁﬁaz§ﬁmilﬁﬁﬁlﬁiﬁﬂ%ﬁmﬁwslmﬁiﬁsgtihﬂ
nm?

mihSsanaggimiviigin: mudimaiisgswrurmbpRgmninugnsuhgim
PUERY  mSHSifgAMMGIRNSIENWM SItugSHvuIMSINgd  (igmnpimsis
iﬁﬁqsm:gmsmsﬁﬁﬁ%@ﬁgﬁﬁmm%n"jmmpﬁ:rfmﬁ@igiﬁm'tnsmgmztﬁ&imﬁ b
(spoandiinmogimsaaninwignimiumzumoiiisins (B YwEG

IHuRaiEe
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o  MIEUESURURMENSING: HRMAMSIREO SURRURMIUAEBREUUSEMITaN

Ayumyushmuimaslany SdpeadSaunelnm EoEneAtlnRY Go5a8Y

"

Annatgmiupnmitivy minprinhAmoinsyiidgannsminntuumumis

3
v

sonsumohnyiuEngsSusmuiuslnsupinlnmidyg?

23 Smriti Chand, “Business Forecasting and its Importance to Business”, Your Atrticle Library,
https://www.yourarticlelibrary.com/business/business-forecasting-and-its-importance-to-
business/25634#:~:text=Forecasting%20plays%20an%?20important%20role, management%20t0%?20take%20cor
rect%20decisions., GRUISIGE oM i2gaim Fiowo
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4 Roman Rogoza, “History and Meaning Behind Adidas Logo”, Logaster Blog,

https://www.logaster.com/blog/adidas-logo/, GRIBIIEEWO igisan FWowo
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{ABUIS Adidas Sitimngiyemsunmativuis: A wanigniaHinmy
ARNEEBUYS ‘iﬁmgmngﬁms mnianens MiESIE Snnhsanuda Shmnoiy:

25 “Mission, Vision and Values, Etc.”, Adidasdeportivocolombia.blogspot.com.
http://adidasdeportivocolombia.blogspot.com/2015/09/mission-vision-and-values.html, tgmt%mig%d t2gtum
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o  AMANEY 2 pEIEMSMNAN:EY mahmndnGin mssinns Shwindny
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o muHgIH ¢ AgNAMYURSEuEUERUgRmHiwmaEai:hnaiggus
BT SIUaIg AR
o SANRGANGE ¢ thivsghisiv]s WwnmBSHusMAGIEHSHINIHEE
o MNG[H: 3 GSMSUSH] URUMUQMEM SN U SthhgGim:mnithaEtiw
iiinnsiginaRogigie:  im:nmamnssiungialn mngwm  Gams
MigANSUIRiuESe A Im ilYjuREAIgHVIS 1 (BU]S Adidas inbulingndng)
msmigigniinimn guviinuyGimnslnsnitusiing
0.é. SBHESRS
INf Adi Dassler MugiELumuGasuiaswignmhgih iwiwwmsmigmmssno
BRI RGNINUHENGR YR NNRIUELNMAY [[ivU]SAdidas SIAGME
Wiwhnshasdnam:miBsgom iagmty awgatma ow:AgnigpagamiBs?
My AR UGRUYWESSIUA LTS Adidas

2 Adidas, https://www.adidas.com/us/originals-apparel, GRUISIGE 06 12550mM FIWOWO
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©.6.9. ssegndmafgRissiiy

[ABU]S Adidas msmﬁmﬁﬁnﬁﬁmy]ﬁﬁmﬁmqﬁslmﬁg SEUIMIKIUIBING Mt
MN8N AU {1 T I ATMATEITBIS Adidas MALASYIBUYNAH
FUJE Franz Beckenbauer tracksuit 13UT smﬁmﬁaqﬁgﬁ 9894?" Adidas BR{fLUISyWw
BOaMIgUIUUAgNETREISIHIU Shmpviistlaiminas v shibhamanm

@Uﬁm§°)l‘3% FWti Franz Beckenbauer tracksuit

... a5505:F95
0.é.10.9. a555: HGRRVBMNE

[iviisAdidas hamSiglBayamnind  Suomefsniguogsd [puns
Adidas ISTIRENEU]SHYWHRMIEAGHATEASN  BIAUNASNFEUIINSAENUTBMU
AU S U AHgITh skt

igiglogno FIFA inmhandsmmnaiamans msiusmipinmnuindyw St
MSifeiovils Adidas GG ﬁj‘[,mi'ji‘[,idj‘[,mﬁliqﬁmi‘[,ﬁij‘ﬁmﬂ'jmﬁﬁﬁﬂmﬂﬁ
World cup TS Adidas Telstar ARNMEURIHURAGIE BT SAdidas SBIBMUAW
mswhsRguMIPIAnUStiamnngigioenos Ssfivindinm: futisAdidas A

IS ﬁjﬁﬁﬁﬁ]ﬁﬁmﬁﬁgy FOETEMIMIERMARM NS PEMYwSiagmEH st

27 Adidas, https://www.adidas-group.com/en/group/history/, GRIIBIIIGE 08 i2800mM FVOWO
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.80, as5s: HRRSSTRRS (Baseball)
[6NS Adidas AMSHLHGIZUMNNNAGN Baseball Mifis jBMS HBIHMIHS
[Ag fSmN Sunhwisml SagmitapmbiuhRgnisinisig ot sisag)mang
AmMSEUREOHALIGAGN Baseball MBS "Major League Baseball” 811 Al “Nippon
Professional Baseball” iS1{Uji5 ﬁjﬁﬁSmiﬁﬁ"l

jumngoas cuiAgNNWmMAT (Baseball)
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jumn§ods eunnAgNMo: (Basketball)

.4.10.é. 8555: 58 Cricket
[vUiSAdidas USSR IUISHIG)s g sAmspupuign
Cricket BHiti4 ISIMARM UG fuiil 9 £n0 FRpimUIEI S RIS IBT) SAdidas R
AN wiRgrsiRgnis: Bsiisananugem yamims lagnitia it dine
My

jUMNG993 funi:AgN Cricket

.é&.m. fassemse

[uts  Adidas  mSBOMAMSRNIBSPIRSEGMIMEN U TIBIAMS
e SR OTNOYTINASTUONG TSRO MR (Skateboarding) 8% RJjHIGH
Santiossage 15U SIMUHG NSImajMG il ittt
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2 adidas, https://www.adidas-group.com/en/group/strategy-overview/, qmtﬁmi@%o i288m gﬁlﬁolﬂo
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29 Farooq, Umar. 2020. "Top 10 Adidas Competitors - Competitors Analysis of Adidas | Marketing
Tutor". Marketing Tutor. https://www.marketingtutor.net/adidas-competitors/ tgmt&"imig%o t258um g‘ﬁlﬂolﬂo
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[J o

TRHEBM

SIS VBRNHIRNELMINEHIBH555BBIR Adidas
igiinRGmis: AMILINMURENWINWNANAMILAUSIFIUATHBIS Adidas
QI IV OGN MUIW:IMUUHH MEHNAIGRMWUENQNLEE D Suagma
aghiehismirun 81 maiimasdizuainsignsnprinhmiumitdiging gt
HWAMBSMAINRRRMIIN A MINAUAET) S
m.9. SonRPgemMmInRErh
i I§minprinisigutgnis: SgSWANMILRUITIBUS Adidas GRIWAN
Wog) I SULAWABAYPIM S ShURjANI
iBgjronnRnn g gSwinumsis:ms iimtj ¢
e WYNESSWINAGRILNUYWIRAEFY
. whgSwinnpyLmsyRiM MY Wy oiuinsisigSwin:
o IFMIBANS siginpRnmMsImemRs St Im
« momwituimifiuiowasizuemizuntss Eunsaslauhite
yRNNAINN ShimiuAn
.. L usiemInsHIBTIRIIBas|SBBI® Adidas
m.1.9. SgLusieMmInsHISSIN?
S SWISMINAURIRIUIBINS Adidas IBASURBMDIM S NUGMILHTANL

SUHSIRYIRIRAMN{UIAG Time-series data iZruthmijpyuGsSwipvi)sinyw 6
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MNGvs §gSWMINAIUAITHBU]S Adidas fI§1V000-V09E

Year Sales (in million Euros)
2000 5835
2001 6112
2002 6523
2003 6267
2004 5860
2005 6636
2006 10084
2007 10299
2008 10799
2009 10381
2010 11990
2011 13322
2012 14883
2013 14203
2014 14534
2015 16915
2016 18483
2017 21218
2018 21915
2019 23640

o

UAN: INWMINNTINIRIVETBUIS Adidas (HRSUAIES)

0

... siEafgses
«  Autocorrelation Function {iJeuiU{MUA{iRg S g St

Mujug®

— Z?=k+1(yt_7)(yt—k_?) k=0 1 2

'8 —
k Y (Ye-7)2

(3.1)

30 John E.Hanke, Dean Wichern, 2014, Business Forecasting 9" Edition, §hi b
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N 7, = the autocorrelation coefficient for a lag of k periods
v = uiyjuisaigruaiuas§g8w Time Series
Y, = BigrImmsSing ¢
Yoo =PIYAIMBYSIINN ¢ S8 4 84 U iglits: r4

MNREM: MIBNNAutocorrelations

Autocorrelations

Lag ACF T LBQ
1 0.822272 3.58 14.99
2 0.651960 1.85 24.96
3 0.467856 1.14 30.42
4 0.320522 0.73 33.16
5 0.183389 0.41 34.11

{Ufif s Minitab output
iMJs§9o: (MUBINMASNAESUMIRUA (Autocorrelation)

Autocorrelation Function for Sales Y(t)
t fica ta f the ' Twticrn

Autogerrelation
o

2 “ s
Lag

{UfifNs Minitab output

InwBRANEAGSS Lagt i iunsl Lag uguUmsingoisls Shuntwidi
asShsmst SgSwhminsd th Trends®
.00 FRIQRIGRNASIBESHBBIE Adidas

M.0.9. FECIRSITIELB65B 585

muits: g SwiminuAg1gD DR GURN MM UU AR B SJUNNETOMMY 3

31 John E.Hanke, Dean Wichern, 2014, Business Forecasting 9" Edition, SAi DG
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MJssus MUBINMAMIURTURS Adidas A§19000-9098

Sales (in million euros)

25000 .
20000 ...! ----
15000 o oo’

10000 .__9.005‘

5000 e00es®
0
1995 2000 2005 2010 2015 2020

muimuitiianSme oGaiig) Vooo iWRENE Woow [MASANISMIRIUES
{68 adidas MSifsiIgiuiywRIisiywe Wiwdmsmivrimisigivoom wiwhmsug
mAgsisly) woocd ims:dmuhinmAin [uiis Adidas  AMSUADMGINISIE
Wood IMUSUHIVILHEMUFIV00CE WAL SIUTNANUAISIZIV00 UFHAHMUBH
{618 Adidas AN SUSUAMGIMISIFIYO09 0iU)HUNSEHRPHANUISTV09 &4

b

0.M.1D. FEEIRSINISIESEIB IR B

=4

mnaime uinmiminaN & SwiMIALRTHBY) SAdidasiNUNPRN AR

(Descriptive statistical analysis of data)*]

[} o

mnbc: minnhdgSwiminuhiuasiisi]sAdidasinwiiinasegs

RnommssgSw G

BRJY Mean 12494.95

FIRENIAU)EY Standard Error | 1271.168022

THHNS Median 11394.5

i Mode #N/A

AANGRA] Standard Deviation | 5684.836215

NI Sample Variance 32317362.79
RNEJ Kurtosis -0.743155144
NS Skewness 0.531720496
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i3 Range 17805
SYHUJUTE Minimum 5835
AYHAUIN Maximum 23640
fIUYMA Sum 249899
598G SS Count 20

{Ufifs Excel output

jndmumna2D ilhndmohs
owmiiigl V000 HigY W09E [BNS Adidas MISMIVAUCIRIMSAGURHEGME
AngH; Shisinai bmaco nnsh
ISIHMIAI: NV OFIUASBU]SAdidas BISMINAICIRIMEIER 9VGEG.ed
ANSH
BENSISMIVATITIRIUTBY)S Adidas & 99MEa.¢ NS
RIS EONMIATUTIRNUABU)S Adidas ORIV OGIA 9RCOENNSH]
NERISUINMIAUGIGIUITTBUIS Adidas GRIWINLOZA MUMOAMDY.NE
ANSH
ANRRERSUANMIAUBIFIUBINS  Adidas QRN ORI 8BS
GRGGE.GCMBY9 NNSH)

Mm.¢. MIONHIRTBLMINGS

o)
W
v

INwANRENMESSWDIAG Trend HBISIIWHIH R UMBIURBAPM NSNS

v

INE;

Absolute Change Model (ACM)

¢ Relative Change Average (RCM)

e Double Moving Average (DMA)

e Double Exponential Smoothing (DES)
e Holt's Exponential Smoothing (HES)

e Auto Regression
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M.&.9. Absolute Change Model (ACM)
muitginuis: AN gSunSMIARNITIN WOFHUAIBIS adidas
MUJUYS Veyy = Y, + (Y, — Y,_p) WS GUMSUGRUGTMNN RMES

mnaGds mnhnpRINIMIUAMBEIEL ACM

Year (t) Sales Forecast Error e? le led/Ye e/Y;
2000 5835 R _ _ - - -
2001 6112 R _ _ - - -
2002 6523 6389 134 17956 134 0.02 0.021
2003 6267 6934 -667 444889 667 0.11 -0.106
2004 5860 6011 -151 22801 151 0.03 -0.026
2005 6636 5453 1183 1399489 1183 0.18 0.178
2006 10084 7412 2672 7139584 2672 0.26 0.265
2007 10299 13532 -3233 10452289 3233 0.31 -0.314
2008 10799 10514 285 81225 285 0.03 0.026
2009 10381 11299 -918 842724 918 0.09 -0.088
2010 11990 9963 2027 4108729 2027 0.17 0.169
2011 13322 13599 -277 76729 277 0.02 -0.021
2012 14883 14654 229 52441 229 0.02 0.015
2013 14203 16444 -2241 5022081 2241 0.16 -0.158
2014 14534 13523 1011 1022121 1011 0.07 0.070
2015 16915 14865 2050 4202500 2050 0.12 0.121
2016 18483 19296 -813 660969 813 0.04 -0.044
2017 21218 20051 1167 1361889 1167 0.06 0.055
2018 21915 23953 -2038 4153444 2038 0.09 -0.093
2019 23640 22612 1028 1056784 1028 0.04 0.043

Total 1448 42118644 | 22124 |1.8139653|0.1137624

{UfiNs Excel Output
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[MuysEms muvinmimiunmaiagh Sinprinhmys ACM
30000
25000

I.
20000 A

// ==@==_Sales
15000 L —gm

/J Forecast

10000 /-0' ~
5000 &)@

1234567 8 91011121314151617181920

im[ﬁitfmitjmmﬁimigjﬂ%%ﬁfﬁmmﬁ?ﬁdﬁhh‘% MSE, RMSE, MAD, MAPE 841 MPE

MSHgE MR MIMY:

mnadns mnbnasimrjRisminpAnmuEiEn Acm

MSE 2339924.667
RMSE 1529.6812
MAD 1229.1111
MAPE 0.1008
MPE 0.0063

{UAN3s Excel Output
mutisisstumSmminprnnmsaAEabE]imy
e Mean Square Error (MSE) "tﬂSfi%S 2339924.667
« Root Mean Square Error (RMSE) 8185$8 1529.6812
 Mean Absolute Deviation (MAD) tNSGSS 1229.1111
e Mean Absolute Percentage Error H?Sfi%S 10.08%

e Mean Percentage Error "tﬂSfi%S 0.63%"1
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M.&.1. Relative Change Model (RCM)
muitginus: ibuannnEgSunsMIMUBINS adidas MBJUYS V., =
Y, x 2= IFUIDNMSIUGHRUGEmMNRImY:
t—1

NG mnbORILIMIUAMBEIEL RCM

Year(t) | Sales Forecast Error e? e lec| /Y e/Ye
2000 5835 R - - - - -
2001 6112 6402.15 -290.15 84186.90 290.15 0.047 -0.047
2002 6523 6961.64 -438.64 192402.94 438.64 0.067 -0.067
2003 6267 6021.05 245.95 60492.92 245.95 0.039 0.039
2004 5860 5479.43 380.57 144832.04 380.57 0.065 0.065
2005 6636 7514.76 -878.76 772219.86 878.76 0.132 -0.132
2006 10084 15323.55 -5239.55 27452849.78 5239.55 0.520 -0.520
2007 10299 10518.58 -219.58 48217.13 219.58 0.021 -0.021
2008 10799 11323.27 -524.27 274863.44 524.27 0.049 -0.049
2009 10381 9979.18 401.82 161459.60 401.82 0.039 0.039
2010 11990 13848.39 -1858.39 3453600.29 1858.39 0.155 -0.155
2011 13322 14801.98 -1479.98 2190326.93 1479.98 0.111 -0.111
2012 14883 16626.91 -1743.91 3041220.51 1743.91 0.117 -0.117
2013 14203 13554.07 648.93 421111.44 648.93 0.046 0.046
2014 14534 14872.71 -338.71 114727.13 338.71 0.023 -0.023
2015 16915 19686.06 -2771.06 7678784.57 2771.06 0.164 -0.164
2016 18483 20196.35 -1713.35 2935574.05 1713.35 0.093 -0.093
2017 21218 24357.71 -3139.71 9857768.72 3139.71 0.148 -0.148
2018 21915 22634.90 -719.90 518250.36 719.90 0.033 -0.033
2019 23640 25500.78 -1860.78 3462503.28 1860.78 0.079 -0.079

Total -21539.46 62865391.87 24894.01 1.95 -1.57

{UfiNs Excel Output
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imusdes muvinmimiruamatagh Shnprinhmutitn RCM

(2}

30000
25000

20000
==@==_Sales
15000 o
/ Forecast
10000 ,kf"*’

5000 =T O=gT

0
1234567 8 91011121314151617181920

0

ﬁﬁtﬁitfimtjmmfﬁimigﬂa%sﬁmmmﬁ?ﬁdti"ﬂh‘% MSE, RMSE, MAD, MAPE 841 MPE

MSHgE MR MIMY:

MGG mnhﬁﬁ'ﬁmmtﬁ]hismmymnﬁmaﬁ%ﬁm RCM

MSE 3308704.835
RMSE 1818.98
MAD 1310.21
MAPE 0.103
MPE -0.083

{UfAiN$ Excel Output
mutisuisstumSmminprnnmsaAEabE]imy
e Mean Square Error (MSE) "tﬂSfi%S 3308704.835
e Root Mean Square Error (RMSE) £185SS 1818.98
e Mean Absolute Deviation (MAD) t1SGSS 1310.21
e Mean Absolute Percentage Error %ﬂSfi%S 10.3%

e Mean Percentage Error "tﬂSfi%S -8.3%°1
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M.&.M. Double Moving Average (DMA)

muitginus: ibkEnNn S SWISMINAILAHBINS adidas MujuLg SUSUNS

ISMIifi Double Moving Average Model £Gt3

M, is the first moving average from Y;

My =Ye4q =

A~

N+ Y e+ Y

k

M is the second moving average from M;

M,t =

My + Mg + o+ My_jyq

k

Computing coefficients a; = 2M, — M’

2 !
by = E(Mt -M')

Creating Linear equation of DMA :

Yt+p= at + bt

I MSgREGMNNRIMY:

MNides mMNUnNRILNMIAMBEIEN DMA

Year(t) | Sales(Y) | 3year MA | 3-year Double MA | Value of "a" | Value of"b" | Forecast Y., Error e? el ledl/Ye| eu/Ye
2000 5835 - -
2001 6112 - -
2002 6523 6156.67 - -
2003 6267 6300.67 - -
2004 5860 6216.67 6224.67 6208.67 -8.00 - -
2005 6636 6254.33 6257.22 6251.44 -2.89 6200.67 435.33 189515.11 435.33 0.07 0.07
2006 10084 7526.67 6665.89 8387.44 860.78 6248.56 3835.44 14710634.09 3835.44 0.38 0.38
2007 10299 9006.33 7595.78 10416.89 1410.56 9248.22 1050.78 1104133.94 1050.78 0.10 0.10
2008 10799 10394.00 8975.67 11812.33 141833 11827.44 -1028.44 1057697.98 1028.44 0.10 -0.10
2009 10381 10493.00 9964.44 11021.56 528.56 13230.67 -2849.67 8120600.11 2849.67 0.27 -0.27
2010 11990 11056.67 10647.89 11465.44 408.78 11550.11 439.89 193502.23 439.89 0.04 0.04
2011 13322 11897.67 11149.11 12646.22 748.56 11874.22 1447.78 2096060.49 1447.78 0.11 0.11
2012 14883 13398.33 12117.56 14679.11 1280.78 13394.78 1488.22 2214805.38 1488.22 0.10 0.10
2013 14203 14136.00 13144.00 15128.00 992.00 15959.89 -1756.89 3086658.57 1756.89 0.12 -0.12
2014 14534 14540.00 14024.78 15055.22 515.22 16120.00 -1586.00 2515396.00 1586.00 0.11 -0.11
2015 16915 15217.33 14631.11 15803.56 586.22 15570.44 1344.56 1807829.64 1344.56 0.08 0.08
2016 18483 16644.00 15467.11 17820.89 1176.89 16389.78 2093.22 4381579.27 2093.22 0.11 0.11
2017 21218 18872.00 16911.11 20832.89 1960.89 18997.78 2220.22 4929386.72 2220.22 0.10 0.10
2018 21915 20538.67 18684.89 22392.44 1853.78 22793.78 -878.78 772250.38 878.78 0.04 -0.04
2019 23640 22257.67 20556.11 23959.22 1701.56 24246.22 -606.22 367505.38 606.22 0.03 -0.03

Total 5649.44 47547555.30 23061.44 1.76 0.43

{UfiNs Excel Output
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[mu)sds muvinmimiunmatagh Shnprinnmutitn DMA

(2}
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=@==Sales (Y) Forecast Yt+p

0

ﬁﬁwitfjﬁiﬁsmiﬁﬁjmigﬂﬁ%sﬁmmmﬁ?ﬁdtihﬁ‘% MSE, RMSE, MAD, MAPE 841 MPE
MSHgE MR MIMY:

mngoos: mnhﬁﬁ'ﬁihmtg]h‘ismmymnfnm%ﬁﬁm DMA

MSE 3169837.02
RMSE 1780.40
MAD 1537.43
MAPE 0.12
MPE 0.03

{UfiNs Excel Output

mutisuisstumSmminprnnmsaAEamEimy

e Mean Square Error (MSE) "tﬂSfi%S 3169837.02

e Root Mean Square Error (RMSE) 8185S8 1780.40

e Mean Absolute Deviation (MAD) tNSGSS 1537.43

e Mean Absolute Percentage Error %ﬂSfi%S 12%

e Mean Percentage Error "tﬂSfi%S 3%"1
M.&.G. Double Exponential Smoothing ( DES)
Muit-Sitis: INYGENNEgSUISMIAIUAHYUIS Adidas NS Afinny

AlphafNySIIS MBIL:MIFEANEGRMY g gmMSAlpha=0.474

Sagieis 9 nns 84 i innise €0 AN(ANGUARNSIS IANA 1) AFAN
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Solver Engine
Engine: GRG Nonlinear
Solution Time: 0.203 Seconds.
Iterations: 7 Subproblems: 0
Solver Options
Max Time Unlimited, Iterations Unlimited, Precision 0.000001, Use Automatic Scaling
Convergence 0.0001, Population Size 100, Random Seed 0, Derivatives Forward, Require Bounds
Max Subproblems Unlimited, Max Integer Sols Unlimited, Integer Tolerance 1%, Assume NonNegative

Objective Cell (Min)

Cell Name Original Value Final Value
SI$22 Square Error 1,751,390.0958 1,472,922.2644
Variable Cells
Cell Name Original Value Final Value Integer
$BS25 Alpha Net Sales (In millions 0.80 0.47 Contin

Constraints

Cell Name Cell Value Formula Status Slack
$BS25 Alpha Net Sales (In millions 0.47 $BS25<=1 Not Binding 0.529229208
$BS25 Alpha Net Sales (In millions 0.47 $BS$25>=0 Not Binding 0.47

{UfiNs Excel Output
itfihi—ﬂﬁ‘ﬁﬂﬂSﬁ@g§I’iﬁ8ﬁ1mjﬁiﬁffjmﬁtﬁs Adidas MBJUYES §hﬁm8ﬁuﬁmm’[ﬁ‘lﬁ%

e (Calculate the first exponential smoothing (S;) by

S =aY; + (1-a)S_1
e (Calculate the second exponential smoothing (S';)

S, =aS; +(1-a)S's_1
e Find coefficients of liners equation

a,=28-S, and b, = 1‘_‘—a(st )
o Create forecasting equation

Yt+p =a;+ bt+p
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IDhmMSUgRUGEMNRMYS
MNRG993 MNlNNRINNAMIRUAMBHIER DES

m(hms s | oa | o |roeest | B | @ | @ | em | e

W0 | SEs | B | SES | 58800 | 0O
M| 62 | S5 | SEEW | 604 | 613 | 58M00 | M0 | M0 | M0 | gpesn | aosn

| 653 | 6 | 6026 | 64BN | 1607 | 60581 | 471 | RAB | W9 | gpesw | oosse
N | 6% | 6463 | GIAM | 63RW | 9% | 6504 | 2N | BB | M | s | 005
04| 5K | G0E | GIRAD | GO | IR | GA0I6 | SE6 | 26 | SHE | goeen | -0oeam
5| 666 | 3B | 6233 | 6437 | 1069 | SuS18 | es0d | @snss | 608 | gpmm | o
06 | 1008 | 80B1 | 701 | 909716 | 879 | 656064 | 35336 | 12414080 | 3BH | g0 | 3w
0| 08 | 93T | 8084 | WAL04 | %139 | SIS | 405 | WEMM | B | gom | aoo
M8 | 1079 | 9BM | R%AN | WAReT | emS | 11 | @8 | m® | 8 | o | s
09 | 03 | 1013609 | 94991 | 0T | 59 | 1M | 1368 | 1BLB3 | 18 | o9 | 0

N0 | 190 | 100885 | 121028 | LAVAS | 703 | 13RIB | 6518 | Q4305 | 18 | o | aoses
N | B3 | 008 | 0GR | BE6% | SME0 | 2580 | 4N | s67B8 | M0 | gw | aosw
0| B | 134800 | LA | MBS | L0915 | BASH | w65 | WM | WS | oo | s
NG| W3 | BN | L@ | WETe | BLSB | 5781 | 1560 | 208663 | 1562 | gues | -0wss
N4 | WS | 4364 | BIE | WTOR | AR | 53BN | 85T | T438R | 85T | omes | o
N5 | 1695 | 54450 | 1465 | 1647245 | G40 | 1539 | 15007 | 206608 | 13000 | goemm | s
NG| BB |16 | BIEK | BISW | L5133 | 038685 | 106615 | L0S8B | 1865 | omen | aosa
00| u28 | 1891953 | UMBR | ML | 157503 | 13BN | 18468 | 3000 | L8 | om0 | aom
N8 | u95 | N3IBT | 1BE6M | RIBY | 1974 | RS | 3016 | 6B | 3506 | oo | -omss
N9 | RO |20 | A6 | BARR | 1561 | B3OSO | w30 | ®MR | 10 | ose | aoss
Tod | 68606 | 4TAUABIS | 6606 | 150 | 082

{Ufifs Excel output

Sagieis 9 nns 84 i innise el AN(ANGUARNSIS IANA 1) AFAN



anrigniSnBgitiany Stignanjannigig UINURERUER ARG

mjsée: muuinmimirAthAiegy Shnprinhay DES

(2]
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1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
e=@== Actual Forecast

"o

imuﬁtﬁmtjmmfﬁim@]aisa Brumuitiatnng MSE, RMSE, MAD, MAPE 84 MPE
MSHgE MR MIMY:

mnidoL: mnunasiiElmuiEn DES

MSE 1,472,922.264
RSME 1213.640089
MAD 925.6
MAPE 0.079271817
MPE 0.027132881

{UfiNs Excel output
mutiEuisstumSmminprnnmsapabE]hmys

e Mean Square Error (MSE) H18GSS 1472922.264

Root Mean Square Error (RMSE) H18G$S 1213.640089
o Mean Absolute Deviation (MAD) t1SGSS 925.6
e Mean Absolute Percentage Error %ﬂSfi%S 7.9271%

e Mean Percentage Error "tﬂSfi%S 2.7132%"1
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M.&.&. HOLT'S Method (HES)
muits:Hinns: NYFoann§ gSwisSMIAIUAIIABIIS Adidas M8 Bjpineiy
Alpha 81 Beta fMHSAUS MBIW:MIBANHGRIMYS

Solver Engine
Engine: GRG Nonlinear
Solution Time: 0.203 Seconds.
Iterations: 14 Subproblems: 0
Solver Options
Max Time Unlimited, Iterations Unlimited, Precision 0.000001, Use Automatic Scaling
Convergence 0.0001, Population Size 100, Random Seed 0O, Derivatives Forward, Require Bounds
Max Subproblems Unlimited, Max Integer Sols Unlimited, Integer Tolerance 1%, Assume NonNegative

Objective Cell (Min)
Cell Name Original Value Final Value
SHS22 Absolute Error 904.9 889.1

Variable Cells
Cell Name Original Value Final Value Integer
SBS25 Alpha Net Sales (In millions 1.00 0.92 Contin
SBS$26 Beta Net Sales (In millions)  0.186664604 0.133847565 Contin

Constraints

Cell Name Cell Value Formula Status Slack
$BS25 Alpha Net Sales (In millions 0.92 $BS25<=1 Not Binding  0.083062159
SBS26 Beta Net Sales (In millions)  0.133847565 $B$26<=1 Not Binding  0.866152435
SBS25 Alpha Net Sales (In millions 0.92 SB$25>=0 Not Binding 0.92

SBS$26 Beta Net Sales (In millions)  0.133847565 $B$26>=0 Not Binding  0.133847565

{UfAR: Excel output

MuMIEAN WD itiNggMS Alpha=0.92 811 Beta=0.131 NAMMYIRUINIHH
B U ABABANSIMBIDSiEas: iyfrnwaiy g s

UQURIMIBMEY Alpha 81 Beta Joiitwitihmoann §gS s minumuaijfivi) s
Adidas MBjULS 84 SUNSISAIIR HOLT'S Method (HES) 5G2WIML3

e (Calculate smoothing level (L) by using smoothing coefficient
Ly=aY+ (1 —a)(Le—g + Te-1)
e Calculate trend level (T;) by using smoothing coefficient

T, = ﬂ(Lt - Lt—l) + (1 =BT
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e Create forecasting equation

Verp = Lt + 0T}
rlmsUgRUEEMIN M

mngoms mnauinmimiuAmubitu HES

Year (I:::ilsli;:)l:Z) L Y, Forecast Error e? el led /Ye | e/Y:
2000 5,835 5,835 0.00 - - - - - -
2001 6,112 6,088.99 34.00 5,835.00 277.00 76,729.00 277.00 0.0453 0.0453
2002 6,523 6,489.77 83.09 6,122.99 400.01 160,009.63 400.01 0.0613 0.0613
2003 6,267 6,292.41 45.55 6,572.86 -305.86 93,552.64 305.86 0.0488 | -0.0488
2004 5,860 5,899.70 -13.11 6,337.96 -477.96 228,442.60 477.96 0.0816 | -0.0816
2005 6,636 6,573.75 78.87 5,886.59 749.41 561,613.06 749.41 0.1129 0.1129
2006 10,084 9,798.98 500.00 6,652.62 3,431.38 11,774,377.25 3,431.38 0.3403 0.3403
2007 10,299 10,299.00 500.00 10,298.98 0.02 0.00 0.02 0.0000 0.0000
2008 10,799 10,799.00 500.00 10,799.00 0.00 0.00 0.00 0.0000 0.0000
2009 10,381 10,457.25 387.34 11,299.00 -918.00 842,726.92 918.00 0.0884 -0.0884
2010 11,990 11,894.86 527.91 10,844.59 1,145.41 1,311,971.99 1,145.41 0.0955 0.0955
2011 13,322 13,247.31 638.27 12,422.77 899.23 808,612.24 899.23 0.0675 0.0675
2012 14,883 14,800.15 760.69 13,885.58 997.42 994,842.28 997.42 0.0670 0.0670
2013 14,203 14,315.79 594.04 15,560.84 -1,357.84 1,843,727.78 1,357.84 0.0956 | -0.0956
2014 14,534 14,565.22 547.91 14,909.82 -375.82 141,244.16 375.82 0.0259 | -0.0259
2015 16,915 16,765.33 769.06 15,113.13 1,801.87 3,246,730.26 1,801.87 0.1065 0.1065
2016 18,483 18,404.21 885.48 17,534.39 948.61 899,859.61 948.61 0.0513 0.0513
2017 21,218 21,057.83 1,122.14 19,289.69 1,928.31 3,718,391.12 1,928.31 0.0909 0.0909
2018 21,915 21,937.01 1,089.62 22,179.97 -264.97 70,210.34 264.97 0.0121 | -0.0121
2019 23,640 23,589.05 1,164.90 23,026.63 613.37 376,221.14 613.37 0.0259 0.0259

Total 9,491.58 | 90,000,11859 | 949158 | 14160 | 0.7122

{UfiNzExcel output

MsEns muuinmimiuamaiah ShnprRinhmy HES
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imLﬁitfimfjmmfiimﬁg]ﬁ%sﬁiﬁmmﬁ?ﬁduhﬁﬁ MSE, RMSE, MAD, MAPE &% MPE
MSHigEEMNRMIMY:
mnidoas mnihasiiauiglametitn HES

MSE 1,428,909
RSME 1195.369619
MAD 889.1
MAPE 0.074575252
MPE 0.037485727

{URNs Excel output
mugiaisstumSmminprnnmsaEabE]imy
e Mean Square Error (MSE) 8186SS 1428909

Root Mean Square Error (RMSE) msfjgs 1195.369619

e Mean Absolute Deviation (MAD) EﬂSﬁgS 889.1
e Mean Absolute Percentage Error msﬁgs 7.45752%
e Mean Percentage Error msﬁgs 3.74857%"1
M.&.9. Autoregressive Model
MuitGiguis: WA SgSwisMIuMUNTIBUS adidas MBJULS SHSGHI
MSIGRILGORIMYS
«  Partial Autocorrelation Function (PACF) iDRUIRUIMUB HIRUARK) IHHIWH k U

S

MNaGod: MIBNNMY Partial Autocorrelations

Partial Autocorrelations

Lag PACF T
1 0.822272 3.58
2 -0.074632 -0.33
3 -0.145541 -0.63
4 -0.010554 -0.05
5 -0.075573 -0.33

{UfNs Minitab output
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MUGEcs muuinmisnigshminufi(Autocorrelation)

n ~>

Partial Autocorrelation Function for Sales Y(t)

{Ufif s Minitab output
mumnd Shjmuaiibihwiiiandmt msitLag 1 MSHIGIUSZESMMRML
Hfilag USUSUIG)AM WG BANIGNS Houistdumsu§hsmss gian
Autocorrelation BHSIENT9 AR(1)4

19

mNg99D: MNUAANG Y-lagged AULIRIY Autoregressive

No. Year Sales Y(t) Y lagged
1 2000 5835 -
2 2001 6112 5835
3 2002 6523 6112
4 2003 6267 6523
5 2004 5860 6267
6 2005 6636 5860
7 2006 10084 6636
8 2007 10299 10084
9 2008 10799 10299
10 2009 10381 10799
11 2010 11990 10381
12 2011 13322 11990
13 2012 14883 13322
14 2013 14203 14883
15 2014 14534 14203
16 2015 16915 14534
17 2016 18483 16915
18 2017 21218 18483
19 2018 21915 21218
20 2019 23640 21915

{UfiNs Excel Output
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Y-lagged £ independent variable 88N predictor iUMSLRNMEISFIT a6

SUMMARY OUTPUT

Regression Statistics

Multiple R 0.981068076

R Square 0.962494569
Adjusted R Square 0.960288367
Standard Error 1118.779522
Observations 19
ANOVA

df SS MS F Significance F

Regression 1 546062139.2 546062139.2 436.2676889  1.47078E-13

Residual 17 21278349.52 1251667.619
Total 18 567340488.7

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%  Lower 95.0% Upper 95.0%

Intercept 187.2209749  658.1450223 0.284467661 0.779488064 -1201.343646  1575.785595 -1201.343646 1575.785595

Y(t-1) 1.062971203  0.050891468 20.88702202 1.47078E-13  0.955599592  1.170342814 0.955599592 1.170342814

TN Y=187.2209+1.0629X 1&hJ X t Y-lagged &8 Y SmMisuABath Milion Hjtns

Sl ifsigihoghi: miumiAsig]hi.06290n 8 Muiti: fiYR SquaretN SSWRHIS

X(@)NSJRGAHIST Y (MIFUH)MNS96.2%1

MNAGor: MNUIUEIARM
RESIDUAL OUTPUT

Observation Predicted Sales Y(t)

Residuals

1

O o NOOU B WN

PR R B RRRR PR
OCooNOOULDdWNPRELRO

6389.66
6684.10
7120.98
6848.86
6416.23
7241.10
10906.22
11134.76
11666.25
11221.93
12932.25
14348.12
16007.42
15284.60
15636.44
18167.38
19834.12
22741.34
23482.23

-277.66
-161.10
-853.98
-988.86
219.77
2842.90
-607.22
-335.76
1285.25
768.07
389.75
534.88
1804.42
-750.60
1278.56
315.62
1383.88
-826.34
157.77

{UfiNs Excel Output
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MNRE9C: MNURANSIErroriUifiAutoregressive Model

Year Sales Y(t) :;Ie;ic)t‘;; Residuals e? |et] let]/Yt et/Yt
2001 6112 6389.66 -277.66 77093.9 277.7 0.045 -0.045
2002 6523 6684.10 -161.10 25953.5 161.1 0.025 -0.025
2003 6267 7120.98 -853.98 729285.5 854.0 0.136 -0.136
2004 5860 6848.86 -988.86 977847.1 988.9 0.169 -0.169
2005 6636 6416.23 219.77 48297.9 219.8 0.033 0.033
2006 10084 7241.10 2842.90 8082092.5 2842.9 0.282 0.282
2007 10299 10906.22 -607.22 368719.3 607.2 0.059 -0.059
2008 10799 11134.76 -335.76 112735.7 335.8 0.031 -0.031
2009 10381 11666.25 -1285.25 1651859.8 1285.2 0.124 -0.124
2010 11990 11221.93 768.07 589939.2 768.1 0.064 0.064
2011 13322 12932.25 389.75 151908.4 389.8 0.029 0.029
2012 14883 14348.12 534.88 286093.0 534.9 0.036 0.036
2013 14203 16007.42 -1804.42 3255936.6 1804.4 0.127 -0.127
2014 14534 15284.60 -750.60 563401.8 750.6 0.052 -0.052
2015 16915 15636.44 1278.56 1634704.3 1278.6 0.076 0.076
2016 18483 18167.38 315.62 99616.7 315.6 0.017 0.017
2017 21218 19834.12 1383.88 1915130.2 1383.9 0.065 0.065
2018 21915 22741.34 -826.34 682844.3 826.3 0.038 -0.038
2019 23640 23482.23 157.77 24889.8 157.8 0.007 0.007

Total 0.00 21278349.52 | 15782.40 1.41 -0.20

{00 Excel Output

ﬁﬁtimi’jmt:smmﬁjmigjﬁisﬂgiﬁmmﬁ?ﬁdtfhﬁ% MSE, RMSE, MAD, MAPE & MPE

MSHgETMNRMIMY:

MNiF9&: MntNATIMUIEMMBEE Autoregressive Model

MSE 1119913.132
RMSE 1058.259
MAD 830.653
MAPE 0.074
MPE -0.010

{URRNS Excel Output
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anrigniSnBgitiany Stignanjannigig UINURERUER ARG

mugiaisstunSmminp s saEabElimy
e Mean Square Error (MSE) 1868 1119913.132
e Root Mean Square Error (RMSE) msﬁgs 1058.259
e Mean Absolute Deviation (MAD) t1SGSS 830.653
e Mean Absolute Percentage Error msﬁgs 7.4%
e Mean Percentage Error ‘"tﬂSfiSuS -1%1
m.& gicasicrsscisss
iBgroiRaoTuGisuisugmhg sRm§minpRnnms tbkEiwuRMSE, RMSE,
MAD, MAPE iUifUHis m§qmjﬁﬁiliﬂﬁiﬁjﬁﬁj1ﬂ BIRUAMIZMS error §EMNIE ANHIGU

MR AERPM AT

mni§vos mnuuNMAMIFUT Model

ACM RCM DMA DES HES ARM
MSE 2339924667 3308704.8 3169837 | 1472922264 | 1428909 | 1119913.132
RSME 1529.6812 1818.98 1780.4 1213.64 1195369 | 1058.259
MAD 1229.111 1310.21 1537.43 925.6 §89.1 830.653
MAPE 0.1008 0.103 0.12 0.0792 0.0745 0.01
MPE 0.0063 -0.083 0.03 0.0271 0.0374 0.1

{UAN ¢ Excel Output

pUMBMIHSIRSHIRUYwE §S ol min ﬁ'jnﬁg]mu"jﬁnﬁmmAutoregressive model

9

AMGH IR UHEEEM:NS MSE, RMSE, MAD,MAPE SHMPEGGIIA (RSt

[

9

error iU L
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ANRARITGNATSAS sRfianjry Suign an(AgiragiYy UINURERUER ARG

0.5, AResaiiBrsgernnsesge(Residual Requirement)
iHigisdfusimunsinBanmibapigmigai Sapehbunenn )i (Residual
Requirement) G$S M GRNG23

(1) Normality of errors

Histogram of Residuals

Narmal

Muse: 2087
Silwy 1088

Frequency

Residuals

{UfiNs Minitab Output

5 o

muns:uenis ibundmomum st gSwhmmuthwitdhidanglbmng:

o L4

IWMBMUNES Normal f35ig: SsSwis:Nnmstinmugennso ™

(2) Test for Homoscedasticity: Draw scatter diagram b/w residuals and predicted sales

Residuals vs. Prediced Sales
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{UfiNs Minitab Output

32 Gerald Keller (2014), Statistics for Management and Economics 10" Edition, §6ii 996

33 Gerald Keller (2014), Statistics for Management and Economics 10" Edition, §6ii 99G-2f11
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(3) Test for Independence:

Residuals vs. Time

{UfANs Minitab Output
Sim:miiinagiglithindependence 1S Error HitHRicuh Error MYUWINMKANY
NMBURNY WRNGIUSINSH Residual IUEGNEMS Independence (MANG])EHEN
W AUIS NN SMADIUL SN AR RN UTANIUEI Residual AYSMIRDIY
inwmIRsig ML S SEAMAMUIRWESHAMUIIESNS

Autocorrelations 151
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(RSB HRSER £ MISBHTENESE

9. (asBH TN

MU MR ISHBUMSUS N SR unNRANMIUAUHBUIS Adidas”
iDhmSumaNDMmS [ivU)S Adidas AM{BlSYWHIMSIHSGUANUHM{ABUISE &
vt sudigwitutingiiinsuom:igpiiispinsgaghisirmwuamps e
gHuiamnm puiisumiAgpyuis:Fimsmsundmimsmincipsuntgii
Sumtivies (nugHum sisgunapinhmiBetiit-

IMWinsuyuEgSwMIAiBUS Addas BMEMIARERDESER g
MoHMIgHMSS FgSuisMIUAUATIBUTS Adidas GRILITINAT VO GIGUI{MUNSINS
UAAN:MNTrendq  FiGawit iﬁmtﬁhglnﬁﬁﬁ?ﬁﬁﬁ]’mﬁ'jgi?ﬁﬁﬂlﬁgqhmmyﬁmfnmﬁfﬁﬁ
UGS S uEtUING g SWpINgis: IHURMN USRI Absolute Change
Model (ACM), Relative Change Model (RCM), Double Moving Average (DMA), Double
Exponential Smoothing (DES), HOLT's Method (HES) 841 Auto Regressive Model 311 Iaﬁj
WHREMEMINNAINNY USIUURIG)E iﬁdjﬁﬁmSiLﬁLmﬁfﬁﬁﬂlﬁg‘gﬁﬁ]iﬁfﬁfiﬁﬁﬁi—ﬂﬁi@ﬁﬁ%g
iGN Mean Square Error (MSE), Root Mean Square Error (RMSE), Mean Absolute Deviation
(MAD), Mean Absolute Percentage Error (MAPE) 81 Mean Percentage Error (MPE) "tiﬁit:'i
minestidugetubianaisminprnn nudugnsiimasnued Samsipjuigu
sufigudinmuifianusinn esifianuywamis SO AGGENRIE

TENWIAMBMNAUEN QO AMMB)UIRURNRITOIHY (MSE, RMSE, MAD, MAPE &
MPE) IUAIHIRUSMMIHUMSANSYGIN: IHEMBUSINSMSH Auto Regressive A
BREUENRIE (N NS MSE, RSME $4 MAD §GMAUNAT IRl uanfge
RNARNIE

WEEGIS: Auto Regressive Model Bmignufinmhindnansnpminhminn

JURUABU)S Adidas™
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asasggRo: inesmirhirliysHIsaHsie Adidas §eFi000™

{euros in thousands)

{Note) 2000
Net sales 5,834,805
Cost of sales 3,306,886
Gross profit 2,527,919
Selling, general and administrative expenses {21) 2,012,321
Depreciation and armortization {(excl. goodwill) (8,10,21) 78,812
Operating profit 436,786
Goodwill amortization 9 39,545
Royaity and commission income 43,073
Financial expenses, net (23) 93,954
Extraordinary income {29) 260
Income before taxes 346,620
Income taxes (24) 139,610
Net income before minority interests 207,010
Minority interests {17) (25,327)
Net income 181,683
Net income per ordinary share (in euros) (25) 4.01

34 https://www.adidas-group.com/media/filer_public/2013/07/31/ar_2000_full version en.pdf(éﬁ@@[ﬂ)



https://www.adidas-group.com/media/filer_public/2013/07/31/ar_2000_full_version_en.pdf

asasggil: imuwmrhSlinsRIBaEsEe Adidas §FIL009”

(euros In thousands)

Net sales 6,112,347
Cost of sales 3,511,164
Gross profit 2,601,183
Selling, general and administrative expenses (21) 2,036,470
Depreciation and amortization (excl. goodwill) (8,10, 21) 89,962
Operating profit 474,151
Goodwlll amortization 1C)) 40,390
Royalty and commission income 42,085
Financial expenses, nel (23) 101,878
Extraordinary income (30) 1,776
Income before taxes 376,344
Income taxes (24) 146,945
Net income before minority interesls 229,399
Minority interests (7 (20.906)
Net income 208,493
Earnings per share (in euros) (25) 4.60

The accampanying Noles are an ntegral part of thesa consolidaled financial stasemants.

35 https://www.annualreports.com/HostedData/AnnualReportArchive/a/OTC_ADDDF_2001.pdf (§ﬁ5§39)



https://www.annualreports.com/HostedData/AnnualReportArchive/a/OTC_ADDDF_2001.pdf

asasggin: imemrhLigsgisassssie Adidas Fogioob™

Net sales
Cost of sales
Gross profit

Selling, general and administrative expenses
Depreciation and amortization [excl. goodwilll
Operating profit

Goodwill amortization

Royalty and commission income
Financial expenses, net
Extraordinary income

|n<orfm.f !axc:j 2 I
Net income before minority interests

Minority interests
Net income

Basic earnings per share lin €)
Diluted earnings per share [in €]

The accompanying notes are an integral part of these consolidated financial statements.

36 https://www.annualreports.com/HostedData/AnnualReportArchive/a/OTC_ADDDF_2002.pdf (§ﬁ1§99d)

| Note)

(22)
19.11,22)

125)

(18]

i26)
[26)

2002

6,523,419
3,704,269
2,819,150

2,245,383
97,147

il

45,398
46,008
87,116
0
390,114

147,862
262,252

(13,681)
228,57

5.04
5.04


https://www.annualreports.com/HostedData/AnnualReportArchive/a/OTC_ADDDF_2002.pdf

asasggid: inesmnhrliysHisasiHssie Addas gegiboon”

Net sales
Cost of sales

B I A S S e AP

Selling, general and administrative expenses

Depreciation and amortization [excl goodwilll

Operating prom o

Goodwill amortization
Royalty and commission income
Financial expenses, net

Income before taxes

Income taxes

Minority interests
Net income

Basic earnings per share [in £]
Dituted earnings per share (in €]

The accompanying notes are an integral part of these consolidated linancial statements,

Note|

(24]

110,12, 24]

{11

(24]

1271

(2ol

(28l
(28

37 https://www.annualreports.com/HostedData/AnnualReportArchive/a/OTC_ADDDF_2003.pdf (éﬁ@@lﬂ[ﬂ)

2,228,135
95,519
490,014

44,809
42,153
49,170

438,188

166,712
2476

111,391)
260,085

5.72
5.72


https://www.annualreports.com/HostedData/AnnualReportArchive/a/OTC_ADDDF_2003.pdf

asasgg Rl inesmnhitliysHIsaHsie Adidas §eFi00é”

INate] Dec. 31, 2004"

Tha accomganng noes ane an integral part of Bese Comolidated fnsace! staementa.
I Figoros refect continung oparasons 35 & resel) of the Sveatiture of the Ssioman business ssgmant.
25 2004 Squres have bean atusted 2 tullect Bw changes in iFRS and apslication of IAS 32 see notes 20 sad I, respactiveiyl

38 https://www.annualreports.com/HostedData/AnnualReportArchive/a/OTC_ADDDF 2004.pdf(§ﬁi§915]8)
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Income before taxes 455,323

Tha accampanying nates sew an integrad part of B ¢ ] firancisd

1) Figures raflect continuing operations as u reset! of the drestiure of e Suloman Business segmest
D 2004 hgures bave been afjuctad to retlect the chasges in RS and applicaton of IAS 17 [sen notes 20 and 2. respectimiyl

39 https://www.annualreports.com/HostedData/AnnualReportArchive/a/OTC_ADDDF_2005.pdf (éﬁiéc)lﬂtq')
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asasggid: imemmhriipsgisassssie Addas FeFio0od S

.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
.....................................................................................
-------------------------------------------------------------------------------------
.....................................................................................
.....................................................................................
-------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------
.....................................................................................
-------------------------------------------------------------------------------------
.....................................................................................
-------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------

Basic earnings per share from continuing and
discontinued operations [in €)" (29)

.....................................................................................

Diluted earnings per share from continuing and
discontinued operations [in €] (29)

.....................................................................................

Rounding differences may arise in percentages and totals.
The accompanying notes are an integral part of these consolidated financial statements.
1| Figures adjusted for 1:4 share split conducted on June 6, 2006.

Year ending

................................
................................
................................
................................
................................
................................
................................
................................
................................
................................
................................
................................
................................
................................
................................
................................
--------------------------------
................................
................................
................................
--------------------------------
................................

................................
................................

................................

40 https://www.annualreports.com/HostedData/AnnualReportArchive/a/OTC_ADDDF_2006.pdf (§ﬁ1§9ﬁd)
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Year ending
Dec. 31, 2007

Net sales 10,299
st of sate ' 5417
Gross profit [ 4,882
{ y 474%
102

4,035

sales 39.2%
Operating profit ; 949
{ 3 9.2%

36

1cial exp es 170
Income before taxes 815
7.9%

260

31.8%

Net income 555
{% o y 5.4%
Net income attributable to shareholders 551

Rounding differences may arise in percentages and totals.
The accompamying notea are an imegral part of these consolidated financial stalements

41 https://www.annualreports.com/HostedData/AnnualReportArchive/a/OTC_ADDDF_2007.pdf (éﬁi§9&'m)
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a4

5_5542

YV

Net sales
Cost of sales
Groas profil
{% of pet sales)
Royalty and commussion mcome
Other operating income
Dther operating expenses
[% of net sales|
Operating profit
% of net sales|
Financizl mcome
Financial expenses
Incorne before taxes
% of net sales)
Income taxes
[% of income belore taxes!
Net income

(% of net sales)

Net income attributable 10 shareholders

% of net sates]

Net income attntiutabla 1o minority interests

Basic earnings per share (n £
Diluted carnings per share jin €|

Rounding diflersaces may ariss in parceniagos and totats
Tha sccomganying Nates are an integrst part of these consolidated hioancial stalements
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Year anding Dec 31, 2088

10,799
5543
5,256

48.7%

89
103
4378

40.5%
1,070
9.9%

7
200
P04

B4%
280
28.8%
ok
5.0%
642
5.9%
?
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Year ending
Note Dec. 31, 2009
Net sales 35 10,381
Cost of sales 5,669
Gross profit 4,712
(% of net sales) 45.4%
Royalty and commission income 86
Other operating income 29 100
Other operating expenses 11,13, 30 4,390
(% of net sales) 42.3%
Operating profit 508
(% of net sales) 4.9%
Financial income 32 19
Financial expenses 32 169
Income before taxes 358
(% of net sales) 3.5%
Income taxes 33 113
(% of income before taxes) 31.5%
Netincome 245
(% of net sales) 2.4%
Net income attributable to shareholders 245
(% of net sales) 2.6%
Net income attributable to minority interests 0
Basic earnings per share (in €] 34 1.25
Diluted earnings per share [in €] 34 1.22

Rounding differences may arise in percentages and totals.

The accompanying Notes are an integral part of these consolidated financial statements.
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Note Year ending Dec. 31, 2010

Net sales 35 11,990
Cost of sales 6,260
Gross profit 5,730
[% of net sales| 478%
Royalty and commission income 100
Other operating income 29 110
Other operating expenses 11,13,30 5044
[% of net sales} 42.1%
Operating profit 894
[% of net sales] 7.5%
Financial income 32 25
Financial expenses 32 113
Income before taxes 806
[% of net sales] £.7%
Income taxes 3 238
[% of income before taxes) 29.5%
Net income 568
[% of net sales] 4T%
Net income attributable to shareholders 567
[% of net sales} 4.7%
Net income attributable to non-controlling interests 1
Basic earnings per share fin €] 34 2N
Diluted earnings per share lin €] 34 2n

Rounding differences may arise n percentages and totals.
The accompanying Notes are an integral part of these cansclidated financial statements
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Note Year ending

Dec. 31,2011

Net sales 36 13,322
Cost of sales 6,993
Gross profit 6,329
(% of net sales) 47.5%
Royalty and commission income 93
Other operating income 30 98
Other operating expenses 12,14, 31 5,567
(% of net sales] 41.8%
Goodwill impairment losses 13 -
Operating profit 953
(% of net sales) 7.2%
Financial income 33 31
Financial expenses 33 115
Income before taxes 869
(% of net sales) 6.5%
Income taxes 34 261
(% of income before taxes) 30.0%
Net income 608
(% of net sales) 4.6%
Net income attributable to shareholders 613
(% of net sales) 4.6%
Net income attributable to non-controlling interests (5)
Basic earnings per share (in €) 35 2.93
Diluted earnings per share (in €] 35 2.93

1) Restated according to IAS 8, see Note 03.
Rounding differences may arise in percentages and totals.

The accompanying notes are an integral part of these consolidated financial statements.
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Note Year ending
Dec. 31, 2012
Net sales 36 14,883
Cost of sales 7,780
Gross profit 7,103
(% of net sales) 47.7%
Royalty and commission income 105
Other operating income 30 127
Other operating expenses 12,14, 31 6,150
(% of net sales) 41.3%
Goodwill impairment losses 13 265
Operating profit 920
(% of net sales) 6.2%
Financial income 33 36
Financial expenses 33 105
Income before taxes 851
(% of net sales) 5.7%
Income taxes 34 327
(% of income before taxes) 38.4%
Net income 524
(% of net sales) 3.5%
Net income attributable to shareholders 526
(% of net sales) 3.5%
Net income attributable to non-controlling interests (2)
Basic earnings per share [in €] 35 2.52
Diluted earnings per share [in €] 35 2.52

1) Restated according to IAS 8, see Note 03.
Rounding differences may arise in percentages and totals.

The accompanying notes are an integral part of these consolidated financial statements.
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Note Year ending
Dec. 31,2013
Net sales 36 14,203
Cost of sales 7,202
Gross profit 7,001
(% of net sales) 49.3%
Royalty and commission income 103
Other operating income 30 142
Other operating expenses 12,14, 31 6,013
(% of net sales) 42.3%
Goodwill impairment losses 13 52
Operating profit 1,181
(% of net sales) 8.3%
Financial income 33 26
Financial expenses 33 94
Income before taxes 1,113
(% of net sales) 7.8%
Income taxes 34 340
(% of income before taxes) 30.5%
Net income from continuing operations 773
(% of net sales) 5.4%
Losses/gains from discontinued operations, net of tax 3 17
Net income 790
(% of net sales) 5.6%
Net income attributable to shareholders 787
{% of net sales] 5.5%
Net income attributable to non-controlling interests 3
Basic earnings per share from continuing operations (in €} 35 3.68
Diluted earnings per share from continuing operations [in €] 35 3.68
Basic earnings per share from continuing and discontinued operations [in €) 35 3.76
Diluted earnings per share from continuing and discontinued operations [in €) 35 3.76

Rounding differences may arise in percentages and totals.
The accompanying notes are an integral part of these consolidated financial stat its.
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Note Year ending
Dec. 31, 2014
Net sales 36 14,534
Cost of sales 7,610
Gross profit 6,924
(% of net sales] 47.6%
Royalty and commission income 102
Other operating income 30 138
Other operating expenses 12,14, 31 6,203
(% of net sales) 42.7%
Goodwill impairment losses 13 78
Operating profit 883
(% of net sales] 6.1%
Financial income 33 19
Financial expenses 33 67
Income before taxes 835
[% of net sales] 5.7%
Income taxes 34 27
(% of income before taxes] 32.5%
Net income from continuing operations 564
{% of net sales} 3.9%
Losses/gains from discontinued operations, net of tax 3 (68)
Net income 496
[% of net sales) 3.4%
Net income attributable to shareholders 490
[% of net sales] 3.4%
Net income attributable to non-controlling interests 6
Basic earnings per share from continuing operations (in €] 35 2.67
Diluted earnings per share from continuing operations (in €] 35 2.67
Basic earnings per share from continuing and discontinued operations (in €] 35 2.35
Diluted earnings per share from continuing and discontinued operations (in €] 35 235

Rounding differences may arise in percentages and totals.
The accompanying notes are an integral part of these consolidated financial statements.
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Note Year ending
Dec. 31,2015

Net sales

w
o~

Cost of sales

§ro§§ proﬁt

Royalty and commission income

Other operating income

w
o

Other operating expenses

12,14, 31

(% of net sales)

Goodwill impairment losses

—_
w

Bpsratiig prom
L

Financial income

w
w

Financial expenses

w
w

Income before taxes

(% of net sales)

Income taxes
(% of income before taxes)

Net income from continuing operations

(% of net sales)

Losses from discontinued operations, net of tax

w

Net income

(% of net sales)

Net income attributable to shareholders

(% of net sales)

Net income attributable to non-controlling interests

Basic earnings per share from continuing operations (in €]

w
w

Diluted earnings per share from continuing operations [in €}

w
w

Basic earnings per share from continuing and discontinued operations
(in €)

w
w

Diluted earnings per share from continuing and discontinued operations
{in €]

w

w
w

Rounding differences may arise in percentages and totals.
The accompanying notes are an integral part of these consolidated financial statements.
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Year andting
Notw Dec. 31, 2004
Net sales 37 18483
Cost of sales 2383
Oross profit 9,100
|% et net sales) “9.2%
fRoyally and commigsion incoms 105
Other operating income Ell 262
Other operatang expensas 12, 14,32 7.888
|% of net sales) W2.7%
Operating profit 1,582
1% of net salesl B.6%
Financial income k) %
Financial expenses 34 74
income before taxes 1,534
|% cf nat sales) 5.2%
Income taxes 35 AS4
|% of sncomae before taxes) 29.6%
Net income from continesng operations 1,082
% of net zales| 5.9%
Losses from dscontinued cperations, net of tax 3 &2
Nt income 1,020
1% of net salesi 55%
Net income to shareholders 1,017
|% cf net sales) 5.5%
Net income attratable 1o nee-conrolling interests 2
Basc earnings per share from contmuing operations [n €| 36 539
Diluted earnings per shar from continuing opecatians fin €] 34 529
Base sarmngs per share from contnuing and discortinued operations lin €] b ) 508
Diluted earmengs per share from cooti g and dec P n €] 36 499

The srcar@enng Totws sre o1 Yeegral pan of thess comechoated francal matvrem
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four entny

Nabe Dec, 21,3017

Net sales

31,218

Cost of sales

0.514

Gross profit

10,703

% of net sales|

Royalty and commissson income

Other cperating income

a1

Othar cperatiog eapenses

12, 14,32

% of net sales

ting profit

(% of net sales)

Financial income

Fnanclal expenses

Income bedore taxes

% of net saleal

Income taxes

% of inccena before taxes)

Net income from continsing operations

|% of net sales]

Lossas from discontinued aperabons, net of tax

Net income

% of net sales}

Net income attridstable to shareholders

1% of net salesl

Net income atiristable 10 nan-controlling interests

Basic earnings per share from continuing operations [in €}

Diluted aarmings sk share om cantinung operations lin €)

Basic earnngs per share from cantinuing and descontinued aperations lin €1

Diluted earnings por share from c vg and disc d op lin €1

1he scourmymry 1 aws sre o0 riagral part o Suns crrassdsut Aeariw KaterTeen
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Yoar ending
Note Doc. 31, 2010
Net saies 40 1915
Cost of sales 10,543
Gross profit 11363
|% of net sales) S18%
Royalty and commussian income 129
Other oporatng income 3
Oaher oporating aipenses 13, 15, 34
% of net saleal
Marketng and point-of-ssle expenses
% of net sales)
Distribution and selling expensas
|% of net sales)
Ganaral and adnenistaton spenses
1% of net sabesl
Sundry expensas
1% of net sales) 05s
ImpaTment 105565 |net] on accounts receivabile and contract assels 4

|% of net sales) 108%
Financial income 36 57
Financial expenses 3 AT
] before taves

1% of net sales)

Incoma tanes 38

1% of mcome before taxssl
Net income frem continuing operations

|% of net sales) )
Losses from discontawed operations, nat of tax 0k b
Net income 1,704

1% of nat sales] 7.0%
Net income attributable to sharehalders 1702

1% of not salez) 7.0%
Net attributable to non-controlling interests 3

Basic earnings per share from contirwing opecations [in €1
Diluted sacnings per share from cocotinung operations lin £)

Basic sarnings per share from g and disc op w lm €}
Dduted sarnings per share from cantinuenyg and discontinued opsrations lin €]

alsl lsle
£

The accemparnyryg Nowe srw s stugrnl part of thane cormstsiated fnsocal statemem.
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Year ending
Note Dec, 31,2019
Net wales 38 23,640
Cost of ssles 11,347
Gross profit 12,291
(% of et sales| S2U%
Royalty and tommission mcome 154
Othor cperating income N 54
Other operating expenses 1, 34,33 9,843
% of net sales| 41.6%
Markating and point-of-sale expenses 3,042
% of net sales! 12.9%
Destribution and selling expenses 4,997
% of not sales) 21.1%
General and administraton expenses 1,652
1% of net sales) 0%
~Sundry expanses ]
1% of net sales! 06%
Impairment losses Inet| on sccounts receivable and contract sssets 18
Operating profit 2,660
% of et saies| 11.53%
Fmancial incame 4 b4
Fmancial expenses 34 186
I before taxes 2,558
% of net sales| 105%
Income taces s Hal
[% of income before taxes) 25.0%
Net from 1,918
% of pet salesl 8.1%
Gains/|losses] from discontrued operations, nat of tax 03 89
Net income 1977
1% of net zales| 4%
Net i atte to sh s 1,976
% of net sales] 4%
Net income attributable to nen-controlling 2
Basic oarnings per share from contmuing operaticas fin €| 7 9.70
Diluted aarnings par share from continuing operations lin €| 37 3.70
Basic earnings per share from c g and d d operations |in €] 7 10.00
Diluted sarnings per share from continuing and discontinued operations lin €1 17 10.00

1 Fornt done spwhcation of 655 4 a0 0! Jovawry L 20NY Froed weer (pores e A lewieind
The sccarvganemy NCias 30w A Pty el 3a1 of Ihase canestdatad tratcal mate e
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