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— Mean Absolute Deviation (MAD)

— Mean Square Error (MSE)
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— Square Root of Mean Square Error (RMSE)
— Mean Absolute Percentage Error (MAPE)
— Mean Percentage Error (MPE)
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9.9 FIQRHINS

9.9.9 SesBes

minpainn Einshinndswsm MmisajSNwifigminnunuEnan Ui
FRmMIND tgImEiagia Introduction to Time SeriesAnalysis and Forecasting iU RUH
§ﬂ§ Douglas C. Montgomery, Cheryl L. Jennings 81 Murat Kulahci g‘l B0o9E*

WMNUMBIANG Ricky W. Griffin R 80ia)iAT Management it Sitn s yhubng
90 (10" edition) INAMSANNGSWwHSWISMIANHIAND " MinpRnh aistigtiGding
mﬁsmﬁﬁmsmgﬁﬁﬁmﬁﬁ%ﬁnjémﬂﬁﬁmmifimﬁ&gﬁmsiﬂﬁﬁ%ﬁsms Sh mnfmiroips
Be" 5

iﬁﬂﬁﬁﬁ@ﬁjﬁéﬁjqﬁimjiim Forecasting: Principles and Practice i fU1AN Rob J
Hyundman 84 AN/ George Athanansopoulous " MINNAIAN fOiETigHGMIg S N
nanngmsifivphgimuugmnitumsifigims ihwigmslilbninsitumsuH
gomégSwinfinmu Susinn:Zudiaminnisisnnannitumo:8§nuibmi
ANAIADN"

i[ij‘lﬁm’tﬁﬁj:]ﬁmﬁjﬁljmﬂﬁ Jay Heizer 8% Barry Render if3 U SGANMIEIM Flexible
Management MIANAIAN FISAANASWS » MinpAian hmigaSnwhfiamnns
INUHERY MinpAithasmangiamiwndgSwinfnmuishifmithsansighinm
nomahwdimaodisuainaigng minpAnh frommis g winwignilasn

TURSURAI U §agiS Ui uigAvbHMGHRSIENAN (intuitive prediction) < MIANAIAN G

* Douglas C. Montgomery, Cheryl L. Jennings and Murat Kulahci, 2015, Introduction to Time SeriesAnalysis and
Forecasting, 2nd edition, page 1
® Ricky W. Griffin, 2012, Management, 11th edition, page 174

® Rob J Hyunman and George Athanansopoulous, 2013, Forecasting: Principles and Practice, page 5
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7 Jay Heizer and Barry Render, 2012, Flexible Management, 10" edition, page 86
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(account receivables) ﬁﬂﬂ§’[jﬁuiﬁjﬁ (account payables ) 8% Lmﬁémnrwnﬁ@ﬁmﬁmf
migiguifihganiine
- ieiphintiniin: miﬂjﬁmﬁi—ﬂSﬁm:ffiSWS'MﬁﬁgﬁmiMLﬁﬁﬁﬁfgﬁﬁWﬁﬁﬁﬁmilﬁ
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o  MINNAIANIW:INUE AMMINNAIANTE UM SIWINUIU)ESUIE 9 §) Gigm
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o MINNRIANIWINUBEY A{mAsisminprinhi s sit:nmi 9 gligi m
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8 John E. Hanke and Dean Wichern, 2014, Business Forecasting, 9™ edition, page 2-4
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§gsw UMM AINIGRIG QM Aiuins s 95 §gSwipine
Cross-Sectional data 841 §gSt{IIAG Time-Series data“

« Cross-sectional Data: AfNG§SWIRNEHMSPYURRAGHINAITEW

JUMNG9.93 (MUUNIMI Cross-Sectional Data
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Calls Per Targeted Account

9 Jay Heizer and Barry Render, 2012, Flexible Management, 10" edition, page 86
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o Time Series Data: At §gSWIRIUEHIMSUYHIU AHEM SH Uih ARIWINUUS
U9 Semtgom Pols Polie NUHvA GUB!uEE Yuoigithidsg

JUMNG9.92 MUBINMA Time-Series Data
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1350

Value of SP500

No. of Trading Days

9.& 855538553838 Time-Series Data

G gSIWUIAG Time Series MSUMAIME U (IS1GSS (data pattern) YS& Trend,
Seasonal, Cyclical 81 Random U Irregular variation'**]

9.%5.9 85885538 Trend Component

Trend SNESMUMAYWISESSWVIAG Time Series IXUMSIARMSIGIMISTNUNS
msmifisigi yswaswnuiisignigsuw Bnuigls srusuRsigi ysweisggsy
is:imqmmzmmimﬁmsmgm:igjﬁmﬁﬂ Trend MGG (upward pattern) U IS
Gs (downward pattern) “1

§gSwis:msmipuInwaRMER§nugoHhMADSEANL Miuuis
Ginniisnmy mipguistgsipmns mipuwmenign MADILISS A igliyndm
5y [mugiimy gumng 9.m) GINMHESS Trend i1 Time Series data iUENS
FUEEUMEA Trend

10 Chris Chatfield, 2000, Time-Series Forecasting, page 20-24
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Jumn§o.ms (MUBNMA Trend Component
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Day
UM Trend 1S Time SeriesMGUNMMBIMUIGMIN 1 {1176 linear trend 81

nonlinear trend*] immﬂjiuﬂjﬁj&mSQSSUjﬁiMﬁ? AN 1:58S WIS trend 1

A
S

[GISIHI (linear)9 A¥AIANIRIROANTSE S §Liji?i HsIfimuiph fgSunimipingss

[UISIf (nonlinear trend)*
JuMNG9.c: MUUNMA Linear Trend 81 Nonlinear Trend

Volume Volume
Time Time
(a) Linear decreasing trend (b) Linearincreasing trend
Volume Volume
Time Time
(c) Nonlinear increasing trend (d) Nonlinear decreasing trend
Volume
Time

(e) Nonlinear increasing trend
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9.%.M &595385%38 Seasonal Component

FUHEUME Seasonal Component ifAGTE]1STINUISIAN Time Series data 181100
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58 S SWINSUIHUEIGIMNE NS (pattern) 19]RGHMITIIEMG)AIGIE UFRINML

[

§
BinuophaISywa SeSwivinsis:mgis! imsumamhiw:nm 9 § y 8thit 981 §5
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oMy SMitAsigihgangligial ﬁlﬁéﬁmﬁgjﬁm stfgimi 841 UAMGISS 1St
mSiﬁjﬁmhiQiiﬁjﬁﬂ §ﬁmsmﬁnuﬁsr&nf‘i‘ﬁtsmmiﬁsmﬁgQﬁmﬁﬁ;ﬂ‘ﬁﬁmﬁmsmimﬁigjﬁ
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o AMEYDE FOM UIEUEHUMMAME MIFAUIEImu-

o AmausShiues gomifunnindh tagumu §igusans pindhmide

JuMNG9.ds MUUINMI Seasonal Component

Quarterly Sales for Coastal Marine: 1994--2006

S00 A

400

300

Quarterly Sales (Thousands)

200 4

100 4
Year 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Time Series Plot of Quarterly Sales for Coastal
Marine
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9.0.1 859365838 Cyclical Component
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9.9.¢ 855655385 Random or Irregular Variation

Random variation U Irregular Variation AL ﬁjmﬁiﬁutiﬁS@gétﬁ Time Series {00
MSMADYIE NGBS UREGIFIBh UM FHUTNITIHImME Trend, Seasonal 84
Cyclical Component fUMaImEISRmgIMAMApIUSSIgas Wittthgigidswms
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JUMNG o.M MUUNMA Random U Irregular Variation
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T T T T T T T T
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9.5 MIBHRHERNER PR SLMBIISME Autocorrelation

Mgigt IStiNUHIBRRIAGA AN SARGRILINAIR . MYMIAHMSHIGE
IISIMBI U IMAEIN SENAGSUM (correlate)q IEMGIFMIANAIENAGSH
INUHIBHS:  (correlation) TNWIDIBANNGAGSH  Autocorrelation  Coefficient U
Autocorrelation Function (ACF)“ Autocorrelation fUtEHEIEFRESH (correlation) iﬁﬁﬁ%‘;tvi
FUER U SUERGMBINM gﬁ:f;jﬁjiﬁﬁfﬁmimgﬁwﬁ@‘lmtﬁﬁ&ﬁmm’q{ﬁm‘l U ihsm
(lagged variables)

imyhnnaipinesgsw y WSS (data pattern) IHUISHMLRBANNAIANDID
FUEEUMIE Trend, Seasonal, Cyclical  Random Component tBR{EICUANTBHNNGNAESH
Autocorrelation Coefficient ENUHANSIMBIVBS (1.1) WI[MY YMBAYIE Minitab  §Rima
iIUNESSW (data pattern) ISEUANMIGIBANE NAESHMBIMUIUAT  Autocorrelation
Function (ACF) SBfifYiRi Minitab™

gUHgML@ﬁﬁﬂﬂSﬁHﬁjﬂﬂéS]ﬁéSﬁ Autocorrelation Coefficient 181 lag  (ri) iﬁﬁﬁf:tj

UG Y, 88 Y idnsinwiimdgiunn « /"

" John E. Hanke and Dean Wichern, 2014, Business Forecasting, 9" edition, page 18-20
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(1’.—17)(1’._;:—17) (11)
k=10,1,2,...

Wy k= ‘ﬁg]‘ﬁf%ﬁ&lﬁmﬂj( the time gap being considered) %ﬁmmimsmﬂm lag
re = WALNGAGINUU lag fS‘ﬁ’g‘l‘ﬁiﬂig‘jlﬁmﬂjk (the Autocorrelation
Coefficient for a lag of k periods
y = vijsismyamniuadgSw Time Series
Y, = MYEUREISIUI N
Y,_ =DGEURRYSIIIN 5SS 4 04 U 1SN 14
o 10888WwM Trend INWHAANENAESH Autocorrelation 1 ¥, 8y, MISHIYH
BURNEITNG lag 1S lag MISHIYHG 1t Autocorrelation MSHIgHGIF 985G
SHISTINUGSS lag 1RSI BNLIG)H ACF RIENU lag 1 ifinmUSimsaiy

ol al

G (Baied 1) W ACF (Ul lag 2 AHANSSHSMYGLois] lag 115

o -

o 10588t Seasonal component IN:IHHNENAGSH Autocorrelation MISHIYS
151 seasonal lag 4 multiple of the seasonal lag“ GitN:§ § SR UUHLN RN
seasonal lag iUENHIEY 4 Wtwtim:§gSwiushie Seasonal lag IUATHE 124

o 0688w Random I:BHANGNAESH autocorrelation 1N ¥, 841Y,_ 181 lag &
amArhwimsaigtndags Spiig)s aiyisdgs Time Series USIMATS
MUNAGIFIG 2

9.1 SEenjasinmInRnRy
iheanagisminpAnn ismsmeinung Aminprinhmsivuuimnniai

(Quantitative Method) §ﬁmiﬂﬁﬁiﬂﬁmiﬁfﬁﬁﬁﬂﬂ?ﬁ3m (Qualitative Method)'®41

'2John E. Hanke and Dean Wichern, 2014, Business Forecasting, 9" edition, page 22
'8 Douglas C. Montgomery, Cheryl L. Jennings and Murat Kulahci, 2015, Introduction to Time SeriesAnalysis

and Forecasting, 2nd edition, page 4-5
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9.00.9 FAEARHIRIFBIBBHRNS K55
hennpridhmsivuAnnicw  Amianaaprahafimnenitnigmmsgw
UASHIINUIUASURU YRBURUEEM g HRRvERHHimimmiuuathaign
HanjgnpAINIS EA A ETITIM A UIS N UL ROEARG L) MISGWive
SinSnigumssamn 8§41 msusiinnndgal idujth SansfiinUHIHE MWINEH
ASRINUIvS )RRy U SiHinywapUmsapRinigiiansmn ingminnn
iuigmmusinsmi Smusiunmts
?ﬁﬁﬂlﬁgis:mimsmnﬁ FUNESIRBRAIDIMAT ShsanuiunsSuhhghi ighne
SSWHRUNHRTMUMSMNZ: 6 U BSMGIAM SR JEMISinumsMimmEMms

= o

Gagus guighisnEmidug Mg inh 1SN SMIMAGMUA SRR S

<

o

PumsHGFimauniswnuIvIERE M Shundnigrtibnt yigmichsansi
miuAgbaguisiiamamuiys 1 iianjygapridnmsivugnidwnoggimnugn
yoigidhmimatvuadnaisn Sdiamsminiglapting mshmdunehd s
SuGinn:SuuaigRnnning ihananssgrgiminpaAn Enfsig ishnugRoprnnitu
wsusfinas§ginsiniusminganpriahgigy Banaismimprinhmsivugan

3} 4

TR U G RBREMINNAINMGNSEEH MAgRgUNURSIUSHATRDRENMS
gruiSIg{uy] sifgfiiminnamn madaofopvisgrsnmuniigbsignuiaswigiiom
imumaipninSsivsthunbmuRvisitgfimnpainh minpraninuignielis
mihsapsigimiunizuiRiingruoypdmsmiAgaRBule St minpraniwign
wmisgh giglismpuismi mivanitusiginannthiivg

9,10 ssapmsRhamsisssimrnSases

Beannprinnmsivoiinanis Amitanynprinniaissanhuigmelid
muegiguRpEmInnNS ima S migprinhsapsisiang Hanpis: mifianag

9

imupimsiFuiosanprinnishnisugnnprnnw spanisd§w §h§gsw ilyjns

=3

wynwAsmgminpan Hanjas:Agio SImUTIENLIg Bt Hikud
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ihenjans: ifimasgiundhaign 81 Sgswiinfamueingh ildwnsnims

sapsighiEgSwinnuSnwnsnaprinigiing 1 Hanjans:gin snfwsiiima

==

MRS SesagnupursymUmin ARG Mwaihangis:msgugituns

I

HMIHIHUS NN UAFIHUWABMEMUULIHOE (Replication) WiwHSIFISIIRANSMA
miing ShiugAoigiammiis HanpgrprinhmuivusinaniRwyw s sit g
MSID{MAIBN SYIR U Time Series GMHIK U Naive, Moving average, Exponential
Smoothing 8% iU Regression By

9.6 %‘éaas‘éﬁmmj:ﬁsaé Times Series Forecasting Models ésm:égéessm Trend

Bl

HiKeu Time Series tgiguisminprinhisuinigadupuisilaigugyg 84

v

k)

HARMUISHIGIYW IGYjnpRINNEIEIgIHNARY MIUSNUATIRUNNAIAN Time Series &
gsSwinfamumhysoninprnnSgiaons inns:Gisaisafmumninnsgsw

(data pattern) HinauHinmuis§gSw WAWWHMNS) (pattern) SHeoANISEgSwiiHTnmU
BRFMINNAINNIFIHER 9 Gk Time Series msms:mmﬂﬁé@ﬁqamﬁﬁ U EUBmG
minpRidniglinuganpRinh ShgnpviphmneigsSwininmuiFs Snnumsia
358t (data pattern) iumGiISNGMmS wishnuggSwmsmipyuths yighns
vigufilissiglig)a ik UiS:BAILGHUNTRMSINUWABAHSIGANMINNAINNIIN
B4 |
SIS MINNAINN Time Series GiM:GSSWIIAG Trend MISHHAMIMYS

9.6.9 5§25 Naive

Hinn Naive hgigunprinh s nmhwign Ahjpunilbnigomnoasinda
miSHIBIEGMm miuA MAsAumity iy oprinhigimusitg gpnig)s Ginmuis:Ss
ORPNSIAENAEShyILG Suugnnisuumdnmsmhmsizusainpmmn gk
Naive (NEIRAT IR UMIANAIANIW:NUGIUIupi RNz 38w (data

pattern) 1URIG SIS S AN SARDFLING MINYUNGIHIG IR UYRG) R

4 Sunil Chopra and Peter Operation, 2016, Supply Chain Management: Strategy, Planning and Operation, 6th
edition, page 191-192
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J

RaNAHIRisMAGIMAEIGN Naive Agitnssmiian yniminpainh asmni
mpGiumuifianyensaitugiminmiupuigswimy UIMAG Y WS SimG
HSINMIMAGH BIeMINWNTMISMAHSI HSGmthﬁsgamsmﬁﬁqﬁ I
inpensSw SumnGuiuimititu

HizuisMInNRINN Naive (O{NUGSSWINSAMUMEGI Trend JHHNS':

9.6.9.9 Absolute Change Model (ACM)

Absolute Change Model (ACM) i:hi:giﬁ ﬂjﬁﬂﬁmi:jrﬁim@;ﬁ Naive Models i} LTINS
whgRiimagminprinnuine§gswmsamums U 18§8W (data pattern) M
Trend* IRUNAINN S S SWIUIAG Trend Hitini ACM UiguMNg UM ATEATHAMUGUS
182 By siglniyumaGoEa FEUNMOUES (1.2) My

jubgistinu ACM &6

Ver1 =Y + (Y — Yeq) (1.2)

180 7,,, =BIgONRIN I 147
Y,= mymniegRisigRitsnn ¢
9.6.9.19 Relative Change Model (RCM)
Relative Change Model (RCM) &3i1E AGHiE IS Naive Models 18 (Ui{BH{MUI[H
UL TG U ASINUUEU]SIS: SHINIUYS (Rate of Change) MEMHMIIARAIHAMIL
migaoEimis: Suimys ilginprinhisnn gounmanimys

jubgisyinu RCM &'

. Y
Yipr =Y X Y. : (1.3)

+_1

~

B0 7, =MgONRIN UL U 147

Y,= B Ategiisinuits:ine ¢

15 Jae K. Shim and Joel G.Siegel, 2009, Budgeting Basics and Beyond, 3™ edition, page 233-235
'® Jae K. Shim and Joel G.Siegel, 2009, Budgeting Basics and Beyond, 3" edition, page 234
'7 Jae K. Shim and Joel G.Siegel, 2009, Budgeting Basics and Beyond, 3" edition, page 234
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9.6.® 5%%3525 Moving Averages

mmifEameas imgmﬂEiﬁgﬁﬁmﬁmﬁ%ﬁmﬁuﬁﬁéﬁﬁ;usm MR REUREIGNS
MI§MINDAINNNANG NRsRmUT unasigigtibminea minuf y§iinumssSmmds
y21 MMAMmU aﬁlﬁﬁlﬁﬁﬁsmﬁmﬁﬁﬁiﬁmnyﬁimqﬁ@mtﬁﬁjmﬁinﬁé§m§qwj
msigit inmssiyjmonprinnmsings ghpupRgiivigmliEan g apRnn Y
IR Wity SuSstamuniFsguminnainng gig:ginn Moving
Averages BB IS UIGI ruligBRIpRINNER ANSMAES:

§ititu Moving Averages mifianjeyiiruiiurueysisnigrngniininmmn il
giégSwmemanings mavgwmApUhgIuRsgSwiwInugmmInnman

§itity Moving Averages iRAUIAMGIABANNAIINE St Trend i ifian{ey Double
Moving Average (DMA)

¢ Double Moving Average (DMA)

?ﬁﬁnlﬁg Double Moving Average (DMA) ﬁm?ﬁﬁﬂlﬁgﬁjlmﬁﬂpﬁiﬂh§§§ W Time
Series {HUMSEIH UMM Trend M Moving average ffiimﬁﬂ'j?ﬁﬁﬂlfgfsmiﬂﬁﬁiﬂh
iuighinum saigumngyw uudhgimsanninwuigunigisHSIGRIMWUYN
ISR M BYYSIRUY FITSTEMIANNS T UUBA Moving average 18:{fimswhis]
ANRINNESTNBIMUT Moving Average it U5ty § § St Trend & Double Moving
Average FiG:ISIORMINNAINMELIEL DMA MAYREAONAIANEIIRANS Moving average
188 SwMiMndyw (M,) UUBHRRANS Moving average 18§ §StwmiGr§vim i
ugRuEgSwh Moving average §utis (M)

uushl (1.4) 80 (1.8) MSUNMMERANSURAMYNNMIANMYE Double Moving
Average (DMA) ijGHiG1"%

e M, W moving average §“Hutﬁﬁ Y,

o Yi+Y 1+ 4+ Vg
My =Yeyq = X (1.4)

'8 A. Reza Hoshmand, 2014, Business Forecasting: A Practical Approach, 2nd edition, page 108-110
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e M, I moving average GRifl M,

M’ _Mt+Mt—1+.“+Mt—k+1 (1.5)
£ k
o IBHANISEUBMIGISIFI (Coefficients of Linear Equation)
a, = 2M, + M} (1.6)
by == (M, — M) (1.7)

o cuBmISMINNAINNISMUNT

?t+p = ag + btp (1 8)

~

i3 7,,, =\gnpminh
Y, = MyMMROHILIN ¢
k= t’agssm:mmgh moving average (number of periods in
moving average)

p= Ggsisituinuigiamysizudapinnhmn
9.6.m 5}.:53&3525 Exponential Smoothing
Exponential Smoothing m?ﬁﬁnlfg%ﬁmaﬁlﬁﬁmﬁmmémﬁiﬁﬁmﬁﬁﬁm"jmmﬁmi

npAINMILTINUIE A 2an:naifian|al Moving Averages tininggs wﬁﬂﬁﬁﬁﬁﬁﬁmimqﬁ

mifinlisunsmmansimganrinn Hanjal Exponential Smoothing WABLHHEYS

k) =

(weighted average) 1S88SWHAIIANHANYUR SOEUMINNAINND Bikuis: 8jys
Fethuimislibnigmicomngs  WiwsySnmighlnigmIuiae AT NG Nt

=

wingsmignprinhigisnag Sangnibnyd 1isfamumhinig o A IBRis

]

punfinmus siguifionans: mgnprnngiosannsugiinniinunsdgSwin

o

MINAINNT HEPIUNHESISIEANRY Exponential Smoothing AmiSsEnmuiisitufifm
npRInh Shmnansminwiauaamnd FRumnnumn mgigl ishnuwmsapimng
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aad

minprinmigiu§iinuns§8mnimsping ANy  Exponential Smoothing  FeUMI
ARSI WM SINRERDM MR INU ™
9.6.M.1 Double Exponential Smoothing ( DES)
Double Exponential Smoothing (DES) m?ﬁﬁﬂLﬁ;fS Exponential Smoothing I‘[fj' ﬁijﬁ
NNAINE S Time Seriesi UM S UMM Trend*!
B NNAINNISIHOAIMBGIR DES [RiHSINMUIUBS (1.9) 1WRENS (1.13) i

BUMS WY
e RN Exponential Smoothing §i§[ﬁ
St = OLYt + (1 - a)St_l (1 '9)
e IR Exponential Smoothing &0
St =aS;+ (1 —a)Si_y (1.10)
o inBHNISAUSMIGiSTHI (Coefficient of Linear Equation)
a =28, =S¢ (1.11)
a !
be=1—7(c=5¢) (1.12)

o URnAISMINNAID

firp = a + bep (1.13)

-0
£t
=

Prrp = ERGONAINNESTNUI: IR p iGiHES
¥, = MgMAlARISIgRILINN ¢

p = Ggsitinigityeinudapinpninn
o = Smoothing Constant (0 <a<1)

< AANHENGE SiMs Smoothing Constant (a) &y o IHUIGEARDMEIRIGEWS
MR error) GEIMIAMMINNAIAN

'® John E. Hanke and Dean Wichern, 2014, Business Forecasting, 9" edition, page 73

20A. Reza Hoshmand, 2014, Business Forecasting: A Practical Approach, 2th edition, page 118
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9.G.M.M Holt's Method of Exponential Smoothing (HES )

?ﬁﬁj‘llﬁﬁi Holt’s Method of Exponential Smoothing (HES) mﬁfﬁﬂjﬁuﬁj‘[ﬁiﬁmﬂﬁ iﬁiﬁj
MPAINNE S trend WAIESSW times series THANANSS AroumeiSuiiopminhmy
ifian)eg DES i ihwnsmngumiDeES At HES 1§8i888w Trend Sudinmaigimis
aEgSW Time Series ISMANINJS W Smoothing Constant ARFRHE (« 811 p) 1915
ihenanGgnsmeings

juugBgsl (qUUS 1.14 WA 1.16) WAUEHIOSYDARITAN|RY HES B

e The exponentially smoothed series or current level estimate
Le=aYe+ (1 —a)(Le—y +T¢ — 1) (1.14)
e The trend estimate

Te=PLe—Le-1) + (1 - BTt -1 (1.15)
o FUBMINNAIRNESIENUGITING p IGIHSEE

?t+p = Lt + th (1 '16)

1) L; = the new smoothed value (estimate of current level)
a= ﬁ%ig smoothing constant for the level (0 <a<1)
Y, = Mitumag ynigmAtygisiginm ¢
B = fﬁg smoothing constant for the trend estimate (0 < 8 <1)
T; = the trend estimate
p = USRS EINNRINNISIHNER
§eep = IYONAINTNUILTING p IGHNUHSEE
<+ AANHRENG: GiM: Smoothing Constant (o 841 p) fily o 841 g IBUNURHAMHY
i8S mneuig]i(error) GEEMMIAMAIANAILNT
9.6.é $§sas Autoregressive (AR)

GiK Autoregressive tifianjrygtuitimuinuipin s wuidimasth giglnnif

[

ANJEYANAIAN Time Series Forecasting NATRIAIAIENGANAINNG St Time Series iR

21 John E. Hanke and Dean Wichern, 2014, Business Forecasting, 9" edition, page 81
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9

B8 Autocorrelation] §itifU Autoregressive MifiAN[AINNATANTE WU MGANAIANIS

msithrgausisnyfius s Gitn Autoregressive (URUFYW AR(1) auislighich
GfG suNbMyisSHISIHIISINESSW Time Series* YRR Autoregressive FIEGF I

al o

AR(1) (OiFIH G IAG ShmbmiyisHisiBuisiunafiim g juinm« Gk Autoregressive

NS p coudlBniéfs shinhmigisHisisiuNaim p HgHIN4

<

Autoregressive model (URNUEHW AR (1) H1SjUHE?

Ye = Bo+ P1Ve-1 + & (1.17)

Autoregressive model FUENUEHI AR (2) NSIUBS

Yo = Bo + B1Yeo1 + BoYep + & (1.18)

Autoregressive model FIENUE p AR (p) NSIUBS

Yo =Bo+BiYeo1 + BoYea + -+ BpYep + & (1.20)

1) Y; = the response (dependent) variable at time ¢
Yi_1,Y:_,, Y;_3 = the response variable at time lags #-7, -2,.., t-p
respectively (Independent variable)
Bo, B1, B2, -, B3 = the coefficient to be estimated
&= the error term at time ¢

9.6.¢.9 MmssTastias s nBin$isns Autoregressive 838 Partial

Autocorrelation Function
IBYfR T OISR Autoregressive TEIUBTFUBRITNTMIANAIND NG
ifiﬁ“lifﬁ'ﬁ‘j‘l?mﬁiﬂifﬁ Partial Autocorrelation Function (PACF)“1 PACF ‘%LﬁufmSiﬁﬁjELj\SGﬁ
mmﬁnﬂngmmﬁqﬁmsﬁnnﬁn}mﬁ%s AR models B AR(1)U AR(2) U AR (p) Si8ig]a
minnRIN oGS g SwisHsiBuBusinnRnh 9

22Mark L. Berenson, David M.Levine, Timothy C. Krehbiel, 2012, Basic Statistics: Concepts and Application, 12th edition, page 684
%M. Reza Hoshmand, 2014, Business Forecasting: A Practical Approach, 2th edition, page 272-273
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o o

SUNSEUNANMIAANAUISHIRN Autoregressive AIRANINNY PACF MY

v Cf v

o

MYIN Software BB Minitab {IRGANISHIY PACF Bigliniig -1 84 +1 intipm:+ Gims
&0 Appitunly PACF IHUMSBANMIBANSIMY Software 19NEJUSH pattern IS PACF
U SUNMEEHUMNG9.€ Sy

gﬁﬁm§9.G ¢ Autocorrelation and Partial Autocorrelation Coefficients for AR (1) SHAR (2)

Autocorrelation Partial Autocorrelation

(a)

AR(1): Yy=tg+d¢ Y, 48

{c)

AR(2): Yy= by + 0 Yy +pYia 48y

-1 -1

(d)

Autocorrelation and Partial Autocorrelation Coefficients

of AR(1) and AR(2) Models

- AT HIUENAGRHIENG §itu AR imsydgaminprinnishnus)
§8SWw (Data pattern) 1URIG S S MISIHEAN Autocorrelation Coefficient 8HiglifieySUSGY
19 SUBTYIBEN Partial Autocorrelation Function (PACF) fiitittiiglamsingoigiBnig!
iffyS]

i[iﬂﬁﬁWHgUﬁWﬂ@‘D.G (a) 84(b) i3 FUUNENE pattern 1S Autocorrelation Function 81

Partial Autocorrelation Function ﬁj‘[;mi'j AR(1) 81 gUﬁm§9.8 (c) S41(d) 18 ﬂjﬁﬁlﬁ;ﬂﬁ pattern
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IS Autocorrelation Function 8% Partial Autocorrelation Function f5{HNU AR(2) itHi euifii
nBmm pattern 182

« AR (1) MISIBRAN ACF Mayhm smiyhintyinginsniygoemisiaysju§ouny

SILNANIBHNN PACF tSHiyhis] time lag §9 WiWmAG:ighinaySjuUf time
lag §94

o >

« AR (2) BISIBAAN ACF &b Syt ﬁtﬁmm’msmﬁﬁﬁeﬁmﬁjsgﬁEGT;ia51

v

mﬂ,ﬂ‘ﬁmﬁﬁﬂﬂ PACF mﬁG°ﬁﬂjﬁijU fl time lag G194

1 v

=)

o MNARNAUHI pattern IHUMSS{BRILUIS: SHUSIFIHIZ AR [INTE p, AR (0)
fghg)s
NRGGISIUIW AR (1) [N SIisine PACF B1Saiggathiimist time lag §yty

USIUH time lag §9 PACF @At islinaySjussuigonnumngo.c (a) 81(b)9 AR (2) {5

a Y v

MSIPISTNUIBHNN PACF MAG:ISTIRaISIUSIUR time lag §1 §5aMUMNE9.C (c) 81

Y 1 v Gf v

(d)2*
9.6.¢ b msgERtaBsgerasimnsiemansige (Checking Residual
Requirements )

IEEBIAGIEN AR(1) IgInpRIANAMIRISIHNBAEMS MBI NBHEISNS
miﬁgﬁﬁ§ﬁjig1m°'mjgenénﬁﬁmﬁismmmi§]ﬁ'1 migai8aigliinupeansimsismn
mta]ﬁmsms:ﬁﬁmém@ﬁiﬁﬁjajaﬁnyﬁmhﬁﬁméﬁﬁ IS MINNAINI M SI{H{M S
niensitumsisigndgSwmspumsuis 1 gitmisminprinigum e RN
Hmﬁﬁmsméﬁgmgimnmﬁ]a (Residuals) UINENUHSANEIN M jBINS:

9. mﬂﬂj’iﬁ:‘]h (Residuals) BYSAMAANIENE (Normal)

lﬂ.mnmipﬂh (Residuals) B ShijR N SHiISHAM IBUHIMSIHAANHHM

Homoscedasticity
m. mﬂﬂﬁjtﬂt& (Residuals) HHUFIIHWFHNSMANANG] (Independent)

=<

?ﬁﬁﬂl@ﬁﬁﬁj@ﬁmﬁuﬁﬁ§ﬁj191n;i’jmgangg’mi"jmmﬁ’ﬁsz B1SiGigls

24 John E. Hanke and Dean Wichern, 2014, Business Forecasting, 9™ edition, page 356-360
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. ?ﬁﬁﬂ[‘ﬁﬁu yhfiEpaiSgmnnnins (Normality) Ismﬂﬂﬁﬁjﬂ (Residuals)
Amuififud '?@fglmﬁ (Histogram)1

. ?ﬁﬁﬂlﬁ‘jiﬁﬁjigiﬁﬁﬂﬁﬁﬁ§ﬁjmiﬁ mﬂﬂji’gﬂﬂ (Residuals) N SN{RIBHAIMIS
(Homoscedasticity) BTN {FIUHENTMBNENLT (Scatter Diagram) 1B SH]
MU smuBimignnninhis yinuhanasm (p) ShdnEismugmn
UIE]H (Residuals)

o Banaigfinapanlaond mnmt;ﬂﬁ (Residuals) BNSMONANG]IG MY
MIFIRIMUUSIA (line graph) IXUBSHRNGEIIMNE]INN (Time period) Fi]
Hﬁmtsmh‘ajmnmﬁg]h (Residuals)“]

QRUMNG 9.6 IR 9.99 SWMBNENUIANGWIRAUENMA mnmﬁ;i]ﬁ
(Residuals) TinMaUIEZANGIMGSHUT jumng 9.6 Ugm\,nmmnmﬁ,ﬂﬁ (Residuals)&NS
MO JUMNG 9.90 Ggmﬁfpmmmnmtgﬂﬁ (Residuals) £ Homoscedasticity 8%
jumng 9.99 U@mmnmﬁ]ﬁ (Residuals) B1SMAARNE

jUMNG§9.6¢ ArIiMUiS Residual IRUIBISMNANTENN

Histogram of Residuals

Histogram

o
06 -D4 0.2 0 0.2 04 06 OB
Residuals

% Gerald Keller, 2014, Statistics for Management and Economics, page 668-670
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Plot of Residuals Depicting Homoscedasticity
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Plot of Residuals versus Time Indicating Independence

A NA .
/ V\JV

9.8 SEanjagiemisitisemansig)eiemnpand

mmifiaamas Ssmsminprinhamisupasnig:isd htahgisnuis
mmymnﬁmﬁiﬁﬁﬁ?ﬁwnn?ﬁ"jwﬁ%ﬁhmsmmmta]ﬁgﬂmmyﬁmhﬂ ﬁuigzmmnﬂmmiﬁ]ﬁ
(error U residual) GIAMIANAINNESANI: F0Z1SAMAS iEY G ERNNRINNMG M St
moikigritgisuisminprinnisutShm sy oiomssnnBaam tiwsinghnis
minpAINnSMAfiuEimes guwnmsinREanm 1 siatiyn: whnuwsifiany
isminprnNiduiigwis umoswRBANN RN LD §g St amEom §gSwm
Trend (Nifiy Min ﬁ'ﬁmﬁmnnﬁgjﬂ%m sSMNBING iRy Bunnp RIS aofuhigisum
ife R UAMEUgRuUMINNAIND (HB{RIMNGS g UwRHNIE

IHHGN ﬁ'ﬁj’t&ﬂjﬁjaﬁ oINS MInNRINN YW e Bimasjue g

Sadjn: Wu aumi 84 ovw wihied -e- ANNEIANSs A 1 AARN



ananignwaBgERany Sulgnananmbig UTMURROEREIAG

ee=Y - Y (1.21)

WU Y = MMM ¢
7,= MyONRINNATNGIING ¢
e = mnmtg]ﬁ%smmyﬁmhgmm:mm t
iﬁﬁj’ﬁﬁ'ﬁiﬁmnmtg]mﬂqﬁmmmmhiﬁmmsminyﬁinhmﬁmj n WEONFINN i
ﬁﬂlﬁﬁsmmﬁﬁmmnmﬁg]amiﬁsmimsmﬁmﬁﬁ mLmi'jrijﬁmﬁﬁ'ﬁiﬁmnmﬁg]ﬁ%smi
NPAINIVAISIR s MINNRININ 9 ?ﬁmlﬁjsmmﬁﬁmmnmﬁg]ﬁﬁmm:ﬁuﬁm Mean
Absolute Deviation (MAD), Mean squared error (MSE), Square Root of the MSE (RMSE),
Mean Percentage Error (MPE), Mean Absolute Percentage Error (MAPE) ijimSI’.ijﬁHﬁt’[ﬁ
NEGE
o iilipjumumaisginagizunnrnn i pidsighg
o iRgihasiimnizumsgndamsisminprinn
o HgRRNSIRSIE NN RIS Y TEGITR R

n ~o

MANBRINI IshnumiIEnnamn UG smuiianatsminasiimn v

o ol

elyiaigruiiags; iS:UFlnﬁmﬁ]mjﬁmj]mSﬁ"mmiﬁ]ﬁﬂ i gigunpRinng hy

% 1 bl

<l

9 D
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e
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9.8.9 Mean Absolute Deviation (MAD )

ihenrggismin fﬁifiﬁﬂiijtﬂhiﬁﬁjﬁfﬁ AISMIONAIANS Mean Absolute Deviation
(MAD) Tiian[fy Mean Absolute Deviation (MAD) NMN{iBiifisMirnrinnun sy

fSﬁ%‘gmﬁmﬁiUﬁjﬁmmi’ﬁ]hﬂ JUBGIURY MAD RUINMARIUYE (1.26) ¥

2 [e] (1.22)
MAD = -l
n

% John E. Hanke and Dean Wichern, 2014, Business Forecasting, 9™ edition, page 35-41

27 John E. Hanke and Dean Wichern, 2014, Business Forecasting, 9™ edition, page 36
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9.8.19 Mean Squared Error (MSE)
?ﬁﬁﬂlﬁgﬁumigjmﬁﬁjﬁﬁ'jﬁmmﬁamﬁséﬁﬁmismmyﬁmhﬁ Mean Squared Error
(MSE)1 Mean squared error (MSE) ‘%Eﬁ?ﬁﬁﬂlﬁ‘jﬁﬁ'ﬁfﬁﬁmnmt@]ﬁimﬁjﬁjﬁmmm‘iﬁ]ﬁ

o > >

Syt Iigtihmis i) tﬁi;ﬁmiﬁsmnmﬁg]ﬁ gﬁmm:gﬁ%ﬁﬁémsmsmymnmﬁj]m

u

JUBIURS MSE &% 3

n

D (el
MSE ==L (1.23)

n

9.8.0 Square Root of the MSE (RMSE )

4

Square Root of the MSE (RMSE) Apjimsifimanidginasimnifisigisgisu

v

ANAINNYW EwPUMIS MSE

JUBSIURS RMSE #7%° ¢

D€l (1.24)

9.8.¢ Mean Absolute Percentage Error (MAPE )

HANNARINNNGHARIEHAD Mean Absolute Percentage Error (MAPE) iRgjntismigiglich
mafisisgizuapanhg HanansApohgeiuiiany vAp tigilans:
U@mﬁﬁiyismnmﬁ]ﬁmmmwﬂ

JUBSIURIMAPE & ¥z

MAPE =} (e]/7) (1.25)

=1 n

28 John E. Hanke and Dean Wichern, 2014, Business Forecasting. 9" edition, page 36
29 John E. Hanke and Dean Wichern, 2014, Business Forecasting, 9" edition, page 37

%0 John E. Hanke and Dean Wichern, 2014, Business Forecasting, 9" edition, page 37
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9.8.& Mean Percentage Error (MPE)

Mean Percentage Error (MPE) m?ﬁﬁﬂlﬁgﬁuwigjﬁfsmiﬁ Qi) mtgijmﬁfiiiﬁﬁ siSmI
npAInn 4 iianiey Aannsim wsﬁ‘ﬁ%gmnmi;ﬂﬁmﬁlm Syw iwwnghitnicnigidy
myhAngiuumemSyw i uusRnuguinmMEBISMYIRULmSHNN

JUBSIURIMPE & %'

MPE =

Le=1(Cc/¥e) (1.26)
n

9.90 FuSasimsSicnsieminnRary
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uing Ssingipm:Gim:GgSwm Trend MISHIH UM SjBBISHIR U Naive Models,
Double Moving Average, Exponential Smoothing, 84 Autoregressive WnNt§o AR(1) N
iy ijﬁﬂj?ﬁmh’ti‘lSﬁilﬁﬁj‘fsﬁfﬁﬂjmiiﬁsm mmiﬁmmmnﬁ U UBIGWAMABEIU 181
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33 9
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31 John E. Hanke and Dean Wichern, 2014, Business Forecasting, 9" edition, page 37
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32 J. Holton Wilon and Barry Keating, 2009, 6" edition, page 56-59
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SHHES
anemagiaiie|sssie Aple Inc.

[BUIS Apple Inc. thanGinygnuehSmiuins ﬁjﬁilﬁjﬁiﬁgjﬁtﬁﬁﬁ iRutthinnyt
ishifinmannpiswuignign™ oOmuimiRmgiuisigl 1976 BARUUGUISIS: (Y
tsigsinhimimum:Simsigiyai)n SWInpM MG (s Apple Inc. iUt SUURA
iLﬁjﬁiHGjGL‘sj§U UAIANIGATY (Hardware) i ig cutueifiréi (Software) Sifjrjé
BumSHNNMAZAIUY SUmBmNIwInsES ARG guRnNHIGESE gRTh
(Hardware) E AURTAUNIBAIBU] SE1 SHGEN fr1]$1 Macintosh iPod iPhone MgiTiHSIG RS
USR] (Software) FEMBIHSIWAUAMI Mac OS X iTunes Singifiguansifugom
iWork iriunInsyegirituginig fufnsr gunngicypismnmatiu famangane
VRGBS Apple Inc. AgNgiamMN mUmufimimiAnulhvl stlaguRinnigHm
(Hardware) S1nuifiHgig ey (Software) I‘Uﬁliﬁﬂjﬁi {fBUIS Apple Inc. TNSAUNSTUBAKEIUN
SURINUIGAIGNIEIHM IMiS ShmsuiinuniuAntwisiiisiuis aufisGEuMY Online
ShiTunes Store iﬁﬁjﬁﬂﬁﬁjﬁﬁﬁﬁsgﬁﬁjﬂﬁg‘qﬁm@mméf‘ﬁﬂglﬁiﬁ?ﬁ"l {ABtS Apple Inc. fi
i sirg guanRMFvY)Situg gumSIMATwIRmSHBAAMN AR UTE®
.9 js55§se585 Apple Inc.

Apple Inc. i SUIRAIGTNISTGE 112 1wan §) 9EMD IENWIANA Steve Jobs &4
Steve Wozniak i1 Los Altos iij California 1 ﬁﬁmgjtﬁ Apple Inc. [RITSIHANUTIM Apple
Computers Inc. tifuU]ssiafn s Sufndndmemiunbwgoyw shnuuida
By pvtisisAnsunanuSayAIg)a BIANA Ronald Wayne 1 10f Steve Jobs MSS)
1N Wayne BRG] SHRIM oRNRIEY BN wgmgimﬁmsﬁqﬁmﬁﬁsﬁgmﬁm
an SRR 1N Wayne BRNHAGIANAUNSUHURATTUL Apple IENWHIATTEY
RUARUURIRUNapUEREINRT Steve Jobs, Steve Wozniak, 841 Ronald Wayne #

Apple | AnjSicopunmitn i §iSuywinngaignifnjsig sigiautwis: Apple |

% Pranay Patel, 2020, Leadership and Innovation at Apple Inc, page 1-5
3 https://www.thoughtco.com/the-history-of-apple-computers-1991454 (GIUSIGE WY gaim WOWO)
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mehmGmufmsliGigpnstie o0 gl 9end gﬁﬁ%@g 666.66 AN AIUIEHILIA (101U
Sunigs) W09e npimuHBRiam [Hifh 2, 995 FANUNEHILIA) Y Steve Wozniak fHA
UIE 169 §t:n:%fﬁﬁLﬁﬁﬁhﬁimm@dj%ﬁsuiﬁwfﬁsﬁngéi Apple 11859 UQUAMIMANAIGE
Apple | GUIW TN FUIMWYA 1A Wayne MSEIBGEARMGMEA Apple MRfiySINMU
Apple DSGM{TEU]SMFIMI MWwWHRnEYNISUE $800 (HUmSmyHig! $72 mS
ANSEANGORNMI) FNUHIANAMAT) ssﬁﬁ}iMﬁtmgﬁLﬁﬁtﬁSﬂ SONINATTEI Steve
Wozniak i Mg MR N]§IENULBU]S Steve Jobs MYNEGUIGURIRTMINHEF
talisan mwrgmrgmgﬁ&ma%m]m§ﬁpsﬁnju§mgﬁﬁﬁ§ﬁmsmimimig:tgjﬁgﬁa‘1 X
GURE INAMSS Mike Markkula Uﬁ?émﬂﬁgﬁmmﬁsmmim 250,000 &N EGUNHHIBIA
WWsmEMURGRGD 181 Apple MywihmaT]sywmABIN{EU]S 4 Apple Computers
megumniBTSmEimielig m is uhn g1 9614 191g) 98N 182 Apple MSAMSMA
GNANSRIMSHANMN BRMIGHMSINAIUIAT Apple I UM SUIRBIE Steve
Wozniak* Apple Il MSEAUIMMMIGASYRNSHEE 9 igisan 19 181 West Coast
Computer Faire I(URGYW4 Apple II MSIGMUAISHGERpnTIwe grumimgungin

yunismihs iwhihasansidyhywinuggumsmmmatwgingigh:§gjian

v U

ol

InRmAR NN mahaswimivlin Apple I| MSIFEIABUIS Apple MUIGIMNIHY
gsinuinmsmasinngnis Susgumsinfiueujgigiaapuingindi ielg]
961G [[iBNS Apple ANSMINM MIS{IUNGH SHNARGRAY Apple Il 9 LTS
ggumsInAtwmSingi gAgpinuindg fienm oenn daig 9660 miunifsh
$775,000 £ $180 (NS HIMAENSIIGIENIF 533%4 SSintinm: Apple §gUIMSIMFA
SANIZATTY cmSansEni iMmAGuae §{ﬁfﬁﬁmﬁjﬁnju§i Apple | S Apple Il TUTHMS
i38] Steve Jobs mLHGimﬁﬁmqﬁfmiéuiﬁ Mo 141818} 9660 Apple MSINAIGL) Apple
i Gigrmasufnéitmadwignuniv]ssius Apple RN Macintosh iEUMS
UINMisIgl 966G Macintosh (it STUM ESIG M UAMBIG: MIPWMAN§RYiEUiEe)
§gUMSMANTUNMMEAMIEM NN AT WIUAT Apple I1:8 MANGAY *1984” 15U
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GAMWHUEMIE 1.5 ANSHAN SSWNINSISIGH{IBU]S Apple MSFUS:SMITH
Lﬁ%ﬁﬁﬁ%ﬁgﬁmﬁtﬁs WWiIGjM SMITIRIGMIVE Steve Jobs SHQWARIURURYW
GgSY MIDMGMIUAHARASIUU]S Steve Jobs JBUDUShMIBSMEINMMILNE M
igimumnitatwvoRei]s MSiEAvUISHULs  MIBRURMAGANUUIM RIS
1151 980 Jobs MS[HMITHA Apple TN F{SHNISTN Apple MSEMifLISTIUIME
NeXT Inc. 1 UIUHH Steve Jobs ANSMWHMWWARBRURIS Apple AWNSUNMBHHE
JURS Apple & iMac IZFURUATS 800,000 AAMISIZ 9660 9 MUMUAINUINBH Apple
wAUAMIcSUNNYUISI IN1 Jobs SiApple MTIRBHEIONSITOHT S sin]sun
§WI9 Apple MSITAUNHUANWRHIGIZRISTE gfum §1 V009 18T Virgina §it
Californial {jBU1S Apple stk UnR UG UMSE§nUfHinainglsaing) Wooo B1U
i36ll iPod MSUMNMMANMIAN:TASYHISIZ W009 iPod tNSIHALIT MP3 players
iy g WniAtpny]uanUsiIwu e SagsEGAnMNA< 1918 Woom Apple tSUIRR
iTunes Store i§ﬂ'j‘iﬁjﬂ‘ﬁ’gﬁmSSvjﬁﬁiﬂmﬁiﬂ?ﬁsﬁmﬂﬁﬁ‘ﬁﬁ%‘gﬁﬁ $0.99 fUS iTunes Store
mem mmﬁaﬁSﬁHB‘qﬁ§ﬁ‘piﬁjhﬁ§iﬁ‘iﬂm[ﬁﬁﬁkm mAsfiinNg (online music services) ik
MUy IR SMINSgIRIu)ARAe] dmsansiivmanmugl Woos iig:m
s fwis:AStgninywative Apple ShAnnuigrRignisinnRgity s
gruin@ Wooo Amiuinmgiaindunuhasivasuu)siPhone 181§ WoOM 4 18l
iPhone MSMNAIGMUAMANMIAN: HASHshifsnuinpigiigi i
UIgEIEIRE Y8 §iaie iPhone Hﬁgﬁ%ﬁmﬁmmﬁﬂ iPhone NGIRIDIRFIFUATSIV)E
Beuncbesfl ® shmAm«

iglie BN §) VOO Steve Jobs MS{UM AT Apple 8RITNURMHA] “Computer”
IN:IUATZS TSN “Apple Inc.” iﬁﬁjg:ﬁﬁlﬁﬁﬁﬁjgﬁﬂlﬁjﬁfmﬁﬁﬁlj‘[ﬁ%ﬁﬁl sin mnﬁmﬂqﬁ
§ﬁpﬁ~[ﬁjmﬁsjﬁm§m MNAGHE SIUAHBT SIMBMIAUIENIUN Jobs MSIFEINASGHU
msSamaHAhNwRPRURIUeYWIU)RINWANIEEYEE RN SUiguighiljivin e

% https://www.businessinsider.com/history-of-apple-in-photos-2015-8 (GUIBIIIGE WY grum WOWO)
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Apple Mty MIAITM SIS OHS UG IMISISTINAI T Apple Inc. AINSIHRAGHR
MRsi sytgRUbinRmnws agIEhiBs®1 uURiN: Apple MSUSHMGHEY 911
B IMBMIELEEYILAT Tim Cook IHUMSUSHANNMWADRURUGiBINNMNIUS
AN Steve Jobs 18181190994 fig) V099 FUF VOOV {[BINS Apple MSIGIURGIAG)
iPhone 4S §4 iPhone 5 i IMSTUSSAMSIRUIGIHNYS MSHSWwWMETHHUIS

]

siri 81 §8SW cloud-soured MY iCloud UigBiS: Apple MSIGMUA iPad HNSED &1

GUSTHUM SIHIPRUIAG Retina 81 iPad Mini IAUMSIH{NA 7.9 inch8ufl iPad TR UM S

HIfY 9.7 inch9 MIEAIGM AR ITRRUGHNISHUS Apple (ygiHggrmSiNAT Y mi

=3

(=3 9

iU iPhone 5 18TiGE W9 ignm FlW0o9w MsmwmmitABUnEUgI)FIUEEN
MYWEIMIVIM S MEAHMYSHN WANS BUMIUA iPads HUIT M ANS AN

mi

u w

xR- R

UUAMIAIGMH iPad Mini 81 iPad G188 1818118: 84181 Apple AT SIBM L

a ~

IC

MacBook Pro §U1 13 inch 59188 M MEUWIH{IA Retina f6)j81 iMac 84 Mac Mini 18
R

isfie 891 &) Wo9m [BUNS Apple Inc. NSMAREFAINERNTUIEHIGN Augmented
Reality (AR) i (UHBIRHE AN ANIFISIERMASURRWE O (Live Video Stream) 81 G
U@@ﬂﬁ@%iﬁ&ﬁﬁiﬂ§mﬁlgﬁmm: mﬁsw:mﬁmﬁnﬁmsmﬁﬁimwﬁnﬁﬁmﬁj@ﬁmnis
Arnfiat9 1sigs v iznnn ) Woom Apple AMSIF UTUSINEAMISUIS:ZATILBM
AN Paul Deneve MUMS SHNWAURURISIAUUS Yves Saint Laurent HSUMSHIA
IRUNwMINNNIIET Tim Cook® 1STMARAMIE WO9M Apple AT S{UM AU I
RUR{ABUS Burberry INAT Angela Ahrendts SUMIIMHSIUMSMSZAISINRBUIS
Apple DYIHMARAMIE) W09 G IFMWRIANA{D Ahrendts NSFIBAMSHINNNIS Apple

% Micah Siegal and Fred Gibbons, 2009, Apple Inc. and the EBook Reader
57 Stanko A, (2005), The history of Apple Company, page 1-4

% https://appleinsider.com/articles/13/03/19/apples-interactive-augmented-reality-system-identifies-real-world-
objects-allows-screen-sharing (qmiﬁm§§§ Bva gium VoWVo)

%9 https://www.reuters.com/article/us-apple-hire/apple-hires-former-yves-saint-laurent-ceo-for-special-projects-
idUSBRE9611BP20130702 (GRUISIHIIGE W9 gaum WOWO)
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191519096 gRifitneuGo (]S Apple MIIAIURITIBUS Apple MSHIWMAANG
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iﬁﬁjm Feintigm: s UIANJi81 Mac IURI[BU] st smifsigihdniBntumniny
i1 WM SMIARGIESugUU 1slisgrum [ui)S Apple MSEMWAIHU]S Beats
Music 831 Beats Electronics 1UtJtytne1USH Dr. Dre 841 Jimmy lovine gﬁﬁ%@g M MEANS
BN oURMNE Woom iURuRRUE V09 [fivtlsggumsmnithatiwuNhgy
IENWHBUS Apple MSAUHSIUMUARUISIMWMIANN{UITS Best Global Brands i8
Interbrand Gﬁﬁﬁgbjﬁmﬂj 9§14

igligunn W0 9B {fiBUIS Apple MSUMURNRVARVIVAIRBUIS 9 MSANSANS
inpimsibimasgHufaninnm< 1g:hibndyw 18 Apple MSUINMAGSSRIGAR
iU Apple IR UANBEINSIDIM §gSwABsMUMSMARDAGanmInN: iysun
1939 FIBjRBUIUGHiN 1916081 W09 [[{BU]S Apple MSNWMIANAMIRAGISMINUR
StmnGinnuoigl Mibniyiguiw:ng od giouniig Vo094 SaprBUISMS

9

SwG:fl 244.7 MSANSZANILIH) W09 E B 217 MSANSHANI IFUHMIPNAG: G MEI
YUINAsYRISMISIIG:IS: FUAMUBANMINAGISMIUAUAIR GRS LN SNBIUAT
Apple fi iPhone* 18181 W09 Apple msmgnlﬁﬁmsmsqmiMQﬁﬁﬁpiﬁ (G ﬂji‘[jﬁ]{i
HEBHRT W SR URENUGYHW Agunnniniaig it s SMNMEESURIBIU]HY

NSIUTIZ HomePod 1 18151 WO9G {[iBNS Apple MSMWMIBTSMBIRGUNIEIE IS

“0 https://www.bloomberg.com/news/articles/2013-10-15/burberry-says-bailey-to-become-ceo-as-ahrendts-
leaves-for-apple(GEUIBINIGE WD gaim WOWO)

“ Apple (2014), Press Release: Apple to Acquire Beats Music & Beats Electronic

“2 https://www.appleworld.today/blog/2018/10/4/apple-tops-the-best-global-brands-report-for-the-sixth-
consecutive-time (GRUIBINGE & B3 WOWO)

“3 htps://www.businessinsider.com/apple-1-billion-active-devices-2016-1 (GIIBIGE & B39 WOWO)

“ htips:/www.theguardian.com/echnology/2016/oct/25/apple-profits-sales-decline-2016-phone-7(3 § & 8G9 WOWO)
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1Y Apple M 30 iPhone iZFUEN Sﬁi’:tvimﬁﬁj’[,mﬁﬁ‘ﬁﬁﬁm[ﬁ[,m ruigliigauls sam
SuuaMFsnifiniduigii (emerging markets) 1631 918) 549 Gigigmhnig:f g
wo9é [fvtlsfisinmsumsnulinislye iRumsuinmmuits: MG MWHHvTISHY
Vo ig1 V& [fBUS iﬁﬁjﬁ%gﬁmgﬁ?gyﬁ‘:Jmi;hﬁﬁjﬁﬁmsﬁﬁj Apple*1 181§ WOWO HBU]S
msMWhifvi)saminn:iumsaigtiabinnanm idumsyunsmiuSwnydns
U] 9.690 (FANSHANIHILIR ($1.817 trillion)*<

bl sgSeies Sosasnng

.09 sgSaius

BRI WILES]HBUS Apple Inc. fis “Apple AiythSngiungivefiannsingé gipugsn

v

o

SEREIRA) gRHol gansipitpruwmnigpss Shnitasimansiginismumnms
it BOARUIA]HEDIRAG 5 (Hardware) AETiHSiIGAIUAIANE (Software) tiUmsUIGHIg
gi)sind)s jurhywShmigaigiionnuisiinng 4
isigivooe swRPRLAIL Apple Inc. 1M Tim Cook AMSAMNAUIMAGHIRW

SUNUUHUISIUASTIBU]S Apple INWINNANSHISUINAISES

o RTHGIAIRTIBISTTTGISIES S 1T5ETaSISTHRIIURIHAN Wit

§41 GSHATYIT
o UTHIAETIRNEA NSNS GISHTSNSIHMN T
o STDATHEUANGED sl SN T

% https://www.cnbc.com/2019/09/11/apple-touches-1-trillion-market-cap-again-after-iphone-launch.html (GFUBHU
158 15699 8391 WoWo)

8 https://www.forbes.com/sites/niallmccarthy/2016/10/26/apple-has-experienced-its-first-annual-decline-in-
revenue-since-2001-infographic/#2c997fa81d48 (GRUIBIIGE 9¢ Mk WOWO)

7 https://emirati.news/apple-leads-saudi-aramco-as-worlds-most-valuable-company/ (qmiﬁmftjﬁ 9 fguN
Bvowo)

8 Katherine Johnson, et al., 2012, The Innovative Success that is Apple Inc., page 3
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o THIEIRUTAHHEN AT SHIFUIFSUTUIGATEN G HATEATSIT ML
BORR I MS BT 7
o ROHGRRBIRISIIAGENIAM UGN GIGMIGAEGInNngasIgcnsmi
IR
o RTHGIDAUTASUNTUTIIGENGCUN:HIENINGINS IEHTETImGIET
ATSUTEINIMBHG FHUAGMNSANT: IS SHNSHESIGUNItTH T
o UTHINANTAG SN UATEET SAMIAINMIGAIRE UG EitTY
UG TSI AIEESGIG S 1
o IUNGSEGIWASIFIAUGS MU IE SIHmISITAE
U8 IUTLIILTNENSMAIAN [ GIM:gS NS s GUaNmaSTinuitiig
8 [NEGHIBISMAGIUNS FAMIG MG T WIWEARGIGSTISIAM
ISTFAMENIAMIS): IS zjﬂnﬁfygiﬁim:ggfmsvgz}ahﬁtgiﬁisfgﬁgijzﬁsm:
i54U Apple SHIGIISIUREIT 4
.01 csasHHS
{BUIS Apple Inc. BSIUCURRYHGHIGS

YY) n 1
u

B8 Apple MSIBS Macs iR UM ANSih g StgmsiGinnM AU

1 >}

Mywdhipigiuiuiimi oS X, iLife, iWork SifyikHSIguIUIHNEI (Software) HE1N

Apple S48 mﬁﬁﬁitjﬁﬁéﬁﬁm (digital music) MYItL: iPods 88 UNWUAGMMB{UAS

fSfiNNG iTunes online store IBAIIBTNSY Apple MSURMMHITHIMSIgGINGAIRMY

~ v

k) uJ

Siﬂﬁuiﬁ iPhone 81 App Store iUﬁﬁ_ﬁ‘HiﬂS Im[ﬁﬁﬂﬁ‘iﬁﬁﬂﬂﬁHS"lﬁﬁiSLﬁ ‘jglij‘_ﬂlﬁﬁﬂjﬁ

815URINN Computing Devices MR iPad**
Apple AiSUMARUARYIVARBTSISTUiUGAUMUNS N SIURHBTISH
"Apple MSIFURIRUIGRISNNNIZSNYWEHMINAGM ST Macintosh FRZ 986G fUniG

i8: Apple SIYSNANANARNMAGIUERGMNY iPhone, iPad, Mac, Apple Watch 841 Apple

*9 hitps://www.thebalanceeveryday.com/apple-mission-statement-4068547 (U UISIGE Vo §GS1 vowvwo)

i5
WigE Vo B3 Wowo)

%0 https://www.businessinsider.com/apples-new-mission-statement-2013-8 (GrutBly
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TV 4 (i giiémﬁg?ﬁﬁs,igmﬁﬁiﬁngéi (Software Platforms) §11USIUJ Apple §G iOS,
macOS 81 tvOS MSHFUSIUtnESUNNNISMEZUAINN Apple HHNT 80 wDRAYN
B ﬁjggimmqmémmﬁ AYINSE3IR]BW!IS App Store, Apple Music, Apple Pay Sh
Cloud SINRAtY 90 GSNRUEBUIS Apple RURASIRUAGUNLGRESTIGAAN
inn Sudufigginninnapidhiginudinsmndme o'y
. esgasnias Seimnse
TBU]S Apple MSANNAWG AN BTN WMINNPEIRHUTBUS
AN
*uvlsiypEnsiwnvsfirnnsymBimantEniuHh St siuug smui:
FOAR A (hardware) AYIHSIGAITUATANISI (software) Suirshngdings
inj)s WG ANAIMETILRIABUIS MSufsginsamnliicuantun Apple SRl
G §ﬁm§ﬁmﬁgmﬁuﬁmsma&ﬁngsé’s I§MIH (hardware) NYIRHSIGAITURS
f0j81 (software) ﬁij?ﬁﬁﬂjué’i (application software) ¥ty iGYjEGHAGES
AT s Sinmngud Sudinm:pnwisuinwig il Shmsmiss
[IATENWMMGUEHT LTS Apple itfthAubmiditnaitnugiim SpigtiD
migpoihi 8hnAig)S (ReD) siwmitaghiwnsERni Shmigpwmangny fms
iz Sthuginsim:minfig] SuminuAgitlnGn Shuipnigninusns m
I3RYS Ujgﬁﬂlﬁ‘jﬁjﬁ'j[ﬁ’titﬁs [BUIS Apple MSUZNIRA platform IURGIBINS
OEnUMIE ShmRsRoNUBEMEEG (digital content) SUREIHIVAIMAST mu
ilis: iTunes Store 1 MIGAYWIS iTunes Store IVMAI{HBINS, App Store 811 iBook
Store MG BHASRSIA SHINSE]R (download) AYiE Suiagiaimuit: ﬁc‘ltléi Mac
yfinyéRnnuIdpeig Window ufimeits: gUAIRT iOS §GM iPhone, iPad &4 iPod

touch* iglieunng) Wo99 juv]smsiBndidnimi Mac App Store i5i5]8]

%" https://www.thebalanceeveryday.com/apple-mission-statement-4068547 (qmiﬁmftjﬁ V9 ’EEGS'] vowo)
%2 Katherine Johnson, Yang Li, Hang Phan, Jason Singer, Hoang Trinh, 2012, 7he Innovative Success that is

Apple Inc., page 3-4
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WA 9 (U SAME Siunav S uiUMINAI g RYIRHSIg uTuRIANj &1
(software) iBAIN (hardware) ISATMAGT (NBARNEMETS (digital content)
IRUUINEQUIgHISTHTMIFUGSIUABUIS T WM AIURIYT]S ABISMI
NERUAMMIGHT ujiﬁﬁ'j%sﬁﬁjmﬁmmrﬁﬁﬁﬁﬁsmsmé%mﬁsmmms
wOgMNNBAURUENMASIMIVAYIWIRUMSIANMNga Mywiius
e GSUBUiguiMWINUKMRBIUMSURIUIL (post-sales support
experience)” ‘1
l.¢é Esiessasisnsie Apple Inc.
{iBS Apple Inc. ISEanAmMIAAMUTSEMNIST 1 Apple Park Way Cupertino
MO UNGHIBIRS
.8 jsasayn RousSusiesasaRIsasiFssie Apple Inc.
jutur ShHaSURSIUAIMIVESTIBUIS Apple Inc. BISHGMIMY:
©.&.9 ss8a5600
JURSENIURS[ABUIS Apple tURMYMWARUEIMSIHANUIGHRNAMMNGA sWiwm
fnmigjpvilsitumsaigmhimlianinnn digiuasmmis:BsMSIRNIBHRYUNIES
igiumnuiijsi]smsuilindyligiad 985’1]9"1?ﬁlﬁﬁﬁgﬁﬁj@is:msgﬁmﬁmﬁﬁsm"l‘rjfﬁ
nISMIliRIURTBU]SIE) 98ne snRugyigh ISRy Newton islaurging 9€ uh
uﬂﬁ?ﬁlﬁﬁ%ﬁéﬁﬁﬁﬁ wysmnansmisiaonindwo qumng:v.9 WIRiguAMMILESTHBUIS
Apple)9
UGUISIURIENIUASIBUTS Apple Inc. B1snimhjuigitsimseigusing® goms

UINMEUMNRmY (umng 19.19)4

~

53 https://www.apple.com/contact/ (GRIBIIGE Ve BB WOWO)

% Behrad Rezei, 2017, The Wishing Apple, page 1-4
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JUMNEY.9: MIiGISUAIINIVESTIBUY]S Apple Inc.

,3 1976-1976
(‘\4?_\

Ronald Wayne

“ 1976-1997 =
Rob Janoff

' P
- ' D

1998 1998-2000 2001-2007 2007-2013 2013-present

JUMNEL. V2 JURSEMIVASHBU]S Apple Inc.

A
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0.8 1o ssmsesiesasan

INRMBIANF Rob Janoff i (UMHRIGUEIINIVASIBUIS Apple NGRS
IBYURIIMIUASBUS Apple tiuigitsimsgwGAnnfityficngmsiminigitiy
ShighTy igihopinsAygwinng Shiglinmigithy ihig:Ghspinsifgjgoging
W eansnuiEigihunmywihunAgom ISt s §UIgG

AN Jean Louis Gassée iR UMM WRUHURIS{ABU)S Apple Computer iFI19€G9
K0 9880 t:nsﬁﬁclnﬁﬁﬁgémisgﬁmgﬁgﬁjgiﬁﬁlﬁﬁms Apple t ~ iSAgindijy
Gim:jug Riusmmivasu]shEsnugnismingAagyw Shdinn:dninupinss
Ui W nh%Sﬁgsuimgﬁ Ul uBsifivggiv HASSMGIMMSIRBRuMIK RB{UY
Miis:ig)nig: mIUASHTYW Sinn:dy iy SuMuQRUIEN” (“One of the deep
mysteries fo me is our logo, the symbol of lust and knowleage, bitten into, all crossed with the colors of
the rainbow in the wrong order. You couldn’t dream of a more appropriate logo: lust, knowledge, hope,
and anarchy’) 7 HRS WISUASINIUASTBU]S Apple MU EIMIHIM AsAISHURIIBUS
Apple ifitjggrimsstinn: & Sl gmsmitsimSinu RN RTNTES AgEF%4
b ismasseoamemSsns

9

‘[ﬁi:iiﬁSmﬁft’jﬁmilﬁﬁlﬁhmﬁiﬁgigﬁjﬁﬁﬂlﬁgﬂ ignwiuimimtingitumont
MIANMS (reportable operating segments) U I{ABUISIHNS Mivi[ HiU 58 (Greater
China) i{i8 SufiUSHAMOUIRY SinnAggpmisinmsHiBingiky St
Ginnnganiiu pesuamms st usgia sam fuus viffsyin Sumpdn sinnn
§3niGS (Greater America) SIS AIGS URAY Shiths9 Sinnadhniti AisuSHMAN
LN JunSHAND §ﬂﬁn‘gmmgmmﬁ?mm%ﬁ§smﬁrgmﬁs (Greater China) 82538
i ignp Ui M Singis umsnMINNMS (reportable operating segments) A
[ABUIS Apple GRIGDAGN MNALFUIEJRM RSBUIS Apple (RUENGARYWING
inwigjrimityjrupumuimnuinitssifima igionow nuaRumsnuis

Grpitumsunan:MitumunusHBySYWwI

% https://www.creativebits.org/interview/interview_rob_janoff_designer_apple_logo/ (3 IS ﬂﬁg §uwcd G81B0oV0)

Sadjn: Wu aumi 84 ovw wihied -GG- ANANGIANS 100A ) AgRAN


https://www.creativebits.org/interview/interview_rob_janoff_designer_apple_logo/

ananignwaBgERany Sulgnananmbig

UIIMURRUERGIRG

MNAGL.9 : Net Sales by Reportable Segments For 2019, 2018, 2017 (in millions U.S dollars)

2019 Change 2018 Change 2017
Net sales by reportable segment:

Americas $ 116,914 4% $ 112,093 16% $ 96,600
Europe 60,288 (3)% 62,420 14% 54,938
Greater China 43,678 (16)% 51,942 16% 44,764
Japan 21,506 (1)% 21,733 23% 17,733
Rest of Asia Pacific 17,788 2% 17,407 15% 15,199

Total net sales $ 260,174 (2% "$ 265595 16% $ 229,234

{UfiNz Annual 10-K Report 2019, Apple Inc.
.0 SBHVRS FSEESINBIBE5 Apple Inc.

[BU]S Apple Inc. IGS G6UH SMUASIGIERS

gifd

v

kit ﬁnjgsmmzs tablet UAIAN

0

U%gﬁ%snﬁ]mmfjtsm%ﬁ (Accessories) SRIFUNAYIRUMAAGIGH %4

BORGEU SHuNAYIUARBUIS MISHERimy:

.60.9 SBsss
o iPhone ARN{ABRURGUISGIRINR

wRvimIfNS1 oS

‘ﬁ‘iﬁUﬁjLﬁHiﬂ S Apple iudiihig AIFUUNS

ol Bl ol >4

H P

o Pad BRURIUARTIVS tablets IUASTHBUIS IRUMSNU)g NI Wwdidnimaw

wASURUAMIRN;SI 0S4

o MacBFuRIORRUISANISIHESILEBUISApple

wASURUAMIRN;SI 0S4

igudidhimishusignid

3ffﬁm77szjgyf,9igﬁj7ﬁiﬁg7’ﬁgg§ﬁ (Accessories) [BENS DR I N1G)HIUAS Apple
SHQUAI nhtﬁgﬁisnﬁ]mﬁ G518 G (Accessories) IUFRIMAFUIUAT Apple §GME,
RFURRFUIUAT Beats products, HomePod 8% iPod“]

Apple TV gURIANMUISISNgis it gHisnsegrumsmimais
(digital content) Nt ATELHISHEHNSMNGN SUjUSH 84 ANUTIALS
Apple Watch Tn1g jm‘%ﬁmﬁii (smartwatch) 1

S al >

ihgy I’_ijE'IaﬁﬁiﬂﬂiHGJGLﬁSGiﬂjﬁiﬁiUﬁjﬂﬁi‘ﬁiS RGMMIMBINSigemn S’ﬁﬁ“liii?i

b=y

HUMGEHRSMAMSwighay

% Apple Inc, 2019, Annual Report 10-K, page 1-2
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UMBMAN MBI : AYIHG URYM NS NESNNSIBUN Siri 841 Apple Pay
EnGHRBM AN

e PodNAUHHRGUISTMSGIH (portable music player) iURT Apple G iPod
touch, iPod nano 84 iPod shuffle*]

o [UASIUBUGAIGST G

i0S MUASURUVEMIUAIGIRIOGE
~  macOS MUNgURURMIUAIANjSI

watchOS MUASURURMIUAIN ML Apple Watch

vOS URGIURURMITING Apple TV

o AYISHGIGATURIIIIST (Application Software)\EIUJEES Work SHAHINHSIGAIURS
ﬁﬂ.lé)i (software) i§jRIHBEN Final Cut Pro, Logic Pro, 8% FileMaker Pro]
.. assIsHS

o UNHINEMERGIU (Digital Content Stores) SN, & Streaming Servicess {fiBU]S
Apple IFURURMIST platform MI[SIHNS App Store, Mac App Store, TV App Store
8# Watch App Store i umGEjHiSISIGMAYIN fIMSgIn (download) Ak
(application) SUENAMBRGAT (digital content) HEHEN taj)iir Gl Titds (video)

. App/eCarefL‘i FUJBENS AppleCare+ S AppleCare Protection Plan i ﬂjmmjﬂﬁ’"gjﬁﬁ

D}

i g nAnsGmMIEUEANOMIGUBIUAI§IRSn (phone support) SUMIL I
fgﬁ?ﬁ (hardware repairs)“l

«  iCloud MMM (Cloud service) FUNUFARIAIR jumn WHES ananngH IBms
N ShrnoinmsisighguninnmiBe

o Apple Pay NEUNAYGNAMANWE SHDIMATIGIURT (cashless payment service)
1UES Apple

o TUNAEIEINIG)ATLGM Apple Arcade TNIFUNTAY game subscription TAARANSS

Apple Card 841 Apple New+ fifulifigsubscription news SHIFUNAYS AIJIE

57 Apple (2019), Annual 10-K Report, page 9-10
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SHHaM
SIS RSRRHIRNIRMIRHIBAs|FBEIR Apple Inc.

]

UUAMSDANANIENIALNSMNGISHUTIBUIS Apple Inc. JBHH GRHAREM 182
AnmIviugRAISMINNAINNISTIOMIUAUATIBUTS Apple Inc. QRN WO
AghumiSInwIPmaGiRunpRinnivsuim N ISIghMINAINTIS: YGRS
& sSwiMIVAUBIFIUATHBU)S Apple Inc. MGHIF) VOO0 IW)FZUR V09 E IXUUINMA
mumny MIGANHUIEG § gSISMIRIUIIBINS Apple Inc. MILAN ANRNS 84
fegSwmuimuu s mimaigSwmunninans Samudimasisunaninnig)
o UnnAINMIA 4 thafiisaghie)s iudnbinayusss ifygiusnasizugwam
YW SMAUIINAGH MINN AN MIUAIU AT EU] 8182
m.9 SenegemsBimagicnarnndaneinpmnh

§gSwMIAPEIFIUABUIS Apple Inc. IHWABMBIMAGIMINANS ImeA
SuMIHSIRGIE LI NS INULVOoGT UL W000 BASE W09 &4 ihnnsinnEIF
IAIEANYUINANIRSW SinG{is

. ynu§gss

. AnnadnssgSu

. FmInNRINNMBUNeHiR

. ifwanshdmanig)

[}

. sumsnaims Aaussaiufowndinunypisismdyjunumgm
A fnes wwiimmp]usumougsisgisuiywaisuns

ARNSG ﬁﬁuﬁgﬁmﬁmmﬁm]ijm]ijmnmﬁg]mm: RUwAgIH MmN

nﬁg]mjﬁmmﬁiﬁmis:m&'jﬁﬁmngmtﬁ?sﬁr@mnmﬁttjmmmmh‘1
0.1, EpLusieminsHisoIIBasEIseie Apple Inc.
§§§Iiﬁﬁ1§l§li‘ﬁiuﬂjﬁjﬁﬁﬁiLULmMﬁﬁmiUﬁLﬁmﬁ ShHSInYinIS1A Time Series
data iuthmipyidgsSwijpvisinygw  nmhgsunisalisumsitninuuos) fg)

2000 &6 2019 HHEARIMHS
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MNEM. 92 Net Sales IURIHBUIS Apple Inc. g1 V000 IW)HE VO9E

Year Net Sales (in millions USD)
2000 7,983
2001 5,363
2002 5,742
2003 6,207
2004 8,279
2005 13,931
2006 19,315
2007 24,006
2008 32,479
2009 42,905
2010 65,225
2011 108,249
2012 156,508
2013 170,910
2014 182,795
2015 233,715
2016 215,639
2017 229,234
2018 265,595
2019 260,174

uAns InWmMILNPRUEMIVIMIRIUETHYUIS Apple Inc. (BUARGUIESE9 1U)R

256 i)
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MM §SEHRRLSS AN SeMmiSmasgses

Mm.M.9 {BEHRIEees

i ou§hsmes g SuisMIAIUATIHBIIS Apple Inc. IHURBANNAIANG
GeSwiRgnmyw BHEIGMIBLNEEANENAGSH Autocorrelation Coefficient § ACF
AwimEghis ACF

MIALNSIBRANGNAGSH ACF ihusigRubjuyg:

n= n k=10,12,...

SSSWISMIMUBUIS Apple Inc. BISHIBIUANEIAGSH ACF Shjmu

Autocorrelation Function (ACF) {jGaWifMys

MNNEM. V2 WHNNENAGSH Autocorrelation Function fITUMIFATURS Apple Inc.

Autocorrelations
Lag ACF T LBQ
1 0.884405 3.96 18.11

0.741354 2.07 31.55

2

3 0.610195 143 41.19
4 0.457571 0.97 46.94
5 0.275559 0.56 49.17

{UfifNs Minitab Output
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al o U

JUMNEM. 9z MUUNMASNAGSUMIUAIUAT Apple Inc. (Autocorrelation Function)

Autocorrelation Function for Net Sales ($M)
(with 5% significance limits for the autocorrelations)

0.8+

0.6

0.4+

0.2 ‘
0.0

-0.2+

Autocorrelation

-0.4
-0.6-

-0.8

{UfiNs Minitab Output

NRMBMNNG m.w 81 MU m.o ENWIBHRNENAGSH ACF 18] lag 1 Gititwig]
lag USUUMSInGTIgT Sgubhu§Hsmset SgSwiiminuAiuaifiuuls Apple Inc. t
Trend

.01 PN B LS USRI HIBHEIHBEIR Apple Inc. 68385655

uguiimnshiSanonus gSwiywghstytugliuniivils Apple Inc. SHALNKMSH
8 S SWISMIIMISSINUING Trend it fmswnfgs gl MMUUMEEANHgHIGM
5SS Trend 1SS (pattern) 1RS (upward pattern) §j G2 (downward patter) i1t
MSIUHGONMY (MUEM.Y)

o MUURS
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JUMNEM. Y3 UL AMIUARTURSRBU)S Apple Inc. fig WO00 &5 VO9E

Apple Inc. Net Sales: 2000-2019 (in million USD)
300,000
250,000
200,000
150,000
100,000

50,000

Net Sales ($M)

0

0]0

O N & & & o & S O
50,000 > > S (S F S S S S g

-100,000
Year

{UfiNs Excel Output

muimu qumng m.9) tBmt OUMRAg) 2001 W)EEE) 2015 MAGANMTS
MIUAILES  [BU)S Apple.Inc B1SMIASIGIMAYWRISIHWR W)HESUMSUNSELATEEH
AUISIEY 2015 UUBAMSHAGLMGMSIF 20169 MIASITMMAGANUZINISIE

v

| a

2014 &4 2015 I AN SHA WNWANIMIAIGIN SR OHEIGIAE Iphone BiBIZENSE 6 &
Iphone 6, Iphone 6plus iS‘le] 2014, Iphone 6s 8§11 Iphone 6s plus ijﬁ@ 20159 Ufg 1N [iﬁ&j‘ﬁ
191§} 2016 [MASANUIVASHBUIS Apple.Inc MSHAGUSGINIHMIBWGUTHNNUAS
Gitl) Iphone SUMIG:IgNISIBWBANUNGH (Pratap, 2019)4 I:RUNMAMAENS {8
18 Apple.Inc ISTRMGIFEMAGANIUATHBTSRvISHBMMISIRUNT #5) 2017

D}

RS 20189 Simanpsismaihaduwigiims: fhwanmidhsisminfigiaiy
iPhone MIRAIUYIUNAY SHMILARNST MacH
igmgimumud gSwisMinAuasIBiNS Apple Inc. UMNE M.9) itlkanhandm

5] Lﬁiﬁ9§§§[ﬁ182m Trend IS (Pattern) ‘iﬁSiGjﬁ (Upward Trend) “1
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N1 MISMER LSS MIREHIBES Apple (L5 BBHARR™

( Descriptive Statistical Analysis of Data)

MNASWAMY ( ﬁmﬁgm m) U

NANS) (descriptive data) IHAIBLSS

SSWISMIRUAIUASTRYU)S Apple Inc. MBI

mniEm.m: g SwISMINAITIRIUAT Apple Inc. MBUANANS (Descriptive Data)

anasfits§gSus (Statistical Measures of Data) egEl (ANSHANIFNIYIFA)
Bi§jB Mean 102712.70

NS Median 54065

§ti Mode #N/A

fgRINIfiu)Ey Standard Error 22258.48

AANGRA] Standard Deviation 99542.95

ﬁﬁfﬁﬁg Sample Variance

9908798441.69

i1 Range 260232
HUHYIUTE Minimum 5363
BUUHBUIN Maximum 265595
RNEY Kurtosis -1.54
MAGNEY Skewness 0.48
BRUYA Sum 2054254
55888 Count 20

u

{3703 Excel Output (IBIGURIHSEE)
jEndMumMNR D (NG m.v) ubhnbmshs

o oWmkiigl Wo0Oo H W09E [BUIS Apple ISMIUAUGIRIMSAGURH
5363 (UNSEFIHILIA SFsUgnk 265595 MNSHANIHILIR
o ISIHUMIUAIINWOFIUNABUIS Apple [BUIS Apple BISMIIUAL

YHBUGIRIA 102712.7 ANSHANIHILIR
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WENSISMIUAUBIZIUSTIBUNS Apple & 54065 ANSEANIHNILIN

o MISHSMIATTIRNUAIHBUIS Apple FRIHNTWORIA 260232 ANS
H OLNIHILIA ]

o

o

o NRISAISMINAIGIFIUATHUBU)S Applefiitii:inUVOF) & 9908798441.69
AN SHANIHIYIRY

[} >

o AMNBRNISUSMIUAUGIGNURBUIS  Apple BRIMINLLOR &

(2] 1

99542.95 NS ANIHILIN

1 ov

Y J

M.¢ MEHSSHEILLUILMINBHIBES Apple Inc. SIFLSLISRBERHIRD

INWiNge §gSuISMIVAILATHBUIS Apple Inc. figl W000 H WO9E t Trend
goisaiwdiz it umswmdmaiginpninhsmss

o Absolute Change Model (ACM)

o Relative Change Average (RCM)

o Double Moving Average (DMA)

o Double Exponential Smoothing (DES)

o Holt’'s Method of Exponential Smoothing (HES)

o Autoregressive (AR) Models*]

M.&.9 Absolute Change Model (ACM)

Bignnnrmhis oy gmsmﬁﬁﬁiﬁ}m fUfi Absolute Change Model (ACM) TE0U
EUIUASHIRIU Naive MuIts:Gitnns: iiunnns 8 gSunsmisnguity: i Wogl iuas
[BUIS Apple Inc. MBIUBSN[MY

JUBSIURS ACM3

Vier =Y+ (Y — Yoy

~

IgRUISMINN AN MILAMBYIE I ACM MSUNMAMNNSNIMYS
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19

MNNEMm.cs MINNRINMIAMBYIE ACM

R I S S O T

2000 7,983

2001 5,363

2002 5,742 2,743 2,999 8,994,001 2,999 052 0.52
2003 6,207 6,121 86 7,396 86 0.01 0.01
2004 8,279 6,672 1,607 2,582,449 1,607 0.19 0.19
2005 13,931 10,351 3,580 12,816,400 3,580 0.26 0.26
2006 19,315 19,583 -268 71,824 268 0.01 -0.01
2007 24,006 24,699 -693 480,249 693 0.03 -0.03
2008 32,479 28,697 3,782 14,303,524 3,782 0.12 0.12
2009 42,905 40,952 1,953 3,814,209 1,953 0.05 0.05
2010 65,225 53,331 11,894 141,467,236 11,894 0.18 0.18
2011 108,249 87,545 20,704 428,655,616 20,704 0.19 0.19
2012 156,508 151,273 5,235 27,405,225 5235 0.03 0.03
2013 170,910 204,767  -33,857 1,146,296,449 33,857 0.20 -0.20
2014 182,795 185,312 -2,517 6,335,289 2,517 0.01 -0.01
2015 233,715 194,680 39,035 1,528,731,225 39,035 0.17 0.17
2016 215,639 284,635 -68,996 4,760,448,016 68,996 0.32 -0.32
2017 229,234 197,563 31,671 1,003,052,241 31,671 0.14 0.14
2018 265,595 242,829 22,766 518,290,756 22,766  0.09 0.09
2019 260,174 301,956  -41,782 1,745,735,524 41,782 0.16 -0.16

Total -2,801 11,344,487,629 293,425 2.68 1.21

{UfiNs Excel Output
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jumngm.ms {uuinmimirathAiuh Samiannrinhmsyitn AcM
imumitunAthAiegl SminuAnprimnmssitn ACM
350,000
300,000

250,000

S 200,000
X"

c2
é 150,000
100,000
50,000
0
ST LIS TP F S
g

e MIUAMNATEY e MIGANN AN

{UfiNs Excel Output

Bl

Ugﬂﬁirﬁmﬁsmmﬁmﬁiﬂﬁ%séjﬁﬁmmﬁ?ﬁduhﬁﬁ MSE, RMSE, MAD, MAPE 81 MPE
igIMIAEMSNRINNMBGIEL ACMY mnhigwmy (kg m.&) vinmiinigismn

"o

iglaghiiin Acm muifian]agei ¢ 4

v

mnadm.ds minasiin Eljﬁ;i:]ﬁﬁjﬁljﬂ:ﬁﬁﬂj ACM

Forecast Error Measures

MSE 630,249,312.722
RMSE 25,104.767
MAD 16,301.389
MAPE 0.149
MPE 0.067

{UfiNs Excel Output
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muit:mnig m.a aﬁiﬁfﬁmﬁg‘nFmﬂﬁ‘ﬁijsmiﬁﬁ'mjﬁj]ﬁiﬁﬁjﬁfﬁﬂj ACM itiih
fumEnbmes
« MSE BISUIYJH 630,249,312.722
«  RMSE MISMUIGJ4 25,104.767
« MAD ¥ISUIH]!1 16,301.389
«  MAPE HISFUTHJH 0.149
«  MPE 01SUIEJ4 0.0674
M.c.19 Relative Change Model (RCM)
%':ﬁﬁﬂjﬂj‘lﬁiffﬂ%g[iﬁg:]ﬁfﬁﬂjmS[ijﬁ%iﬁifj'Lmﬁljimqﬁﬂﬁﬁﬂj Naive f Relative Change
Model (RCM) <1 MBIU-HIRIS: iﬁﬁﬁmmégéwismimﬁqmmmm Wwog) IURIABY)S
Apple Inc. MBUBS WML

JUBIUEY RCM2

Yt+1:YtXE

AIgRARSMINNAINMIRUAMBHIE L RCM MSUINMARMNNRIMys
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MNgm.n: minpRILNMIAMBYLILL RCM

e
] I T S I I P

2000 7,983
2001 5,363
2002 5,742 3,602.88 2,139.12 4,575,846.19 2,139.12 0.37 0.37
2003 6,207 6,147.78 59.22 3,506.57 59.22 0.01 0.01
2004 8,279 6,709.66 1,569.34 2,462,838.27 1,569.34 0.19 0.19
2005 13,931 11,042.67 2,888.33 8,342,461.07 2,888.33 0.21 0.21
2006 19,315  23,441.57 -4,126.57 17,028,582.93 4,126.57 0.21 -0.21
2007 24,006 26,779.79 -2,773.79 7,693,899.22 2,773.79 0.12 -0.12
2008 32,479 29,836.29 2,642.71 6,983,890.24 2,642.71 0.08 0.08
2009 42,905 43,942.57 -1,037.57 1,076,560.63 1,0837.57 0.02 -0.02
2010 65,225 56,677.82 8,547.18 73,054,228.47 8,547.18 0.13 0.13
2011 108,249 99,156.29 9,092.71 82,677,374.06 9,092.71 0.08 0.08
2012 156,508 179,652.68 -23,144.68 535,676,175.40 23,144.68 0.15 -0.15
2013 170,910 226,281.57 -55,371.57 3,066,011,166.39 55,371.57 0.32 -0.32
2014 182,795 186,637.28 -3,842.28 14,763,149.07 3,842.28 0.02 -0.02
2015 233,715 195,506.48 38,208.52 1,459,891,211.54 38,208.52 0.16 0.16
2016 215,639 298,819.45 -83,180.45 6,918,987,136.84 83,180.45 0.39 -0.39
2017 229,234 198,961.04 30,272.96 916,452,403.16  30,272.96  0.13  0.13
2018 265,595 243,686.10 21,908.90 479,999,932.11  21,908.90 0.08 0.08
2019 260,174 307,723.57 -47,549.57 2,260,961,266.85 47,549.57 0.18 -0.18
Total -103,697.49 15,856,641,629.00 338,355.48 287 0.04
{UfiNs Excel Output
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jumngm.c: mouinmimirsAth Al Samirsannrnhmuyinn RCM

imumitunAtmAiegh SminuAnprmnmssitn ACM

350,000
300,000
250,000

& 200,000

P

cR

5 150,000
100,000

50,000

e MIUARNAY e MIUHONAIAN

{UfiNs Excel Output

' ol "o S

Usmammmﬁmmﬁ'jmig]tﬁsmﬁmmﬁiﬁdu'hﬁ% MSE, RMSE, MAD, MAPE &%

a v
>

MPE TSHHHGMNANNMYE

"o

MNUEm. a2 miﬁﬁﬁfiﬁmtﬁ:]ﬁiﬁﬁjﬁtﬁﬂj RCM

v

Forecast Error Measures

MSE 834,560,085.737
RMSE 28,888.754
MAD 17,808.183
MAPE 0.143
MPE 0.002

{UfiNs Excel Output
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Mt mnig  m.n mﬁiﬁfﬁmﬁﬁﬂmﬁﬁ%wfsmiﬁﬁjmﬁ;ﬂﬁiﬁﬁjﬂﬁﬁm RCM
Do Enbmos
« MSE msmmﬂh 834,560,085.737
«  RMSE W1SUIH]! 28,88.754
« MAD ¥ISUIH]!1 17,808.183
«  MAPE HISFUTHJH 0.143
«  MPE 91SUIEJ4 0.0029
M.&.on Double Moving Average (DMA)
HHNRINNMUEEL DMA tSuannnEgSuiSMIAUIIIBIS Apple Inc. MY
miEANIMBUBS 84 SUNSISMAIIR Double Moving Average HGHig:

M, is moving average Go i Y:

I e o i (e
My =Y1 = "

M is moving average §1 fi M,

M AMe_ g+ Mgy
£ k
TBENISEUBMI Coefficients of Equation

!

at = 2Mt - M’t
2 ,
by = —1 My —M"})

uBmInNRINNIS DMA:
?t+p= at + bt

AIgRARSMINNAINMIRAMBHIE L DMA MSUNMANMNARIMY:
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o

b3

Net Sales
($M)

mnibm. ¢z minpEINMIAMBHIL DMA

DMA(3)

2000 7,983.00
2001 5,363.00
2002 5,742.00 6,362.67
2003 6,207.00 5,770.67
2004 8,279.00 6,742.67 6,292.00 7,193.33 450.67
2005 13,931.00 9,472.33 7,328.56 11,616.11 2,143.78 7,644.00 6,287.00 39,526,369.00 6,287.00 0.45 0.45
2006 19,315.00 13,841.67 10,018.89 17,664.44 3,822.78 13,759.89 5,555.11 30,859,259.46 5,6565.11 0.29 0.29
2007 24,006.00 19,084.00 14,132.67 24,035.33 4,951.33 21,487.22 2,518.78 6,344,241.49 2,518.78 0.10 0.10
2008 32,479.00 25,266.67 19,397.44 31,135.89 5,869.22 28,986.67 3,492.33 12,196,392.11 3,492.33 0.11 0.11
2009 42,905.00 33,130.00 25,826.89 40,433.11 7,303.11 37,005.11 5,899.89 34,808,688.90 5,899.89 0.14 0.14
2010 65,225.00 46,869.67 35,088.78 58,650.56 11,780.89 47,736.22 17,488.78 305,857,348.16  17,488.78 0.27  0.27
2011 108,249.00 72,126.33 50,708.67 93,544.00 21,417.67 70,431.44 37,817.56 1,430,167,508.20 37,817.56 0.35 0.35
2012 156,508.00 109,994.00 76,330.00 143,658.00 33,664.00 114,961.67 41,546.33 1,726,097,813.44 41,546.33 0.27 0.27
2013 170,910.00 145,222.33 109,114.22 181,330.44 36,108.11 177,322.00 -6,412.00 41,113,744.00 6,412.00 0.04 -0.04
2014 182,795.00 170,071.00 141,762.44 198,379.56 28,308.56 217,438.56 -34,643.56 1,200,175,941.53 34,643.56 0.19 -0.19
2015 233,715.00 195,806.67 170,366.67 221,246.67 25,440.00 226,688.11 7,026.89 49,377,167.46 7,026.89 0.03 0.03
2016 215,639.00 210,716.33 192,198.00 229,234.67 18,518.33 246,686.67 -31,047.67 963,957,605.44  31,047.67 0.14 -0.14
2017 229,234.00 226,196.00 210,906.33 241,485.67 15,289.67 247,753.00 -18,519.00 342,953,361.00 18,519.00 0.08 -0.08
2018 265,595.00 236,822.67 224,578.33 249,067.00 12,244.33 256,775.33 8,819.67 77,786,520.11 8,819.67 0.03  0.03
2019 260,174.00 251,667.67 238,228.78 265,106.56 13,438.89 261,311.33 -1,137.33 1,293,527.11 1,137.33 0.004 -0.004
Total 44,692.78 6,262,515,487.42 228,211.89 2.49 1.58
{UfiNs Excel Output
al ° U U4 (=3 U < IIDO
JUMANGM. &3 MIPUAMATRIN 81 MIFURNNHRILNMBYEINU DMA
Im 1J ﬂ aa U Cd ||ac
[MUMICBRTNAITYR SWMICURON[RIANMBHINIU DMA
300,000
250,000
5; 200,000
% 150,000
& 100,000
50,000
0
PO I PP P PO O DI DO >0 0D DO
O " T TS O TSIV NV
O S S S S S I S S S S S i S S S
g
o MIUAMNAIGH  cmtme MIUANNAIAN
[UARs Excel Output
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ﬁﬁmttﬁmtjmmﬁﬁmi;i]hiséﬁiﬁmmﬁ?ﬁdﬁhﬁﬁ MSE, RMSE, MAD, MAPE &1 MPE
MSHigEEMNRMIMY:
mnibm.es mmﬁ'ﬁiﬁmﬁjmﬁﬁiﬁﬁﬁm DMA

Forecast Error Measures

MSE 417,501,032.495
RMSE 20,432.842
MAD 15,214.126
MAPE 0.166
MPE 0.105

{UfiNs Excel Output
muit:mnig m.é mﬁm’fﬁﬁmﬁgnmﬁﬁ%jsmmﬁ}mﬁg]ﬁmfﬁﬁ%ﬁm DMA it
fumEnbmes

e MSE %ﬂSﬂj‘i’;ﬂﬁ 834,560,085.737
«  RMSE ISUIH]! 28,888.754
« MAD ¥ISUIH]! 17,808.183
«  MAPE HISIUTEJH 0.143
«  MPE B1SUTEJH 0.002¢

M.&.¢ Double Exponential Smoothing ( DES)

9

Y GANSIMBYIEN DES MAUNYS UDRHHRMY « MUnHhRinmysasa mi

n 1

AANSUANY o« MHIgHREISimasyeini Solver UASHYIE Excel MIGRUTSMIRANS)
MY Solver MSUNMANMNUNI|MY:
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mNudm.90: MNUAMNSNY « HHBTE DES

Microsoft Excel 16.0 Answer Report

Worksheet: [NEW DES.xIsx]Sheet1

Report Created: 8/14/2020 3:54:54 PM

Result: Solver has converged to the current solution. All Constraints are satisfied.

Solver Engine
Engine: GRG Nonlinear
Solution Time: 0.14 Seconds.
Iterations: 6 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

Obijective Cell (Min)

Cell Name Original Value Final Value
SI1S22 Square Error 349,774,273.7110 346,876,606.1546
Variable Cells
Cell Name Original Value Final Value Integer
SBS25 Alpha NetS: 0.60 0.56 Contin
Constraints
Cell Name Cell Value Formula Status Slack
$BS25 Alpha Net S: 0.56 $B$25<=1 Not Binding  0.4415365
SBS25 Alpha NetS: 0.56 $B$25>=0 Not Binding 0.56

{UfiNs Excel Output

o U

UQUARMNAMSHY o = 0.56 BMARNQEYNNRINNISHOERISMIUAUSTY
1S Apple Inc. MBYIINT DES htsijikgsesijmys

o ARNNNS, =Y, =70983; S, =Y, =70983
o IR exponential smoothing Go

St = aYt + (1 - (X)St_l
o FifW1 exponential smoothing &1

St" = (XSt + (1 - (X)Sé_l
o INTYBAILU coefficient of linear equation

at == ZSt - Sé
a

by =m(5c—5t')

vinasSminpRInn

?t+p =a; + bp
ﬂjgﬁ mismmyﬁmhmimﬁmﬁéﬁﬁm DES mSUmﬂ]ﬁﬁmﬂﬂ mﬁi’[ﬁ’lﬁ%
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o

b3

Net Sales
($M)

---_-n“IEII

MNHEM.99: minpRINMUBTILENL DES

2000 7,983 7,983.00 7,983.00 7,983.00
2001 5,363 6,519.83 7,165.87 5,873.78  -817.13 7,983.00 -2,620.00 6,864,400.00 2,620.00 0.49
2002 5,742 6,085.44 6,562.49 5,608.39  -603.38 5,056.65 685.35 469,702.89 685.35 0.12
2003 6,207 6,153.33 6,333.99 5,972.67  -228.50 5,005.01 1,201.99 1,444,788.87 1,201.99 0.19
2004 8,279 7,340.44 6,896.05 7,784.82 562.07 5,744.16 2,534.84 6,425,395.49  2,534.84  0.31
2005 13,931 11,021.03 9,199.70 12,842.35 2,303.65 8,346.89 5,584.11 31,182,301.39  5,584.11 0.40
2006 19,315  15,652.91 12,803.58 18,502.23  3,603.88 15,146.00 4,169.00 17,380,564.35 4,169.00 0.22
2007 24,006  20,317.80 17,000.00 23,635.61 4,196.42 22,106.12 1,899.88 3,609,559.72  1,899.88  0.08
2008 32,479  27,109.39  22,645.72 31,5673.05 5,645.72 27,832.03 4,646.97 21,694,340.15  4,646.97 0.14
2009 42,905 35,930.66  30,064.88 41,796.45 7,419.15 37,218.78 5,686.22 32,333,140.72  5,686.22 0.13
2010 65,225  52,290.48  42,477.06 62,103.90 12,412.19 49,215.60  16,009.40 256,300,979.70 16,009.40  0.25
2011 108,249  83,541.27 65,409.93 101,672.62 22,932.86 74516.08  33,732.92 1,137,909,663.90 33,732.92  0.31
2012 156,508 124,290.53  98,292.59  150,288.46 32,882.67 124,605.48  31,902.52 1,017,770,980.09 31,902.52 0.20
2013/ 170,910 150,325.80 127,351.24 173,300.36 29,058.65 183,171.13 -12,261.13 150,335,221.61 12,261.13  0.07
2014 182,795 168,458.66 150,308.24  186,609.09 22,957.00 202,359.01 -19,564.01 382,750,470.73 19,564.01 0.11
2015 233,715 204,901.95 180,796.83 229,007.06 30,488.59 209,566.09  24,148.91 583,169,993.75 24,148.91 0.10
2016 215,639 210,898.20 197,607.35 224,189.05 16,810.52 259,495.66 -43,856.66 1,923,406,246.48 43,856.66 0.20
2017 229,234 221,138.07 210,748.40 231,527.75 13,141.05 240,999.57 -11,765.57 138,428,575.01 11,765.57  0.05
2018 265,595 245,965.64 230,415.95 261,515.34 19,667.55 244,668.80  20,926.20 437,905,708.07 20,926.20  0.08
2019 260,174 253,900.49 243,531.21 264,269.78 13,115.26  281,182.89 -21,008.89 441,373,484.00 21,008.89 0.08
Total  42,052.07 6,590,655,516.94 264,204.57 3.54
a= 0.56
{UfiNs Excel Output
ol ° ol 1 U4 o U < IIJo
JUMANSM.9¢ [MUUNENAMIUAMAIRIN SW MIUANNMILNMYBYINU DES
U 1 J a U L II-’.,
[MUMIRUAMAIAIN SRMITURNNHILNMYEHILU DES
300,000
250,000
g, 200,000
X"
%% 150,000
2 100,000
50,000
0
P DI PP O P PO O DAL SO 0D QO
" O " T O " K O K K & Y HND S
S S S N S S S S S S S S N S N S
]
—— MIUAMAIYN == MIUANNAILN
{ufiNs Excel Output
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ﬁﬁuﬁu“jmfsmmﬁ'jmi;ﬂtﬁsé'ﬁﬁmm&ﬁﬁddhaﬁ MSE, RMSE, MAD, MAPE 8} MPE
MSHigEEMNRMIMY:

mnibm.ows ﬁwmﬁ'ﬁihmﬁjmﬁﬁiﬁ%ﬁm DES

Forecast Error Measures _

MSE 346,876,606.155
RMSE 18,624.624
MAD 13,905.504
MAPE 0.186
MPE 0.081

{UfiNs Excel Output

nhmumn s ibksmandmmhs
« MSE msmtpﬂﬂ 346,876,606.15
«  RMSE MISUIHJ4 18,624.62
«  MAD ¥1SUIEJH 13,905.50
« MAPE HISIUTEJH 0.19
« MPE B1SMUIJH 0.089
M.&.& Holt's Method of Exponential Smoothing (HES)
BYIGHENIMUHIEN HES Lﬁﬁﬁjﬁﬁ@iméﬁﬁmsﬁqﬂqﬁmmpﬁmhmﬁ DESc
DIMB{FiAGY « 84 g IBUNYHHIEHYSDHSY MIRANIRETY « 80 g Bifigihwd
[MESHSNI Solver IBATAYIE Excel (UGHIISMIHANSIMY Solver MSUNMFRMNISW

fmus
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"o

mnudm.om: MNUAANGHNTY o« 841 p IUGIEN HES

Microsoft Excel 16.0 Answer Report

Worksheet: [Book1]Beta

Report Created: 8/12/2020 5:09:47 PM

Result: Solver has converged to the current solution. All Constraints are satisfied.

Solver Engine
Engine: GRG Nonlinear
Solution Time: 0.141 Seconds.
Iterations: 8 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
$GS$22 Square Error 383,524,341 345,197,310
Variable Cells
Cell Name Original Value Final Value Integer
SBS25 Alpha NetS: 0.60 0.72 Contin
$BS26 Beta Net Sal 0.40 0.53 Contin
Constraints
Cell Name Cell Value Formula Status Slack
SBS25 Alpha Net S: 0.72 $B$25<=1 Not Binding 0.28116828
SBS26 Beta Net Sal 0.53 $BS26<=1 Not Binding 0.46880411
SBS25 Alpha Net S: 0.72 $B$25>=0 Not Binding 0.72
SBS26 Beta Net Sal¢ 0.53 $B$26>=0 Not Binding 0.53

{URAAN< Excel Output
mumnfitag Solver ISIHHAYIR Excel MSUINME Alpha=0.72 §41 Beta=0.53141 1)
DEigiduyhREUwmBIm s ah MR gt s Iﬁﬁj@JmSﬂﬁﬁ]ﬁﬁG"l
uUiimbmaly o« 8 g wWiw ibiminnngSwisminAiuas v Apple
Inc. MBJUYBS 81 RUNSISAIIN HOLT'S Method (HES) 563
e FIRNS smoothing level (L,) 1N [iﬁ’[fj smoothing coefficient (a)
Lt = aYt + (1 - a)(Lt_l + Tt — 1)
e RN Trend level (T,) 1N tiﬁ’[fj' smoothing coefficient ()
Te=BLe—Le-)+ (A =BTt _1
o UIREUEMINNAINNATADILE:ING p IGTHIHN
Yerp = L +pTy
AIgRASMINNAINMIRUAMBHIE A DES MSUNMERMNRWIMY:
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b3

mnibm.oc: mINNRILNMIAMBYIEL HES

Net Sales ($M)

Y, led| led/y. edye
2000 7,983 7,983.00 0.00
2001 5,363 6,099.66| -1,000.43 7,983.00 -2,620.00 6,864,400.00 2,620.00 0.49 -0.49
2002 5,742 5,561.28 -754.99 5,099.24 642.76 413,142.51 642.76 0.11 0.11
2003 6,207 5,813.16 -220.14 4,806.28 1,400.72 1,962,007.78 1,400.72 0.23 0.23
2004 8,279 7,523.79 805.48 5,593.02 2,685.98 7,214,480.70 2,685.98 0.32 0.32
2005 13,931 12,355.96 2,944.46 8,329.26 5,601.74 31,379,447.23 5,601.74 0.40 0.40
2006 19,315 18,186.22 4,477.39 15,300.42 4,014.58 16,116,862.73 4,014.58 0.21 0.21
2007 24,006 23,628.56 4,989.97 22,663.61 1,342.39 1,802,004.34 1,342.39 0.06 0.06
2008 32,479 31,393.55 6,464.06 28,618.53 3,860.47 14,903,222.14 3,860.47 0.12 0.12
2009 42,905 41,485.83 8,391.36 37,857.61 5,047.39 25,476,129.33 5,047.39 0.12 0.12
2010 65,225 60,909.67| 14,251.79 49,877.19 15,347.81 235,555,281.84 15,347.81 0.24 0.24
2011 108,249 98,945.80| 26,886.00 75,161.46 33,087.54 1,094,785,240.73 33,087.54 0.31 0.31
2012 156,508| 147,882.79| 38,599.45 125,831.80 30,676.20 941,029,526.74 30,676.20 0.20 0.20
2013 170,910 175,288.44| 32,653.32 186,482.24 -15,572.24 242,494,733.96 15,5672.24 0.09 -0.09
2014 182,795| 189,865.50| 23,051.24| 207,941.75 -25,146.75 632,359,286.91 25,146.75 0.14 -0.14
2015 233,715| 227,867.17| 30,992.88| 212,916.73 20,798.27 432,567,838.98 20,798.27 0.09 0.09
2016 215,639 227,791.43| 14,489.29| 258,860.05 -43,221.05 1,868,059,146.17 43,221.05 0.20 -0.20
2017 229,234 232,902.34 9,507.50| 242,280.72 -13,046.72 170,216,845.73 13,046.72 0.06 -0.06
2018 265,595 259,076.04| 18,360.56| 242,409.84 23,185.16 537,551,599.37 23,185.16 0.09 0.09
2019 260,174| 265,027.72| 11,768.98| 277,436.61 -17,262.61 297,997,684.35 17,262.61 0.07 -0.07
Total| 30,821.623 6,558,748,881.552 | 264,560.372| 3.519| 1.437
a= 0.72
p=| 0.531198366

{UfiNs Excel Output

jumném.as mouinmiminufmaiah 88 midnprinmutinn HES

imumiuAmAiegh ShminuAnnprmhmusisn DES
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ﬁﬁtﬁitﬁﬁttjmmﬁﬁmigﬂﬁiséﬁiﬁmmﬁ?ﬁdﬁhﬁ & MSE, RMSE, MAD, MAPE 84 MPE
MSHigEEMNRMIMY:

mngm.ods ﬁwmf{ﬁmmﬁjmﬁﬁiﬁﬁﬁm HES

MSE 345,197,309.555
RMSE 18,579.486
MAD 13,924.230
MAPE 0.185
MPE 0.076

{UfiNs Excel Output

"o

muno:mnag m.od wnin mﬁmmﬁﬁ%jsmmﬁ}mtﬁ]ﬁmm U HES 1thy
rumEnbmes
« MSE msmi;i]ﬁ 345,197,309.555
«  RMSE BISMUIGJ4 18,579.486
«  MAD ¥ISUIH]! 13,924.230
«  MAPE HISFUTE]H 0.185
« MPE B1SQUTHJH 0,076
M.c.9 s'g"éaszs Autoregressive (AR)
Bl Autoregressive (AR) BBIZIUNNAIANE S p G GAWGHGEYWY
M SR UL U UMINNAILNISI M5 g8 Time Seriesid g WAFSSH (data
pattern) iRJREM 9 MIAANALNGIS AR Aiiimaigiibpattern IS partial autocorrelation
function (PACF) 4 iNREHISITIIEEIAANAIMTIS AR IR UABRUUTUMINNAIAN

§gSuNSMINAIUESTIBUNS Apple Inc. itdH{piHANS S1ima PACF Musiis
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) o 1Y 4

M.¢4.9.9 FUFRDSBLABILBISRS AR S Partial Autocorrelation

Function

Partial Autocorrelation Function (PACF) iUl esOIMUSEIR AR(p) HItUA p

SSSUSHIMSANNMBMANIMAAYR Minitab Software HISIUGRIEGMSHRMNG

RMY (MNNEM.99) 9
mniém.on: ‘ﬁﬁg Partial Autocorrelation Functions

Partial Autocorrelations

Lag PACF T
1 0.884405 3.96
2 -0.187389 -0.84
3 -0.012353 -0.06
4 -0.197831 -0.88
5 -0.222093 -0.99

{UfifNs Minitab Output

juMNEm.Gs {MU Partial Autocorrelation Functions (PACF) ISMIFUT

Partial Autocorrelation Function for Net Sales ($M)
(with 5% significance limits for the partial autocorrelations)

1.0
0.8

0.6

0.4+

0.2+

0.0+

-0.24

-0.4+

Partial Autocorrelation

-0.6-
-0.8
-1.04

Lag

{UfiNs Minitab Output
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mumnd SH{MUSWD RN PACF Sukis lag 1 MSHIYS itwis lag USUT

wHLNNSHigYGISmelinag Uity saigimungs) Hmsatiumo§hsmsthiitn
Autoregressive RB1SFIENT 9 AR(1)4
M.¢.0.1 545 Autoregressive RESIBR AR(1)

4

mumimmigimumni 84 {MUIUES PACF IEUINMBHIEN Autoregressive

v

ol

U8 o hituusuuicen ATMIENIENIS:MSWH AR (1) sMmminnRnnggsw
ISMIUAIUASIBU)S Apple Inc.

Autoregressive Model fUENGEHH AR (1) foisiiglilé i stunhimiyisHisinIm
Ny, 88 Yt_lim‘qﬁ@gétij Time Series]

Autoregressive model (UINUFHLW AR (1) BISJUBS ¢

Ye = Bo+ B1Vi—1 + &

muit:ginuie: aihann§gSunsminMiuasuils Apple. Inc MBjULE 8§41
GG IUMSIUGRIUHTMNRNIME:
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"o

mnudm.on: MNUARNSHETY Y-lagged HUBIENT AR(1)

v

Year Net Sale ($M) Y-lagged
X Y, Yiq

2000 7,983

2001 5,363 7,983
2002 5,742 5,363
2003 6,207 5,742
2004 8,279 6,207
2005 13,931 8,279
2006 19,315 13,931
2007 24,006 19,315
2008 32,479 24,006
2009 42,905 32,479
2010 65,225 42,905
2011 108,249 65,225
2012 156,508 108,249
2013 170,910 156,508
2014 182,795 170,910
2015 233,715 182,795
2016 215,639 233,715
2017 229,234 215,639
2018 265,595 229,234
2019 260,174 265,595

{U#A0N3 Excel Output

Y lagged (¥,_,) SHIBIANG] (independent variable) XM SBRimMEISE SWHIGIATY
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jumn&m.&: BRMUNENS v, 84 v,_, UMINNRINNMBEE AR (1)

BNMENgNWis v, 88 v,_, opominpminnmusitu AR (1)

300,000

250,000

200,000

Y. (M)

150,000
100,000

50,000

-50,000

{UfiNs Excel Output

°
°
o ®
50,000 100,000 150,000
Ye-1(8M)

200,000 250,000 300,000

MNUEm.9c: MNUIGHRATSMINNRINNMBYINL AR(1)

SUMMARY OUTPUT

Regression Statistics

Multiple R 0.982372993
R Square 0.965056698
Adjusted R Square  0.963001209
Standard Error 19171.97962

Observations 19
ANOVA
df SS MS F Significance F

Regression 1 172572551843.52 172572551843.52  469.5023863 8.05055E-14
Residual 17 6248601641 367564802.42
Total 18 178821153484.74

Coefficients  Standard Error t Stat P-value Lower 95% Upper 95%  Lower 95.0%  Upper 95.0%
Intercept 10291.22617 6289.237789 1.636323275 0.120149449  -2977.905686 23560.35803  -2977.905686  23560.35803
Y-lagged 1.031580366 0.047608464 21.66800374  8.05055E-14  0.931135288 1.132025444  0.931135288  1.132025444

{ufAnN< Excel Output
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ENRARIGN LT BgRfnn(y §ﬁ?‘3jﬁﬂlﬁgiﬁj§ﬁ§ UIIMURRUERGIRG

Y=10291.226 + 1.0315 X {ifU X M Y-lagged 8% Y SmMIifUAREHNANSH N 918§
10 X iﬁ‘SiSjﬁ 18) I MIUAIRSISH 1.0315ANSHAN 9 Muity: fig R Square NSSWH

HIGI X (§) ﬂSjEUFIHiGi Y(miﬂjﬁ) 018 96.50%

MNREm.o&s mmmtﬁ]h (Residuals) TURIHIET AR(1)

v

RESIDUAL OUTPUT

Predicted Sales Standard Residuals

18,526.33 -13,163.33 -0.71

2 15,823.59 -10,081.59 -0.54
3 16,214.56 -10,007.56 -0.54
4 16,694.25 -8,415.25 -0.45
5 18,831.68 -4,900.68 -0.26
6 24,662.17 -5,347.17 -0.29
7 30,216.20 -6,210.20 -0.33
8 35,055.34 -2,576.34 -0.14
9 43,795.92 -890.92 -0.05
10 54,551.18 10,673.82 0.57
11 77,576.06 30,672.94 1.65
12 121,958.77 34,549.23 1.85
13 171,741.81 -831.81 -0.04
14 186,598.63 -3,803.63 -0.20
15 198,858.96 34,856.04 1.87
16 251,387.03 -35,748.03 -1.92
17 232,740.18 -3,506.18 -0.19
18 246,764.52 18,830.48 1.01
19 284,273.81 -24,099.81 -1.29

{UfAnNs Excel Output
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MNREM. Vo3 msﬁnnmmtg]hmﬁjﬁfﬁm AR(1)

v

Actual Predicted

Net Sale Net Sales

($M) ($M) Residuals

lec|/ye
2001 5,363 18,526.33 -13,163.33 173,273,315.49 13,163.33 2.45 -2.45
2002 5,742 15,823.59 -10,081.59 101,638,490.70 10,081.59 1.76 -1.76
2003 6,207 16,214.56 -10,007.56 100,151,269.83 10,007.56 1.61 -1.61

2004 8,279 | 16,694.25 -8,415.25 70,816,356.89 8,415.25 1.02 -1.02
2005 13,931 18,831.68 -4,900.68 24,016,664.67 4,900.68 0.35 -0.35
2006 19,315 | 24,662.17 -5,347.17 28,592,251.06 5,347.17 0.28 -0.28
2007 24,006 30,216.20 -6,210.20 38,566,595.70 6,210.20 0.26 -0.26
2008 32,479 | 35,055.34 -2,576.34 6,637,550.65 2,576.34 0.08 -0.08
2009 42,905 43,795.92 -890.92 793,747.13 890.92 0.02 -0.02
2010 65,225 | 54,551.18 10,673.82 113,930,395.64 10,673.82 0.16 0.16
2011 108,249 = 77,576.06 30,672.94 940,829,522.23  30,672.94 0.28 0.28
2012 | 156,508  121,958.77 34,549.23 | 1,193,649,349.37 | 34,549.23 0.22 0.22
2013 170,910 171,741.81 -831.81 691,901.33 831.81 0.00 0.00
2014 | 182,795 | 186,598.63 -3,803.63 14,467,574.52 3,803.63 0.02 -0.02
2015 233,715 198,858.96 34,856.04 1,214,943,584.20  34,856.04 0.15 0.15
2016 | 215,639  251,387.03 | -35,748.03 | 1,277,921,746.90 |  35,748.03 0.17 -0.17
2017 229,234 232,740.18 -3,506.18 12,293,331.00 3,506.18 0.02 -0.02
2018 | 265,595 | 246,764.52 18,830.48 354,586,986.38 18,830.48 0.07 0.07
2019 260,174 284,273.81  -24,099.81 580,801,007.52  24,099.81 0.09 -0.09

Total 0.00 | 6,248,601,641.22 | 259,165.03 9.01 -7.24

{UfiNs Excel Output
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ﬁﬁmttﬁmtjmmﬁﬁmi;i]hisﬁ%ﬁmmﬁ?ﬁdﬁhﬁﬁ MSE, RMSE, MAD, MAPE &1 MPE
MSHigEEMNRMIMY:
MNAEM. W92 MNLNIR mtg]ﬂmﬁ'jé'ﬁﬁm AR(1)

Forecast Error Measures

MSE 328,873,770.590
RMSE 18,134.877
MAD 13,640.265
MAPE 0.474
MPE -0.381

{UfNs Excel Output
muit:mnig mvo mﬁm'fﬁﬁmﬁgnmﬁﬁ%jsmmﬁ}mﬁg]ﬁmfbﬁ%ﬁm AR(1) il
b E
« MSE B1SMUIgJ 328,873,770.590
« RMSE WISIUIGJ4 18,134.877
« MAD ¥ISUIH]! 13,640.265
«  MAPE HISTUTHJH 0.474
«  MPE 818U} -0.381
n.& MmssSascassicasiemnpnmy
UQUHmSMHSIEMINNAINMBTRUEWESSHoanl §ﬂmmdﬁiﬁﬂﬁ§]ﬁ

EUgIEUSYw Y iy ufuntsaisugjugsuisminprmnmsmaRuinos g

WAMS NEMSEIP]uumaEhistitn

v

mipjuiumaniglhisiitunpmangi 9 Fimsuipmahmntg mvy i

fmus
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mnsEm.vy: mnjuiiuuigaisgisuanminh ACM, RCM, DMA, DES, HES, AR(1)

MSE RMSE MAD MAPE MPE
Absolute Change Model (ACM) 630,249,312.72 25,104.77 16,301.39 0.1490 0.067
Relative Change Model (RCM) 834,560,085.74 28,888.75 17,808.18 0.1434 0.002
Double Moving Average (DMA) 417,501,032.49 20,432.84 15,214.13 0.1661 0.105
Double Exponential Smoothing (DES) 346,876,606.15 18,624.62 13,905.50 0.1861 0.081
Holt's Method of Exponential Smoothing (HES) 345,197,309.56 18,579.49 13,924.23 0.1852 0.076
First Order Autoregressive Model AR(1) 328,873,770.59 18,134.88 13,640.26 0.4744 -0.381

{URAAN< Excel Output
mnﬁmmyﬁiszﬁmmﬁmimﬂﬁmjﬁ MSE, RMSE, MAD, MAPE 81 MPE iUSHiE
smInNAINIgIGMINAILES Apple Inc. gmm:mmlﬂogﬁfﬁmmsmﬂmgm MNRMS
UINMEMBMUNHGNAIS HIR AR(1) 818 MSE, RMSE, MAD 8§11 MPE HSHIgHGMNA
UYesT §ois: ibhas§ssginu AR(1) AMGIHUMNGE ifM:NNS MSE, RMSE, MAD
84 MPE 5omihinuies Ihej error iUEGHAGGINIRIE
m.b MIFRELAFBRBFRNSINSIRMARSES (Checking Residual
Requirements))
iByiswaginn AR(Y) ssinprinhimihigieaams Silyigjgnismi
PRI SMNFURINGSgWRMS SIMGHIgmsmipnnSaishbugeunimsis
mmmﬁg]m mgengaﬁmé%smnmtﬁ]ﬁisiﬁﬁm AR (1) i3RBY83
9. mnmﬁj]h (Residuals) [INSMARNIAT (Normal)
lﬂ.mnmigi]h (Residuals) [t SN SHLISHATE (Homoscedasticity)
m. mnm@]h (Residuals) AYWFigIEwWFIHNSMANANG] (Independent)
iRt snuneansiudis:mhiyhnbupicoifiyiifinammnnniin (Normality)
%smnm@]h (Residuals) UIUHF m"jtamiﬁjﬁlmﬁ%ﬁmmsﬁﬁjmﬁffgmmaajmmm@]ﬁ

(Residuals) HRHIENISMY 5 iEYfigfifinacid mnmtg]h (Residuals)BN SNjRISHEIE
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191 NGHIMW itfmmim&];mﬁiﬁmmsﬁﬁjmﬁff‘jmmaajmnm@jh (Residuals) HAJHITE
ISTUBJINR (time period) TEfiGIHaAIGISA mnmt‘;q]t& (Residuals) B1SMANANG]IG
ISIUMAG Mm.€ WAL M.90 SH{MY MHMY 81 [MUIRMS R U
GhY mﬁjmga@ﬁﬁmﬁgﬁaﬁ%smnm@]m
jumn&m.o0s ?@fg];mﬁ%smnm@]h (Residuals) URIHIE AT AR(1)

Histogram of Residuals
Normal

-40000 -20000 0 20000 40000

an  -2.29767E-12

18632
19

Frequency

1]
Residuals

{UfiNs Minitab Output
ium ném.99s ﬁj‘lLﬁ‘liﬂ'ﬂ[ﬁ] WIINHEMA ﬂji’:tj]ﬁ (Residuals) §ﬁﬁ%§ﬂ.j’lﬁm?]

Residuals vs. Predicted Sales
40000.00
° °
30000.00 °
20000.00 o
10000.00 °
0.00

@
®

0.00 ®@g50000.00 100000.00 150000.00 280000.00 $50000.00 300000.00

-10000.00 = &

®
-20000.00
-30000.00

-40000.00

{UfiNs Minitab Output
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jUMNEMm.ovs Lﬁ?ﬁﬁg]ﬁiﬂtﬁmﬂmﬁj;]ﬁiﬁﬁ (Residuals) SHINF (Time)

Residuals vs. Time
40000.00
30000.00
20000.00
10000.00

0.00

1 2 3 4856—978 9 10 11 12 13 12 15\16 17 18\19
-10000.00 __—® | -

-20000.00
-30000.00
-40000.00

o—Residuals
{UfiNs Minitab Output
WMMBMUE m.& WESU §m.o9 il ibkmcu§smehginmu AR (1)
mstngmugsnmsuiismanigl Residuals i
o muuMNE m. ﬁ?ﬂﬂiﬁﬁﬁglﬁﬁﬁsmnmﬁ]ﬁ (Residuals) IIMMNGEISHNSRIAMN
Iiljﬁjl‘]ﬁ (Residuals) QLN
o mMyumMng m. msummmhg&%smnmﬁ]a (Residuals) BSHILHUE I{M:
58688 SunsliauhamugH
o muUuMNE m. ibiumbmS mmﬁ;ﬁ]ﬁ (Residuals) BISMARNANG] ifMe M0
mtﬁ]t& (Residuals) BSMSUMMAMS) (pattern) 11218 (Residuals & randomly
distributed gmm:mmﬁms:) |
oIS Gk AR(1) ﬁinmmge@ﬁﬁmt'ﬁ%smmm@]ﬁ (Residuals) 1S:BRIUUENM

IMINNAINMY AR (1) ShmSy %4

% Gerald Keller, 2014, Statistics for Management and Economics, 10th edition, page 668-670
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(ST TSN SOMITBHTENESE

a

9. (B H TN

v

ol o o ol

uUMIAnEIEisibmeugis: 19l

a =]

ANSMNGISHURIHBUIS Apple

o

9

Inc. DHESNAND MRV Apple Inc. M{fivlisywinugsgumsimatwinaaigh

N ~o 1 1 1 1 u u

o

uignign Seifuintiyn:pviisis:Atvilsitumsaivigmshibinmanmshit

i :ON{ABNS Apple Inc. M{ABU)SIRURIGARNSIHUZS SURRUHGIGEHI0 tiﬁlﬂﬁﬁ

feyé iAi (Hardware) AyitiHSig grufinjéi (Software) gielnin IgiMmismEei 8 guninn
GNRESIURITAS IgIIETIGHnWN Ajisv]sis:Mvi sywitmsums Nl
mseguanNIgAuinnINANMGORGUMSHANMN SaMNNSuss Bniig)s m
nnnRInnis mgﬁmsm:nyﬁmhigim:mﬁﬁﬁmmSﬁm:ﬁ’mégﬁﬁma&gﬁmnﬁmﬁiﬁg i
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Apple Inc.
CONSOLIDATED STATEMENTS OF OPERATIONS
{In millions, except number of shares which are reflected in thousands and per share amounts)
Years ended
September 28, September 29, September 30,
2019 2018 27
Met sales:
Products s 213,883 § 225847 S 196,534
Services 46,291 39,748 32,700
Total net sales 260,174 265,585 229234
Cost of sales:
Products 144,996 148,164 126,337
Services 16,786 15,582 14,711
Total cost of sales 161,782 163,756 141,048
Gross margin 48,3482 101,839 88,186
Operating expenses:
Research and development 16,217 14,236 11,581
Selling, general and administrative 18,245 16,705 15,261
Total operating expenses 34 462 30,941 26,842
Operating income 63,930 70,898 61,344
Other income/(expense), net 1,807 2,005 2,745
Income before provision for income taxes 65,737 72903 64,089
Provision for income taxes 10,481 13,372 15,738
Net income s 55256 S 58531 § 48,351
Eamings per share:
Basic 8 1197 § 1201 § 927
Diluted 8 1189 § 1191 § 921
Shares used in computing earnings per share:
Basic 4 617,834 4,955 377 5,217,242
Diluted 4648913 5,000,109 5,251,692

See accompanying Notes to Consolidated Financial Statements.
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SRS TMIRN|BHEBHMILICNSHIBIHBBIR Apple §2 2016, 2015,

[+] o
BB&BRI
[ ]
2014
CONSOLIDATED STATEMENTS OF OPERATIONS

(In millions, except number of shares which are reflected in thousands and per share amounts)

Years ended

September 24, September 26, September 27,
2016 2015 2014

Net sales $ 215639 § 233715 § 182,795
Cost of sales 131,376 140,089 112,258
Gross margin 84,263 93,626 70,537

Operating expenses:

Research and development 10,045 8,067 6,041
Selling, general and administrative 14,194 14,329 11,993
Total operating expenses 24,239 22,396 18,034
Qperating income 60,024 71,230 52,503
Other income/(expense), net 1,348 1,285 980
Income before provision for income taxes 61,372 72,515 53,483
Provision for income taxes 15,685 19,121 13,973
Net income $ 45,687 % 53,394 § 39,510

Earnings per share:
Basic $ 835 § 9.28 § 6.49
Diluted $ 831 § 922 § 6.45

Shares used in computing earnings per share:

Basic 5470,820 5,753,421 6,085,672
Diluted 5,500,281 5,793,069 6,122,663
Cash dividends declared per share $ 218 § 1.98 § 1.82

See accompanying Notes to Consolidated Financial Statements.
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2011
CONSOLIDATED STATEMENTS OF OPERATIONS
(In millions, except number of shares which are reflected in thousands and per share amounts)
Years ended
September 28, 2013 September 29, 2012 September 24, 2011
Net sales S 170,910 $ 156,508 s 108,249
Cost of sales 106,606 87.846 64.431
Gross margin 64.304 68,662 43818
Operating expenses:
Research and development 4475 3,381 2429
Selling, general and administrative 10,830 10,040 7.599
Total operating expenses 15.305 13,421 10,028
Operating income 48.999 55.241 33,790
Other income/(expense), net 1,156 522 415
Income before provision for income taxes 50,155 55.763 34.205
Provision for income taxes 13,118 14,030 8.283
Net income S 37.037 S 41,733 S 25,922
Earnings per share:
Basic s 40.03 s 44.64 s 28.05
Diluted S 39.75 S 4415 S 27.68
Shares used 1n computing eamings per share:
Basic 925,331 934,818 924,258
Diluted 931,662 945,355 936,645
Cash dividends declared per common share S 11.40 s 2.65 S 0.00

See accompanying Notes to Consolidated Financial Statements.
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DBRBRRE: INUESHARDBSHBHMIGICRSHIBIFBBIR Apple §2 2011, 2010,

2009

CONSOLIDATED STATEMENTS OF OPERATIONS

(In millions, except number of shares which are reflected in thousands and per share amounts)

Three years ended September 24, 2011 2011 2010 2009
Netsales ... e $108.249 § 65,225 S 42905
Costofsales ... ... e 64.431 39.541 25,683

Gross MAargin . ..ottt ittt i it a i i ca i ca e eanans 43,818 25,684 17,222
Operating expenses:

Research and development . ....... ... ... ... . o il 2,429 1,782 1,333

Selling, general and admimistrative ........... ... .. o oL, 7.599 5.517 4,149

Total operating exXpenses ...........cuiiiiiiiiiiiiniiannann 10,028 7,299 5.482

Operating iNCOME . .. ... ...ttt i aiie e ans 33,790 18,385 11,740
Otherincome and expense ...... ... .. ittt 415 155 326
Income before provision for income taxes .......... ... o il iia.. 34.205 18.540 12,066
Provision for income taxes . .. ... ... .. ...l 8,283 4,527 3.831
Netincome ... ... ... $ 25922 § 14013 § 8235
Earnings per common share:

Basic ... $ 2805 § 1541 5 922

Diluted . ... ... $ 2768 § 1515 § 908
Shares used in computing earnings per share:

Basic ... 924,258 909.461 893,016

Diluted ... ... ... 936,645 924712  907.005

See accompanying Notes to Consolidated Financial Statements.



2saEERE: INUEHARNIBHBHMIBIRSHIBIHBB;R Apple §1 2008, 2007,

2006

CONSOLIDATED STATEMENTS OF OPERATIONS

(In millions, except share amounts which are reflected in thousands and per share amounts)

Three fiscal vears ended September 27, 2008 2008 2007 2006
Net sales $ 32,479 $ 24,006 $ 19315
Cost of sales (1) 21,334 15,852 13,717
Gross margin 11,145 8,154 5,598
Operating expenses:
Research and development (1) 1,109 782 712
Selling, general, and administrative (1) 3,761 2,963 2,433
Total operating expenses 4.870 3,745 3,145
Operating income 6,275 4,409 2453
Other income and expense 620 599 365
Income before provision for income taxes 6,895 5,008 2,818
Provision for income taxes 2,061 1,512 829
Net income S 4834 S 349 S 1,989
Earnings per common share:
Basic S 548 S 404 S 236
Diluted 2050 30 s 22
Shares used in computing earnings per share:
Basic 881,592 864,595 844,058
Diluted 902,139 889,292 877,526
(1) Includes stock-based compensation expense as follows:
Cost of sales $ 80 5 35 b 21
Research and development § 185 S 17 $ 53
Selling, general, and administrative WA s 10 $ 89

See accompanying Notes to Consolidated Financial Statements.
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CONSOLIDATED STATEMENTS OF OPERATIONS

(In millions, except share and per share amounts)

9 sTRESMIRNBHESFMILIENSHFIBIFHBEIR Apple §2 2005, 2004,

Three fiscal years ended September 24, 2005 2005 2004 2003
e SALES « ottt e e $ 13931 § 8279 § 6,207
Costof sales . . ..o e 9,888 6,020 4,499
(8 O T 0 o 4,043 2,259 1,708
Operating expenses:
Research and development............ ... ..., 534 489 471
Selling, general, and administrative. ........................... 1.859 1.421 1,212
ReStructuring COStS . . . ...ttt et e — 23 26
Total operating eXpenses. . ..o veeernerenaneennnennnns 2,393 1,933 1,709
Operating income (10S8). ... ... i 1,650 326 (1)
Other income and expense:
Gains on non-current investments, net......................... — 4 10
Interest and otherincome, met .. ......... ..ot enanennnnnn 165 53 83
Total other income andexpense ........................ 165 57 93
Income before provision for income taxes ........................ 1,815 383 92
Provision for income taxes. ...ttt 480 107 24
Income before accounting changes ........ ... ... ... ... ... 1.335 276 68
Cumulative effects of accounting changes, net of income taxes ...... — — 1
INEL IMCOMIE . « . oottt et e ettt ettt e e et eeeeee e eeeens $§ 1335 § 276 8§ 69
Earnings per common share before accounting changes:
Basic . ... $§ 165 $§ 037 § 0.09
Diluted . . ..o e $ 156 $ 036 $ 0.09
Earnings per common share:
Basic ... e $§ 165 $§ 037 $§ 0.10
Diluted . . ..o et $§ 156 § 036 $ 009
Shares used in computing earnings per share (in thousands):
Basic ... e 808,439 743,180 721,262
Diluted . . ..o 856,780 774,622 726,932

See accompanying notes to consolidated financial statements.



2sasBER0Y: IRESMARDBSHBHMILICRSHIBIFBBIR Apple §2 2002, 2001,

2000
CONSOLIDATED STATEMENTS OF OPERATIONS
(In millions, except share and per share amounts)
Three fiscal years ended September 28, 32 pI b 2
Met sales b 5742 % 5363 % FALE]
Caost ofsales 4,139 4,128 5817
Gross mangin I 503 1,235 2,166
Opermting expenses:
Research and development 446 430 180
Selling, general, and administrative 1,111 1,138 1, 1
Special charges:
Restructuring costs a0 —_ ]
In-process research and devel opment | 1 -
Executive bonus {2 —_ a0
Total operating expenses 1,586 1,579 1,64
Cpermting income (loss) 17 {34 5
Other income and expense:
Ciains {losses) on non-current investments, net (42} B8 a7
Unrealized loss on convertible securnities —_— {13} -_
Interest and other income, net 112 217 203

Total other income and expense 70 292 3
Income {loss) hefore provision for income taxes 87 (52) 1,092
Provision for (benefit from) income taxes 22 {15} 306
Income {loss) before accounting change 63 {37} TR
Cumulative effect of accounting change, net of ingome taxes of 35 — 12 —
MNet income {loss) 5 a5 % 25) % 7RO

.| & |
Earnings {loss) per common share before accounting change:

Basic 8 018 % o 8 242

Driluted 5 [ niy s 2,18
Earnings {loss) per commaon share:

Basic 5 018 8 007§ 2.42

Driluted g 018 % [CIATEN 208
Shares used i computing carnings { loss) per share (in thousands):

Basic 155022 145613 314,568

Driluted Il 7R3 345,613 360,324

See accompanying notes to consolidated financial statements.
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255&5§§§G‘% Excel Output of Descriptive Statistics

Columnl
Mean 102712.7
Standard Error 22258.47978
Median 54065
Mode #N/A
Standard Deviation 99542.94772
Sample Variance 9908798442
Kurtosis -1.540798779
Skewness 0.48141189
Range 260232
Minimum 5363
Maximum 265595
Sum 2054254
Count 20




