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® R. J Hyuman and G. Athanasopoulos (2018). Forecasting: Principle and Practice, page 14
4 B. Ahbraham and J. Ledolter (1983). Statiscal Methods for Forecasting, page 24

® A Reza Hoshmand (2011). Business Forecasting 2™ edition, page 2
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®J. Castle, & David F. Hendry & Michael P. Clements (2019). Forecasting “An essential Introduction page 1

7 C. David Lewis (1997). Demand Forecasting and Inventory Control, page 5

8 Michael Gilliland, len Tashman, and Udo Sglaro (2021). Business Forecasting” The Emerging Role of Artifical
Intelligence and Machines Learning” page 1

® Douglas C. Montgomery, Cheryl L. Jennings, Murat Kulahci (2015). Introduction to Time Series Analysis and

Forecasting, second edition, page 1
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FURIEUMMIS Time Series [FINSIHUNIGAM ¢ iBUsmmnSywy vinmsd
SEMNMAMNAISGIUS IUATHIGS Time Series IRUMSHGI Trend component, Cydlical
component, Seasonal Component, Irregulary Random Component® iﬁﬁjﬁfjﬁ‘pﬁjﬁ‘lﬁjmﬁfs
Time Series HRIMAHINGUAMAN]UIELUNINENAGHINIETITYY

JUMNG9.ms UINMAESH UM Time Series

Components of

Seasonal Time Series Data

unns iﬁj:]iifﬁ Business Forecasting 9" edition (909G) (John E. Hanke, Dean Wichern)
9.%5.9. 85985338 Trend Component
Trend component BREHMUME IHUGAMBNWMARSIEH USWGI:NuiRig]
‘r;?h Time Series 1 Trend HIGUNMNMAIHAN: upward trend itﬁtﬁmmg:igf]ﬁmmgnn:

downward trend 1 BfiENIG)8 Trend MGIIGES UHIGNS M{RSWIETHD Time series 15U
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GInmAEIw: Ny iSufnmiRsigh  uldimnuinitudnisweg:g sl Time

Series BSUNMAMGSIARIEH USWG:S 1:58SWiIR M Stationary 18154 Mean

JUMNG 9.2 MUUNMA upward trend

Sales
pasd o=

Time

Hjﬁh?l;\,mg:]ﬁ fUtH ﬁjmﬁfs Trend HIGUN NG B {iAGH Linear trend 8% Non Linear

trend 4 curviinear Trendl IS SIBAINNISE§SW FHitSHistilimy 816G (points) 18T
onBMUBsBSHIMUAEY  Sioitupimsuinmi:FgSwinth  Trend  Linear
wssAnsRuginspyuiishibmy  Sswsoinpsicunbediqupag  w:disy
IRUUINMIEE Non Linear or curvilinear trend“l Hﬁﬁ?mig:]ﬁ Trend BiySiaiig MU
RIS1ES NG Gman uRsiRiag 4

jumn G9.¢s2 U mﬁ Linear Trend Si Nonlinear Trend

(c) Nonlinear increasing trend (d) Nonlinear decreasing trend

9.%2.10 &858 Seasonal Component
FUMEUME Seasonal Component BfumumaywanGinmuuwumysinysis
Time Series Data IHUNBISMINATY UHDULIGRGGIEUIEIMNEMEMS) (Pattern)

Seasonal Component AHIGARNANSSHNMELISHNULIEUES S SMADIILIEMH
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U

Singi ISIgUAgRINUE UIIMUMAMNAMMYW EUMgistnsysm mijannie ywid
HIUEH YWSHUEH Uyweigha®
Yjitig)t Seasonal Component NENGIRBNSIEH UL UMSIENBRIRMYIGES SHGES
. ANUipUEULYDE: vipugummome iisiginfe Srdss thifiv)4
. AmUTUsy Suiund: ffunnuindh §iguénns mimn SRnianis
Tgsmusitu
MIIMEIS Seasonal Component BNGBANNUHARUERSUBSABHIOT &4
Apaugy  aopomigissmifgprnidey heswinh  grREtpRmcSngminpan
aEUMIS iuroHRGHsIsigIgim. yhfynioywsss Mignahinuiduniittswms
niggimi Sensmiug:aigiURlntn SnnymiBs

iuman Go.os [muuin F\Uﬁ Seasonal Component

Spring

Spring Fall

Time (Quarterly)

9.&.M &8 Cyclical Component

fIBfUME Cyclical Component %mmmmmm;wﬁga@géw‘iﬁu Time Series 13U
BISHISIUFRN: GG ﬁsw]ﬁmﬁqﬁﬁgvjﬁmm&;mﬂ vigufiis: hmsunan:ipgguSsigh
S0 RIS 101 UIg18MIS) Seasonal Pattern i3 (UHGEIROHILING 98118190
Finifiy WiwHsIRmgRIsIg ung MR ubeufiisciglig)s Aminunagnn
ighiimnfisigiy yswe: Ahwaninunemnismding iRuEimsmuns igismiing
(Business Cycles) SH{fifiMIANSILNML YaNSMNtUHRGHIGWESS T wanianmeil
18 Seifmdg)ang ynpditowms %ﬁmif:jimmaﬁnyﬁinhmsmnﬁ_gﬁ@mgami

NNARINNER I IME Cyclical HS:

13 Andrius Buteikis (2019). Time series with trend and seasonality components, page 32
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jomn §9.fls [MuuNm fi Cyclical Component

1 Cycle
o~

- T e
%0 o
®_o °
Qoo .....o

Sales

Year
9.&.¢ KEBISS LT Random or Irregular Variation

9

fUBIfumMA Irregular or Random Component ﬁmmmmmﬁﬁs Time Series IHEUBISA
ipgudsighad upyugmnugiwdsiine ¢ yinegs apywdgsitinn:ag
N SfrnwnsmapUuSsighasmsgom  miuamusRimifmgasiim:nyma
Gnies apwi Glinaapa pRAYmiy HUSNHAIS g AMIGIUESHSMME)uad
AINUg: S SHGHNYS
gﬁmﬂgc)ﬁ% Lﬁ?ﬁﬁﬁ]mﬁ Random U Irregular Variation

v = f(x)

A |
zf' ll/"/wv‘\ \L\f '/\ WAA
A /

/N NP,

X

9.5 FUBHPHRNHQBIHRRLLESMBAISME Autocorrelation

ST U UG SIANATRMHI NI SIS MIATHAISHIGIRILT: AR Y
MANMAMUREENTNASH UNSENAGSHM (correlated)] SNHESUM (correlated)
IS RINShANWIDIBANNGNAGSH  (Autocorrelation Coefficient)]  Autocorrelation At
GAGSH (correlation) NPIMPISMITIRBENSURGHENWMBING URiguRaiS g
MWENINAGHRIN UM UISSIN (lagged variable)

A138St (Data pattern) JERNHUMHENSSIG)ALGN Trend, Seasonal, Cyclical U
Random component [HiMSUANIBHANGNAESH (Autocorrelation Coefficient) HNLUHLND
MUJUBSMI[MY UAANSIMBAYIE Minitap SHIMAGSSWISHANMyBRANENAGSUMY

{MU autocorrelation function (ACF) MSBRNMIBIANMBHYIiMinitap*]

14 John E. Hanke & Dean W. Wichern (2019). Business Forecasting (9" Edition), page 64
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YUISHS] ‘ﬁﬂﬂS’]iﬁﬁﬂﬂéS?ﬁ§Sﬁ Autocorrelation Coefficient 181 Lag k (ri) #18 Y: 88 Yo

iruigifigiunu k fz

= Zmen (N g0

T, —
k Y (Ye—T)2

WA k= AENESAgRINAIHRIN SIUTIS lag
n= IWHANG NRGSNETNU lag Esﬁqjﬁmm K
¥ = URUISHIGUMEIUAIGS S Time series
ye= g AUMRISILTIN ¢
yei= SPAURAYSIINN ¢ GSS k 88 YN ek
e HVENE
o WOSIBESSWMPIAG Trend 1913 Autocorrelation il y &1 vy, MSHYHEUYRING
lag 1S lag BISHIYEG W1t Autocorrelation MSHYHGIFIISHIFhnaISIsnUGSS
lag 1RSI YPRIG)H ACF i lag thifrmwdimsaiythigindafinuge wiw
ACF fU[IU lag 2 fifiigi igSsmsmyfigsist lag 115
o WOSIBESSWMPING Seasonal i9): autocorrelation ISy IS] Seasonal lag Uis]
Multiple of the seasonal lag9 GiM:§ §SWIRUUHLNNIHNES Seasonal lag TUATNA
i 4 Ww§gSWwiolie Seasonal lag UEGNE 12
o (UiUSITESSWMUIAG Random i1 Autocorrelation ¥ y, 84 ., 181 lag k AMATENLS
Avsmiytniyag miyis§gStw Time Series USIM ASSHNUNAGURIG'S
9.¢] 85695 BES AR MINRHIRNSNBRLLSS Trend
HIHOU Time Series MERRISMINPAINNIEATIIEASHURIThOmyugyg St #in
MUTSHIBIYW HENRINNRISIHNAG Y MISHIUAHIEUNNAIAN Time Series AEgSY
Aufinmuumgsominprnhdginng  inms:Sitnus:iminniinsgsw  (Data

o L) =3

Pattern) finfuHARMUISE S WAwWwR 8Y (Pattern) SheonNisSgSuslin

RMUBHIY

15 John E. Hanke & Dean W. Wichern (2019). Business Forecasting, 9" edition, page 64-65
16 John E. Hanke & Dean W. Wichern (2019). Business Forecasting, 9" edition, page 68
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MINNAINMISIHNARY SiE Time Series  BISANEDINESGMFUMAE ruicusmigmi

nprmnighinugRnpminh ShnrpsviphmssgSwininmufs Shinumsisidgsw
i ssundmms wshnuigSwmsmipuutds yighoas g vigufubisashgs §

v

RIS R G R U ORMSTINUIRBRHSIHANMINN RN NS

4

GEISMINNAINN Time Series GitN:GgSWUIAG Trend MSHHANMES
9.¢.9 $ESRS Naive

"o c

B Naive Mgigunprinhiisanihwignsivpusilnighno s sfininmu

v

iSHIsIZH, mIuA [MASANN il idinprinhigimuo yinig)s Ginms:Ssan

v

NgsigAgsh ShugnnitnuuRnmsmumsituShpinNANNis it Nave i

0 &

i msppuminpRnniwsnugioahnininussg8ts (Data Pattern)

e

168 S WSS A SMALLHTG RINUYIRFIHg RN UGG H

1 9 A o

AANEUIRS AN UBIL Naive RS MIGANUORMINNAINANBIMTIG

gﬁﬁiMH?ﬁmLﬁggﬁﬁﬁﬁj fﬁﬂj‘[,ﬁuimﬁﬁﬁ“lﬁjrgﬂj@§§[ijﬁﬁ§§ﬁﬁﬁﬁ§‘:ﬁmwﬁs&ﬁmﬁﬁs‘igjé
MIMEDH msmnmmﬁgmqﬁmﬁﬁmﬁ& ’E‘isfimnmtﬁsgﬁmﬁﬁﬁﬁéﬁﬁmmﬁﬁmﬁ
Ggsw SumnGiuimichiliug”

m%iﬁi—ﬂﬁiﬁﬁﬁ‘]iLﬁSLﬁﬂﬁHHS§ﬁﬁ1mj1ﬁﬂfﬂ%ﬁmﬁ18§§§Wﬁﬁﬁuﬁqﬁﬁg8mﬂfﬁﬁ
IS MINAIANIEUISIMATEIR Naive AMSEUMAUEA gn:ahminpRinnmengan
SRS iyt sansinsmEe

< [UBRN: S IUFSHIR Naives

o INW[RYID

o GAMWAGHRH

« msmUi Snwipgnust

. mimaggSwisimating

o HGRNSUIYWRUMNRBEI

o INWYILLY"

7 Sunil Chopra & Peter (2016). Strategy Planning and Operation, 6" edition, page 191-192
® anjgony 8y anig g1 WO9C ngnnimipoEapiudn ¢ 287
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+ Slnmpaniyfisginuisdod Ssmogumnaifinge oikanytisms
<+ GIMHIRU Naive 182 [HINSIHUNIGAN U GIRUHEARMES
9.00.9.9 $ESRS Absolute Change Model (ACM)
Absolute Change Model (ACM) mﬁ%ﬁmma@qmmga Naive Models fﬁmmims
wrsmHmAgmInprInnins dgSwmsumumg Uiis1dg8w (Data Pattern)
Trend iRHNAMINNE §SWUIAG Trend Hitily ACM UigBMNg UMMM ATMUGYTS

iS: SH{MYSITINYUMBEORN SEUMMANUESNNIMYS

Veri =Y+ (Y — Yoy

B ¥ = MYNPAIANTNGILINU t+1
Y= migmATaRISIgRILINN
9.¢3.9.1 58§85 Relative Change Model ( RCM)
Relative Change Model (RCM) U@mﬁmi@ﬁ'ﬁ%jmémﬁ (Absolute change) REith
MATLASATEIE UM SURN ST Ny

JUBSEITNUBIR IS As™

_ Y,
Vev1 =1 XE

B ¥, = MYNPRIAN TGN U t+1
Y= figmAtaRISIgI N
9.03b E%EQEZS Moving Average
ishgniniiing gRpupintpssiansmmm At uaEe) sismagmignain
NG NeEsU ynasigiglilbmina miud yo§iinumssSmmiisue HnipviEY
wifiignilapgnpriinaEy wsnuitueg nwiic Sisstamuwibegy
MIANAIN Gt Moving Averages MiitiUMEIiRiRBRNNAINARANSMO

NS 9

!9 John E. Hanke & Dean W. Wichern (2019). Business Forecasting, 9™ edition, page 109-110
20 John E. Hanke & Dean W. Wichern (2019). Business Forecasting, 9™ edition, page 111
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Moving Average fAthifianjaugt AN RigbriuGysytw isaighnmanga i

mSiﬁsﬁgﬁjgmnmﬁ%igﬁgwmmmmﬁ”jmm B Moving Average iHUHGLIRBAONAIAN
§8Stis Trend i Double Moving Average (DMA)“
%Eﬁm Double Moving Average (DMA)
ifaneyyw isminNAIN G St time series (NS Trend Linear AIHIMAT Double
Moving Averagel  ININUATGANANISIURUSIHASWE (5ANF9 IS Moving Average (IS
ANNS) WAWUQUBME)RRIANEY (It SHANSIN Moving Average ISFINNF 9
DMA B yiRaasin s gSusiuy Trend 5B SiuStE g Wiy Seasonal
jusg RMBUNMAiiERNUREENNRINN MY (DMA) §omeis?
e M, W Moving Average §‘Ejtﬁﬁ Y;

P e e e (e
My =Yeyq = X

e M, I Moving Average &§Rifl M,

_ Mg+ Mi_q + -+ Me_gyq
k
o IBHANISEUBMIGISIFI (Coefficients of Linear Equation)

M

at = ZMt + Mt,'
2
b, (M, — M)

T k-1

o fuBMASMINNRINNISMUS

?t+p =a; +bp

-0

BRU 7, =BgONHAIAN
Y, =AigMATMOHILIN /
k= fSSuSiliﬁ:‘m IEU‘r;?ﬁ Moving Average (number of periods in moving average)
p = GgSisiUNIgIimy SR SsEHInNRINN
9.03.m s'é‘éﬁszs Exponential Smoothing
Exponential Smoothing fithifianianisminnainuipugiubEs Hunaimeuinug

G SWNSHBNMUBIIRANIURSAIHNLN 1NH55IS:F3SwivRnmssUithuysisinhu

2! John E. Hanke & Dean W. Wichern (2019). Business Forecasting, 9" edition, page 117-118
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ipugegs1  GgSwiomsimfs  nmsinmssysghisiniiana  Exponential

b c

smoothingl AN:NMTRNIGANEIS S Sinfiounmititnuiiisminnand Asmigin
qﬁmsﬁﬁ%@ﬁ@gémﬁﬂajﬁmfﬁgé WA SAFIMEMEIMAUGYIST Hanjyis:
msmmngiwsEpumnpAnhtnugihwyanpmnh g spunssisiianans:
MR SMAGTsE Stmugninms wWiwnwirughmaiimas®
9.¢0.m9 ég'éﬁszs Double Exponential Smoothing (DES)
Double Exponential Smoothing (DES) ifianjaydinsuisainnsiagruginm it
WU UMARTEH SIIEIIME Trend MBEAMAMLEYWIT HANANISEINSAOHEN
insgndams hysupumimndgSuinuuinmi Trend
B nnRINNIgIHNRRMULIEN DES [HiHSInMBUBSWIMys
e IR Exponential Smoothing §Ej[ﬁ
Ss=aY,+ (1 —a)S;_4
e RN Exponential Smoothing &0
Si=aS;+(1—a)S{_,
o iMBHANISAUSMIGISTHI (Coefficient of Linear Equation)
a; =25, — S}

b; =ﬁ(5t_5t’)

o UIiBESMInNAIND

?t+p =a; + bp

Prsp = DUANAIANESTNTIINGG pigiHORD

0
=0
=

Y, = myniagRisigiwnn ¢
p = GgsiunuigiuyeiRusapinpann
a = Smoothing Constant (0 <a<1)
~AANAIHIN: GiM: Smoothing Constant (o) &Y o iXUMURE Amaigitifgjmns

U] (Error) GEEMIRRAAICNAILN

22 John E. Hanke & Dean W. Wichern (2019). Business Forecasting, 9" edition, page 134
23 John E. Hanke & Dean W. Wichern (2019). Business Forecasting, 9" edition, page 116-118
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9.0.mb 5%%‘&’525 Holt’s Method of Exponential Smoothing (HES)

?ﬁﬁj‘llﬁﬁi Holt's Method of Exponential Smoothing (HES) mﬁfﬁ mnyﬁmhﬁgém Trend
URIGSSW Times Series Thanjanis:  Apunhgueiuifapmnnesitians pes i
ENWESMNGUENE DES At HES 15815 g8t Trend SGinmeigpmimG g8ty Time Series
BISMAINS MW Smoothing Constant fREME (o 81 p) ieiguihieanjanigrnsmnings
Aancuyiisiianyis:A hnsmnuaius gﬁmﬁﬁmﬁmmlm IRUANNG 81 Trend 1T
MSMuNS

juugGgsBinEim sqﬁqﬁ?ﬁﬁﬂlﬁg HES i3

e The Exponentially Smoothed Series or Current Level Estimate

Lt = OLYt + (1 - a)(Lt_l + Tt _ 1)
e The Trend Estimate

T, =B — L)+ (A =BTt —1
o EUBMINNAIANESTNUIIING p IGTHER

?t+p =Ly + pT;

9] L; = the new smoothed value (estimate of current level)

a= fﬁy 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 estimates
p = UNUTE UM EINNRINISIHNER
§erp = BAGANAIANESTNUILTING p 1GTNHER

~ANNAIENE GiM: Smoothing Constant (o 841 p) &l o 81 g iUyt Amhaigitung

ajmsmﬁgjﬁ (Error) ﬁﬁmﬁiﬁ‘qﬁmmﬁﬁmﬁ%“

9.¢d.¢ 5%36525 Autoregressive (AR)
GiK Autoregressive thifianasyty inminuinggin sl wuidim U gigi

ifan(agrnnInh Time Series Forecasting B{liAIAIRIENGNAIANESSH Time Series ity

24 J ohn E. Hanke & Dean W. Wichern (2019). Business Forecasting, 9" edition, page 126-128
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18 Autocorrelation] §iHifJ Autoregressive (NIl AN{EINNAINMIE LU ATYANAINTSHIGS

mugaAuSisnigNys1isHIBNS 9 GiR Autoregressive FIRMUEYW AR (1) e0iEliglith
§ongsunumyisHBInIgIsignggSw Time Series §itiny Autoregressive (iEhUEH AR
(2) fOHIRAIE NG s RTIsHIBARUISIUN AT AFgRIN il Autoregressive
UMGE p aiugnngsiumgisHsiRusiuaig p gL

JUYS Autoregressive Model FGINUGHI AR (1)3

Ye = Bo+ P1Ye—1 + &

JUYS Autoregressive Model UENUERNT AR (2)3

Ye = Bo+ B1Ye-1 + B2Yiz + &

JUYS Autoregressive Model UENUE p AR ()%

Yo =Bo+B1Yec1 + BoYeo + -+ BpYep t &

1) Y; =the response (dependent) variable at time t

Yi_1,Yi_2, Y;_3 = the response variable at time lags t-1, t-2, ..., t-p
respectively (Independent variable)

Bo, B1, B2, ---, B3 = the coefficient to be estimated

&=the error term at time t

9.61.¢.9 IS esesesRBEIBIRBISRS Autoregressive &IB PACF
IBYRUTolMUISHIRN Autoregressive TR IRIBHUURTNUMINNAIND SING{HE
ifiﬁ“lifﬁ'ﬁ‘j‘l?mﬁiﬂifﬁ Partial Autocorrelation Function (PACF)“1 PACF ﬁmimsmﬁjg@sm
mmﬁnﬂngmmﬁqﬁmiﬁmﬁn}mﬁ%s AR models S1if AR (1) U AR (2) U AR (p) £i918) i
minpRINNaEGE g SwisSHIBARUHDRGANNHRINN
SUNSHGROHAMINANALMUISEHIRU Autoregressive RRIARNSIAMY PACF My

o

AYIR Software GBI Minitab WABRIANISHTY PACF Rigliniis -1 84 +1 intigme+ funs

2
&0 Aipiwnely PACF IR SUATMIBANSIMY Software 191584 Pattern IS PACF iU

MSUNMEBANUMNGEORIMY:

25 Mark L. Berenson & David M. Levine & Timothy C. Krehbiel (2012). Basic Statistics: Concepts and Application,
12th edition, page 684
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gﬁmn§9.8% Autocorrelation and Partial Autocorrelation Coefficients for AR (1) SHAR (2)

Autocorrelation Partian Autocorrelaticon

ARG | i |

Y,
Pl

AR Y =0 s 0Y) g v

AR(2) ' \“ ‘J_L

ARIZ) Yoz d4 2 ety Tt

(=

Autocorrelation and Partial Autocorrelation Coefficients of AR (1)
and AR (2) Madels

~HANHMs: FIUINATHINHIT it AR wimsghmiprnnisinuosiggsw
(Data Pattern) iUfIG g8t HISIHHN Autocorrelation Coefficient S&iglRAISUSGHNT i
MYIUENN Partial Autocorrelation Function (PACF) i ittistinglamSingtigiSniglina sy
HNAMBUMNG 9.0 (a) S4(b) UM Pattern I8 Autocorrelation Function &4 Partial
Autocorrelation Function U150 AR(1) 8§31 JumnG9.¢ (c) 84i(d) IBUNMA Pattern 1S
Autocorrelation Function S Partial Autocorrelation Function f5{0 AR(2) ithiaumiandim
% Pattern iS:
« AR (1) MISIBHAN ACF MAyRMSHIG inviginsmyysdmelysiudound Ginnn
MBRAN PACF 1Sy is] Time Lag §9 wAtmAG:shineySjuIGa Time Lag §94
« AR (2) BISIBHAN ACF MAUNMSHIYH Inyi gl eniygodnisiasjusoyiy
SInNARIERN PACF MAG:RRISJUSIGE Time Lag §10
- FANRAIENTE Pattern 1 AUNSSRiUUIS: SUSISIHIEN AR IGE p, AR (o) Miglig)n
WNHEBIS I AR (1) (it Si{Jisline PACF 1Sy g asthiimis Time Lag Sty

UG Time Lag §9 PACF mAG:ighinaySiu syl §omiumng 9.6 (a) S(0)9 AR (2) IS
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ISTARIBE LN PACF MIAGHSHAISUNUT Time Lag §19 Humijumng 9.6 () 81 ()7
90.0.é b mignAtaBsgerpsimsinasig)e
INHIGWAGIHN AR(1) iglnpRinh AmAGANSIHNARM S MBI NGH[EIEnS
miL‘sjﬁﬁ§ﬁjimiﬂ?ﬂngﬂéf1ﬁmﬁ§SEljﬁj]ﬁ“l milﬁuﬁﬁéﬁj‘miﬁjmge@ﬁﬁméismﬁgjﬁms

e Sgy iGyiBpRnpRinhEus ginuisminprinhi:msifimaiibmsinums

gl gSwmspUmsue 1 gikuisminprinnizuny AmsnpricnistHRnm sy

SuBEUSIUIEY (Residuals) TINMUGEANEI M juEnss

9. ﬂﬁ"‘tj]ﬁ (Residuals) BISM AN (Normal)
. nﬁ;i]ﬁ (Residuals) SR SIYIBHATE IR SIHALNHBIT Homoscedasticity
(M. ﬂji,%j]ﬁ (Residuals) ﬁ&gwgﬁﬁqwgﬁ ﬁmsmﬂﬂﬁﬂﬁj (Independent)
?ﬁﬁﬂlﬁgiﬁﬁjiﬁsiﬁﬁmﬁﬁ§ﬁjis1m“jmg8fgngﬁﬁﬁmmﬁﬁsz BISEoigs
. ?ﬁﬁﬂlﬁgiﬁﬁjﬁﬁiﬁﬁﬂ,ﬁuﬁﬁ§ﬁjﬁ1ﬂELﬂi%"ﬂﬂ'j (Normality) 18 mtjtj]ﬁ (Residuals) AmMuif
ﬁjﬁﬁﬁ%’[ﬁﬁﬁ (Histogram)“1
. ?ﬁﬁﬂlﬁgiﬁﬁjifﬁiﬁﬁgmﬁﬁ§ﬁjmiﬁﬂji§]ﬁ (Residuals) N SNIRIGIAIMULS
(Homoscedasticity) BitBjHicsigNMuGANG (Scatter Diagram) IRUS  §ify

MU umudimignnninnis y inudandasm (9) SudnEnmismudiu ig]

(Residuals)“

?ﬁﬁﬂlﬁgiﬁﬁjﬁﬁiﬁﬁﬂﬁﬁﬁ@ﬁj@ iﬁmigjﬂ (Residuals) HISMANANG]IG AMBM
FURMUURE (Line Chart) XU SARINURIEIMNEINGU (Time Period) 841 £y
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2% John E. Hanke & Dean W. Wichern (2019). Business Forecasting, 9" edition, page 401-405
27 Gerald Keller (2014). Statistics for Management and Economics, page 668-670
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(MAPE) Mean Percentage Error (MPE), 81 Square Root of the MSE (RMSE)“I?EE ﬁj‘llﬁggﬁﬁ
Ltﬁmmﬁ'ﬁs:mimsujﬁﬁﬁ?mﬁgﬁm:ﬁjﬁpimiﬁ“jmtﬁ]ﬁismsnyﬁm‘h I AITaN
. i‘[ﬁ]ﬁiﬁ]ﬁﬁﬁ nifuiEiny Sinunpminn i yiB e,
. hasiminnnpitings Samnisurnoie]gndnms

o guiRoiongizunprmnisunmiEGne
h-) ) J ) .y
9.6.9 %55'&5@9&6%‘3259‘3&69&56%9 Mean Absolute Deviation (MAD)
BangwoEUmInaii mﬁg]ﬁmdﬁ;ﬁﬁ STSMINNAIANE Mean Absolute Deviation
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%sﬁymr’smmﬁmm@ﬂ JUB SIS MADS?

MAD = Eielecl
n

TN t= SN0
n= Gigsisnuig)h
)
9.6.o ssﬁjsssemssszssggje Mean Squared Error (MSE)
Mean Squared Error (MSE) fmifianjeghasiifinnglusty iwwrnighSytsst
HBRmMMI U] mt;ﬁmiﬁsmnmigi]hgﬁmm: joionghGs s%sﬁgmia]m

28 John E. Hanke & Dean Wichern (2014). Business Forecasting, 9" edition, page 82
29 John E. Hanke & Dean Wichern (2014). Business Forecasting, 9" edition, page 82.
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%0 John E. Hanke & Dean Wichern (2014). Business Forecasting, 9" edition, page 82.

% John E. Hanke & Dean Wichern (2014
33 John E. Hanke & Dean Wichern (2014). Business Forecasting, 9" edition, page 83.

(2014).

31 John E. Hanke & Dean Wichern (2014). Business Forecasting, 9" edition, page 82-83.
( ). Business Forecasting, 9" edition, page 83.
(2014).
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34 J. Holton Wilon & Barry Keating (2009). 6 edition, page 56-59.
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37 Tabalia, J. (2021, September 27). Arvind Krishna: Age, nationality, children, wife, education, salary, net worth.
Briefly (GRiBigé mo iggum g Wowvw)

3 hitps://www.ibm.com/about/arvind ( GRIBIIGEVE 1288 § WOLVL)

Sajjns m &30S 8 by jon me NGNS 1 i) AgAN


https://www.ibm.com/about/arvind

anansignwnBgiRany Sulgnananngig DAUTINUE [AUERGIRG

.é jsasan RongRusisasaNIBasEIsSie IBM
.69 §BRON

> DIWNR) 9GGE IURENR) 989¢

o S8nromSutie: imsulagiHRIMAISINUTBUISH International Recording
Company 4 [AAMSIGUIMMBIJUIS: INBANIRYMATAMAEEBTS
- TR RiSigig
- “Co’ AiSIWI[MY UIRRM S Platform 15
- T pimsnifin SuiSusitmagmRt st
“C IS NPERENNG UG ANLRH TGS

JUMN§V.G3 ANAINABUIS IBM

> DR 9680 iHERUR 989¢

. DWAhAgBNSMShHounun:  Fivtisie:meupsiauRaisnummsinuigin
%jl’_ijig:]ﬁﬁwmtﬁm LWIAN:{BU)S Computing Scale Company ( CSCo)l ﬁmﬁﬁ‘jiﬁ“lﬁﬂﬂj’l
121 I BUMHREESINS EU

“CSC’ MISMIGUNNINSHUSHIM curls

JUMNGL.&s aNAIINIABUIS 1BM

@

Sajjns m &30S 8 by jon md NGNS 1 i) AgAN



anansignwnBgiRany Sulgnananngig DAUTINUE [AUERGIRG

> DIWNG 9690 BIK) 98WG

. GRAGRINISMIGMWATBU]S [‘Iﬁi‘ﬁm89Sﬂj[ij‘ﬁmiﬁjiﬁﬁtiﬁﬁﬁﬁﬁaéﬁuﬁj‘qhmﬁﬁji
S8R QAR SUNN: i§1N Computer Tabulating Recording Company ( CTRCo) 1 SBH
FUENESHAJ “CRCO” :

W8 “1 SnIfmuiE shamg “R”
ISIMIFHILRHTSHAN “C

MENA “Co”

npShmiIs ShnEmsniniglv

JUMN§V.93 ANRINAYBUIS 1BM

<lhe

> DIWNR) 96WG KR 9E8¢D

«  [jBUlSMSYRAL :yMIG]HIGIN International Business Machines9 {fiuiiisis:Ssmsi
[MEHRPMG TIgRSUBMi REmNSWMMNIURTBT SRR SHuMm Sy isg)n
TN SNUE [N (Globe) EMHBUI SIS B MARMBRBIUAT)REG M AR

“Business” HeyHisifnnisSHimm

“International” Uiﬁﬁm SRIHME

“Machines” f3EiSI2WIMBISHIENU

886N ANLMNHWMIELEANTMANRUIUAIHBU] SIS

MG MY UNgHRISNYL BSnanigIRn sans-serit S1§i18UMNIYS
JUMN§L.A3 anffIENREUIS 1BM

6’
i

Sajjns m &30S 8 by jon mel NGNS 1 i) AgAN



anansignwnBgiRany Sulgnananngig DRVIMUE POERAG
> DIUNR) 966D BIR) 988D

. Itij:mﬂjis2mSSﬁi:iﬁsuimighﬁﬁiﬁjimi:jﬂj@Siﬂgﬁﬁjgﬁﬂlﬁgiﬁﬁﬁiﬁﬁiﬁlswﬁjﬁimﬁﬁtﬁﬂ
fgigl miiﬁjnmgzéﬁﬁmgnmjﬁ?m AHGRUBGMURUHANANURN Y His:
W HMG logo UWE logo MSIMMSMAMNUQMNYS iwmsyfrnpmiis
International Business Machines , IBM“]

- HAY IBM [HiMStuniangliuiging
- ROR/IONESOYHAN Serif {TUNY S
- HAUIRE logo MSHMAS font serif 4

JUMNGL.G3 aNRINABUIS 1BM

o ENAIMIEUBSMNURANM SIS BMIBEHEEH MSImNWwEYWwN

> DIUNR) 9869 BIR) 9891

nAnSEiM MW ISHMBIM A

HRIGMSIFMIR OUIRGHGORESIM:§jiuN
- [Uiumhinhigasiah B imstiukisithmiiaufi

9

nuHRmSTRRiRN serif <

GH2MIURHMIMBIS M itSNgH*

JUMNEL.&3 aNAIENABUIS 1BM

IBM

o &l 1967 8Bfrugm 1BM mSimimiufifEaumus nuiiuitugRG Paul

> Wil 9890 Rl 96NV

Rand msHSigIGnA) "WistHr wlibh unuimsmsapigrnmsiibgnitums
gGuiegm inrugns Fannhig)ipicnsmach om vg:

Sajjns m &30S 8 by jon me NGNS 1 i) AgAN



anansignwnBgiRany Sulgnananngig DAUTINUE [AUERGIRG

> DIWNRY 96N HBUGUIS

. GgspapimsMAugwunfiy dimisizlo &Ny sgs:iSnumoviRuisuigimsin

Ty Sumsssabnmuys Wiwmadmaiumundnisnahglividsimignnismeii

9

¥ Shnging missugiuimis:pineiiigitihy Paul Rand iitwSSnmminuvida

igihiEtwyAsEnFupmissslinin Sibim A nE UEUS
JUMNEY.99: aNRIIMFBUIS 1BM

> DIWNR BO9G IRBALGU]S

.« thywindinnspinnhig)in punsisAnsulaiinmepindhps: Sua 18y

MR UANMDMEsENE pvvismewammhimifinnepiioe: Gag) voos

iiwsinbimeasu)aRiuEuig
JUMNEY.9V: ANRIEN{BU]S 1BM

.41 sgsesieannas it fsSie IBM fUCARSSHHRIE

juMNEv.9m: anRIIFYBUIS 1BM

...lli

Sajjns m &30S 8 by jon me NGNS 1 i) AgAN



I~

RGN wnsgihan(y Suien FAIeUE G DAUTINUE [AUERGIRG

> logo §9 (9EMV - UGUIS): Logo IS:FHiTSANAMHAAA Smnngt wiwhuineiicdg
ALMGMERuN SISt nihig)i nmasntmagma Moo moaegs §srdy
Sumngmal Wwiwhtamanwmngia i Sammiusim >
& m_g%&é’ess (BRSHHG SCHRNEGIS
sRifiw SmumnREIuATIBY]S IBM A mumpisulsuighignitmsitnuimatius

ShroSOgmuasiAnRA-
&9 sHosies
” . s . « > Logo 51 (W0O9G - uguyrg): 8Os 2
RIGAGHMINNGAISWIUES IBM & =
‘ msinfinnniinm:a nanigl Sk g

‘Mwifstsuipnignifmsinm .
SBacugmnnnig)i 8wy umndng:

uaiamn  Sumisgrugipiitn
IBM I SHAGHSILAIZS

imatw  Shastimuashinninnm
InAGWENMIHSESHSIUIGAIEN
BN NIV AT AR TNANWEHN
MAANSUIGRISNSHAN IS EHABES

84 hiathosipmeadiSaugmiss

HSMS YrusisHitpinsiSiunnnuganinnyg 18- IBM iifmaag: iwhatuy inmyw

irusfighminnGaicswuags ifgjuinmidwnmfig Siuasng vt snfgRmIRpm St

RS TMMMRIN SIS sEhMSingUATgs I UMBM MMnmEREnsiusgsisl

1

o
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1. Improving communities ¢ [fjU]8 1BV {m&imSuighiigfrsinsiatugRanmungs
iﬁﬁjﬁjajﬁﬁnmﬂﬁméiﬁlﬁtﬁ”jﬁsjmmghﬁgﬁsmﬁﬁfghmmhGg?ﬁ'jmmﬁ'j%Sﬂmammmh
muvisuRpOminNSivigRigNEsiYMAMSHINWEYHYW WIwmiGpEneinis: mgn
ghmmiGgiinmsimnwign  ShashumsinidngiiamingomisHsinGim:sul:
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IEUGRBHMINMIUERAYIUEAS 1BM & "tﬁﬁjﬁﬁsﬁgﬁmmﬁﬁ mirfig)s Shmising
uighigniifms sifutnuasapUIngis: Jushiwrighes nyil wigunme sumnngn
SUBHEIGHSs WiwuammgAfnnANRSSinm:ants SHiruhRYIua 1BM Ry
gany ipmuuigniméiSusimsagimalyyumiingupinidtsue . meiw:inm:
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MR UENUATHAGH SIUFUZS T IGRIGHMINMUAARYRUSIGANG RIS ITeNME:
9. machygatinsiguiwitemsigns wwsfignminhivunngin M IGmduinst
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siasuinunRsumgRien Saaumummingigsd mulime ignfyuisius
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RGN SR ORE UGS BN UMADIM AT AIHI AN
MWEHRIMIFIR

m. MRRUYEIE: MiIsRHGSITSAMpNIBRTENWIRNE:IS! 1IBM Uinmouipvis
MSMNFSGRIAN 1stinuituhd:musogRmaslnkn. Sunngiuaigs
IUIWMYINFIEN  1BM ﬁssﬁ‘émfmmmmmmmﬁiﬁgmfﬁ%sﬁt@ﬁirﬁﬁg
WS Eigis: A Customer-Leaning
.&.m ﬁ&ﬁﬁ?g(Core Values)
MYEYAIUE IBM JB1NS "MAGT: Samisuipu migén majmgsyn Simafn

"o

UGMIRATYT" m:ﬁmmmﬁsﬁsmsﬁmﬁﬁhmyf{jsjﬁ%g@gmﬁﬁﬁ&%sﬁimw Uigginis:
MBS MG AiuRdisumsuRmghis Bm 9

{fiBU]S IBM (International Business Machines) imﬁgiﬁnmﬁgmfii%sm IBMers
WiwusmngnmMIBuIAIUEREEATIGERIMWIH INOMPANSHE A
fuiash minmGinn:SuisimiananadopanisMIUIIngIuas BM Siliwaigiinn
IUURUSNG: "SIwng SN SIMSIMUUANIUATIBUISY MIBUISHTY
QS UbRAYRIABRMNEIMINUWRSMA SHIRcISSISIRN HEiHM 1BM (it sinan
RUYB§HY
0.5 sERESYTIBRSHBBIR IBM

{ABU)S International Business Machines Corporation iZUUTIMHAS ivt)s

ol

iBM  Ampviisdihadwyw  wiwsifgmwmihadwainie:  Ansmiggui
RAMAYEIR UM SaumSnUthiBs

IANA Arvind Krishna BIN{UMS SUMNQUWAIRURMI (Chairman and CEO) iEUMU
HISFUBRMIENA SHNSUSTIANTINMIMOGIMYWITEU]S IBM HUis: 1 RSWIANAMEALNS)
HSINYGISUIEMgNYWIU iINNRMSUlngiBmey SunPrsisISENIThu U UUINUTIBIS

% https://mission-statement.com/ibm/ (GRUIBIIGE ¢ i2ian B WoWVL)
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muit:minAigi§gishsin &4 Sim:pnwihwigamumincig sisugnigniiyw
B M ISGWw s wm 9

T 1A Jonathan H. Adashek ARMUMSIZA§NAGESH SumHugumemsgnd
i i Amsgumsainnhhumeigaigpiuigvigiiyedinnimhpmeign
Gonigsh ghig vnAn Fluovy wbmilis: INAMSUSHIANGSME VER MW
smanignefgsh muiéans §ﬁﬁ§m5mﬁiﬁ§9‘ﬁﬁ§hmﬁ SR 9% hgigl
INARMERS UG URINUMIHINWMIAN NHUIBUNL Angnngsuamgy 81
sl Agommiuigadsan Himinnwganiy FMnwganiy plisgoinways
Sweungmnygwigsigimsceo  (mwaphufmiah) IHufwhignmwiiang
meinmsmniuia“

SiNARN IANA Howard Boville AMHSUMSMSE SUM{ume I1BM Cloud
Platform < mafinSimiinyiuliGlobal Cloud SufjtwHAigjrusnmnsiyamiubnpi

BYiSimmMIm USRS Ut MR ISt g aNURYIE UM S MIHUEY

o 0
v

-

9 ISP MINIUAIMEIS] IBM 1NA Howard msmﬁﬁmﬁlﬁﬁpﬁjmi'jmmsaﬁ
fns Sumpmsigruignign si§wgue vifundiw Snlwnnisaliaptstiimia

GIywsgSvaiAninnm ilgjinghng §ﬁiﬂﬁﬁﬁj§ﬁﬂlﬁ;ﬁi§ﬁﬁgf& i Sudinmsjpnts

fui

g
amnignibgpinnynufcensBuipmiygw mivgwimitwg®

MNRURIEGEM IANA Kathryn Guarini iR Uim siakmiigl 289 8 Wowo
UMSIBANSHS (Chief Information Officer) SSIHIAM: INNARMHSIMSIEH Impact
Science ISMIEMIENI IS{BU]S IBM wwmadmumhpmsignpiufimitiisi

UQIWBAMS INfA James J. Kavanaugh ﬁmmwﬁmﬁuﬁmﬁgmﬁ?@ig (CFO)

[4pl}

U8 1BM iR uigimsinimighisuan R1U0969 FRIUIANAMK CFO MSiNEaAR
gl aanisuyShmiptpd miginsms Shmidmatiimin ng uisAyIgah ¢

GsnuiSiinfs minAigjSaniing 84 Treasuryd

“1 |IBM - Biographies (2018). IBM News Room (GRUISIIIGE ¢ i2ian 5loby)
“2 Jonathan Adashek (Feb, 2022). Institute for Public Relations (GRIBIUIGE & igisan Filuobwy)
“3 Howard Boville (Dec, 2021.). SIFMA (GUiSIIGE & iisan giuobwy)
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iwme M wWwaibiS M SinhuguygwEgsimm: 1STNSHGM Nickle J.
LaMoreaux (Senior Vice President and Chief Human Resources Officer), Ric Lewis,
(Senior Vice President, IBM Systems), Robert W. Lord (Senior Vice President, The
Weather Company and Alliances) “1fU“]

JUMNEL.9¢: IBNUTSISHALAIAN NI NUSIBUS 1BM

{UfAA$ IBM Newsroom, https://www.ibm.com/investor/governance/senior-leadership
. g-h Arvind Krishna
"E Chairman and Chief

| Executive Officer of
1BM

T
Michelle H. Browdy ™ Kelly C. Chambliss 4 Gary Cohn
or Vice President, ol Senior Vice President ( Vice Chairman of IBM
L egal | nd Regulatory and Chief Operating A
Aﬂ aaaaaa d General | Officer, I1BM Consulting

ooooo

loAnathan H. Adashek Howard Boville
Chlef eoesn Head of IBM Cloud
Communications Platform
Officer
Dr. Dario Gil i h
Mark Foster A . - g John Granger % Jamas]. Kavanaug! B/
y enior Vice President Senior Vice President
N Eha""l‘:"' 18BM and Director of IBM IS;MwC rvi ceItP resident, and Chief Financial \a
onsulting © Research OnsSURIng Officer
3 Ric Lewis Bob Lord Obed Louissaint Tom Rosamifla Rob Thomas
¢ Senior Vice IBM Senior Vice v P sidel t f;hr}:‘;:‘lt‘,:,ea:’ereydent' b pemc:; Vltcemm Global
\ President, IBM President, The Weather = SQRSSSE " Transformation an Chairman, North Markets
Systems Company and Alliances C |; IBM ik
| Y: A 4 America

.c) 286y SoiasSING
[ABUIS IBM IHUBISINSINME International Business Machines iR fUM{fiy

Nickle LaMoreaux
Senior Vice
President and Chief
Human Resources
Officer IBM

mSUigﬁ?Gﬁfﬁﬁnmmﬁ (Multinational Technology Company) ﬂf&ﬁu[ij‘qhﬁimnﬁ[ﬁﬁ
Mshamiisy vUsis: tﬁmigmﬁussjﬁtmn:mnwmﬁgﬂ§ﬁﬁngéi Seohagdan
UIGATgItH ImiE sig)a g

.9 886y

Q

IBM AwnsgidSmmifsiping Suaganinmipinsismiunndms (Innovative
Product) 21ijmuis: Shuinmaipingisé8miywigsyoms:

e The IBM Punch Card : B IBM Yt UM GIUTIEiRIg)ash Hollerith Cards

IBAMMAPDNUYWIASIRUMEMSINWIE  UNSIPmanywHgsms

44 Reiff, N. (2021, September 8). 6 companies owned by IBM. Investopedia. Retrieved March 27, 2022, from

https://www.investopedia.com/companies-owned-by-ibm-5092453
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Byt s gsw yndwmsiuaiAnéi WwhAnigywoEUunUEgS
gruiginuAn $1GuRUY Ao BNiR

JUMNG.9¢ IBM Punch Card

¢ The IBM Mainframe : ‘%mﬁmﬁﬁﬁ Ewthimin snPag s Mywiinycus 84
Sithimidiisgom  minnns ShURUEMIGEINTMSANSHRINUTANDA
ANAMYLY Mainframe B1SaNERONSGIMYUNSFSSWMANRAY Msiy
phudmi Sungifitunuumnnsgas wimn Shmniianu s

jumn G19.9%92 IBM Mainframe

p—

| 7o

e IBM System/360 : DR IGAKUUFHAN:FSURRIRUHS A URvEMAS
SithimiG g Swmndinginoydsidhdsgoignslitgnmhwissimssamey
[AuhuB s pumituiingIi oS Jigihim

JUMNGY. 90 1BM System/360

« IBM TS4300 Tape Library. iS:AMuRjunnudgSw iRumsshmingas v
MSgR MWHYLRETEY Mupinsisiguidujinpéssw Sujpimsinngn
ENHEN S fYIR M NERID: N Ui 2AN:INFITE R W MATSWMIGAMERE

nrignfuéNGgSw SuguminniPimai
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JUMNEY.9C2 IBM TS4300 Tape Library

1 ol

« Silicon Germanium Chips A &5 SIR UM SIS o TMIRGREHA D

ﬁ;ﬁ SiGe heterojunction bipolar §ﬁ’[}ﬁiﬁffjﬁ;ﬁ Si metal-oxide-semiconductor

(MOS) e UUIGHRIGNTIN MUIgHITIANU: MEHAAIH- semiconductor (CMOS)

81 BiCMOS (bipolar CMOS) 4

JUMA §19.9&% Silicon Germanium Chips

IBM fnsgigRmainsmufsig)anuiti §6M The Selectric Typewriter, The
Magnetic Stripe Technology fifit i IBSMGIUNULFHGSY
L.AL essIns
ieunfiy IBM BignicshAgigaiiua 1BM iduifimiginhwynt unigrmting u
g SugrupunyiBuHSIRUIBMSN§i18U §h@mﬁﬁ§ﬁsghmimm uie Sadwthimg
HIGIAYY TUNAYSIMSLISHBI Application services, Business consulting services, Hybrid
cloud consulting and services, Technology support services, Talent management services 81
gﬁﬁfgmgﬁhﬁ IBM Global Business Services (GBS) 83 IBM Global Technology Services
(GTS) 4 MI[MBIS: Aicuniy UNEIRGESThRYINS IYWESS:
e Hybrid cloud ﬁmﬁiumzlmmqmiﬁmgﬁﬁrgm@sui private cloud My WD
1Y public cloud Yt YRS SunyiRitumsny N §itumogjénndshinhiun

AYIGMMEYWIY Hybrid cloud FUIBHSIRYSIMNUATUSMSIRUIGHgY
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IENWMIRAYIUSAMINING cloud solutions iSTiniHUMSHIMI Shmi

My MU
JUMNG. V0% 1WUNFAY Hybrid cloud

e IBM Cloud BUISISiAM:pwinutSA{BHgAIS compliance, security, 8%
management hytwinfjanURNY SHIfanuEOMIGAGWENWNSMA
MBIV o U HITNIMAR UB S aNT: I SHHUSAMINI

JUMNE. V9% 1UNHY IBM Cloud
~7

—
IBM Cloud

e IP Advisor B Artificial Intelligence YtiznthAmiGrisiEmsingsisduhimini
MY yganinngiidu
JUMNGVY.VB: EGNAY IP Advisor
XD

tripadvisor-

[

« IBM Global Business Services (GBS) AthigHicusnAuiN S uaTiuN Ay jugmm
prnigAEtEY Shwganiy msuMis StunAgRUERAYIE
gﬁmn%.wm% ifUNfiY IBM Global Business Services (GBS)

IBM Global
Business Services
it conault

 hitps://www.citrix.com/solutions/app-delivery-and-security/what-is-hybrid-cloud.html (GRISIGE M igwan 1 Wowvw)
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SWNANS WONAYHIRGEIAIILA IBM B1SKIUGSHGM:

9. Digital Strategy & Interactive: Digital Strategy, IBM iX
1. Cloud Application Innovation: ADM Innovation, Cloud Application Migration Services
M. Cognitive Process Transformation: Cognitive Business Decision Support
&. PricewaterhouseCoopers (PwC) Consulting
&. Bluewolf
9. Resource/Ammirat
f. Promontory Financial Group
UBAIN i M SIHMIAYEWRRGGIUAHvUS 1BM inban: IEum
FURNYWIS:BSMGIFMIANIHWH SHUgRgsms hwanis IBM Ahjputlsgntitn
RUSHruN A SHSURU UIRBUSIEgManmARmana«
.6 esganies Soimns
mii‘[fﬁ,mﬁﬁﬁjgﬁﬂlﬁgiﬁﬁjﬁiﬁﬁﬁ&ﬂﬁfﬁimgﬁ§ﬁpiLﬁijﬁLUfﬁﬁ Alnmilusionsinn
Bsmome agimivasHmPma misiihusinnndgpifigugepith fuginthéans
i nthjﬁLﬁ]Hnjgm:qmumjﬁaeﬂ iﬁﬁjﬁlﬁ]iﬁ% SIS gﬁmimnﬁaéﬁéﬁpsmﬁﬁmiﬁﬁ A
simSEIinmswganynimipiugmisISfpunapitigis:
Hois:mnSmuUls 1BV msimipiufistibuganjygoms
> WEAN[ARURGARIGARI (Product Differentiation Strategy)

aaoao

> WgaNAGINKAY (Diversification Strategy)
> uggﬁﬂlﬁnjﬁuﬁ]s (Growth Strategy)

BENISIIEY msrmmimiﬁﬁjnmsasiﬁgammﬁﬁ minfigi§  ShnUnRugRIgH
ﬁﬁmséiéﬁﬁﬁ‘ﬁghampmﬁgﬁsz JESgHns nyin pisumm guAIANGn ShdyH
gioissY Wiwuumménngsuganiinninnmuas 1BM Awnsdinm:pnw Shicuhny
imwsuishign SiISuSS I nigMSRYUNUHEERSIUAT IBM thas UIgRig)

GiRUSMIS SUG W NURUENUIGHIgN §18U 94

Sajjns m &30S 8 by jon s NGNS 1 i) AgAN


https://en.wikipedia.org/wiki/Promontory_Financial_Group

anansignwnBgiRany Sulgnananngig DAUTINUE [AUERGIRG
.8 iegpaaisice

uUls 1BM AlpisU]sHginywinumemaniigisigiswngigngsindian
INAY [ETSYIS MSINN:M: fuigh SHjpimsmiuthsapnisupvi]sis:uinms
fgigiiigiieh MIsAUAST Software, MIK VN MM sLN UL, Smigrugihybrid cloud
infrastructure solutions fi1iSN: Software ANMUANGANUERTRROGIRBINS 1BM9* 1§
i9:0m 1BM thipsisdtisiciwnfmsigninnius Adigmipunauishianmajisiists
mipsig)aRmsgny iﬁﬁjﬁiﬁﬁﬂﬁﬁf&ﬂﬁqﬁﬁﬁpiﬁlﬁﬁﬁs IBM“1

S

jumMn§L. v RRURRDIIUSTRBINS 1BM

v

5.5 CRENS §HIBBIR ansEesENn
1 Hewlett Packard (HP) [éﬁ]
2 Oracle

ORACLE
3 SAS gsas
: intel.
5 Microsoft BE Microsoft
6 Google Google
7 Amazon amazon
8 Samsung SAMSUNG
9 Dell
10 Apple

% |nvestopedia.com/how-iom-make-money-4798528 (GRIBIIIGE f igisan §Iowvl)
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SEHEEM

Y o b

IS RS RS BESRANHIRNESERNASIBE5IHBLEIR IBM

o

nutnrimis: abmgmidapenstisiaminprnnisSnNUILATRBUIS IBM B4

0l al

inubog mugitnlywarnwakitanjaisminprinh ubhnsifiatutnia

1)

(<4

ANEYUTNANIRSH (Quantitative Method) BREANMATIRM: 1 pitminpAinNiS sExits wbig

9

MINANSIENW AANHESSWMBMUUNSH SUANUNENWRGHE JUNS BEY DM AuEud
PRSIMASAN ShmmBimaginuainmign uptanRIanSaNUisv]S 9 UnUYHIE
mapjuugisusrameitangnaivngy ddiatowngizuosunig
HRAONAINMASANTULSRYBUIS International Business Machine (1BM)“1
m9o SwmegemuBgagicasiSeinnnmt
ERMINNAIMISHUEANUUCIFIUATEUS  1BM iu“jﬁmSiLEﬁjwﬁ?ﬁﬁﬂLﬁﬁﬁﬁ

UGS (Quantitative) 1HUNSESS Iw:iNIWORF fFIV009 BAIRIVOWY R
iGMINNAIAN

simsisminprnnGim: S ASRvSYMSiivy tRyjp

9. [y gSusinnmsigimugi Syt

v. finnffngis§gsw

9 al

m. imiRnnusminprinigimupins it iy

u

al

¢. AnSUguisHituSyt

¢ mmpluuisimunigugaisgizuyws

E).n‘jg'mnﬁmﬁm&"gmﬁﬁnﬁﬁmngmmﬁimtﬁ%@ﬁm’jﬁ%ymﬁ]amnfjﬁmmﬁ BRGMINNAIN

SHURRNT
M.l BeSesieSrNNs|HSINIBa5{HBEI IBM
fgdwisnwnsmimandyjunpow  Swifmisang AmspyusrRimwminn

THIRUEIRUUAITET]S 1BV MBI nn§iigimuuiisu]sinwieg g n o og
GHIMW SUHFIW009X V0L THUNMUIRG Time-Series Data MSHBAMIMES
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mNiEm.o: GgSwisSANUILATHBUIS IBM B1WHZIW009 SA5oWo

Year IBM Revenue (SB) Units

2001 85,866.00 Billions USA
2002 81,186.00 Billions USA
2003 89,131.00 Billions USA
2004 96,293.00 Billions USA
2005 91,134.00 Billions USA
2006 91,424.00 Billions USA
2007 98,786.00 Billions USA
2008 103,630.00 Billions USA
2009 95,758.00 Billions USA
2010 99,870.00 Billions USA
2011 106,916.00 Billions USA
2012 104,507.00 Billions USA
2013 99,751.00 Billions USA
2014 92,793.00 Billions USA
2015 81,741.00 Billions USA
2016 79,919.00 Billions USA
2017 79,139.00 Billions USA
2018 79,591.00 Billions USA
2019 77,147.00 Billions USA
2020 73,620.00 Billions USA
2021 57,350.00 Billions USA

uAn: iImwmIsnInUSIghusRsus 1IBM (Bughgunsgss 9.9 w)asg 9.u)

[ )

n.M MIBRNH|BHAEEL IR SRNRBIBEHBSEIR IBM

v

al o 5 9 o

igfigmima ShnprinhégSwinumsuniiGnNuuaiivl]s 1BM mSiiuini

9 3

o o

initaine s g Swmysds

(4

Mm.0.9 MIBRNB|BEHIZSSEMBITNG

v

iMBIS: BN{MUUDMBUUINANSANNTRTBENS 1BM 1UHZ W009 ZE)

w v

ol o [

Wov9 M SUHMAG: AywIhgiywa

u =3 u =
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IBM Revenue ( in Billions USA )

120,000.00
100,000.00
80,000.00
60,000.00
40,000.00

20,000.00

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

{Ufifs Excel Output
MBIt MIUNMSUEASANUUSTHBNS 1IBM 510HgIW009 Hgibow9 ithi
fEBMm® 19161:51V009 WHEAFIV099 [MAGANNIESHBUIS IBM B1SMIfumI

& o

igmmoiywelistywsl  Avigmumuigivooe vRzwgIvOVY ihhummAETM™H
SONIUAITBU] S SMIRAGHIMWAR NG iSinmuining disusmemmiing
LNt Siliconrepublic MSIHMEING MINAGSHIBUIS IBM U Big Blue Gtijis: Aumiimitiy
minStsRginSingivud fmummelilirunmyii sgEm Artiical Inteligence (Al) 84 Hybrid
Cloud RIS TNGAYS TURTSIUATURUR Arvind Krishna®l SRNF Arvind Krishna TSES
NSt ihmsiEmnsminciPsisial Wobo IHUANTRGIHESIKT Hybrid cloud TURS
D iRty SR o MIE) ﬁ'ﬁrgiéﬁij TURTHASHES SN INUIRUANRIE LMy
ShmnSsoprinnasdgiignnuisuiansiy viguiisannrAmsugig)ath "uRgmMTEL
IDUANMHSINEHID Hybrid cloud 81 Al (Artifical Inteligence) 805 UBIDRSIG SRS RGN
MopsmsSitinhsimAsANIgiyl vowe is:Gmuhifuh mifhgmuainnng
Besgrumeimatingg  whwibhaommbms  Sapuapsl sSiausmAG R

gpmgls mipAGgos: BhwanisnmmAnginunsprapituhSsnsunsitiugn

v

ol

iginudgpadivjmrhusinnmggne
UL SUMMBMUIEUMSUNMEND ISIMASANUILTHBIS 1BM it
aoEdms SgSwanl thipingdgSuiuu Trend  IHUMISIUS  (Pattern) MIAT:

(Downward Linear Trend) fEGET
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wbatisaighg)s ilnumumadnaISiuss SUALTRUIGMS Minitab HNSUN
B miisr gipine 8 g S vy Trend IMWMSIHMSUMNMNANALIZY IMWNANMY
[MUUSIAFIMIULNAT
Mm.m.l0 MIBRNFBHERIELESMS Autocorrelation
WANNGAGSY Autocorrelation Coefficient Function (ACF) ﬁm?ﬁﬁﬂlﬁgﬁuujqﬁ
éiMH?ﬁmLﬁgﬁigiG]ﬁ iupinswhvRoRNspinesgSw whunfighmuitu:uug 84

MUAYIN Minitab HBWIMY:

. Y1 (Ve =Yg = 1)
¢ S (Y, — V)2

k=0,12,..

{00 r, = WANNS ARG SHASNY Lag %Sﬁg‘lﬁﬁgvjﬁm fUk (ACF for a lag of k periods)
y = uuismyrumuasGgSw Time Series
Y, = BIGEUIREISIS:INN
Y,_ i =SIGRAUMRYSITING 5SS 4 B4 U 1STUI00 14

MNHM. B2 BHANENAGSH Autocorrelation Function ISMASANUILASHBTS IBM

Autocorrelations

Lag 1 2 3 4 5

ACF 0.690594| 0.491321| 0.375648| 0.258629| 0.079775
T 3.16 1.61 11 0.72 0.22

LBQ 11.52 17.65 21.44 23.34 23.53

{UfiNs Minitab Output

jumngm. vz MuBINMAENAESHISEANILAHBINS 1BM

Autocorrelation Function for IBM Revenue ( in Billions USA )
(with 5% signifi limits for the i

Autocorrelation

{UfiNs Minitab Output
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MBMIALNSIBHAN Autocorrelation (ACF) FRMNAG M. &1 (MU m.u BiNMH
WHANGAGSH ACF i v, 8h1v,_, 18] Lag 1 §¥ Lag 2 841 Lag USUIUMSIHGGISTY
Smglineys) yuimig)aniyist Lag 1 Gighi( Smedin) gig: wiha§hsmes gswitin

)

BYUMS HEgSWPIRG Trend

NRMEMILRENWIINe S gSwmuMUUNAMNEE  m.9  Sumiunjnw

a <
1

>4 4 ol

GgSwmy Autocorelation fumnig mv Sumng mu $HgEgswitupYLmSS

SANUIBEASHBUIS IBM thESSWIURG Trend*

M.¢é FUNRNMNISLEILBRRABIBESIHBEIR IBM sI95505: 5 HARS™
gGnNGIs: fgSwisimAdnIUESBNS 1IBM Sifminahuuiiiimeaogias

finnNS (Descriptive Statistic) IHUNSHG By WENS SuAHHMIGy

> o

mnudm.ms minanS&gSwisdanmiuassils IBM figiv009 Sigiol9

Descriptive Statistic
Mean 88,835.81
Standard Error 2,672.03
Median 91,134.00
Mode #N/A
Standard Deviation 12,244.77
Sample Variance 149,934,351.66
Kurtosis 0.53
Skewness -0.67
Range 49,566.00
Minimum 57,350.00
Maximum 106,916.00
Sum 1,865,552.00
Count 21.00

{UAfs Excel Output
nRigimy mnbugsuismmPimasatinin el ibhamandms:
- puhgRINUIgIv009 Hiigivows IbnAmMBNS ByuissaUEIgiuL
[sUisnsStSs 66,6me.69 Snnsgnniigmibin
e BRNAURNISEANUUIRNHNSESS B,BAY.0m FaNSHEANI UL
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 hyiistnupoighiast 9ce ema,mé9. v SnnsgnniIgIILTR

o WENSISEANUURNPIUAFBTISNSGSS £9,9ME.00 DANSHANRSUIGHIER

o OWHZW009 HUgIVOVY MASANULGIFIUNFVUIS YFSigH UnSHYU
G358  909,899.00 Gansgamisuigein  Wiweuigs  usBuinmsss
&61,ME0.00 DANSHANIUIEILT

o WipRwINULg AEmisAtANivANBetEn sRiicUEnh meY.ecY
AN SHANIHIYIRY

m.# ssapERimnSaanisansdie BM MmusSanjssinandaies

MINNAINNIENWHIm ﬁﬁ?ﬁﬁﬂlﬁjﬁ?mm?ﬁ?w (Quantitative Method) BHNSSIBIE

v

miLGSﬁJLH‘IUmﬁ“ImJ‘IﬁiELﬂ“I i:Ghuniis: ﬁ mii‘[,ULmﬁjE'j ﬂj§ﬁu[ij‘.’19mmﬁmtﬁitﬁﬁ@
mﬂLUiﬁSSSSUijSﬁjS iQUH‘lGiLﬁﬁjiiﬁjﬂj miﬁmﬁjHLﬁJUmSﬂ U@ﬁﬁiﬁimﬁmﬁmﬁmi
iﬁj‘[,mﬁjﬁﬁﬁﬂlﬁgmﬁmj itﬁﬁi‘lﬁﬁ;ﬂm QSSUJISLmﬁfiﬂﬂﬂjiUﬁ'jLﬁHiﬁS IBM Itii:mﬂjlﬂ‘)ﬁﬁ
iSe mﬁﬁﬁ9§§§uﬁﬁﬁ Trend*] QGISZiiﬁUj "ti ﬂjﬁjHLﬁjUﬁijU GSSHJLUIﬁQ Trend JBEHISS

% Absolute Change Model (ACM)

+ Relative Change Model (RCM)

+ Double Moving Average (DMA)

« Double Exponential Smoothing (DES)

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

+ Autoregressive (AR) Models®

m.&.9 $8eRs Absolute Change Model (ACM)

<

iU Absolute Change Model (ACM) AthHiz Uywis Ui siEdmnanugam
NPAINN ENWEHUHSIHGIM: § SSWIUIAG Trend 9 WIMHIS: AMIRANQNNARINNIMA
SANUIUASTIBTNS IBM MBIty Gk uis e wyfiuu g samimus

JUBSIULS ACMS

Yer1 =Y+ (Y —Yey)
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iy AmugRuisminpRnnisimMASANUIGTe MUt §inn ACM
mnLgm.c: MINNRINNMAGANUUSIFIMBID:HiRu ACM
Year | IBM Revenue ($B) Forecast et et2 letl letl/Yt et/Yt
2001 85,866.00 - - -
2002 81,186.00 - - -
2003 89,131.00 76,506.00 12,625.00 159,390,625.00 12,625.00 0.14 0.14
2004 96,293.00 97,076.00 (783.00) 613,089.00 783.00 0.01 (0.01)
2005 91,134.00 103,455.00 (12,321.00) 151,807,041.00 12,321.00 0.14 (0.14)
2006 91,424.00 85,975.00 5,449.00 29,691,601.00 5,449.00 0.06 0.06
2007 98,786.00 91,714.00 7,072.00 50,013,184.00 7,072.00 0.07 0.07
2008 103,630.00 106,148.00 (2,518.00) 6,340,324.00 2,518.00 0.02 (0.02)
2009 95,758.00 108,474.00 (12,716.00) 161,696,656.00 12,716.00 0.13 (0.13)
2010 99,870.00 87,886.00 11,984.00 143,616,256.00 11,984.00 0.12 0.12
2011 106,916.00 103,982.00 2,934.00 8,608,356.00 2,934.00 0.03 0.03
2012 104,507.00 113,962.00 (9,455.00) 89,397,025.00 9,455.00 0.09 (0.09)
2013 99,751.00 102,098.00 (2,347.00) 5,508,409.00 2,347.00 0.02 (0.02)
2014 92,793.00 94,995.00 (2,202.00) 4,848,804.00 2,202.00 0.02 (0.02)
2015 81,741.00 85,835.00 (4,094.00) 16,760,836.00 4,094.00 0.05 (0.05)
2016 79,919.00 70,689.00 9,230.00 85,192,900.00 9,230.00 0.12 0.12
2017 79,139.00 78,097.00 1,042.00 1,085,764.00 1,042.00 0.01 0.01
2018 79,591.00 78,359.00 1,232.00 1,517,824.00 1,232.00 0.02 0.02
2019 77,147.00 80,043.00 (2,896.00) 8,386,816.00 2,896.00 0.04 (0.04)
2020 73,620.00 74,703.00 (1,083.00) 1,172,889.00 1,083.00 0.01 (0.01)
2021 57,350.00 70,093.00 (12,743.00) 162,384,049.00 12,743.00 0.22 (0.22)
:m (11,590.00) 1,088,032,448.00 114,726.00 1.33 (0.20)
{UfiNs Excel Output
jumngm.ms imuuinmisanuthitagl Sasannisminprinmsgitn Acm

(2]
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Absolute Change Model (ACM)
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> niguigamuniRanySyts

9

iy Amitananasingbistt

v

30U ACM THUMSEGIM MSE, RMSE, MAD,
MAPE 84 MPE ighiib{mAGAIuaI{fvuls 1IBM4
mnagm.d: aigrglhisminprnhmugizuacu

Forecast Error Measures

_ Thdled YY) _ Xided /Y Treaer /Yy n_e?
MAD = —‘—‘—n MSE = SEE12E8 | MAPE = 2= Mpg:lT RMSE = tjllet

6,038.21 57,264,865.68 0.06 (0.01) 7,567.36

{UfiNs Excel Output

a b b

munts:mnig m.d mhiﬂ?‘tjipFwnnﬁi’g,iismmﬁljﬂﬁgi]hiﬁﬁljﬁﬁﬁm ACM i5utnss
«  MAD B1S{UIH]4 6,038.21
* MSE HISUIYJH 57,264,865.68
«  MAPE HISFUTE]H 0.06
*  MPE HISUIEJH -0.01
»  RMSE BSUIH]4 7,567.36
m. &1 $ESRS Relative Change Model (RCM)
MINNAINNIENH{M YIRS Relative Change Model (RCM) igtifGEgSwisim
SANIUASHBUS IBM SNUHSIHMUUES SWimys

JUBSIUAS RCM$

Safjn: m &0s 84 v joa td NGNS 1 i) AgAN
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IgRUISMINNAINMASANUMBEIR RCM MSUINMARMNUSMIMYS

mniagm.o: mIpAINMASANUMBEIEU RCM

Year IBM Revenue (SB) Forecast et et2 letl letl/Yt et/Yt
2001 85,866.00
2002 81,186.00
2003 89,131.00 76,761.08 12,369.92 153,015,007.04 12,369.92 0.14 0.14
2004 96,293.00 97,853.51 (1,560.51) 2,435,195.23 1,560.51 0.02 (0.02)
2005 91,134.00 104,030.49 (12,896.49) 166,319,525.16 12,896.49 0.14 (0.14)
2006 91,424.00 86,251.40 5,172.60 26,755,801.95 5,172.60 0.06 0.06
2007 98,786.00 91,714.92 7,071.08 50,000,132.53 7,071.08 0.07 0.07
2008 103,630.00 106,740.83 (3,110.83) 9,677,273.77 3,110.83 0.03 (0.03)
2009 95,758.00 108,711.53 (12,953.53) 167,793,860.11 12,953.53 0.14 (0.14)
2010 99,870.00 88,483.98 11,386.02 129,641,513.72 11,386.02 0.11 0.11
2011 106,916.00 104,158.58 2,757.42 7,603,388.30 2,757.42 0.03 0.03
2012 104,507.00 114,459.11 (9,952.11) 99,044,441.69 9,952.11 0.10 (0.10)
2013 99,751.00 102,152.28 (2,401.28) 5,766,140.27 2,401.28 0.02 (0.02)
2014 92,793.00 95,211.44 (2,418.44) 5,848,853.93 2,418.44 0.03 (0.03)
2015 81,741.00 86,320.35 (4,579.35) 20,970,411.18 4,579.35 0.06 (0.06)
2016 79,919.00 72,005.34 7,913.66 62,626,088.56 7,913.66 0.10 0.10
2017 79,139.00 78,137.61 1,001.39 1,002,777.47 1,001.39 0.01 0.01
2018 79,591.00 78,366.61 1,224.39 1,499,124.24 1,224.39 0.02 0.02
2019 77,147.00 80,045.58 (2,898.58) 8,401,775.20 2,898.58 0.04 (0.04)
2020 73,620.00 74,778.05 (1,158.05) 1,341,074.90 1,158.05 0.02 (0.02)
2021 57,350.00 70,254.25 (12,904.25) 166,519,592.88 12,904.25 0.23 (0.23)
—“ (17,936.92) 1,086,261,978.13 115,729.90 1.34 (0.27)
{Ufifs Excel Output
al al o U (=3 o ) < "o
jumngm.c: mouinmisanmsmaiah Sasanuisminprinmuginn Ry
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al

> ﬁ%ymiﬁ.;]hmﬁiw:?ﬁﬁﬂlﬁ‘jsqw:i
UMY ﬁm?ﬁmpgﬁﬁ%iamxg]aiséﬁam RCM iZ(UNSHGH MSE, RMSE, MAD, MAPE
84 MPE 1gTibmAGANIIUAITRBU)S 1BM 4
mnadm.nz sigugaisminprinhmugizu RoM

Forecast Error Measures

n n 2 n
MaD = Z=ted | e o ZEaCD) |\ app o ZEaled/Y | SE(er/Y) RMSE = /—Z?ﬂe%
n n n n - -

6,091.05 57,171,683.06 0.07 (0.01) 7,561.20

{UfiNs Excel Output

a b» b

Muits:mnng m.n mﬁiﬁjﬁﬁﬁmﬂﬁigismmﬁ'mﬁﬁ]ﬁiﬁﬁ'jﬂﬁﬁm RCM iHiUtnss
« MAD ¥ISUIHJH1 6,091.05
« MSE ¥ISQUIgH 57,171,683.06
*  MAPE HISFUTEJH 0.07
*  MPE HISUIEJH -0.01
»  RMSE ®1SMUIH]# 7,561,209
m.&.m %35&5 Double Moving Average (DMA)
MINNAINIENP{M ASHIE A Double Moving Average (DMA) igTiiB8 g Stisimi

SANUIUASTIBTNS IBM SNUHSIRMBUES WMijmy:

e M;is moving average o i Y;

5 Yi+Y 1+ + Yk
My =Y41 = k

e M;is moving average g1 i M,

I

M+ Mg+ Mgy

t
k
. IWHANISEUBMI Coefficients of Equation
at = 2Mt - M,t

2 /
b, = E(Mt -M'})

Safjn: m &0s 84 v joa 90 NGNS 1 i) AgAN
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o

>

. mammymmm DMA:

IgRuiSMINNAANIGIMAGANUMBEIEL DMA MSUINMARMNMIMLS

Yt+p= at + bt

"o

"o

s

mniagm .Gz mInpAINMASANUMBEIEL DMA

Year IBM Revenue ($B) Mt M't at bt Forecast et et22 le| let] /Y, e/Y:
2001 85,866.00

2002 81,186.00

2003 89,131.00 | 85,394.33

2004 96,293.00 | 88,870.00

2005 91,134.00 | 92,186.00 | 88,816.78 | 95,555.22 | 3,369.22

2006 91,424.00 | 92,950.33 | 91,335.44 | 94,565.22 | 1,614.89 | 98,924.44 | (7,500.44) 56,256,666.86 7,500.44 [ 0.08 | (0.08)
2007 98,786.00 [ 93,781.33 | 92,972.56 | 94,590.11 808.78 | 96,180.11 2,605.89 6,790,656.90 2,605.89 | 0.03| 0.03
2008 103,630.00 [ 97,946.67 | 94,892.78 | 101,000.56 | 3,053.89 | 95,398.89 8,231.11 67,751,190.12 8,231.11| 0.08 [ 0.08
2009 95,758.00 | 99,391.33 | 97,039.78 | 101,742.89 | 2,351.56 | 104,054.44 | (8,296.44) 68,830,990.42 8,296.44 | 0.09 | (0.09)
2010 99,870.00 [ 99,752.67 | 99,030.22 | 100,475.11 722.44 | 104,094.44 | (4,224.44) 17,845,930.86 4,224.44 | 0.04 | (0.04)
2011 106,916.00 | 100,848.00 | 99,997.33 | 101,698.67 850.67 | 101,197.56 5,718.44 32,700,606.86 5,718.44 | 0.05| 0.05
2012 104,507.00 | 103,764.33 | 101,455.00 | 106,073.67 | 2,309.33 | 102,549.33 1,957.67 3,832,458.78 1,957.67 | 0.02 [ 0.02
2013 99,751.00 | 103,724.67 | 102,779.00 | 104,670.33 945.67 | 108,383.00 | (8,632.00) 74,511,424.00 8,632.00 | 0.09 | (0.09)
2014 92,793.00 [ 99,017.00 | 102,168.67 | 95,865.33 | (3,151.67)| 105,616.00 | (12,823.00)| 164,429,329.00 | 12,823.00 | 0.14 | (0.14)
2015 81,741.00 | 91,428.33 | 98,056.67 | 84,800.00 | (6,628.33)] 92,713.67 | (10,972.67)[ 120,399,413.78 | 10,972.67 [ 0.13 | (0.13)
2016 79,919.00 | 84,817.67 | 91,754.33 | 77,881.00 | (6,936.67)| 78,171.67 1,747.33 3,053,173.78 1,747.33 | 0.02 [ 0.02
2017 79,139.00 | 80,266.33 | 85,504.11 | 75,028.56 | (5,237.78)| 70,944.33 8,194.67 67,152,561.78 8,194.67 | 0.10( 0.10
2018 79,591.00 | 79,549.67 | 81,544.56 | 77,554.78 | (1,994.89)| 69,790.78 9,800.22 96,044,355.60 9,800.22 | 0.12 ( 0.12
2019 77,147.00 | 78,625.67 | 79,480.56 | 77,770.78 (854.89)| 75,559.89 1,587.11 2,518,921.68 1,587.11 0.02 | 0.02
2020 73,620.00 | 76,786.00 | 78,320.44 | 75,251.56 | (1,534.44)| 76,915.89 | (3,295.89) 10,862,883.57 3,295.89 [ 0.04 | (0.04)
2021 57,350.00 | 69,372.33 | 74,928.00 | 63,816.67 | (5,555.67)| 73,717.11 | (16,367.11) 267,882,326.12 | 16,367.11 0.29 | (0.29)
_“ (32,269.56)| 1,060,862,890.12 | 111,954.44 | 1.35 | (0.45)

{UfiNs Excel Output

ﬁjﬁmgm &3 [MUuN

~

misanumAia

(2]

a

Sﬁﬁﬂﬂ FUiSﬁ]iﬂﬁﬁiﬂﬂﬁ]H’Hiu fU DMA
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Double Moving Average (DMA)
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{UfiNs Excel Output
> ﬁiymtﬁﬂhmﬁim:?ﬁmlﬁgéqmﬂ
UMY ﬁm?ﬁﬁﬂlﬁ‘jﬁf{ﬁiﬁmig]ﬁfsﬁfﬁm DMA IBUHSHGM MSE, RMSE, MAD, MAPE

v v

84 MPE ighiBimAGANUILRTRIBUIS IBM

U]

MNUGm. &2 mmﬁ'ﬁmmtgjmﬁﬁjﬁmm DMA

v

Forecast Error Measures

n n 2, n
MAD = Zt=—1let| MSE = L(et) MAPE:M MPE=Zn= (e /Y) _ Z?=1e§
n n n n RMSE = —n

6,997.15 66,303,930.63 0.08 (0.03) 8,142.72

{Ufifs Excel Output

a b b

muits:mnig m.g mﬁiﬂaj‘tj«;ﬂﬂFwnﬂﬁi’glﬁsmmﬁljﬂﬁa]hiﬁﬁljﬁﬁﬁm DMA i5iutnss
« MAD msmﬁj]a 6,997.15
o MSE msmﬁg]ﬁ 66,303,930.63
*  MAPE B1SMUIE] 0.08
* MPE B1SMUIE -0.03
« RMSE msmﬁgja 8,142.724
m.&.c 5%35525 Double Exponential Smoothing (DES )
MiNNAINNIENIB{MATGIEN Double Exponential Smoothing (DES) 16108 g&ting
[MAGANIURSTRBU)S IBM iHSIFMBjusgimy:
JUBSIUR DESS
o RN Exponential Smoothing §B;tﬁ
Ss=aYr +(1—a)S;_1
o RN Exponential Smoothing &
S{i=aS;+ (1 —a)S{_,
o insANNISAUSMIGiSiH (Coefficient of Linear Equation)
a, =28, — S}

bt=1fa(st—s;)

Safjn: m &0s 84 v joa ol NGNS 1 i) AgAN
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o URnISmMINNHAIND

?t+p =a; + bp

Prrp = IYONAINEOTNUI: INRU pIGTHSRE

il
=6
=

Y, = Mg AANSIHRIS:In ¢

9 =1

p = Ggsiumnuigiahyeitudhpinnpnin

a = Smoothing Constant (0 <a<1)

. no

ARMINNATANGIEL DES mujusgwubnlupinmy « iSuaspuubiyfigm

v

AN SHIUATH MGIHMIRANIMSMUII: B2 Solver IBATAYIN Excel IEUINMAY

o

mnig m.90 (BUNEUAESE 19.9)1
MEMIALNNMY « MBNYIH Solver 1S1H Microsoft Excel tHRANNRMSEH iy
=014 Aehigin Uy siyimaogisn DES ishfminpminhmAGANIUATIBTS
IBM iNRISHMSS S, = ¥, = 85866 ; S'; = Y'; = 85866 1
IgRAISMINNAINNIMASANUMBTE DES MSUINMARMNHNI|MYS

MNEm.99: minnRINNMBYILU DES

Sajjns m &30S 8 iy iba am NGNS 1 i) AgAN
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Year IBM Revenue ($B) st s't at bt Forecast Error et2 le| let] /Y, e/Y,
2001 85,866.00 | 85,866.00 | 85,866.00 | 85,866.00 =

2002 81,186.00 | 85,227.21 | 85,778.81 | 84,675.61 (87.19)| 85,866.00 | (4,680.00) 21,902,400.00 4,680.00 0.06 | (0.06)
2003 89,131.00 | 85,760.05 | 85,776.25 | 85,743.86 (2.56)| 84,588.42 4,542.58 20,635,060.34 4,542.58 0.05| 0.05
2004 96,293.00 | 87,197.74 | 85,970.27 | 88,425.20 194.02 | 85,741.30 | 10,551.70 111,338,463.99 10,551.70 0.11( o0.11
2005 91,134.00 | 87,735.01 | 86,211.15 | 89,258.87 240.88 | 88,619.22 2,514.78 6,324,106.91 2,514.78 0.03 | 0.03
2006 91,424.00 | 88,238.54 | 86,487.88 [ 89,989.20 276.73 | 89,499.75 1,924.25 3,702,737.01 1,924.25 0.02 | 0.02
2007 98,786.00 | 89,678.20 | 86,923.34 | 92,433.07 435.46 | 90,265.92 8,520.08 72,591,710.51 8,520.08 0.09 [ 0.09
2008 103,630.00 | 91,582.54 | 87,559.29 | 95,605.78 635.95 | 92,868.53 | 10,761.47 115,809,316.08 10,761.47 0.10 ( 0.10
2009 95,758.00 | 92,152.46 | 88,186.23 [ 96,118.70 626.94 | 96,241.74 (483.74) 234,002.05 483.74 0.01| (0.01)
2010 99,870.00 | 93,205.86 | 88,871.38 [ 97,540.34 685.15 | 96,745.64 3,124.36 9,761,652.19 3,124.36 0.03 | 0.03
2011 106,916.00 | 95,077.21 | 89,718.44 | 100,435.98 847.06 | 98,225.49 8,690.51 75,524,974.53 8,690.51 0.08 [ 0.08
2012 104,507.00 | 96,364.32 | 90,625.56 | 102,103.08 907.12 | 101,283.04 3,223.96 10,393,905.32 3,223.96 0.03 | 0.03
2013 99,751.00 | 96,826.58 | 91,471.96 | 102,181.20 846.40 | 103,010.20 (3,259.20) 10,622,395.07 3,259.20 0.03 | (0.03)
2014 92,793.00 | 96,276.02 | 92,127.68 | 100,424.36 655.73 | 103,027.60 | (10,234.60) 104,747,074.74 10,234.60 0.11| (0.11)
2015 81,741.00 | 94,292.08 | 92,423.11 | 96,161.05 295.43 | 101,080.08 | (19,339.08) 374,000,089.44 19,339.08 0.24 | (0.24)
2016 79,919.00 | 92,330.24 | 92,410.44 | 92,250.05 (12.68)| 96,456.47 | (16,537.47) 273,488,018.99 16,537.47 0.21| (0.21)
2017 79,139.00 | 90,529.72 | 92,153.73 | 88,905.71 (256.71)| 92,237.37 | (13,098.37) 171,567,323.81 13,098.37 0.17 | (0.17)
2018 79,591.00 | 89,036.65 | 91,728.27 | 86,345.03 (425.46)| 88,649.00 (9,058.00) 82,047,346.88 9,058.00 0.11 | (0.11)
2019 77,147.00 | 87,413.78 | 91,139.37 | 83,688.20 (588.90)| 85,919.57 (8,772.57) 76,957,968.06 8,772.57 0.11 | (0.11)
2020 73,620.00 | 85,531.02 | 90,373.86 | 80,688.17 (765.51)| 83,099.30 (9,479.30) 89,857,169.18 9,479.30 0.13 | (0.13)
2021 57,350.00 | 81,684.48 | 89,187.81 | 74,181.15 | (1,186.05)| 79,922.67 | (22,572.67) 509,525,321.90 22,572.67 0.39 | (0.39)
_“ (63,661.31) 2,141,031,037.00 | 171,368.70 2.11| (1.02)

{UfiNs Excel Output

jumném.v: muuinmAsanthiiegh Sasanuisminprinhmuyitn Des

Double Exponential Smoothing ( DES)
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Forecast Error Measures

_ Zr=led _ 2i(ed _Ziled/ve Yia(er /YD n_ g2
MAD = MSE = === MAPE = ==L-2— | MPE :% RMSE = Z;:lle;
8,568.44 107,051,551.85 0.11 (0.03) 10,346.57

{UfiNs Excel Output

al b b

munts:mnig m.ow mﬁm”jtjmmnﬁtﬁismmﬁ'jmﬁgjmﬁﬁ'ﬁ!ﬁﬁm DES i3funss:

* MAD BISIUI 8,568.44
« MSE MISMUIEH 107,051,551.85
*  MAPE B1SMUIJ 0.11
* MPE B8 -0.03
*  RMSE BISMUIGJ1 10,346.57
m.&.& 5:5.’5%‘3525 Holts” Method of Exponential Smoothing( HES )
MINN AN WP eSBIR U Holt's Method Exponential Smoothing (HES) 1110
& SSwisIMAGANIESTIBNS IBM IR WHSIRMBUES MIjmy:
e FiRNS Smoothing Level (L,) 1N Ujﬁﬁ smoothing coefficient (a)
Li=aYe+(1—a)(Ley + T — 1)
e FIRNS Trend Level (Ty) 1N [ijiﬁ:j smoothing coefficient ()
Tp=pULe— L)+ (A =P)Tt —1
o UIREUBMINNAIAN DTN p IGTHSIHN
Yesp = Le + pT:
iignnamulinn HES ulngginniy o« 84 g ughumss Sy
Solver {UASTYI Excel 9 UGRIVISMIHANSIMY Solver MSUPNMENMNNG m.om (8

D)

iginlguaggs v.v)4

0

MBUGRUISMIIANIMY Solver iSIHHAYIR Excel MSUNMB Alpha= 0.99 84
Beta=0.11NMEGIH U mMsHUWwMPmAFR MmN Igits :‘Iﬁiﬁj@jmsmﬁtﬂﬁfjﬁ"l

Safjn: m &0s 84 v joa ot NGNS 1 i) AgAN
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>

mni§m.9c: MINAINMASANUMBEIRIUHES
Year IBM Revenue ($B) Lt Tt Forecast et ew |et] [et//Yt et/Yt
2001 85,866.00 85,866.00 - 85,866.00 - - - - -
2002 81,186.00 80,949.55 (528.42) 85,866.00 (4,680.00) 21,902,400.00 4,680.00 0.06 (0.06)
2003 89,131.00 88,735.81 394.95 80,421.13 8,709.87 75,861,810.58 8,709.87 0.10 0.10
2004 96,293.00 95,888.06 1,099.03 89,130.76 7,162.24 51,297,637.35 7,162.24 0.07 0.07
2005 91,134.00 90,874.45 380.24 96,987.09 (5,853.09) 34,258,656.90 5,853.09 0.06 (0.06)
2006 91,424.00 91,104.47 342.72 91,254.70 169.30 28,663.03 169.30 0.00 0.00
2007 98,786.00 98,370.67 1,067.59 91,447.19 7,338.81 53,858,134.59 7,338.81 0.07 0.07
2008 103,630.00 103,228.64 1,414.96 99,438.26 4,191.74 17,570,723.76 4,191.74 0.04 0.04
2009 95,758.00 95,512.07 353.94 104,643.60 (8,885.60) 78,953,879.96 8,885.60 0.09 (0.09)
2010 99,870.00 99,483.55 722.86 95,866.01 4,003.99 16,031,909.31 4,003.99 0.04 0.04
2011 106,916.00 106,478.56 1,356.35 100,206.41 6,709.59 45,018,604.73 6,709.59 0.06 0.06
2012 104,507.00 104,176.23 886.85 107,834.91 (3,327.91) 11,074,978.12 3,327.91 0.03 (0.03)
2013 99,751.00 99,456.20 234.36 105,063.08 (5,312.08) 28,218,202.10 5,312.08 0.05 (0.05)
2014 92,793.00 92,537.91 (547.59) 99,690.55 |  (6,897.55) 47,576,236.14 6,897.55 007 | (0.07)
2015 81,741.00 81,557.16 (1,638.16) 91,990.32 (10,249.32) 105,048,649.00 10,249.32 0.13 (0.13)
2016 79,919.00 79,641.13 (1,575.92) 79,919.00 0.00 0.00 0.00 0.00 0.00
2017 79,139.00 78,853.33 (1,402.61) 78,065.21 1,073.79 1,153,034.75 1,073.79 0.01 0.01
2018 79,591.00 79,293.31 (1,125.71) 77,450.72 2,140.28 4,580,818.77 2,140.28 0.03 0.03
2019 77,147.00 76,888.76 (1,199.87) 78,167.60 (1,020.60) 1,041,633.06 1,020.60 0.01 (0.01)
2020 73,620.00 73,384.29 (1,380.10) 75,688.90 (2,068.90) 4,280,332.38 2,068.90 0.03 (0.03)
2021 57,350.00 57,294.10 (2,883.56) 72,004.19 (14,654.19) 214,745,170.56 14,654.19 0.26 (0.26)
—m (21,449.62) 812,501,475.09 | 104,448.86 1.23 (0.36)

{Ufifs Excel Output

jumngm. s muuinmAsanushiiagh Sadapmuisminpminnmudisn HES
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{UAN$ Excel Output

"no

v

Thanjegheoii iyl HES MISHBIM MSE, RMSE, MAD, MAPE & MPE

mnudm.ods mmﬁ'ﬁiﬁnﬁaﬂﬁsﬁﬁhﬁﬁﬁMHEs

Forecast Error Measures

MAD = Z"lérjlﬁd MSE = &;(—ea MAPE:EELE’J’TEM‘ MPE =§Téz(fﬂ£ RMSE = Z??ei
5,222.44 40,625,073.75 0.06 (0.02) 6,373.78
{UfiNs Excel Output
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al b b

mui:mnig m.oc mﬁm”jtjg]mnﬁtgismmﬁ'jmﬁg]ﬁmﬁ'jﬁiﬁm HES iirumnes
*  MAD BISIUIJ 5,222.44
« MSE MISIUIEH 40,625,073.75

e MAPE msmﬁ;ﬂh 0.06

MPR msmﬁ;ﬂﬁ -0.02
e RMSE msmﬁg]a 6,373.78

4

n&

Bt Autoregressive (AR) BeubjfuURITGMINNAINNISIUESS Time Series 156U

§SR5 Autoregressive (AR)

v

018 16 g S5 (Data Pattern) iGMEN I WIS BIRUNNAINNIEMSIGIGMU (o) 9 MIBANG

GEUIS AR Bpgimsimaighicd Pattern IS Partial Autocorrelation Function (PACF) FItiS: it
Minitab*] SUNRHEBIS SIS ifARNHMGIS AR iRBRUAENTMINNAAN G gSuisia
SANUIBRSTIBUNS IBM itBhpaiminnns Skims PACF Musiis
n.&59 MIFARNHEBISIRBISRS AR &% Partial Autocorrelation Function
Partial Autocorrelation Function (PACF) IERUEItNSITauinG UEMARTGIEN AR B e
ity pGgstigs ShpimsAnNMBMADMAIALIR Minitab BNSAUG RIETMNRSRIMES

fMNISM.99¢ Partial Autocorrelation Functions

Partial Autocorrelations

Lag 1 2 3 4 5
PACF 0.690594 0.02753 0.051032 -0.048054 -0.190807
T 3.16 0.13 0.23 -0.22 -0.87
{Uff<Minitab

iuman §M.Cs Partial Autocorrelation Functions (PACF)

Partial Autocorrelation Function for IBM Revenue ( in Billions USA)
(with 5% significance limits for the partial autocorrelations)

Partial Autocorrelation

{UANE Minitab
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MU UGRIZMI 1WHAN PACF Syis] Lag 1 Myl wWiwis! Lag ugugItiy
AANWSHIYYGI Sy g Wiwmsmiygimuag §ois: ilhmsu§hsmss gt

Autoregressive HE1SEINT 9 AR(1)4

n&Eab 5%%‘&’525 Autoregressive BEIBR9 AR(1)

ENWNMIFIMEMIUATTNW BhuidimasEnn PACF tiiu§hsmst §gsw

ISIMAGANIILETBUNS IBM MR Autoregressive FUENT9 AR(1) RIS S AGSH

ihEgisHISIIIFING Yt 84 Y(t-1) 1815088 SWw Time Series

JUYS Autoregressive model ENUEHW AR (1) 3

u

Ye = Bo+ P1Vi-1 + &

mnudm.ons mnlANNGRYY-lagged ARGIRVAR()

2001 85,866.00

2002 81,186.00 85,866.00
2003 89,131.00 81,186.00
2004 96,293.00 89,131.00
2005 91,134.00 96,293.00
2006 91,424.00 91,134.00
2007 98,786.00 91,424.00
2008 103,630.00 98,786.00
2009 95,758.00 103,630.00
2010 99,870.00 95,758.00
2011 106,916.00 99,870.00
2012 104,507.00 106,916.00
2013 99,751.00 104,507.00
2014 92,793.00 99,751.00
2015 81,741.00 92,793.00
2016 79,919.00 81,741.00
2017 79,139.00 79,919.00
2018 79,591.00 79,139.00
2019 77,147.00 79,591.00
2020 73,620.00 77,147.00
2021 57,350.00 73,620.00

{UfiNs Excel Output
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ﬁj‘@[ﬁ% Y lagged (Yus) MHIGMANG] (Independent Variable) fﬁﬂijiﬁﬁﬁﬁi’gﬁS
GgSwFIn (BUMNIEM.9c FHgUIESY.M)
JUMNEM.&2 HNIMUGANGIS Y. 88 Yy AUENUMINNRINMBEIR AR (1)

Scatter Diagram iSYt 8 Yi-1 eu{ i
ONAINNEMBHIEU AR (1)

110,000.00
o @ .,.
100,000.00 ed o
® .%
™ s _®
90,000.00 L .
.
80,000.00 __..-.-"ic e
°
70,000.00
£0,000.00

50,000.0(60,000.0070,000.0680,000.0®0,000.0000,000.0010,000.00

{UfiNs Excel Output

mnudm.o8: MNUgRAISMINNRINNMBYINL AR(1)

SUMMARY OUTPUT
Regression Statistics
Multiple R 0.85
R Square 0.73
Adjusted R Square 0.71
Standard Error 6703.16
Observations 20.00
ANOVA
df SS MS F Significance F
Regression 1.00  2180643634.13 2180643634.13 48.53 0.00
Residual 18.00 808782642.07 44932369.00
Total 19.00  2989426276.20
Coefficients _ Standard Error i Srat P-value Lower 95% Upper 95%  Lower 95.0%  Upper 95.0%
Intercept -6433.46 13778.49 -0.47 0.65 -35380.99 22514.06 -35380.99 22514.06
Y-lag 1 1.06 0.15 6.97 0.00 0.74 1.37 0.74 1.37

{UANS Minitab
muimnhugiuauut  goigalumnimin§hsms®  wSminprnnis
SANUTURIHBU)SHS ¥ = —6433.46 + 1.06Y-lagged 16U Y SUTNANSANUNSANSISI

§ (1) Wi Y-lagged MFIF (t-1)91 MUILL:HY R Square & Y-lagged MGASIAGANMISIH

& () S 73%
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a >

mNi§Mm.vos MINNARINNIMAGANUMBEIE AR(1)

Year IBM Revenue ($B) Forecasted Revenue Residuals et2 le| let] /Y, [WAA
2001 85,866.00
2002 81,186.00 84,188.51 (3,002.51) 9,015,065.59 3,002.51 0.04 (0.04)
2003 89,131.00 79,249.29 9,881.71 97,648,143.32 9,881.71 0.12 0.12
2004 96,293.00 87,634.35 8,658.65 74,972,171.59 8,658.65 0.10 0.10
2005 91,134.00 95,193.04 (4,059.04) 16,475,838.33 4,059.04 0.04 (0.04)
2006 91,424.00 89,748.30 1,675.70 2,807,985.19 1,675.70 0.02 0.02
2007 98,786.00 90,054.36 8,731.64 76,241,568.01 8,731.64 0.10 0.10
2008 103,630.00 97,824.13 5,805.87 33,708,159.81 5,805.87 0.06 0.06
2009 95,758.00 102,936.43 (7,178.43) 51,529,831.51 7,178.43 0.07 (0.07)
2010 99,870.00 94,628.41 5,241.59 27,474,252.53 5,241.59 0.06 0.06
2011 106,916.00 98,968.17 7,947.83 63,168,032.25 7,947.83 0.08 0.08
2012 104,507.00 106,404.43 (1,897.43) 3,600,256.79 1,897.43 0.02 (0.02)
2013 99,751.00 103,862.00 (4,111.00) 16,900,352.02 4,111.00 0.04 (0.04)
2014 92,793.00 98,842.58 (6,049.58) 36,597,380.27 6,049.58 0.06 (0.06)
2015 81,741.00 91,499.18 (9,758.18) 95,222,171.68 9,758.18 0.11 (0.12)
2016 79,919.00 79,835.03 83.97 7,050.45 83.97 0.00 0.00
2017 79,139.00 77,912.12 1,226.88 1,505,245.64 1,226.88 0.02 0.02
2018 79,591.00 77,088.91 2,502.09 6,260,441.48 2,502.09 0.03 0.03
2019 77,147.00 77,565.95 (418.95) 175,517.51 418.95 0.01 (0.01)
2020 73,620.00 74,986.58 (1,366.58) 1,867,538.21 1,366.58 0.02 (0.02)
2021 57,350.00 71,264.22 (13,914.22) 193,605,639.88 13,914.22 0.20 (0.20)
0.00 808,782,642.07 103,511.87 1.18 (0.01)

{UfiNs Excel Output
UMY ﬁm?ﬁmlﬁgmiﬁmmtgﬂﬁisﬁﬁﬁm AR(1) HISHGI MSE, RMSE, MAD,

MAPE 841 MPE 1g1iB{mASAN U HBUIS 1BM

U]

MNAGMm.Wos Mk fﬁiﬂjﬁgjﬁiﬁmmﬁﬂj AR(1)

v

Forecast Error Measures

n_ n_ o2 n 2 2
MAD = &:%let_l MSE = Zt-;(et) MAPE= Zt—llnetl/yt MPE = ZE1(113;/Y;) RMSE = Zntjlj ef
5,175.59 40,439,132.10 0.06 (0.00) 6,359.18
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= >

muit:mnag m.oc swibuinmiiig ‘smsﬂmmtﬁ]hmmmum AR(1) ifUtns:

« MAD msmﬁg]ﬁ 5,175.59

e MSE msmi;ﬂﬁ 40,439,132.10
« MAPE msmﬁg]a 0.06

« MPR msmﬁg]ﬁ -0.00

« RMSE msmi;ﬂﬁ 6,359.18 I

= o L] Y

.5 FssSasiiasSicRsiemMmInRaRn

UQUAmSImiHSImsMINNAINN iSRS ujﬂzwmﬁjéﬁmmﬁ'ﬁiﬁmmjﬁﬁjlmﬁﬁ

1 0N v

J "o o

imugig: ig:timsuy iwtﬁsmgmﬁi}jUmt]ijmtﬁjmsmﬁmsawﬂ iBfigmmEe

a v

o [

feuBis IR UBIRUUNRIE YNSError NUGHE

hIURGIGE mimj]ima]ijmi;ﬂﬁ%ség BUNNAIN ACM, RCM, DMA, DES, HES, AR(1)

MAD MSE MAPE MPE RMSE
Absolute Change Model (ACM) 6,038.21 57,264,865.68 0.06 (0.01) 7,567.36
Ralative Change Model (RCM) 6,091.05 57,171,683.06 0.07 (0.01) 7,561.20
Double Moving Average (DMA) 6,997.15 66,303,930.63 0.08 (0.03) 8,142.72
Double Exponential Smoothing (DES) 8,568.44 107,051,551.85 0.11 (0.03) 10,346.57
Holt's Mehod Exponential Smoothing (HES) 5,222.44 40,625,073.75 0.06 (0.02) 6,373.78
Autoregressive Model (ARM) 5,175.59 40,439,132.10 0.06 (0.00) 6,359.18

{UfiNs Excel Output

0

unwip|uiudisuanrnngindeied tbhaabns gk AR( nsuig

Bl

MSE, RMES 811 MAD gGthitia S18jitiaeu§hsmses Gk AR(1) AhEik g ik

v n

piFEfwnsm§minprnnisiGimAS UGBS 1IBM iSiglugtig«
m.ad msgaaSaBsgerpsimsinasig)e

iBgfIGwngine AR() iginprinnimAtansiHnEmS Silygjugnuis
minpRINNMSMNAvEiMcsguwRms oimsaiBmsmigaifnisiubngean
oYmtisiglig ugeansimsisugluuagiim AR (1) upess

. ﬂj‘iﬁ:]ﬁ (Residuals) [FINSMAQNTEING (Normality)
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. mi,ig]tﬁ (Residuals) it SNIHINSHIGISHAIM (Homoscedasticity)

. mﬁg]tﬁ (Residuals) fgtwgliglywg) ANSMANANG] (Independent)
> ingfifmainmaaniinng (Normality) Esmﬁgz]a (Residuals) itDi{5iz
9. ﬁjﬁﬁﬁ%’[ﬁ‘lﬁ ( Histogram) %Sﬂjﬁjtl’c& (Residuals)
V. AORENMBGANG 1V NSHRULNMY 5 ﬁﬁgﬁﬁmismﬁajmﬁg]ﬁ (Residuals)
m.ﬁj«t'il[,miﬁﬁmmsﬁﬁjmﬁﬁ?ﬁjmﬁajﬂjiﬁ]ﬂ (Residuals) HAJHIEISMNENN (Time
period) iﬁﬁjif;iﬁfgmiﬁmtgi:]h (Residuals) B1SMANANGUIG

jumném.9os Hrimuis ﬂjiﬁ:]ﬁ (Residuals) JUFSHIH U AR(1)

Histogram
(response is IBM Revenue (SB))

Mean 4.365575E-12
StDev 6524
N 20

Frequency
—- [l N
s & 5 in b4

o
w

g

15000 -10000 -5000 0 5000 10000 15000
Residual

{uAns Minitab

umn§m.99: gpimusancinuugl 84 sigapminn

Residuals Vs Forecasted Revenue

15,000.00

10,000.00 ®
(1] e
5,000.00 o®
% ®
oY
20,000.00 40,000.00  60,000.00 se,ooo‘go 100,000.08 120,000.00
(5,000.00) LA
[ ]
®
(10,000.00) °
(15,000.00) L
(20,000.00)
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JUMNEM. 9V MUUHHINY ﬂjﬁ;j‘]ﬁ (Residuals) 829160 (Time)

-5000

-10000

-15000

Residuals Vs Time Observation

==@==Time Observation ==@==Residuals
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FINANCIAL HIGHLIGHTS International Business Machines Corporation and Subsidiary Companic

(dollars in millions except per share smounts)

2001 2000
Revenue § 85,866 $ 88,396
Net income § 7,723 § 8,003

Per share of common stock:
Assuming dilution § 435 S 444
Basic S 445 S 458
Net cash provided from operating activities $ 14,265 § 927
Investment in plant, rental machines and other property $ 5,660 § 5616
Cash dividends paid on common stock § 956 s 909
Per share of common stock § 055 § 051
0 e
SBRBEER 9.9
=D
¢ a o 0% ~ o
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}."illaI]Ciﬂ] nghllghtS INTERNATIONAL BUSINESS MACHINES CORPORATION and Subsidiary Con

(8 in millions except per share amounts)

FOR THE YEAR 2002 2001

Revenue $ 81,186 $ 83,067

Income from continuing operations 5,334 8,146

Loss from discontinued operations (1,755) (423)

Net income 3,579 7,723

¢

Financial Highlights

INTERNATIONAL BUSINESS MACHINES CORPORATION AND SUBSIDIARY COMPANIES

(§ in millions except per share amounts)

FOR THE YEAR 2003 2002
Revenue $89,131 $81,186
Income from continuing operations 7,613 5,334
Loss from discontinued operations (30) (1,755)
Net income 7,583 3,579
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FINANCIAL HIGHLIGHTS

FOR THE YEAR 2004 2003 AT 2004 2003

Revenue $ 96,293 $ 89,131 , cash equivalents and

Income from continuing operations 8,448 7,613 marketable securities $ 10,570 B

Loss from discontinued operations 18 30 Total assets 109,183 104,457

Net income 8430 7.583 Working capital 7,172 7.039**
R . Total debt 22,927 23,632

2EeBSS 9.8
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STRESFIRNINENSHIBTIPAR{HBLS IBM §3 D00&

Financial Highlights

{Dailars in millions except per share amounts)

FOR THE YEAR 2008 2004
Revenue $ 91,134 $ 96.293
Income from continuing operations 5 7,994 5 7497
Loss from discontinued operations (24) (18)
Income before cumulative effect of change in accounting principle 7.970 7.479
Cumulative effect of change in accounting principle™ (36)

Net income $ 7834 5 7479

FINANCIAL HIGHLIGHTS

INTERNATIONAL BUSINESS MACHINES CORPORATION AND SUBSIDIARY COMPANIES

(Dollars in millions exceps per share amounts)

FOR THE YEAR 2006 2005
Revenue § 91,424 $ 91,134
Income from continuing operations 5 9416 $ 7,994
Income/(loss) from discontinued operations 76 (24)
Income before cumulative effect of change in accounting principle 9,492 7.970
Cumulative effect of change in accounting principle** - (36)

Net income $ 9,492 $ 7,934
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Financial Highlights

18 in millions except per shars amounts)

FOR THE YEAR: 2007 2006
Revenue $ 98,786 $ 91,424
Income from continuing operations § 10,418 $ 9416
(Loss)/income from discontinued operations (00) 76
Net income $ 10,418 $ 9492

2BREER 9.6

feissie IBM §3 ©00d

v

SRS IR S HB S

Financial Highlights

($ IN MILLIONS EXCEPT PER SHARE AMOUNTS)

For the year: 2008 2007
Revenue $103,630 $ 98,786
Income from continuing operations $ 12,334 $ 10,418
Income/(loss) from discontinued operations - (00)
Net income $ 12,334 $ 10,418
v a
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Financial Highlights
(% in millions except per share amounts)
For the year ended December 31: 2009 2008
Revenue $ 95,758 $103,630

Net income $ 13,425 $ 12,334
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Financial Highlights

International Business Machines Corporation and Subsidiary Companies

(% in millions except per share amounts)

For the year ended December 31: 2010 2008
Revenue $ 99,870 $ 95,758
Net income $ 14,833 $ 13425
0 &
SBELRR 9.99
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9
Financial Highlights
International Business Machines Corporation and Subsidiary Companies
(% in millions except per share amounts)
For the year ended D 3t 201 2010
Revenue $106,916 $ 99,870
Net income $ 15,855 $ 14,833
Operating (non-GAAP) earnings™ $ 16,318 $ 15,023
¥ &
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¢ a o _0Y
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9
Financial Highlights
International Business Machines Corporation and Subsidiary Companies
($ in millions except per share amounts)
For the year ended December 31: 2012 201
Revenue $104,507 $106,916
Net income $ 16,604 $ 15,855
Operating (non-GAAP) earnings* $ 17,627 $ 16,318
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Financial Highlights
International Business Machines Corporation and Subsidiary Companies

(§ in millions except per share amounts)

For the year ended D« 3 2013 2012
Revenue $ 99,751 $104,507
Net income $ 16,483 $ 16,604
Operating (non-GAAP) earnings* $ 17,959 § 17,827
2BHLSR 9.9¢
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Financial Highlights
International Business Machines Corporation and Subsidiary Companies
(% in millions except per share amounts)
For the year ended December 31: 2014 2013
Revenue $ 92,793 $ 98,367
Net income $ 12,022 $ 16,483
Income from continuing operations $ 15,751 $ 16,881
Operating (non-GAAP) earnings* $ 16,702 $ 18,356
BB S 9.9
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Financial Highlights

International Business Machines Corporation and Subsidiary Companies

(% in millions except per share amounts)

For the year ended December 31: 2015 2014

Revenue $ 81,741 $ 92,793

Net income $ 13,190 $ 12,022

Income from continuing operations $ 13,364 $ 15,751

Operating (non-GAAP) earnings” $ 14,659 $ 16,702
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Financial Highlights
International Business Machines Corporation and Subsidiary Companies

(% in millions except per share amounts)

For the year ended December 31: 2016 2015
Revenue $ 79,919 $ 81,741
Net Income $ 11,872 $ 13,190
Income from continuing operations $ 11,881 $ 13,364
Operating (non-GAAP) earnings* $ 13,031 $ 14,659
BBRR 9.90)
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Financial Highlights
International Business Machines Corporation and Subsidiary Companies
(% in millions except per share amounts)
For the year ended December 31: 2017 2016
Revenue $ 79,139 $ 79,919
Net Income $ 5,753* $ 11,872
Income from continuing operations $ 11,881
Operating (non-GAAF) earnings** $ 13,031
v a G
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Financial Highlights
International Business Machines Corporation and Subsidiary Companies
($ in millions except per share amounts)
For the year ended December 31: 2018 2017
Revenue $ 79,591 $ 79,139
Net Income $ 8728* $ 5,753*
Income from continuing operations $ 8723* $ 5,758*
Operating (non-GAAP) earnings** $ 12,657 $ 12,807***
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Financial Highlights
International Business Machines Corporation and Subsidiary Companies

($ in millions except per share amounts)

For the year ended December 31:

Revenue

Net Income

Income from continuing operations
Operating (non-GAAP) earnings**

asasEes 9.00

|80 |6 |7

2019 2018
77,147 $ 79,591
9,431% $ 8,728*
9,435* $ 8,723*
11,436 $ 12,657
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Financial Highlights
International Business Machines Corporation and Subsidiary Companies

($ in millions except per share amounts)

For the year ended December 31: 2020 2019
Revenue 73,620 $ 77,147
Net Income 5,590* $ 9,431

Income from continuing operations

5,501* $ 9,435

Operating (non-GAAP) earnings**

28BS 9.09
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7,774% $ 11,436

SRS MIRNGINERSHIBSIHALIHBBIR B 3 o9

Consolidated Income Statement
International Business Machines Corporation and Subsidiary Companies

(% in millions except per share amounts)

For the year ended December 31: Notes 2021
Revenue
Services $29,225
Sales 27,346
Financing 780
Total revenue D 57,350
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Microsoft Excel 16.0 Answer Report
Worksheet: [2. Forecasting IBM Revenue (2022).xIsx]DES
Report Created: 6/23/2022 11:54:39 AM
Result: Solver has converged to the current solution. All Constraints are satisfied.
Solver Engine
Engine: GRG Nonlinear
Solution Time: 0.078 Seconds.
Iterations: 7 Subproblems: 0
Solver Options
Max Time Unlimited, Iterations Unlimited, Precision 0.000001
Convergence 0.0001, Population Size 0, Random Seed 0, Derivatives Forward
Max Subproblems Unlimited, Max Integer Sols Unlimited, Integer Tolerance 1%, Assume NonNegative

Objective Cell (Min)

Cell Name Original Value Final Value
SR$9 MPE (0.05) (0.08)
Variable Cells
Cell Name Original Value Final Value Integer
$SOS1 Alpha 0.166431757 0.136493911 Contin
Constraints
Cell Name Cell Value Formula Status Slack
$0S$1 Alpha 0.136493911 $OS1<=1 Not Binding 0.863506089
$0S$1 Alpha 0.136493911 $OS$1>=0 Not Binding 0.136493911

{UfiNs Excel Output
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Microsoft Excel 16.0 Answer Report

Worksheet: [2. Forecasting IBM Revenue (2022).xIsx]HES

Report Created: 6/23/2022 12:28:27 PM

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

Solver Engine
Engine: GRG Nonlinear
Solution Time: 0.188 Seconds.
Iterations: 16 Subproblems: O

Solver Options
Max Time Unlimited, Iterations Unlimited, Precision 0.000001, Use Automatic Scaling
Convergence 0.0001, Population Size 100, Random Seed O, Derivatives Forward, Require Bounds
Max Subproblems Unlimited, Max Integer Sols Unlimited, Integer Tolerance 1%, Assume NonNegative

Objective Cell (Min)
Cell Name
$CS$29 MAD Total

Original Value Final Value
5,298.95 5,222.44

Variable Cells

Cell Name Original Value Final Value Integer
SMS4 Alpha 0.988 0.987 Contin
SNS$4 1-Alpha 0.000 0.010 Contin
$0$4 Beta 0.138 0.107 Contin

Constraints

Cell Name Cell Value Formula Status Slack
SMS$4 Alpha 0.987 SM$4<=1 Not Binding 0.013269462
SNS$4 1-Alpha 0.010 SN$4<=1 Not Binding 0.990207433
$0$4 Beta 0.107 $0$4<=1 Not Binding 0.892519391
S$MS$4 Alpha 0.987 SMS$4>=0 Not Binding 0.987
SN$4 1-Alpha 0.010 $N$4>=0 Not Binding 0.010
$0$4 Beta 0.107 $0$4>=0 Not Binding 0.107
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MNSEM. 962 szsegje( Residuals )85 85$SR5 AR(1)

RESIDUAL OUTPUT

Observation Predicted Residuals Standard Residuals
1 84,188.51 (3,002.51) (0.46)
2 79,249.29 9,881.71 1.51
3 87,634.35 8,658.65 1.33
4 95,193.04 (4,059.04) (0.62)
5 89,748.30 1,675.70 0.26
6 90,054.36 8,731.64 1.34
7 97,824.13 5,805.87 0.89
8 102,936.43 (7,178.43) (1.10)
9 94,628.41 5,241.59 0.80
10 98,968.17 7,947.83 1.22
11 106,404.43 (1,897.43) (0.29)
12 103,862.00 (4,111.00) (0.63)
13 98,842.58 (6,049.58) (0.93)
14 91,499.18 (9,758.18) (1.50)
15 79,835.03 0.01
16 77,912.12 1,226.88 0.19
17 77,088.91 2,502.09 0.38
18 77,565.95 (418.95) (0.06)
19 74,986.58 (1,366.58) (0.21)
20 71,264.22 (13,914.22) (2.13)
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