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This paper deals with a study of forecasting techniques in rubber tube
manufacturer company. That company selected to be a case study. An objective of this
paper is to study a forecasting data to analyze the economic purchase order and using
its way to develop purchasing policy of the company. By using historical data from
January 2015 - June 2018, total 42 data set are the data base for analyze the
forecasting technique. The 4 techniques were used are 1. Moving average 2. Single
exponential smoothing 3. Double exponential smoothing method and 4. Winters’ Method
then finding the minimize of standard error by Minitab.

The final analyzing method by using Minitab found that standard error from
Winters’ Method is less than other techniques. Then use this technique to process
material planning the results of MAD, MSE, MAPE are less than the result from
production. Finally, the result from this study could reduce the gap between actual
purchase order and forecast from 9.97 % to 5.35 %, The forecasting of purchasing

would be accuracy.
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uq: d' 1 1 o =S r_ql/ 1 o 1 dl a 4:3/
NINMIINENInl g lun1sdnwsas livindadsanudanataslalsniIniaam
LN WENVBINATANEINTTE

2) AMLaREANUAANAIAFNYIOL (Mean Absolute Deviation, MAD)

MAD = ——Z|X‘ i
n

Wwnafianiannuudndlaguidgnunaiediadonnuianaa

I(ﬂ HNIININITHIATULANGNILDAN mnsrﬁﬁ'umam’%ah leiiﬁﬂﬁdﬁam%wmﬂ
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3) ALafgANNRANIIATNAIRS (Mean Square Error, MSE)

Wwnefieniannuudniilasuilynunaindaisanuianaia
lagmsNassnaNuLanaNgaaneINItiNLsanasslasdsaniadses

4) THRZUDIANNAANAALARE (Mean Percentage Error, MPE)

Wumafinfiaanuuduilagiaanufanaafisudniasas
5) @hmﬁwaa%’aﬂazmmﬁ@wm@é'm%mﬁ (Mean Absolute Percentage
Error : MAPE)

iinaiaNnIaa N nglaus 1w T 088z A NURANAIA LI IWENNI0G
TagliditadanIasnany @ laen LaadInanakwlaNNwlnil 1% o1 MAPE = 5%

LRAITUNARATILRDNTANNAAWAIA LWNIINENIDIL RS TaEAE 5

AN NN 3 NNTIAAMNUNWE L UNITNENN TR

8
5 6 7 Y
3 4 I8YaTAN
2 : CleRtY GleRtl Sagazana =
1 e A aNa - = NANAIA
& A9 P HANAA HANAA AANAIR .
AN WIINIh | HAWAIA . . e GERTE
X, GEVSTRRS navFay (X¢ —F¢)
F( X(_Ft “ 2 B el |xt _Ft|
IX,~ (X,~F) Xt X100
Xt
1 22 24 -2 2 4 -9.09 9.09
2 23 28 -5 5 25 -21.74 21.74
3 39 32 7 7 49 17.95 17.95
4 37 36 1 1 1 2.7 2.70




A13197 3 MyiaanuLaing lunIwensel (se)
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8
5 6 7 Y
3 4 308a2ANN
2 : AN RNty JopazAw -

1 VoA A A - - HANAIA

& 4 A1939 e | a HANAIA HANAIA HANAIA .

ATIN NLINTD HANAIA v . e GEGTRL!S

X GEGTRIY N1aI&D9 (X¢ —F¢)
T N e
[X,—F (X,—F) Xy X100
Xt
5 38 40 -2 2 4 -5.26 5.26
6 47 44 3 3 9 6.38 6.38
7 43 48 -5 5 25 -11.63 11.63
8 49 52 -3 3 © -6.12 6.12
9 59 56 3 3 9 5.06 5.08
10 63 60 3 3 9 4.78 4.76
I 0 34 144 16.96 90.72
d' [ [ 6 6 n: o Aa 61 a
NU1 © BIRIN IBNIHY. (2557). NITNUINIWLNDNIIAAAK AINIDIND.
wi 21.

MIUSEULAUNARANITNENNSRNULN I NITLRANINA A

1) vepznanlglunmswennsatldanamei

é’ﬂwmwaa{l’aga
PRAVDILNATA

)
)

4) dlgane
) AU
)

i s

2.7 mIwgnnIannaiaiglIano

WITWA LALAe W (2549) lana1nils tnafianisweinsabdsvSanm 40

A Ao v v a 2 6 a 6
Lﬂ%tﬂﬂ%ﬂﬂ@]ﬂdl“ﬁ%@%}ﬁlua@@l NW&S’]GEULLUHﬂ’]iWUWﬂim Iugﬂmaaaumiﬂm@mam

(7
o o (2 a

Y Cg’ ] Qs v 1 o v {
@auummgﬂmawaamﬂuﬂmsw BN IO ﬁlzﬂnuag ﬂiJﬂ’)’]&lQﬂ@i’NLLN%E]’]‘IIGG“IJHH&ﬁﬁ

=

U

14 @”&3ﬂﬁl 3

| a M o A a & <
28l LLﬂsz%ﬂqiﬁvL@&nsﬁﬁillLLUUTaﬂﬁNﬂqiﬂ’Nﬂm@ﬂqa(ﬂig I@&l“ﬂu@lauﬁladmiw Enﬂsfliﬂ'g 9
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1. ﬁﬂﬂﬁﬁﬂmmni@gaﬁﬁaawmﬂ'mi Ifansuzasdls (MuSey wwalidy
99ma) uddavihnsusistoyaid 2 dw fa danvesmanenItiudidunnasou

AL EN

2. ianmadianennsnl

i

3. Mnuad Loy (Intialization) AUTAYAFIWIIN

s

4. nmangnnsatlaslsdayadauuan suamanensatlduSouifisunudayadiu

71 2 WanagauaNuuingl tawd MAPE MAD

s

5. ﬁwﬂ%’uﬂ;amwwswﬁmaﬁﬁaﬁummﬁﬁﬂﬁmiwmﬂitﬁuu’uﬁﬂ

C

° 6
6. MNIINLINITH

A & &
EIJ‘Y] 3 YU AUVBINIIWLINI

A > @ & ¢ o o A a
NUT : BIRIT AUNIDNE. (2557) ﬂ’li‘wEl'lﬂimtwaﬂ’limﬂ’d%slfﬂﬂ'ldﬁq‘a‘ﬂ%.

#107 69.

2.7.1 itnadaaafsnaaunagieing (Moving Average)

wetatdummiieayalusdaundwihminmng fiu iiawennaat
=2 o o AA o AV A ' o
luwamwiaa GInINzALL agaﬂuaﬂwmzﬂmvlu LAswIRINN UG A9 I@ﬂqmmimmm

>

Ao &
ENIOINAZY

X, + X, +.+X

F _ t—n+1
t+1 =
n
lag  F, = @ wenIsohbwdnad t
X, = dayalwied t

n = IWIRIANVYIMIEIA LA



A A oA A A _
@130 4 Lhakaalanginaawnae1ddng (Moving Average)

13

No. Data AVG 3 Time AVG 5 Time
1 100
2 120
3 100
4 120 107
5 110 113
6 130 110 110
7 150 120 116
8 140 130 122
9 150 140 130
10 120 147 136
11 130 137 138
12 140 133 138
13 150 130 136
14 160 140 138
15 110 150 140
16 120 140 138
17 100 130 136
18 140 110 128
19 120 120 126
20 130 120 118

180

160

140

120

100

80

60

1.2 3 4 56 7 8 91011121314151617181920

el ACTUAL @i =3 e=@emp-="5

U7 4 mawensaldnsnaiia Moving Average (n = 3 Uaz n = 5)
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MIINAN VLN

n=3 n=>5

MAD = 17.45 MAD = 15.76
MSE = 422.88 MSE = 360.47
MAPE = 13.73% MAPE = 12.31%

2.7.2 S masussusuud nluuniB et nitenIaLa e (Single Exponential

Smoothing)

uniswdnadauuuasimtn aroiimin o0 Nlvanuding
maﬁagmamﬁhq@mﬂﬁq@ Lmzfﬂ”agamm'ﬂ'waan"[ﬂam%é’uiué’nwm:meﬁﬂIﬂLuu
A PRpps ¢ o o o AA o A 0 o A i
VI8 aﬁumm:mmwagamaﬂwmzmimaaﬂmaQ‘meum‘n (Horizontal Data)

° % & a 6 A a 6 A
Lﬂ&l’]Zﬂ&lfSﬂ%iﬁJﬂ'ﬁWf.l']ﬂiﬂﬂuﬁ&ﬂ::ﬁ% (NI LN m@gga. 2551)1@]8@3@]3?’]’151/‘18’1715‘5% fa

N Fu1= Fy + OU(X-Fy)

W30 Fuq= OXH(1- QF,
lagldanann
Frog = 0L+ OL(1- OU)Xyi+ OL(1- OL)2X,p* ... (1= OLNF e,
lag 0 < o0 <1
lag F, = fnennioilalniai t
K= ﬁwaﬁagahamﬁ t

o & A &
QINAZY 2 Xt = Ft = ﬂ'J']NN@Wﬂ']@I%ﬂW?WU']ﬂim

v A ad A A
VaNVIID Exponential Ad

v Ao v (3 A o v 6€a A
1) “Ilﬂﬂﬂ“ﬂ"ﬂ’]Lflu(ﬂadLﬂULWQ%WNWIﬁWUWﬂimeWEl\‘i 1497@

2) ininflgnudeyaluadadrinu dayanlnaandagiuuinazli

ﬁﬁﬂﬁfﬂﬁﬁﬂdﬁﬁagaﬁlﬂﬁ”umagaluﬂm;ﬂ'u

v
J = o ' =S

A o A A A 1 o A 0 v s o
Taafien oL Janadue 0 A9 1 TR O NUANAIIN W NARI LA sinIbNVad

v

maga‘tuaﬁm@mﬁ'u



A9 5 @1 O ﬁLL@m@mﬁ'uﬁwaaﬂﬁﬁmﬁfﬂmaﬁaga’tuaﬁmmﬂ”u
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WnNT

e @ o =0.2 =04 o =0.6 o =0.8

JALNY
X, 0.2 0.4 0.6 0.8
Xes 0.16 0.24 0.24 0.16
Xio 0.128 0.144 0.96 0.032
Xia 0.1024 0.0864 0.0384 0.0064
Xos (0.2)(0.8)4 (0.4)(0.6)4 (0.6)(0.4) (0.8)(0.2)4

3 1 1 :l) 9/:/ a o d v -~ b v & 1
LA A1 O ma:slﬁmvmﬂmawagaﬁlnaﬂm}uuuaEJ PILATIAN

0 O ﬁ'ﬂ'ﬁgwﬂﬁﬁmﬁfﬂ"ﬁaQasl,ﬂa”ﬂagu“umn

17199 6 AN sUsuSBuuLLLEn I unuiTaat11ii9a39 (Single Exponential Smoothing)

AINEINTOL (Ft)

AL I (Ft)

No. Data
a=0.1 a=0.9
1 100
2 120 100 100
3 100 102.0 118.0
4 120 101.8 101.8
5 110 103.6 118.2
6 130 104.3 110.8
7 150 106.8 128.1
8 140 1111 147.8
9 150 114.0 140.8
10 120 117.6 149.1
11 130 117.9 122.9
12 140 119.1 129.3
13 150 121.2 138.9
14 160 1241 148.9
15 110 127.6 158.9
16 120 125.9 114.9
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{ A o = & = & . . .
7197 6 M IUTUSpuLLULEn I unBaagIwilense (Single Exponential Smoothing)

Q)
AINEINTOL (Ft) AINEINTOL (Ft)
No. Data
a=0.1 a=0.9

17 100 125.3 119.5
18 140 122.8 101.9
19 120 124.5 136.2
20 130 124.0 121.6

180

160

100

80

60

40

1 2 3 4 5 6 7 8§ 9 30 11 12 13 14 a5 16 1F 18 19 20

e ACTUAL —e G WEINSAL = 0.1 ==@mmgawpinsal a=0.9

Eﬂﬁ 5 NMswennIatlasnadia Single Exponential Smoothing

MIIAAMULA N

=01 =09

MAD = 18.79 MAD = 17.25
MSE = 498.95 MSE = 418.39
MAPE = 14.08% MAPE = 13.96%

2.7.3 3 msusuSsunuudnldunuibsadiaadndd (Double  Exponential

Smoothing Method)

a & v v Aa o
Wwnakhanisn mﬂimmmm:auﬂwaga‘ﬂmnwngﬂ wuuLn

v 1 A a 1 1 ad et a 3
LL%’JI%&]E]EJ'N&IY]?I‘YI’]GLL@]VLNLﬂuQﬂﬂ’]a N3N mmrﬂ@ 2N TUTULI LYY LﬂﬂI‘.LJLLWl«I:

a & & \ o ok A a aa X A
Lmﬁasﬁqaaﬂﬂiﬁﬁ]‘:ﬁ?ﬂﬂSUﬂqWUqﬂﬁmﬂ%Tuﬂiaad Lﬂuvlﬂ@l’mlLLu’mﬂWN I@Iﬂ?ﬁﬂ’]ﬁu'ﬂzu
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A A o o o o 2 A o o o a L =
matAwdasngnsuuw liudn I lusuns dedrasigmsouwalidn Sonden B laad

' . \ ' A
dvas B azaglutrrznigudiamie 0 < B < 1)

& A
BRNIPANEIN]

Tasf

N ’FNNITVDINITUTZNIIZAL
Si = OX;+ (1-OL) (Seq + by)
UM IVaIN Uz N e Letw

b = B(S: - Sei)+(1- B) by

6 ad t a =3 IS) g’
I@]Uﬁ&lﬂ’ﬁ“ﬂ AINNIWNIULULATUTULID UL UY LaﬂI‘ﬂ LWL NN

Fiem = a; + b(m)

Fum = enwgnnsoifiandaly

S, = emidizanmrzau

o = sasfiswsumIdsuseu 0 <o < 1)
X, = fsenafive t

B = easfidmsuumlin 0 <P <1)

by = ensdsanauwliyt

m = FaIMINNIBluemA

a13199 7 A5 IUsuiSsuuuuenlUuuwnioadsnaadnse (Double Exponential Smoothing

Method)
No. Data S, b, F...= a,+ by(m)
1 114 114.00 8.00
2 122 122.00 8.00
3 129 129.30 7.94 130.00
4 111 132.39 6.34 137.74
5 187 138.38 6.34 138.73
6 139 143.49 5.90 144.61
7 115 142.51 3.83 149.39
8 129 142.87 2.79 146.34
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17197 7 35msdsuiSsuuuudnluuuniBoadiaadnss (Double Exponential Smoothing
Method) (¢i8)

No. Data S, b, F...= a,+ by(m)
9 130 142.53 1.85 145.66
10 144 144.31 1.83 144.50
11 135 143.91 1.16 146.14
12 167 149.45 2.45 145.07
13 165 154.55 3.26 151.93
14 154 157.04 3.03 157.81
15 166 161.26 3.39 160.08
16 174 166.52 3.95 164.65
17 183 172.97 4.70 170.47
18 180 178.14 4.84 177.67
19 190 184.35 5.26 182.95
20 195 190.72 5.58 189.65

210

190

170

150

130

110

90

70

50

4

5

6 7 8 9

== DATA

 AVAValN

10 11 12 13 14 15 16 17" 18 19 20

= FORECAST

gﬂﬁ 6 NMIneNTatlagmnaiia Double Exponential Smoothing Method

MR OL = 0.2, 3 =0.3

MAD = 10.85

MSE = 201.80

MAPE = 7.84%
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2.7.4 ﬂ'ﬁ‘WUWﬂifﬁﬁ?&l’?%ﬂ"ﬁLLUUﬂ@ﬂ?ﬂ (Winters' Method)

AUNITIH I LAF3 (2547) Lena1de Winters' Method tJuinafia
& A o o AA o o . A A
nmansnsoiiwenzaniudeyandansmzgduuiduuuwi livadrafiianuazidu
ada & YR &aa P o o o &
nama mynensatlasitiuaefazlidnensainduiloununsdsuisouanlduuu
a o < ) A o v 1A A A oA € o o A
\Huadnaedndy udaziiteldidIaufiiiands fa sunsnwensninudayaniduggnia
wIauuUUWITiANTg wianasaduuy uazlddnmdszininnlumaneniniuuuge ves
auuunsaanasuuuned lasldauuy FSARIMA  Laz3528931tA03 HANIINARDS
waadlAAnIN NiresddldTERnsa N liuandrsnuanainaet MSE wazisn1Iwennsain
a Aa A A 6 = 6 v Aada 6
fszEnEnwannigaaanmy MAPE da mIwennItiansIdiuiaes
nmangnIaleITInneiazdadlddayaataies 2 nania uaz
axdiyluuunsznaudis 3 daude dauveIn Uity (S), dmvaduualiy (b), uaz
§IuB2I09Na (1)t laingadzasdrainisnensallunIuineInu azsnilaununns
YsuSoudnluunwduadiaadnis (Double Exponential Smoothing) UeiazlANANINANTENG 9
wndeeainingasnungmanvetiie
unafiamanenisinuinznuteysfiiduumalduuszggnia
[N eaa A o Aaa ) " | Ao A
lagazlidnswensainawmilaunuisnns Double Exponential Smoothing LL@zdVAN
dnirda sansnwenIsinutayaiidungmia wiauuuifian1s wieniseduuy
nangnIaldsimaiinininaiazdasldtayaainaion 2 nana
A A ) ' A ' o A ) o ]
wazlisdunufidsznaudis 3 daufie dauveInsUTBToy duvasuwaliy uazdiuual
~ o g
noma lapazligunisaadalud

[ - =1 X
fSnIunIlIuiey ; S, =+ OL—— (1- OL)(S¢4 + by)
I

t—L

gnsumarhlaiduuwalsiy ; b, = Y(SeSer) + (1- Y)bes

V ) v X
fnTuilwidungnia ; = PB—+1-B) I

t

AIBUFNNINEINTIAD ;. Fram = (Setby Mo



ANT197 8 ANMINENNIRG83TANT (Winters' Method)

Tasn

= T1VDINGNA

1 Q =}
= @a1nsydsuissy

= armvdszan ELLLL%’JIﬁ&J

= gmsdsznnmngnis

= @eInNanIuNIUILISe (0 < oL < 1)

= dasndwsuumaliiy (0 <y < 1)

= fasfidmnIungna (0 < B<1

= AIFINANLIAN t

= PRIAININN ﬂiﬂﬂ%ﬂ WIAG

No. Data S, I, b, F,

1 326 0.95

2 347 1.01

3 389 1.14

4 307 307.00 0.90 8.75

5 344 320.29 0.96 9.21

6 368 332.84 1.02 9.54 332.80
7 448 347.56 1.15 10.06 390.31
8 349 360.76 0.90 10.37 321.86
9 426 378.18 0.98 11.08 356.28
10 462 395.49 1.04 11.70 397.05
11 524 411.96 1.16 12.18 468.27
12 427 428.96 0.91 12.66 381.73
13 486 447.00 0.99 13.19 432.79
14 524 464.68 1.05 13.65 478.60
15 613 483.16 1.17 14.13 554.86
16 500 502.32 0.92 14.63 452.53
17 565 522.24 1.00 15.16 511.78
18 636 544.43 1.06 15.86 564.27
19 696 563.53 1.18 16.19 655.54
20 533 579.59 0.92 16.17 533.34
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AN3197 8 AMINENNTILA283TNT (Winters' Method) (6i8)

No. Data S, I, b, F,

21 654 601.59 1.01 16.75 595.76
22 653 618.16 1.06 16.74 655.44
23 769 636.55 1.18 16.90 749.18
24 595 652.70 0.92 16.83 601.17

A o o & ¢ A o Aa Aa
NUT . IR ABNIDNE. (2557) ﬂ’li‘wEl’lﬂSMLwaﬂ'limﬂﬂ%Sl%ﬂ’ldﬁqiﬂ%.
Wi 99.

900
800
700
600
500

400

300
200
100

1 2 3 45 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24

s A\ctual ==@==Forecast

Eﬂﬁ 7 ﬂ’]?WEl'Wﬂ?ﬂﬂ@]ﬂL‘ﬂﬂﬁﬂ Winters' Method

{ o o ¢ A o A a
ﬁ&l’] D AIRI "ﬂ%ﬂ'gﬂﬂﬂ. (2557). miwmn‘smtﬁamsmmau‘lamaqsm.
11 100.

INABLNNIINENITLALLNATA Winters I@m]”ayasw"lmma L=4,

Wo=01, B =01 7= 0.1 Feezldeanuuiug

N3NNIV LA N

MAD = 42.32 MSE =2244.82 MAPE = 8.34%
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3. lisunsa MINITAB

T15un33 MINITAB LﬂuIﬂSmeﬁlﬂumsﬁ’]mmﬁagmfmaﬁa WWavinny
a & ') o A o AN v o A &
a3 uazuaaInaansluUuuuasg daana uazni ivainanlai ludienes

lunsaadula

3.1 gudsznaudisq va9llsunsy MINITAB

fwisznauadlisunsy MINITAB ﬁ]:ﬁ%ﬁﬁ@hmé’ﬂagj 2 FIuMILNUA
P69 Session N ITEIATLLFAINAANTUDINITAIWITE LAHHIA9 Worksheet 71 LT 81#TU

a o Ao Al a &
ﬂsaﬂiqﬂﬂztaU@“Uadmﬂﬂaﬂ@aﬁﬂﬁﬁﬂl?ﬂuﬂqiqLﬂi']z'ﬁ (833917 w“ua’m. 2550)

rited 2 a

Dats CHc St Graph Eflor Joo Window lielp st
ten OOMis™aLaAlN. Mol
—] [~ -xiaj

L] semsion feeelsisd £3

15/04/2018 22:50:05

Welccme to Minitab, press Fi for help.

a (=] =] <4 s (-] & | s (<] o | e | az o3 (1] <15 6 o 8 cw <20 @ | x| a*

© e E W -

2|8

gﬂﬁ 8 Winen91a91UIunTd MINITAB 82489 Session ez Worksheet

1) Menu Bar {uiisausaneasui amuqumsﬁ'mmlaﬂﬂmﬂsuﬁ%%m

2) Tool Bar Lﬂuﬁﬁm’mﬁﬁéﬁLﬁamuqumsﬁfmumaa‘[ﬂmmu‘lu
gﬂLLUU%@@@”@I@mzmmwﬁﬂé"ﬂﬁéﬂLﬁuLLaﬂ"ﬁmuﬂasmﬂ Menu Bar

3) Session Window iwnrinensvaslusunsufltlunisusainasniues
mMyaMzidays

4) Worksheet Window 1Junindsvasldsunsunlslunmisnsanneazidea

1
v v a

ﬂﬂaﬁ E’Nﬂ’]i’JLﬂT]Z‘ﬁ{



23

3.2 MIWINNIAIEATALRRLLARAUNA (Moving Average Method)

ada dl dl dl v Q v = 1 Y 1
1uﬂ13wmmnﬁ@mﬁmLa,azJmaaummaamﬁmagﬂuam%uaﬂm’\
3 10au st’lzdﬂumiwmﬂ'miﬁfm:ﬁadﬁﬂmmiﬂUlfmmﬁwa@iagagluaﬁ@ 3 100
~ & A @ 4 ad 7
altluwniswentoidannatdlwawiana Gedduaanlunisweinsaiaroldsunsy
MINITAB (@33 a3yadwidiat. 2548) aoik
1) n3andayaniluanang Worksheet vaslisunsa MINITAB lagnisnsan

v o @

[l A o ' v P 3 o [ (3 A
"llﬂﬂﬂ 2 amaﬂam@waga LLa:mmaamayaw"lm"l,ul,ma:m@u @GE?JY] 9

Coc gt Gragh guor Joon Mendow bielp Amisugt
By OOR|EBBIBANN SEL 8| L
“e]LX

7] s 3 o & 5] o | en | cz | el | €4 | ok | cs | cr | cm | cw

Eﬂﬁ 9 m”umaumsmam]”agaaﬂu Worksheet Moving Average

2) Lﬁamaﬂﬁagamuﬁm ﬁaﬁﬁmﬂﬁamuwﬁ‘alﬁumiw §ANIRE LA8

mSLﬁamu‘k’L Stat > Time Series > Moving Average ﬁdgﬂﬁ 10

~ & A €v  ad. a A ~ .
El]‘ﬂ 10 Tu@auﬂqﬁl’ﬁaﬂL@Jkﬂuﬂ’ﬁWﬂ’]ﬂim@]?ﬂ?ﬁﬂ’nﬂﬁﬂlﬂaauﬂ (Movmg Average)
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& o , & . "

3) MNuUIzNGNiIEIIe9 Moving Average Iuun laginnsidan
ﬂ'ﬁagaaﬂwﬁawaa Variable lagfuuad i uinwad MA length WAL 3 (WuN8H9n1Iae
fafy 3 LAiaw) wa Genarate Forecast ---> Number of forecast LYinAU 3 (MaN8fian1s

a ! 6 1 v =) & Y & v dl
AAATWEINTITURIIAU 3 LABY) ‘ﬁ\‘]ﬁ’]ﬁﬂ‘iﬂLLﬁ@]\‘]sLMLVi%VL@’I@’IGEU‘Y] 11

1
T E#e Edit Data Calc Stat Graph Egior Tools Window Help Assistapt
H& s AN OOR|EBBDED NG SEU®| L= LE 2
A SLMRLEDON )
= 2 [=] | €4 =] | (] | cr <) =) i | on | (30 o [=1) s 3] cr
1 1 535
2 530
3 3 & -
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5 s 34 . arabia: [0S L P
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Ll L] 69 Mamber of forecasts: e
w 10 582
n n 3 | e
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L3 " 515 |
[ 15 515 | Tine... Oppions. sn0mge.
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L] 18 55. o~
= et i S
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2 n 63
2 E-] 585
2 n 553
24 24 536
5 -] 523
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» E] 522
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n El 636
2 a2 88
3 3 689
34 3 601

UM 11 wihedenIwensniuedis Moving Average

4) llsunsuazuaasnoaztduavaddndng g L luduwes Session wazniw
o ¢ €y aa A A A . . A
NABWSVBININENITEe AT ALaRuIAREWA (Moving  Average), A1ANURANAIAVE

NNINLINTDING 3 LNDAH LAZAINITNENTIEEI91IN 3 d1auna L) vLﬁ@TdEﬂﬁ 12

=i =la
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No. Material Total (Kg.) %RATIO %Acuumulate
1 PCE-380R 541,462 17% 17%
2 PCE-383R 423,126 13% 30%
3 PCE-325R 381,572 12% 42%
4 PCC-005R 347,013 11% 53%
5 PT-5206 179,918 6% 59%
6 PCC-007R 136,185 4% 63%
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LARTLAD T2RINILABL UNTIAN 2558 - Inwow 2561 ANNANININ 14

AN 14 51yauﬁmmsé’a%ai’mqﬁulmlﬁiauﬁawmaa UNINAN 2558 - Aue 2561

PCE- PCE- PCE- PCC- PT- PCC-

No. Month
380R 383R 325R 005R 5206 007R
1 Jan-15 33,174 28,598 27,371 23,419 9,407 8,659
2 Feb-15 35,686 43,477 31,693 26,474 17,049 13,900
3 Mar-15 38,522 38,744 35,043 30,346 19,994 13,629
4 Apr-15 30,027 28,562 24,611 32,899 18,648 11,838
5 May-15 | 41,872 30,786 31,742 31,597 15,312 13,005
6 Jun-15 35,554 34,226 37,504 37,966 18,964 15,157
7 Jul-15 41,084 41,213 33,495 31,020 17,011 14,186
8 Aug-15 | 54,183 29,672 32,549 36,788 20,602 17,022
9 Sep-15 | 42,718 33,770 45,315 34,392 19,824 15,034
10 Oct-15 39,669 39,217 38,957 32,504 18,790 17,797
11 Nov-15 | 40,671 32,225 32,902 33,002 17,688 17,828
12 Dec-15 | 43,843 28,352 23,251 26,823 17,253 13,976
13 Jan-16 47,750 39,586 28,185 34,299 19,705 18,047
14 Feb-16 | 41,805 42,800 30,435 35,253 16,365 15,682
15 Mar-16 | 41,878 39,184 35,965 32,505 20,754 15,049
16 Apr-16 48,450 31,098 39,158 27,571 12,100 12,578
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AN 14 ﬁUa:Lﬁﬂ@ﬂﬁé’dsﬁai’@lqaulmwiazLaaumaa UNIIAY 2558 - AQUILH 2561

(¢18)

PCE- PCE- PCE- PCC- PT- PCC-
No. Month

380R 383R 325R 005R 5206 007R
17 May-16 | 49,623 40,090 38,819 38,233 15,865 16,404
18 Jun-16 46,255 36,415 31,452 36,670 19,952 14,775
19 Jul-16 42,338 28,824 31,039 28,081 15,184 12,228
20 Aug-16 | 42,290 29,279 31,290 24,426 13,305 10,134
21 Sep-16 | 45,572 34,646 32,367 24,946 13,985 11,196
22 Oct-16 46,692 41,871 33,617 26,763 20,483 12,205
23 Nov-16 | 46,178 35,946 30,489 24,943 17,038 12,392
24 Dec-16 | 44,154 33,288 37,359 23,657 16,380 10,119
25 Jan-17 33,076 26,055 33,286 24,690 21,558 10,733
26 Feb-17 | 46,530 39,171 30,307 28,520 19,620 11,318
27 Mar-17 | 48,139 33,182 37,930 31,698 20,154 12,855
28 Apr-17 43,772 35,024 27,382 22,331 17,053 9,594
29 May-17 | 41,008 34,581 28,092 22,859 19,112 10,494
30 Jun-17 48,234 34,628 26,471 30,416 10,901 11,574
31 Jul-17 44,777 37,331 27,904 27,296 11,648 10,960
32 Aug-17 | 49,338 40,559 32,118 32,996 18,565 12,759
33 Sep-17 | 48,037 36,273 35,960 34,126 14,734 12,300
34 Oct-17 46,310 33,345 38,547 22:6i3 16,845 12,376
35 Nov-17 | 52,635 39,851 33,379 34,039 18,952 12,843
36 Dec-17 | 39,824 33,126 30,196 25,429 15,199 9,014
37 Jan-18 43,233 36,216 29,084 28,515 13,589 10,762
38 Feb-18 | 45,267 34,196 31,649 24,354 14,878 9,941
39 Mar-18 | 49,449 32,898 37,555 26,429 16,731 11,043
40 Apr-18 38,489 29,232 29,835 23,826 15,171 8,854
41 May-18 | 43,299 29,679 24,152 24,862 I e 9,319
42 Jun-18 42,915 39,540 22,035 27,200 14,633 10,145
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Part Name * | pok -|Order date -|Delivery -|Actual gty -|order key -|Unit|-|Currency|~|cif@ ~|Price(THB)|~|Invoice# -
PCC-008R B COMPOUND PZ-120042/2016 20170103| 20170103 215(1701003281 2 0 $110/17010002
PCC-010R BCOMPOUND PZ-120042/2016 20170103 20170103 9(1701001983 2 0 5110/17010002
PCE-338R B COMPOUND PZ-120042/2016 20170103 20170103 689(1701003280 2 0 5110/17010002
PT-0052 B COMPOUND PZ-120063/2016 20170103 20170103 192.16(1701002277 2 0 517010032
PT-5206 B COMPOUND PZ-120044/2016 20170103 20170103 977.551701001759 2 0 517010033
PCE-383R B COMPOUND PZ-120042/2016 20170103 20170103 1799(1701001953 2 0 5110/17010014
PCE-396M A COMPOUND PZ-120040/2016 20170103 20170103 10800[1701003855 2 0 5110/17010010
(GLASS BEADS NO. 10 PZ-120157/2016 20170104] 20170104 60[1701003850 2 0 049892

(GLASS BEADS NO. 10 PZ-120157/2016 20170104 20170104 40[1701003848 2 0 049892

(GLASS BEADS NO. 10 PZ-120157/2016 20170104 20170104 10[1701003847 2 0 049892

(GLASS BEADS NO. 10 PZ-120157/2016 20170104 20170104 40[1701003849 2 0 049892
PCE-475R B COMPOUND PZ-120062/2016 20170104 20170104 4541701002221 2 0 $110/17010065
PCC-007R BCOMPOUND PZ-120042/2016 20170104] 20170104 639[1701001916 2 0 5110/17010064
PCC-012R B COMPOUND PZ-120042/2016 20170104 20170104 1191701003282 2 0 5110/17010064
PCE-382R B COMPOUND PZ-120042/2016 20170104 20170104 490[1701001881 2 0 5110/17010064
PCE-383R B COMPOUND PZ-120042/2016 20170104] 20170104 901{1701003279 2 0 5110/17010064
PCE-475R B COMPOUND. PZ-120042/2016 20170104 20170104 908(1701003277 2 0 5110/17010064
PCN-033R B COMPOUND PZ-120042/2016 20170104 20170104 853(1701001937 2 0 5110/17010064
PCC-024M A COMPOUND PZ-120062/2016 20170104 20170104 480[1701002258 ) 0 5110/17010065
PCE-430M A COMPOUND PZ-120040/2016 20170104 20170104 900[1701001734 2 0 5110/17010069
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Part Name #anaiig %aiwmﬁumﬁ’fmqﬁu

Delivery a8l i'uﬁ%"umj”ﬁmqau
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1.1 Jalusunsy MINITAB Lﬁamuhk Stat -> Time Series -> Decomposition

] Minitab - ANALYSIS PCC-005RMPI
File Edit Data Calc| Stat| Graph Editor Tools Window Help Assistant

TH @ 4nn o Becsuic | M)piseeosdns SHos = 3
Begression »
ANOVA »
=l oo , ﬁ
| [ Worsheet Sontrol cherts = =) ca cs 6 a cs o | cw
Quality Tools D= i i
Reljability/Survival b | Month)
M te ] 7777280&
[ Time Series M| [2* Time Series Plot.
Tables : [ Trend Analysis...
o % Decomposition..
Equivalence Tests » z
Power and Sample Sizeb ; Moving Average. Decomposition
T zaga0] |k S0l EXPSMOONING- | gy o el that weights all
2 | 24630 | pouble Exp Smoothing.. ﬂm,,ommm‘:m
26 | 28520 |#E winters Method determine the best regression
fit of seasonally adjusted
e TG e Differences. aala.UsewheH,yadrse'ies

] 2 Hi Lag.. exhibits a seasonal pattem,
29 22339 = with or without a trend. I

20 P ES Partial Autocorrelation...
w 272% P& Cross Comelation..

32 32996
= ARIMA.
2433

3171 30 M31RaNANFI Decomposition

1.2 LfiaLﬁanLﬂTﬁQj%%@mmaﬁﬁ Decomposition Elﬁn’uﬁam}”agaﬁﬁaami
Aenziaiuuulugesdaunily Variable, t19ngmaiiu 12 luztas Seasonal Length, Model
Type A&NTad Multiplicative, Model Components aanTad Trend Plus Seasonal N
ladn OK

Decomposition X
C1  EX Variable: |[Z§ Seasonal length:| 12

Model Type Model Components

(@ Multiplicative (@ Trend plus seasonal

(" Additive (" Seasonal only

[~ Generate forecasts

er of foreca

1

19 origin:

Storage...

Time... | Options...

Graphs...

Help | 0K Cancel

Results...

L
b/ !

gﬂﬁ 31 n3L8ean35 Decomposition
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1.3 Warnuwaa1a1d g AldfansudrwimnsUssidwauuuwenoinaa

I‘l.]‘iLLﬂiSJ’i]Zﬁ’] NMIAUITHLASLRAINABDAN SJ’IEL%E‘]_I WULDBIT BRI

Time Series Decomposition Plot for EX
Multiplicative Model

45000 Variable
—e— Actual
— m - Fits
--@-- Trend
40000 Accuracy Measures
MAPE 9
MAD 2978
MSD 15379460
% 35000
30000
25000

Index

31N 32 dratarainIWAaasn Decomposition

NN 32 T1/5un30 MINITAB  92U@a 90 LI a9@ M TN NI ninasf1 12 o
ANANUANALARALBANNT 3 A1 Aa MAPE, MAD L&z MSD %3af1 MSE 11409
A &l & ] A A A i
2. MImwNdiaasnltlumanensaliuudadoiadanil (Moving Average)

funanadda b
2.1 JalUsunsu MINITAB Lﬁamw‘k}, Stat -> Time Series -> Moving Average

'El Minitab - EXMP) - [Worksheet 1 ***]
i file Edit Data Calc| Stat| Graph Egitor Jool Window Help Assistagt
EHISTA MBI 0 | Y ianadEans smu el SlziE w0
| Begression »
ANOVA »
a c2 DOE » G5 [ 7 8 c9 <10 cn cz i3 a4
EX | | Control Chart »
1 28598 Quality Tools »
2 43477 Reliability/Sunval ¥
3 38744 Multivariate >
4 28562 [ Time Series L
5 30786 Tl *
Nonparametrics L3
5 34228 Equivalence Tests »
U i Power and Sample Sizeb
8 29672
9 33770
0 9217
n 32225
=2 28352 i
1B 398 [ = ame
" 42800 = B
15 39184
%6 31098
7 400%
L] 36415
e T

Ellﬁ 33 M3LRankEid Moving Average
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2.2 \liaiRenitngnid9va43s Moving Average l#iiantdayandainis

Tiarzrauuulutasaiuds Variable waz MA Length 3nnuuliadan OK

Moving Average X
Variable: |'EX' MA length: [3
[~ Center the moving averages
[~ Generate forecasts
e A et l_
l—
Time... | Options... | Storage... |
Salor Graphs... J Results... |
Help oK —I Cancel J

Eﬂﬁ 34 619 Moving Average

2.3 Wamnuaa16199 NTERIUAWI sNTUIHARA LU LN NTAILER

IﬂiLLﬂi&l’ﬂZﬁ’]ﬂ’]iﬁ’]u’) TRLLRCLLRANNR BN &I’]l%gﬂ LULBITBN LA

Moving Average Plot for EX

Variable
—e— Actual
— m - Fits
Moving Average
Length 3

Accuracy Measures
MAPE

MAD 4569
| MsD 31275705

40000

30000

25000
s .

|
4 8 © 16 20 24 28 32 36
Index

31 35 d1at19UBINIWABAFN Moving Average

mngﬂ‘ﬁ' 35 l1/3unva MINITAB 2sfwimaany 3 61 Aa MAPE, MAD W&y

MSD #3261 MSE 1144
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A & A & = a s A < A
3. MIRINITIULE aiﬂiﬂuﬂﬁiw JANTTWBLLUY LaﬂIﬂ LWL R DIRBIAIILAED
(Single Exponential Smoothing) Jauaanadda buf
3.1 Waldsunsy MINITAB & anLiy Stat -> Time Series -> Single Expo Smoothing

] Minitab - EXMP)
Elle Edit Data Calc Stat| Graph Editor Jools Window Help Assistapt
1 H| & Basic Statistics MEjsEacsann Sefgi
Regression » —_—
—  ANOVA »
TIPS emielee) Y | ROE »
R | ContolChm X (=] ca cs 6 = 8 o cio cn
Quality Tools »
Reliability/Survival P
Multivariate [ —
Time geries |l Time Series Plot..
Tales ¥ | Trend Analysis..
LA
E
Equivalence Tests I A
Average..
Power and Sample Sizeh Moving i
e e G R
7 e [ Doubie Exp Smootsin~ 1
8 29672 I Winters Method.. | Single Expanential Smoothing |
L] 33770 ” Smooth your series using a
& on F Ditferences. method that gives decreasing
e M Lag.. weights to older observations
n i 2
! = Autocomrelation_ ‘“,‘"’"’,""ﬁw’“" e |
12 28352 = i forecasts. Do not use when your.
EE Bertial Autocomrela) ceries exhibits a trend of a
3 | 39586 e Cross Correlation.| seascnal pattern,
14 42800 ARIMA —_—
15 39184
16 31098
17 40090
18 36415
19 28824

Eﬂ‘ﬁl 36 m3laenlaad Single Exponential Smoothing

3.2 \laiReniingniing192a93F Single Exponential Smoothing liisnidan
Toyandasmsiianziduuulugasdauls variable wazliifentas Optimal  ARIMA

Wva bl sunTumIaINITNALeas IR las o l i@ 9 niliaan OK

|Single Exponential Smoothing X\

|'——— varizble: ['Bx I

Weight to Use in Smoothing
(& Optimal ARIMA

(" Use: |0.2

[~ Generate forecasts

—
—

Time... ‘ Options... Storage... |

|
Graphs... J Results... |
Help oK | Cancel J

gﬂﬁi 37 %1619 Single Exponential Smoothing
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3.3 Wamnuaa1ans g NlTERsUs W I NI ARALULNINNTALLER

Iﬂ‘iLLﬂiN"i}zﬁ’] NMIAUITHLASLRAINABDAN SJ’]‘L%E‘]_I WULDBIT BRI

Smoothing Plot for EX
Single Exponential Method

45000 Variable

—e— Actual
— m - Fits

Smoothing Constant

40000 o 0.0474871

Accuracy Measures
MAPE »
MAD 3946
MSD 22224275

EX

35000

30000

Index

g‘ﬂ‘ﬁ' 38 @889 TaIN1INAaAeN Single Exponential Smoothing

ﬁnﬂgﬂﬁ 38 113un33 MINITAB 2zfwimaanyi 3 @1 da MAPE, MAD L&y

MSD 713861 MSE %isiad uazliauaanhnunannaindsuiSau (OL) winAu 0.0474871
4. mImwndiaasnltlunnensatwuudnldunmidoataasasd (Double
Exponential Smoothing Method) Juuaauadsa Ui

4.1 \JalLhunsa MINITAB iflaniuy Stat -> Time Series -> Double Exp Smoothing

0 Minitab - EXMP)
i Eile Edit Data galc.s_la! Graph Editor Tools Window Help Assistant

sHIS {  Basic Statistics D'ngﬂéa DE @0 SclBE -] %15~
e e ") . AR

Regression
ANOVA

]
2 P2 e a(=iiied| | DOE ’
Sl\worksheet .. Control Charts 3 :
Quality Tools 3
Reliability/Survival 13
13
»
3
3
3

2 =] c4 5 Cc6 c7 c8

Muttivariate

I:.:fl-me Series i
Tables
Monparametrics
Equivalence Tests

Time Series Plot...

#< Trend Analysis.

i Decomposition...

Power and Sample Size¥ <. Moving Average.

% Single Exp Smoothing.

7 #1215 5/ _Double Exp Smoothing.. |
2 aille 5 W pouble B tial Smoothi
5570 ouble Exponential Smoothing

g % Dif Smooth your series using a

o 39217 B4 Laq method that gives decreasing

1 32225 é. weights to older observaticns
E= AU and provide short-term

e 4 28352 = par forecasts. Use when your series

13 39586 B Crg exhibitsatrend butnota

14 1 42800 | seasonal pattern

Y

Ellﬁ 39 m3iRanlEis Double Exponential Smoothing



51

4.2 \fiaiRenitngniie91a43F Double Exponential Smoothing liisidan
ﬁagaﬁﬁaamﬁmﬁzﬁ@ﬁqusl,uﬁamv’aLL‘]JS Variable uwazl#idantas Optimal ARIMA
Walitldsunsurmanmnndinesinlasaaludd anniuliadn oK

Double Exponential Smoothing X

Variable: | 'EX'

Weights to Use in Smoothing
(@ Optimal ARIMA
(" Specified weight

I”_
[~ Generate forecasts
starting from origin I____
Select Time... ‘ Options... ‘ Storage... |
Graphs... ] Results... |
Help [ OK I Cancel I

Eﬂﬁ 40 #1619 Double Exponential Smoothing

4.3 Wammuaanangg Nl mIudnnamatsluauuunennIaiua 2 lsunsy
azfhmIdwIsuazuanINaaani lugluuurasmuuatil

Smoothing Plot for EX
Double Exponential Method

. Variable
45000 I

Smoothing Constants
a (level)  0.465445

40000 y (trend) 0.071554
Accuracy Measures
MAPE 1
x MAD 4733
' 35000 MSD 35612994
30000

Eﬂﬁ 41 @18819U8INN1INEEA Double Exponential Smoothing
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n3U7 41 1dsunsn MINITAB azdnuamaanan 3 fn fia MAPE, MAD uaz
MSD w3af1 MSE tie uszlianuaanfiananamwdsuis oy (OL) tinny 0.465445 §an

wnusnananawLwa ity (Y) WinNU 0.071554
5. msmmndaasildlunn §INIDMUUNGNIA (Winter's Method) fuaan
aadeluil
5.1 1dalUsunsy MINITAB Lﬁam&l‘l&b Stat -> Time Series -> Winter's Method

7 Minitab - EXMPJ
: File Edit Data Calc| Stat| Graph Editor Jools Window Help Assistant
(288 pasicstatisis ) 5| SE@@E @ 00 Sof & o P
D 3 Regression 13 = e ——
i - ANOVA .I
e &y oot »
SN = Convolchems 1 a3 c4 cs 6 c7 c8 co c1o
Quality Tools 13 + T : | !
Reliability/Survival 13 |
Multivariate »
Time Series M|l Time Series Plot...
Tables ; * |2 Trend Analysis..
Honparametrics ’ & Decomposition..
Equivalence Tests AN
Power and Sample Sizeb | - Moving Average...
i FE 3ingle Exp Smoothing..
15| 39184 | Double Exp Smoothing..
i Sl 55 Winters' Method... |
" 40050 B Differences.. e el . 1
2 nters’ Metl
18 | 36415 H Log " . \
19 28824 Smooth your series using a |
EE Autocorrelation... method that gives decreasing
20 29279 E= Partial Autocorrelation.. | weights to older observations ‘
21 34646 BL Cross Correlation.. and provide short-term ‘
2 | a@n forecasts. Use when your |
1 & ABIMA.. series exhibits a seasonal
23 35946 pattern, with or without a ‘
24 33288 trend. |

gﬂ‘ﬁ' 42 M38anlTIT Winter's Method

5.2 Lfial,ﬁaﬂl,%@jﬁﬁwhmaﬁﬁ Winter's Method ‘lﬁml,ﬁam‘fagaﬁﬁaoms
Aiazraauuylugesaiuds Variable lagfruagisiianlusis Seasonal Length Liu
12 Lﬁaaﬁ]’mﬁadmﬁLﬂiﬂ:ﬁi@gﬂluﬁu 12 1iou w30 1 O dIuteuad Model Type }ib
\FafiTas Multiplicative uaz Additive faulungduvad Weights to Use in Smoothing aziilu
msfmuacn woann uaztue 7laaznIninidaad Double Exponential Smoothing
Method fnunuinazld Excel Solver lumsmieniieldidusindsuidoy annsuliaan
OK



IWinte;s‘ Method
Variable: |'EX'

Method Type
(@ Multiplicative
" Additive

[~ Generate forecasts

Time... I

Seasonal length: |12

Weights to Use in Smoothing
Level: | 0.465445

Trend:  [0,071554

Seasonal: i.U,Ul

——
—

Options... | Storage... |

e
Help

Graphs... | Results... |

o]

Cancel |

gﬂﬁ 43 w1619 Winter's Method

5.3 2DM1IWFN Seasonal (Gamma) @28 Excel Solver

53

2) By Changing Variable Cell lagl#idond1 Gamma snansawasuutsdle

3) Subject to the Constraints fivuaiIaulidiaiagzning 0 i 1

4) a&n Solve 1Nal# Excel Solve wdeayl

b
1) Set Objective lasl MAPE fidniasfiga
)
)
)

Winter Method
Additive model:
t y u v pred le] en2
1 33,331 32,281 - 1 35,968 2,637 6,954,953
2 36,559 36,747 - 1 32,282 4,277 18,295,373
3 32,273 34,757 - 1 36,749 4,476 20,030,867
4 29,345 30,410 - 1 34,758 5,413 29,296,335
5 35,851 33,841 . 1 30,411 5,440 29,594,788
6 29,126 34,321 5 1 33,842 4,716 22,238,807
7 32,216 36,040 ] 1 34,322 2,106 4,436,690
8 30,196 30,429 ] 1 36,041 5,845 34,165,183
9 28,898 28,196 ] 1 30,430 1,532 2,345,644
10 25,232 28,919 ] 1 28,197 2,965 8,788,556
11 25,679 28,566 ] 1 28,920 3,241 10,504,173
12 35,540 31,846 ] 1 28,567 6,973 48,622,853
alpha Beta Gamma MAPE MSE
0.465445] 0.071554] 0| | 3/,902 | 19,840,300
@hﬁﬁqﬂ WAnnaugn

Eﬂﬁ 44 @1719NIAUITH Winter's Method
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Solver Parameters X
Set Objective: $Hs4] +
To: O Max @ Min (O value of:

By Changing Variable Cells:
SES48

I+

Subject to the Constraints:

SES48 <=1
SES48>=0

Add
Change

Delete

Reset All
Load/Save
Make Unconstrained Variables Non-Negative

Sglect a Solving GRG Nonlinear 2
Method: —

Options

Solving Method

Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex
engine for linear Solver Problems, and select the Evolutionary engine for Solver problems that are
non-smooth.

g‘ﬂﬁ 45 %1619 Excel Solver

54 L1aMAuaA1aNg g NTERITUE W NI AU LULNINNTAELER

IﬂiLLﬂ‘J&I%Z‘ﬁWﬂ’]‘iﬂ"’]u’J TULLRSLRAINAD AN mlugﬂ WULDBITIENAITh

Winters’ Method Plot for EX
Multiplicative Method

Variable
45000 1 —e— Actual
— m - Fits
[ ]

Smoothing Constants
o (level) 0.465445

y (trend) 0.071554
& (seasonal) 0.010000

Accuracy Measures
MAPE 0
MAD 3342
MSD 18685109

40000

x
w 35000

30000

gﬂﬁ 46 G189 VBINIINRDAAT Winter's Method

mﬂgﬂﬁi 46 1151033 MINITAB 2zfu1mwaana 3 @1 Aa MAPE, MAD Was
MSD #3586 MSE 114
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1ulF9wasenu gif’m LNWNITHRALAE LTINS USH UL B UAINIIWEINTDITEWININIT
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1. Naﬁwﬁma@wmn‘mﬂ@ﬂlﬂﬂmﬂm Minitab maﬁmqﬁu PCE-380R

1.1 HAMIAATIZAVDI PCE-380R #1835 Decomposition

Time Series Decomposition Plot for PCE-380R
Multiplicative Model

55000 -

50000 -

45000 -

PCE-380R

40000

35000 -

30000

4 8 12 16 20 24 28 32 36 40
Index

Variable
—e— Actual ‘
— m - Fits
--@-- Trend |

Accuracy Measures—‘
MAPE 8
MAD 3274
MSD 17958170

U7 47 HamMALaTzWBe9 PCE-380R #1135 Decomposition

6 v

tﬂl a ad . = v nl &/
ﬁ]’?ﬂzﬂ‘ﬂ 47 NaN1IILAINEHKAILIDT Decomposition ﬂi’]W&lLL%’)I%&ILWﬂJQGT%

uwaziianwaiiluuuuggnia




1.2 WAMIILATIZAVDI PCE-380R 2835 Moving Average

Moving Average Plot for PCE-380R

55000 Variable
—e— Actual
— m - Fits

50000 Moving Average

Length 3
Accuracy Measures
MAPE 9
45000 MAD 3937

MSD 24037805

40000

PCE-380R

35000

30000

4 8 2 16 20 24 28 32 36 40
Index

U1 48 WaMITLATIzW BRI PCE-380R 6835 Moving Average

1.3 WAMIILATIZAVEI PCE-380R 1835 Single Exponential Smoothing

Smoothing Plot for PCE-380R
Single Exponential Method

55000~‘

50000

j Variable
—e— Actual
= - Fits

Smoothing Constant

o 0.246363
- _

Accuracy Measures
MAPE 8
MAD 3384
MSD 20632700

PCE-380R

40000

35000

30000

4 8 12 16 20 24 28 32 36 40
Index

Eﬂﬁl 49 HANNTILATIZHBY PCE-380R #1831 Single Exponential Smoothing
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1.4 WAMTILATIZAUDI PCE-380R 1835 Double Exponential Smoothing

Smoothing Plot for PCE-380R
Double Exponential Method

55000 Variable

—eo— Actual
— m - Fits

Smoothing Constants
o (level)  0.230537
y (trend)  0.139507

50000

Accuracy Measures
MAPE 9
MAD 3601
MSD 20614589

45000

PCE-380R

40000

35000

30000

4 8 12 16 20 24 28 32 36 40
Index

U 50 HAMIALATIZWVEI PCE-380R @11/35 Double Exponential Smoothing

1.5 NaMYIATZRUad PCE-380R @283T Winters’ Method 1L Multiplicative

Winters’ Method Plot for PCE-380R
Multiplicative Method

55()00«‘ N Variable
[ ]
—e— Actual

— m - Fits

Smoothing Constants
a (level) 0.230537
y (trend) 0.139507
| & (seasonal) 0.000000

4 45000 Accuracy Measures
% MAPE 8
i MAD 3273
O

o

40000 MSD 17016013

35000

30000

4 8 12 16 20 24 28 32 36 40
Index

U 51 HaMTALATIzWVad PCE-380R 6875 Winters’ Method WuL Multiplicative
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1.6 NANNTILATIZWVAY PCE-380R 61835 Winters’ Method L1 Additive

Winters’ Method Plot for PCE-380R
Additive Method

55000 Variable

—e— Actual
— m - Fits

50000 Smoothing Constants

o (level) 0.230537

y (trend) 0.139507

& (seasonal) 0.000000
g B Accuracy Measures
g’o, MAPE 7
o MAD 3188
g 40000 MSD 16078722

35000

30000

4 8 12 16 20 24 28 32 36 40
Index

37 52 HAMTALATIEWVEI PCE-380R ¢1135 Winters’ Method WL Additive

& o

AN 15 NANITALATIZRAIANURANAIAVAINARANIINLINTING 53T NN

AMUAANAIANT 3 oA ?lﬂd“lTﬂHﬂ PCE-380R

- ” ANANHANANA
MMARANIINEINITH P
MAPE MAD MSE #3582 MSD

Moving Average 9 3,937 24,037,805

Single Exponential Smoothing 8 3,384 20,632,700
Double Exponential Smoothing 9 3,601 20,614,589
Winters’ Method LLUU Multiplicative 8 3,273 17,016,013
Winters’ Method LLUU Additive 7 3,188 16,078,722

¢ <

INA1TN 15 NANTILATIZHANANNAANIIAVAINARANIINYINTTING 5 3D
AAULNTHAANUAANIIANI 3 LNTUH VI ayn PCE-380R LR LA77 33 Winters'  Method

WU Additive 2211 MAPE waz MAD ﬁaﬂﬁq@ A8 7 uay 3, 188 MNA1AU



. | Session

Winters” Method for PCE-380R

Additive Method

Data PCE-380R
Length 42

Smoothing Constants

a (level) 0.230537
y (trend) 0.139507
d (seasonal) 0.000000

Accuracy Measures

MAPE 7
MAD 3188
MSD 16078722

Forecasts

Period Forecast Lower Upper
43 43939.9 36128.5 51751.2
44 49493.5 41518.7 57468.4
45 46015.2 37855.8 54174.6

Winters” Method Plot for PCE-380R

gﬂﬁ' 53 @WEINIDAD Winters’ Method U84 PCE-380R

Additive Method

45000

PCE-380R

40000

35000

30000

4 8 12 16 20 24 28 32 36
Index

40

Winters’ Method Plot for PCE-380R

44

Variable
—eo— Actual
— m - Fits
‘ --@-- Forecasts
—& - 95.0% PI

Smoothing Constants

0.230537
0.139507

a (level)
y (trend)

& (seasonal) 0.000000

Accuracy Measures
MAPE 7
MAD 3188
MSD 16078722

59

gﬂﬁ 54 NIWULRAIAINLINTTE 3 LAAUEIIRUNIT Winters' Method WU Additive 284

PCE-380R
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LA LINNAIINEINIIA28 MINITAB 11viNNItUSsuisunugaaIueis
P~ & Q/I g i d ! 4 { a &/ Qs Q-q// Q
39NV AANITRITAVAINN I ILNILNARIAIAINNARIALARDWNLNAT Y AILUHARN DRI

LRAIBBNNIANATINN 16

A a a ! A [ o A e & v
AN 16 Llhﬂl]mUUﬂqﬂquﬂﬂ’]@LﬂaﬂuTa\‘]ﬁjﬁlUQWGLLNuﬂUﬂ’]ﬂVL@Q’]ﬂﬂquU’]ﬂfm@']ﬂ
MINITAB w83 PCE-380R

Method | oW |uansuswods| saamsade | Forecast | MAnmAmAAAawIathamauim | MAMAIAMALAZEM Forecast Method
ya9re0uRn| Method | MAD MSE MAPE MAD MSE MAPE

Moving | Jul-18 44,100 35438 | 41568| 8,662 | 75030244 2 2532 |  6412,543 5.74

Average  |Aug-18 49,918 36,438 41,568 | 13,480 | 181,710,400 27 8,350 | 69,727,510 16.73

Sep-18 47,160 35438 | 41568 | 11,722| 137,405,284 25 5502 | 31,273,819 1186

Summary | 11,288 | 131,381,976 2 5492 | 35,804,624 11.44

Single [ Jul-18 44,100 35438 | 43823| 8662 | 75030244 20 277 76,840 063

Exponential  |Aug-18 49,918 36438 | 43823| 13480 181,710,400 27 6,095 | 37,151,463 1221

Smoothing [ Sep-18 47,160 35438 | 43823| 11722| 137,405,284 25 3337 11,136,904 7.08

Summary | 11,288 | 131,381,976 2 3,237 | 16,121,736 6.64

Double | Jul-18 44,100 35438 | 43483 | 8662 | 75030244 20 618 | 381,306 140

Exponential  |Aug-18 49,918 36438 | 43219| 13480 | 181,710,400 27 6,699 | 44871242 1342

Smoothing | Sep-18 47,160 35438 | 42956 | 11,722 | 137,405,284 25 4204 | 17,671,004 891

Summary | 11,288 | 131,381,976 2 3,840 | 20,974,547 791

Winters' | Jul-18 44,100 35438 | 43443| 8662 | 75030244 20 657 | 431,649 149

(Multiplicative) |Aug-18 49,918 36438 | 49215| 13480 181,710,400 27 703| 494068 141

Sep-18 47,160 35438 | 45760 | 11722 | 137,405,284 25 1400 | 1,959,160 297

Summary | 11,288 | 131,381,976 2 920 | 961,626 196

Winters' Jul-18 44,100 35,438 43,940 8,662 | 75,030,244 20 160 25,632 0.36

(Additive)  |Aug-18 49,918 36438 | 49494 | 13480 181,710,400 27 425 180,200 085

Sep-18 47,160 35438 | 46015| 11,722 | 137,405,284 25 1,145 | 12310567 243

Summary | 11,288 | 131,381,976 2% 576 | 505,466 121

NANTIIN 16 melﬁl,ﬁugﬂLmumié"a%aﬁam‘i’umumiwmmtﬁﬁﬁ Winters’
Method i Additive a:1¥Ananuaa1aLaaan (MAD, MSE, MAPE) #a8ninn1sanoun
posntnawdpnaaustosnI I T MInenIalLLLEU g @”@fuﬁm%’m”@qﬁu PCE-380R
FIFNNTDTAUUAINEINTIID  Winters' Method UL Additive 140152190 NUANT
é’ﬁ%ﬂi’@qﬁuvlﬁ
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Winters' Method (Additive)
70,000 PCE-380R

60,000
50,000 A
40,000
30,000

20,000
1 > 9 13 17 21 25 29 13 37 41

e floceive (ata e Actyal —es—Forecast

gﬂﬁ 55 A3WLUSoULAsY Actual VS Forecast @283% Winters' Method luy Additive 484
PCE-380R

mngﬂﬁ‘ 55 guNILEAINTIWLLTI U BUIEAIWAIMITUITNIRALTI (Actual)
Audnn ldaInnswennIoh (Forecast) e783% Winters' Method wuU Additive I@&lﬁ'ﬁaga
§Auf 1-42 AetlfnamsTIIagAuvadudazifon dmﬁagaﬁ' 43-45 fia AAMINENNTIL
s 3 WanspuimsunudTinasuEnIngaues

a’mﬁagaﬂg\‘mmmmsnﬁmﬁzﬁuﬁﬂﬁué’mwms‘bﬁi’qﬁw%Ltdaa@ﬁaﬂgqﬂu
&s165% Trend Analysis TagdnlUfilsunsay Minitab \RanLuy Stat -> Time Series ->
Trend Analysis L§'aﬂﬁagaﬁiﬁaamﬁmﬁ:ﬁﬁﬁaa Variable anntwdan Model Type 1ilu
Linear 8N OK

Trend Analysis Plot for PCE-380R (45 Month)
Linear Trend Model
Yt = 39874 + 165.4xt

55000 Variable
—e— Actual
— m - Fits
50000 Accuracy Measures
= MAPE 8
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§ 45000 MSD 20898784
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© 40000  w==
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w
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35000

Index

gﬂﬁ' 56 NINILATILH Trend Analysis V89 PCE-380R
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{ Y & v v L a v v QI J
N3N 56 LLamI%muLLquuﬂ’lﬂmmqmwm PCE-380R 5wt litmaain

wa lAFNAINNTAIATZA A Y, = 39,874 + 165.4xt

%

mmmmé’mwmﬂﬁ'@qﬁu PCE-380R laad7h

o Y, = 39,874 + 165.4%(1) = 40,039
Y5 = 30,874 + 165.4x(45) = 47,317
Y, 47,317
Ratio = % = —1%
Y, 40,039
N Loaud 18945 = 18%
w30 aneai = 18% X (12/45)
= 5%

(7 ]
o o =

a v a Ql é/ { 1 v o Y
ﬂ(ﬂi?ﬂ’ﬁl"ﬁ’)@]fl@ﬂ PCE-380R Wadulafadad 5% muumsm:uﬁmnugm

yay (Maker) LW@lﬂLVh%ﬂx‘iﬂ@]i’m”ﬁIT\‘ﬂ%ﬂLWSJ"II%I%E]%’WW] LWQ‘Y]H

I8y (Maker) 22'la

ﬁﬂmsﬁ'@L@%‘mﬁ'@]qﬁul,ﬁalﬁﬁu@i aAMNAINNTANY A UIAa

2. uaawsvaswannsilaylwlisinsy Minitab 2841A7dY PCE-383R

2.1 WAMIIATNEHVeI PCE-383R @283F Decomposition

Time Series Decomposition Plot for PCE-383R
Multiplicative Model

.
45000 Variable
—eo— Actual

— m - Fits
| |--¢-- Trend
Accuracy Measures
40000 " h MAPE 9
! | ! MAD 3047
\ : I N ' MSD 14991005
o | / I\ I I I\ |
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% | \ ) | I | | |
| (I I " / (L
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w \ - K
g 35000 Jo% ",\’T lo /" ‘vo \0 " *‘,”i
| \ \\ i \ \‘ \/ Nl | | Wy \I
Ul | | u
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30000 Y

Index

31 57 w7 LA Ua9 PCE-383R d1835 Decomposition



LasAane oL

6 v

mngﬂﬁ 57 HANITILATIY
uluuggnia

2.2 WANTILATIZWUBI PCE-383R 62833 Moving Average

Moving Average Plot for PCE-383R
45000
40000 h
I\
% ]
,
o] [T ]
™ / /
ul.l \‘ | ] ! R ﬂ RR
Y 35000 1| el W ] \
I | -
I ! \/ by
| [ I \
; I
\ !
30000
4 8 1 16 20 24 28 32 36 40
Index

Variable
—e— Actual
— m - Fits

Moving Average
Length 3

Accuracy Measures
MAPE 12
MAD 4254

MSD 27177268

2.3 WAN1TILATEHV8d PCE-383R 61831 Single Exponential Smoothing

311 58 wam3iLAxzuas PCE-383R se3F Moving Average

PCE-383R

Smoothing Plot for PCE-383R
Single Exponential Method

45000
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Index
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—e— Actual
— = - Fits

Smoothing Constant
o 0.0461766

Accuracy Measures
MAPE n
MAD 3708
MSD 19852697

gﬂﬁ' 59 NANNTILATIEHVEI PCE-383R 62835 Single Exponential Smoothing
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2.4 WAMIIATZHVI PCE-383R @283F Double Exponential Smoothing

50000

45000

40000

PCE-383R

35000

30000

Smoothing Plot for PCE-383R
Double Exponential Method

Variable
—eo— Actual
— m - Fits

Smoothing Constants
o (level) 0.561441
y (trend) 0.059482

Accuracy Measures
MAPE B
MAD 4533
MSD 34807458

31 60 HANTALATIZWVEY PCE-383R @11/35 Double Exponential Smoothing

2.5 NAMFLATIZHaI PCE-383R ¢1835 Winters' Method LuyU Multiplicative

45000~‘

40000 ‘

PCE-383R

35000

30000

Winters’ Method Plot for PCE-383R
Multiplicative Method

Variable

—e— Actual
— m - Fits

T Smoothing Constants
a (level) 0.561441
‘ y (trend) 0.059482

Accuracy Measures
MAPE 10
MAD 3562

» 16 20 24 28 32 36 40

8 (seasonal) 0.000000

| MSD 20066839

U 61 WaMTALATIzWVEd PCE-383R 61T Winters’ Method WuL Multiplicative
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2.6 NAMIILATIZRYDI PCE-383R @1835 Winters’ Method U1 Additive

Winters’ Method Plot for PCE-383R
Additive Method

45000 Variable
—eo— Actual
— m - Fits

Smoothing Constants

30000

|
o " ”, o (level) 0.561441
40000 )\ I / \ | y (trend) 0.059482
| ,\\ \ T 1 8 (seasonal) 0.000000
% [ I L | Accuracy Measures
o n L O D ST I AP ! MAPE 10
o I A N AR L AR MAD 3497
O 35000 WA AR CYLERVL | MS 19428757
a AT v | - | RLIVAY o
\ l RV | "
- L | iy |
1! (NI 1! "
| ,' 1 l"
|
l‘ " la !

4 8 r 16 20 24 28 32 36 40

gﬂﬁ 62 NANNTILAIITHVEI PCE-383R 2855 Winters’ Method 111 Additive

o
o a

AN 17 HANNITAATIERAIANVAANRIAVAINARANIINYINTING 53T AN TUHA.

ANMUAANANANS 3 LNTUH maa‘ﬂ”aga PCE-383R

- . A1ANHANANG
MARANIINEINITH =
MAPE MAD MSE #32 MSD

Moving Average 12 4,254 27,177,268

Single Exponential Smoothing 11 3,708 19,852,697
Double Exponential Smoothing 13 4,533 34,807,458
Winters’ Method LUl Multiplicative 10 3,562 20,066,839
Winters’ Method UL Additive 10 3,497 19,428,757

PNANTWN 17 HaNITILATZAAANNAANAIABINARANINENNIIING 5 35
AUNUMANVAANNANT 3 LNEUTE maoa]”aga PCE-383R ﬁ]zL‘ﬁ%vL@T’j’] 7% Winters' Method

WU Additive 22 1d@1 MAPE waz MAD ﬁay‘ﬁq@ A8 10 WAy 3,497 MURIAL



gﬂ'ﬁ 63 FNWLINIIAT Winters’ Method 184 PCE-383R WU Additive

Winters” Method for PCE-383R

Additive Method

Data PCE-383R
Length 42

Smoothing Constants

a (level) 0.561441
vy (trend) 0.05%482
& (seasonal) 0.000000

Accuracy Measures

MAPE 10
MAD 3497
MSD 19428757

Forecasts

Period Forecast Lower Upper
43 36065.5 274%98.9 44632.2
44 33456.1 23783.0 43129.2
45 35192.3 24178.4 46206.2

Winters’ Method Plot for PCE-383R

PCE-383R

45000

40000

35000

30000

25000

Winters’ Method Plot for PCE-383R
Additive Method

4 8 12 16 20 24 28 32 36 40 44
Index

Variable
—e— Actual
— m - Fits
\—797 Forecasts
—& - 95.0% PI

Smoothing Constants

0.561441
0.059482

a (level)
y (trend)

& (seasonal) 0.000000

Accuracy Measures
MAPE 10
MAD 3497

MSD 19428757
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gﬂﬁ 64 NIIWULEAIAIWLINTDE 3 LABUEIINUN 3T Winters’ Method Uad PCE-383R L1l

Additive
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LA LINNAIINEINIIA28 MINITAB 11viNNItUSsuisunugaaIueis
P~ & Q/I g i d ! 4 { a &/ Qs Q-q// Q
39NV AANITRITAVAINN I ILNILNARIAIAINNARIALARDWNLNAT Y AILUHARN DRI

LRAIBBNNIANNATIINN 18

A a a ! A [ o A e & v
A1319N 18 Llhﬂl]mUUﬂqﬂquﬂﬂ’]@LﬂaﬂuTa\‘]ﬁjﬁlUQWGLLNuﬂUﬂ’]ﬂVL@Q’]ﬂﬂquU’]ﬂfm@']ﬂ
MINITAB w83 PCE-383R

Method | 1Aaw |uansuomass| saamsdite | Forecast | Mamaamaindantasthenoumm | Aanuaaainian Forecast Method
2a9fENauAK| Method | MAD MSE MAPE MAD MSE MAPE

Moving | Jul18 35,204 35,950 | 32817| 726 527,076 2.06 2407 | 5793649 6.83
Average  [Aug-18 33,953 35,200 32817 1,247 1,555,009 3.67 1,136 1,290,496 3.35
Sep-18 35,461 35200 32817| 261 68,121 0.74 2644 | 6,990,736 746

Summary | 745 716,735 216 2062 | 4,691,627 5,88

Single | Ju-18 35,224 35950 | 34827| 726 527,076 2.06 397| 1575530 113
Exponential  |Aug-18 33,053 35200 34.827| 1247 | 1555009 367 874 | 764,051 257
Smoothing | Sep-18 35,461 35200  34827| 261 68,121 0.74 634 401,829 1.79
Summary | 745 716,735 216 635 441,137 183

Double | Jul-18 35,024 35050 | 35332| 726 527,076 2.06 108 11,642 031
Exponential |Aug-18 33,053 35200 35348| 1247 | 1555009 367 1395 | 1,947,141 411
Smoothing ~ |Sep-18 35,461 35200 35365 261 68,121 0.74 9 9,235 0.27
Summary | 745 716,735 216 533 656,006 156

Winters' | Jul-18 35,224 35050 | 3595| 726 527,076 2.06 4| 549229 2.10
(Multiplicative) |Aug-18 33,053 35200 33332| 1247 1555009 367 622| 386,262 1.83
Sep-18 35,461 35200 35062 261 68,121 0.74 399 | 159,201 113

Summary | 745 716,735 216 587 364,807 169

Winters' Jul-18 35,224 35,950 36,066 726 527,076 2.06 842 708,122 2.39
(Additive)  |Aug-18 33953 35200 |  33456| 1,247 | 1,555,009 367 497 246910 146
Sep-18 35,461 35200| 35192| 261 68,121 0.74 269 72,200 076

Summary | 745 716,735 216 53| 342,411 154

NANTIIN 18 LLamlﬁLﬁugﬂLLuumiz%"a%aﬁamﬁuuumiwmmtﬁ'ﬁ' Winters’
Method LU Additive 2z l@dnanunmaiaian (MAD, MSE, MAPE) Ragninnisaounuyas
wininurhanfauaziasnindsnmsmensoiuuuing @”@f%ﬁﬁﬂ%'uu”mq@u PCE-383R 34
a0l EF UL TWENNTAIAT Winters' Method Ly Additive lwnnsnsunsmyssda

’T@qﬁu"l@i"
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Winters' Method (Additive)
50,000 PCE-383R

40,000
30,000

20,000
9 13 17 21 25 29 33 37

——Roceive data ee——fctyal —e—Fgrecast

gﬂﬁ 65 N3N ULAey Actual VS Forecast @282% Winters' Method WUy Additive U89
PCE-383R

mﬂgﬂﬁ' 65 MaNIALAAINWLLTHUINDUTEWINAINI TN ALITI (Actual)
AudNleaInnswennIoh (Forecast) 82837 Winters' Method Wi Additive I@ﬂﬁ'ifaga
§UT 1-42 ﬁaﬂ%mmmﬁuLﬁﬁ'@lq@wamdanﬁau muﬁagaﬁ' 43-45 fia AAMINENNTDL
s 3 WanspuisunudSinasuEningauas

mﬂ“ﬁ”aQaﬁ?mmmmm?mﬁ:ﬁuﬁﬂﬁwf»j"mwmﬂ"ﬁi'qamgoLwiaa@ﬁmq%gﬂ"u
l&2835 Trend Analysis TapignlUilysunsy Minitab \faniuy Stat -> Time Series ->
Trend Analysis Lﬁanﬁayaﬁiﬁaamﬁmﬁ:ﬁﬁﬁaa Variable 91n1wtaan Model Type 1%
Linear AfN OK

Trend Analysis Plot for PCE-383R (45 Month)
Linear Trend Model
Yt = 35045 - 5.5xt

45000 Variable

—e— Actual
— m - Fits

Accuracy Measures
MAPE 10
MAD 3553
MSD 18838846

40000

35000

PCE-383R (45 Month)

4 8 1 16 20 24 28 32 36 40 44
Index

g‘ﬂ‘ﬁ' 66 NNILATILH Trend Analysis 289 PCE-383R
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N3N 66 LLa@ﬂﬁLﬁuLLﬁﬂﬁun’]ﬂﬁ'@lqﬁmjaa PCE-383R  dutialiinanas

wa lAFNANTNNTAATZA Aa Y, = 35,045 — 5.5xt

v

mmmmé’m’mnﬂﬁ'@qﬁu PCE-383R laadth

e Y, = 35045 — 5.5x(1) = 35,040
Y5 = 35,045 — 5.5%(45) = 34,798
Y, 34,798
Ratio = % = — 1%
Y 35,040

1
N LAawN 1 0945 = -0.7%

-0.7% X (12/45)
0.2%

A A
38 Laasdall

> U s a { 1 A { 1
aaMIldianay PCE-383R aandiadudal 0.2% 3nade Salduuuiladla
AN AIRUAINATUTINLREINEL (Maker) LHaliiuisdanmilinunaaadlaiannlu
au1Aa IWaNEEINaY (Maker) azldvhnsdaiaioaingduialiiudennudaimslasf

VL&i'eﬁ']Lﬁuﬁaal,w“uﬂ%mmﬂmé'waagﬂ”ﬁmau (Maker) 184

3. waawsvaswennsoilaslwlisinsay Minitab 284100aY PCE-325R

3.1 WANNFILATIEHVEY PCE-325R @2835 Decomposition

Time Series Decomposition Plot for PCE-325R
Multiplicative Model

Variable
| —e— Actual
— m - Fits
--@-- Trend

45000

40000 Accuracy Measures
MAPE
MAD 2819

MSD 14018495

35000

PCE-325R

30000

25000

20000

37 67 WAMTALATIZWVEY PCE-325R #1135 Decomposition
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g7 67 Han1TILATIRHEA
anwoiziduluugena

3.2 WANNIILATIZVUaY PCE-32

70

Aad . ~ o A ~
ekl DeCOmpOSItIOﬂ ﬂiquLLu'JIuNﬂﬂﬂLLazu

5R 6282T Moving Average

Moving Average Plot for PCE-325R
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MAPE 1
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3171 68 WamMFALATzHues PCE-325R se3F Moving Average

3.3 WaMIILATITHVad PCE-325R 61837 Single Exponential Smoothing

45000 «‘
40000

35000

PCE-325R

30000

20 24
Index

Smoothing Plot for PCE-325R
Single Exponential Method
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—e— Actual
— m - Fits

Smoothing Constant
o 0.0241404

Accuracy Measures

MAPE n
MAD 3513
MSD 19792925

36

28 32 40

gﬂﬁ' 69 NANITILAIITAYDI PCE-325R

#2837 Single Exponential Smoothing
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3.4 WaMIIATEHed PCE-325R @283% Double Exponential Smoothing

Smoothing Plot for PCE-325R
Double Exponential Method

45000
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35000

PCE-325R
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Smoothing Constants
o (level)  0.768615
y (trend) 0.058889
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MAPE 1
MAD 4553
MSD 29422380

gﬂﬁ 70 HANFILAIITWVDI PCE-325R @2855 Double

Exponential Smoothing

3.5 WAMTIATIEHY8I PCE-325R ¢835 Winters' Method LUy Multiplicative

Winters’ Method Plot for PCE-325R
Multiplicative Method

PCE-325R
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MSD
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3UN 71 WamM 3Tz Be9 PCE-325R ¢u3T Winters’ Method WuL Multiplicative
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3.6 WANTILATIZHVDI PCE-325R @283 Winters’ Method LUl Additive

Winters’ Method Plot for PCE-325R
Additive Method

Variable
—e— Actual
— m - Fits

45000

Smoothing Constants
40000

o (level) 0.768615
y (trend) 0.058889
& (seasonal) 0.000000
% 35000 Accuracy Measures
2‘, MAPE 9
o MAD 2935
O MSD 14908234
o =
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Index

UM 72 nan33ATzHIas PCE-325R 613T Winters’ Method uuw Additive

AN 19 NANTITALATIZRAIANURANAIAVAINARANIINGINTING 53T NN

AMUAANAIANT 3 oA maaﬁaga PCE-325R

- ” ANAMNHANANA
MMAanANIINEINITH P
MAPE MAD MSE #3582 MSD

Moving Average 14 4,431 29,286,835

Single Exponential Smoothing 11 3,513 19,792,925
Double Exponential Smoothing 14 4,553 29,422,380
Winters’ Method LLUU Multiplicative 9 2,906 14,571,868
Winters’ Method LUy Additive 9 2,935 14,908,234

2
6 @ a

INA1TN 19 HANITILATIERAIAINNAANIIAVDINATANIINEINIDING 5 3D
AU AMNAANAIANT 3 LNTUH va4Tayn PCE-325R LA LA 31 3T Winters' Method

UL Multiplicative 3z ldéin MAPE uaz MAD flasfiga fia 9 uaz 2,906 mMud1aL
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Winters’ Method for PCE-325R

Multiplicative Method

Data PCE-325R
Length 42

Smoothing Constants

o (level) 0.768615
vy (trend) 0.05888¢
5 (seasconal) 0.000000

Accuracy Measures
MAPE 9

MAD 2906
MSD 14571868

Forecasts

Period Forecast Lower Upper
43 31152.0 24031.3 38272.7
44 32402.6€ 23541.8 41263.4
45 38444.8 27464.2 49425.4

Winters" Method Plot for PCE-325R

gﬂﬁl 73 fWENTBIAT Winters’ Method WUy Multiplicative 283 PCE-325R

Winters’ Method Plot for PCE-325R
Multiplicative Method
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Accuracy Measures
MAPE 9
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MSD 14571868
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31N 74 ATNWLFAIATNENNTAL 3 LHBUEIIN 3T Winters' Method LUU Multiplicative 89

PCE-325R
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LA LINNAIINEINIIA28 MINITAB 11viNNItUSsuisunugaaIueis
P~ & Q/I g i d ! 4 { a &/ Qs Q-q// Q
39NV AANITRITAVAINN I ILNILNARIAIAINNARIALARDWNLNAT Y AILUHARN DRI

LRAIBBNNINNATTINN 20

A a a ! A [ o A e & v
A1319N 20 Llhﬂl]mUUﬂqﬂquﬂﬂ’]@LﬂaﬂuTa\‘]ﬁjﬁlUQWGLLNuﬂUﬂ’]ﬂVL@Q’]ﬂﬂquU’]ﬂfm@']ﬂ
MINITAB w83 PCE-325R

Method | 1fiaw |sansuswads| aamsdsde | Forecast | MaAMuAmAIAAaRIRhaMIuMM | A1AnNAMAIAREM Forecast Method
2338 9uK| Method MAD MSE MAPE MAD MSE MAPE

Moving Jul-18 32,235 28,000 32,007 4235 | 17,935,225 13.14 228 51,847 0.71

Average  [Aug-18 32,912 29,000 32,007 3912 | 15,303,744 11.89 905 818,482 2.75

Sep-18 38,680 28,000 32,007 | 10,680 | 114,062,400 2761 6,673 | 44,524,925 17.25

Summary 6,276 | 49,100,456 17.55 2,602 | 15,131,752 6.90

Single Jul-18 32,235 28,000 32,803 4235 17,935,225 13.14 568 322,851 1.76

Exponential ~ |Aug-18 32,912 29,000 32,803 3912 15,303,744 11.89 109 11,837 0.33

Smoothing  [Sep-18 38,680 28,000 32,803 | 10,680 | 114,062,400 27.61 5877 | 34,536,778 15.19

Summary 6,276 | 49,100,456 17.55 2,185 | 11,623,822 5.76

Double Jul-18 32,235 28,000 32,354 4235 | 17,935,225 13.14 19 14,042 0.37

Exponential  |Aug-18 32912 29,000 32,329 3912 15,303,744 11.89 583 340,122 1.77

Smoothing  [Sep-18 38,680 28,000 32,304 | 10,680 | 114,062,400 27.61 6,376 | 40,650,826 16.48

Summary 6,276 | 49,100,456 17.55 2,359 | 13,668,330 6.21

Winters' Jul-18 32,235 28,000 31,152 4235 | 17,935,225 13.14 1,083 1,172,889 3.36

(Multiplicative) {Aug-18 32912 29,000 32,402 3912 | 15,303,744 11.89 510 260,100 1.55

Sep-18 38,680 28,000 38,444 | 10,680 | 114,062,400 27.61 236 55,696 0.61

Summary 6,276 | 49,100,456 17.55 610 496,228 1.84

Winters' Jul-18 32,235 28,000 31,120 4,235 17,935,225 13.14 1,115 1,243,225 3.46

(Additive)  [Aug-18 32,912 29,000 32,367 3,912 15,303,744 11.89 545 296,589 1.65

Sep-18 38,680 28,000 38,336 | 10,680 | 114,062,400 27.61 344 118,336 0.89

Summary 6,276 | 49,100,456 17.55 668 552,717 2.00

NAT1971 20 LLa@olﬁLﬁugﬂLLuumié"ldﬂ'fi?a@i”am‘i’uwunwwmmrﬁ’?% Winters’
Method Uy Multiplicative a=1%enanunaiaiafian (MAD, MSE, MAPE) a8nin13a19uus
yoaninnwrhordauaztoanindTnIne s alLuLang ﬁ'mfuﬁm%’ui’mqﬁu PCE-325R
FIRN T LTALLNINEINTBIAD Winters’ Method kUL Multiplicative 1401331 9UWH1NNT
é’ﬁ%ai’mqﬁu”lﬁ
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Winters' Method (Multiplicative)
50,000 PCE-325R

40,000
30,000

20,000
9 13 15 21 25 29 33 37

—Receive data ee=Actudl —e=—Forecast

gﬂ‘ﬁ' 75 nMLSuuisy Actual VS Forecast #1833 Winters' Method kUL Multiplicative
2Uad PCE-325R

ﬁnﬂgﬂﬁ' 75 ANIDUFAINTIWILTBULA BRI WAINITUITNIYAUIII (Actual)
Audnf ldanniswennyoh (Forecast) #2835 Winters' Method uuy Multiplicative lagil
ﬁagaﬁwd’uﬁ' 1-42 davSanmmsiuidningdusesudaziaan mm]’aga‘ﬁ' 43-45 Qi §1M3
wensaid 9w 3 WeniIsuiisunulinasuIiagauas

mmTaQaﬁzmmmmsnﬁmﬁzﬁuﬁﬂﬁué’@mnﬁl‘*ﬁ’i’qﬁmgdLtﬁaﬁmﬁaﬂgﬁgﬂu
\&e 837 Trend Analysis TaoignlUAlyUsunss Minitab \faniuy Stat -> Time Series ->
Trend Analysis Lﬁaﬂiagaﬁ'ﬁmmﬁmﬁ:ﬁﬁﬁao Variable 91n1wtaan Model Type 1%
Linear AN OK

Trend Analysis Plot for PCE-325R (45 Month)
Linear Trend Model
Yt = 33313 - 43.3xt

Variable
—o— Actual
— m - Fits

45000

Accuracy Measures
MAPE
MAD 3674
MSD 22365024

40000

35000

PCE-325R (45 Month)

Index

3171 76 n3WBLATzH Trend Analysis U89 PCE-325R
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NnUN 76 LLa@ﬂﬁLﬁuLLﬁﬂﬁun’]ﬂﬁ'@lqﬁmjaa PCE-325R  {utialiinanas

waz lAFNAIINNTIATEA fa Y, = 33,313 — 43.3xt

%

mmmmé’m’mnﬂﬁ'@qﬁu PCE-383R laadth

Lﬁia Y, = 33,313 —43.3%(1) = 33,270
Y4 = 33,313 — 43.3%(45) = 31,365
Y, 31,365
Ratio = % = —1%
Y, 33,270

1
N LAawN 1 0945 = -5.7%

-5.7% X (12/45)
-1.5%

A A
38 Laasdall

> U s a { 1 A { 1
aaMIldianay PCE-325R aandiadudal 1.5% 3nade Salduuuiladla
NN AIRUAINZUTINUEFINAL (Maker) tialiiAuAsdanIlgunaaadlaiannly
au1Aa IWaNKEINaY (Maker) azldvhnsdaiaoaingduialiiudennudaimslasf

Vl,aiﬁ‘i'uﬁu@TaaLﬁuﬂ%mmﬂmé'waa@”ﬁwau (Maker) 184

4. waawsvaswsnnsoilaslwlisiunsa Minitab 284100aY PCC-005R

4.1 NaMIIANZAVEd PCC-005 62835 Decomposition

Time Series Decomposition Plot for PCC-005R
Multiplicative Model

Variable
| —e— Actual
— m - Fits
--@-- Trend

Accuracy Measures
MAPE n
MAD 3241
MSD 15754193

30000

PCC-005R

25000

20000

Index

3UN 77 wamaTianzised PCC-005 d183T Decomposition
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42 WAMIILATIZAVBI PCC-005R 6183T Moving Average

Moving Average Plot for PCC-005R

40000

35000

005R

30000 -

PCC

25000

20000 |
16 20 24

Index

Variable
—e— Actual
— m - Fits

Moving Average
Length 3

Accuracy Measures
MAPE »
MAD 3594

MSD 18937834

28 32 36 40

3171 78 wamy3LAnzHuas PCC-005R 1835 Moving Average

4.3 WaNIAATZHRUAI PCC-00

5R 62823 Single Exponential Smoothing

Smoothing Plot

40000

35000

30000

PCC-005R

24
Index

Single Exponential Method

for PCC-005R

| Variable |
—e— Actual
— = - Fits

Smoothing Constant
o 0.507449

Accuracy Measures

MAPE »
MAD 3341
MSD 16964966

36

28 32 40

gﬂﬁ' 79 HANNTILAIITAVEI PCC-005R

@837 Single Exponential Smoothing
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4.4 WAMIIATIZHRVEI PCC-005R ¢183T Double Exponential Smoothing

40000

35000

30000

PCC-005R

25000

/
20000 &

Smoothing Plot for PCC-005R
Double Exponential Method

Variable
—eo— Actual
— m - Fits

Smoothing Constants
o (level)  0.554210
y (trend) 0.053423

Accuracy Measures
MAPE »
MAD 3466
MSD 18119592

2 1 20 24 28 32 36 40
Index

Eﬂﬁ 80 NANNIILATIZHVEI PCC-005R ¢2835 Double Exponential Smoothing

45 WAMTIATIEHVEI PCC-005R @283 T Winters' Method LU Multiplicative

30000

PCC-005R

25000

20000

Winters’ Method Plot for PCC-005R
Multiplicative Method

N Variable
" —e— Actual

— m - Fits

Smoothing Constants
a (level) 0.554210
y (trend) 0.053423
| & (seasonal) 0.000000

Accuracy Measures

MAPE 10
MAD 2726

MSD  1mmn79

Index

gﬂﬁ 81 WANTILATITHBI PCC-005R d183% Winters' Method WL Multiplicative
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4.6 NAMIILATIZRVDI PCC-005R ¢2837 Winters’ Method LUy Additive

Winters' Method Plot for PCC-005R
Additive Method

40000 Variable
—e— Actual

— m - Fits

Smoothing Constants

a (level) 0.554210
35000 y (trend) 0.053423

& (seasonal) 0.000000
% Accuracy Measures
8 MAPE 10
S 30000 MAD 2801
(v MSD 11322749
5 ——

25000

20000

37 82 HAMTALATIEW VDI PCC-005R @183T Winters' Method LUy Additive

v
o

A13197 21 NANITILATIZRANAMURANIIAVAINATANITNEINTDING 5 3D AVULA TN
ANMUAANAIANT 3 LN maaﬁaga PCC-005R

- ” A1ANHANANA
INAKANIINEINIT P
MAPE MAD MSE #98 MSD

Moving Average 12 3,594 18,937,834

Single Exponential Smoothing 12 3,341 16,964,966
Double Exponential Smoothing 12 3,466 18,119,592
Winters’ Method UL Multiplicative 10 2,726 11,111,179
Winters’ Method L1 Additive 10 2,801 11,322,749

2
6 @ a

INATNN 21 WANITILATIERAIANNAANIIAVDINATANIINEINIDING 5 3D
AU AMNAANAIANT 3 LNTUH va478yn PCE-380R LA LA 31 3T Winters' Method

UL Multiplicative 3z ldiein MAPE uaz MAD fasfign fia 10 waz 2,726 a1udau
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S Session

Winters’ Method for PCC-005R

Multiplicative Method

ta PCE-00SR
ngth 42

Da
Le

W

moothing Constants

@ (level) 0.554210
y (trend) 0.053423
% (seasonal) 0.000000

Accuracy Measures

MAPE 10
MAD 2726
MSD 11111179

Forecasts

Period Forecast Lower Upper
43 239355 17257.95 30613.1
44 25942.7 18425.1 33460.3
415 25592.4 17057.5 34127.3

Winters' Method Plot for PCC-005R

3U7 83 FweNITIAT Winters’ Method LuL Multiplicative 789 PCC-005R

Winters’ Method Plot for PCC-005R
Multiplicative Method

Variable
40000 —e— Actual
— m - Fits

--@-- Forecasts
—A - 95.0% PI

35000 I T o —
Smoothing Constants

a (level) 0.554210
y (trend) 0.053423
& (seasonal) 0.000000

30000

Accuracy Measures
MAPE 10

MAD 2726
| MSD 11111179

PCC-005R

25000

20000

_— =
4 8 12 16 20 24 28 32 36 40
Index

U7 84 neuaaadwennanl 3 1daud 91 35 Winters' Method Uiy Multiplicative 289
PCC-005R
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LA LINNAIINEINIIA28 MINITAB 11viNNItUSsuisunugaaIueis
P~ & Q/I g i d ! 4 { a &/ Qs Qq// Q
39NV AANITRITAVAINN I ILNILNARIAIAINNARIALARDWNLNAT Y AILUHARN DRI

LRAIBBNNINNATINN 22

A a a ! A [ o A e & v
AN 22 Llhﬂl]mUUﬂqﬂquﬂﬂ’]@LﬂaﬂuTa\‘]ﬁjﬁlUQWGLLNuﬂUﬂ’]ﬂVL@Q’]ﬂﬂquU’]ﬂfm@']ﬂ
MINITAB w83 PCC-005R

Method | 1iiow |sansuiwdds| saamsdite | Forecast | MAmaAmAIAAawtashaLmm | mATIMAMAIAAEW Forecast Method
298 n9uNs| Method MAD MSE MAPE MAD MSE MAPE

Moving Jul-18 23,788 23,000 25,296 788 620,944 3.31 1,508 2,274,064 6.34

Average  |Aug-18 24,385 25,000 25,296 615 378,225 2.52 911 829,921 3.74

Sep-18 27,529 25,000 25,296 2,529 6,395,841 9.19 2,233 4,986,289 8.11

Summary 1,311 2,465,003 5.01 1,551 2,696,758 6.06

Single Jul-18 23,788 23,000 26,118 788 620,944 3.3 2,330 5,426,570 9.79

Exponential |Aug-18 24,385 25,000 26,118 615 378,225 2.52 1,733 3,001,556 7.10

Smoothing  [Sep-18 27,529 25,000 26,118 2,529 6,395,841 9.19 1,412 1,992,332 513

Summary 1,311 2,465,003 5.01 1,825 3,473,486 7.34

Double Jul-18 23,788 23,000 25,891 788 620,944 3.31 2,103 4,424,292 8.84

Exponential ~ [Aug-18 24,385 25,000 25,760 615 378,225 2.52 1,375 1,890,625 5.64

Smoothing  [Sep-18 27,529 25,000 25,629 2,529 6,395,841 9.19 1,901 3,611,900 6.90

Summary 1,311 2,465,003 5.01 1,793 3,308,939 713

Winters' Jul-18 23,788 23,000 23,936 788 620,944 3.31 148 21,756 0.62

(Multiplicative) [Aug-18 24,385 25,000 25,943 615 378,225 2.52 1,558 2,426,429 6.39

Sep-18 27,529 25,000 25,592 2,529 6,395,841 9.19 1,937 3,750,420 7.03

Summary 1,311 2,465,003 5.01 1,214 2,066,202 4.68

Winters' Jul-18 23,788 23,000 22,986 788 620,944 3.31 802 643,685 3.37

(Additive)  [Aug-18 24,385 25,000 25,518 615 378,225 2.52 1,133 1,284,369 465

Sep-18 27,529 25,000 25,198 2,529 6,395,841 9.19 2,331 5,433,561 8.47

Summary 1,311 2,465,003 5.01 1,422 2,453,872 5.50

MNANTIT 22 LLa@olﬁLﬁugﬂLmumié"a%a@hU@TQLLmeiwmmrﬁ?% Winters’
Method WU Multiplicative azliifnannananaindon (MAD, MSE, MAPE) %aaninmsdun
vaanwtinauehoriauaziasnindsnswensoluuuiug @°omfu§wu§'ui'@qﬁu PCC-005R
9NN TAIMUVNIWEINITBEAD Winters’ Method LU Multiplicative linsnsununis
é’ﬁ%@i’@qﬁﬂﬁ
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Winters' Method (Multiplicative)
40,000 PCC-005R

30,000

20,000
9 13 17 21 25 pe 33 37 11

emmPoceive data e Actyal —ess—Forecast

Ellﬁ 85 nMWLUIa ULy Actual VS Forecast #2835 Winters' Method WUU Multiplicative
284 PCC-005R

N3N 85 MaIaLEeIN WU IR BUIEAINAIMITUINIY AUa3I (Actual)

AUAIN FANNANINENTBE (Forecast) @283T Winters' Method WUU Multiplicative Lasf

v o

magamé’uﬁ 1-422 ﬁ'aﬂ%mmmﬁuLﬁﬁ'@qawaulﬁiauaau mwﬂ’agaﬁ 43-45 QA @
6 1 % A a =) [ a [ v o a a
MIngNNIBia9nth 3 WawliounsunudS NI INInaLaSs
ﬁ]’]ﬂﬁagaﬁ'\mmmmmﬁmﬁ:ﬁuﬁﬂﬁué’mwms‘lﬁi’qﬁuﬁuwﬁaﬁmﬁaﬂaﬁ;ﬁu
@835 Trend Analysis lagi2n lUAlusunsy Minitab \§anLuYy Stat -> Time Series ->
Trend Analysis iRandayafidainiiiazifizes Variable :9niaan Model Type 1ilu

Linear aan OK

Trend Analysis Plot for PCC-005R (45 Month)
Linear Trend Model
Yt = 32491 - 144.6xt

40000 Variable

—eo— Actual
— m - Fits

Accuracy Measures
MAPE iV
MAD 3441
MSD 16783903

35000

30000

25000

PCC-005R (45 Month)

Index

Eﬂ‘ﬁl 86 NTMNILATILH Trend Analysis 283 PCC-005R
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1N3UN 86 LLa@ﬂﬁLﬁuLLﬁﬂﬁumﬂ"ﬁ'@qawaa PCC-005R  #uiialiaaas
wa lAFUAITNNTIATIENR A8 Y, = 32,491 — 144.6xt

%

mmmmé’mwmﬂﬁ'@qﬁu PCC-005R 'laiadh

o Y, = 32,491 - 144.6%(1) = 32,346
Yis = 32,491 — 144.6%(45) = 25,984
Y, 25,984
Ratio = % = —1%
Y, 32,346
NN Liaud 18945 = -19.7%
w30 aneai = -19.7% X (12/45)
= -5.2%

aaMIldianau PCC-005R anadadudall 52% 3nadia asiuaIINazuds
nussnay (Maker) ialiiruisdnnnsldnunanasluaman tNangasnay (Maker)
2o mraadinnmasnasvadn&inan (Maker) Lo3

5. waawsvaswansoilaglwlilsunsy Minitab 28410NAY PT-5206

51 WanTIAIILHVad PT-5206 @283F Decomposition

Time Series Decomposition Plot for PT-5206
Multiplicative Model

Variable
—e— Actual
— m - Fits
| —-¢-- Trend

Accuracy Measures
MAPE 1
MAD 2024
MSD 8116443

PT-5206

4 8 12 16 20 24 28 32 36 40
Index

31 87 NANNIILATIZAVEY PT-5206 62835 Decomposition
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5.2 WaNTIATITHBd PT-5206 #2833 Moving Average

Moving Average Plot for PT-5206

22000

20000

18000

16000

PT-5206

14000

12000 |

10000 |

4 8 1 16 20 24
Index

Variable
—e— Actual
— m - Fits

Moving Average
Length 3

Accuracy Measures
MAPE 14
MAD 2129

MSD 7602306

28 32 36 40

511 88 wamyAAnzuas PT-5206 6183F Moving Average

5.3 WANIILATIEHUBS PT-5206 62835 Single Exponential Smoothing

Smoothing Plot for PT-5206
Single Exponential Method

22000
20000

18000

PT-5206

4 8 12 16 20 24 28 32 36
Index

40

Variable
—e— Actual
— m - Fits

Smoothing Constant
o 0.0461930

Accuracy Measures

MAPE 15
MAD 2222
MSD 7881789

gﬂﬁ' 89 NANNTIATITHVEY PT-5206 @283 Single Exponential Smoothing
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5.4 WaNTIATEH8d PT-5206 62835 Double Exponential Smoothing

Smoothing Plot for PT-5206
Double Exponential Method

22000 Variable

—eo— Actual
— m - Fits
20000
Smoothing Constants
o (level)  0.533882
18000 y (trend) 0.052482
Accuracy Measures
MAPE 1
MAD 2143
MSD 7926491

16000

PT-5206

14000

12000

10000

4 8 12 16 20 24 28 32 36 40
Index

3171 90 HAMIAATIZHVEY PT-5206 71835 Double Exponential Smoothing

5.5 WANITILATIEHRVEY PT-5206 @835 Winters’ Method UL Multiplicative

Winters’ Method Plot for PT-5206
Multiplicative Method

24000 1 Variable
/Q /Q —e— Actual
|

22000 m - MB |
Smoothing Constants
a (level) 0.533882
20000 y(trend) 0052482
‘ | & (seasonal) 0.000000
8 18000 Accuracy Measures
m MAPE B
4 16000 MAD 1978
. MSD 6871277

14000

12000

10000

4 8 12 16 20 24 28 32 36 40
Index

U7 91 Wam3TiATEUed PT-5206 61835 Winters’ Method WUy Multiplicative
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56 WANITILATIZHVDI PT-5206 62833 Winters’ Method 111 Additive

Winters’ Method Plot for PT-5206
Additive Method

24000 Variable

—e— Actual

22000 R " —m - Fits
Smoothing Constants
a (level) 0.533882
2i000 y (trend) 0.052482
& (seasonal) 0.000000
8 La000 Accuracy Measures
N MAPE B
Y 16000 MAD 1925
= MSD 6639560

14000

12000

10000

4 8 12 16 20 24 28 32 36 40
Index

3UN 92 HAMTAATIZWVEY PT-5206 G183T Winters' Method LU Additive

v
o

A13197 23 NANIIILATIZRANAMVRANIIAVAINATANIINEINTDNG 5 3D AVULA TN

ANMURANAIANT 3 oA maaﬁaga PT-5206

- ” A1AMNHANATA
INAKANTIINLINIT P
MAPE MAD MSE #1982 MSD

Moving Average 14 2,129 7,602,306

Single Exponential Smoothing 15 2,222 7,881,789
Double Exponential Smoothing 14 2,143 7,926,491
Winters’ Method UL Multiplicative 13 1,978 6,871,277
Winters’ Method LU Additive 13 1,925 6,639,560

INA1TN 23 HANITILATIERAIANNAANIIAVDINATANIINLINIDING 5 3D
AU AMNAANAIANT 3 LNTUSH 1847048 PCE-380R AR LATI7 3T Winters' Method

LU Additive 221661 MAPE waz MAD ﬁaﬂﬁqﬂ A9 13 LAy 1,925 AURIAL



gﬂﬁi 93 AWEINIDIAD Winters’ Method wU1 Additive U89 PT-5206

PT-5206

{ Session

Winters’ Method for PT-5206

Additive Method

Data PT-5206
Length 42

Smoothing Constants

a (level) 0.533382
vy (trend) 0.052482
5 (seasonal) 0.000000

Accuracy Measures

MAPE 13
MAD 1925
MSD 6639560

Forecasts

Period Forecast Lower
43 13392.4 8676.21
44 1499€6.9 9731.04
45 15082.1 9151.68

Upper
igi08.6
20262.8
2101255

Winters’ Method Plot for PT-5206

17500

10000

Winters’ Method Plot for PT-5206

Additive Method

Index

36 40

Variable
—e— Actual
— m - Fits
| --@-- Forecasts
—aA - 95.0% PI

Smoothing Constants
a (level) 0.533882
y (trend) 0.052482
& (seasonal) 0.000000

Accuracy Measures
MAPE B
MAD 1925
MSD 6639560

87

gﬂﬁ 94 NIIWUFAIAIWLINTDE 3 LADWAIINUN AT Winters' Method WU Additive a4

PT-5206
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LA LINNAIINEINIIA28 MINITAB 11viNNItUSsuisunugaaIueis
P~ & Q/I g i d ! 4 { a &/ Qs Q-q// Q
39NV AANITRITAVAINN I ILNILNARIAIAINNARIALARDWNLNAT Y AILUHARN DRI

LRAIBBNNIANNANINN 24

A a a ! A [ o A e & v
AN 24 Llhﬂl]mUUﬂqﬂquﬂﬂ’]@LﬂaﬂuTa\‘]ﬁjﬁlUQWGLLNuﬂUﬂ’]ﬂVL@Q’]ﬂﬂquU’]ﬂfm@']ﬂ
MINITAB w24 PT-5206

Method | 1fiaw |8onsusuass| seamsAsan | Forecast | MAMNAMAARBHYBIMEMIIN | A1ANMANIALAADW Forecast Method
2a9fheunw| Method | MAD MSE MAPE MAD MSE MAPE

Moving | Jul-18 13,210 14189 | 15013| 979 958,441 741 1803 | 3,250,809 1365
Average  |Aug-18 14,028 14355 | 15013 327 106,720 233 985 | 969,595 7.02
Sep-18 15,837 14100 15013| 1,737 3,016,961 10.97 824| 678877 520

Summary | 1,014 1,360,707 6.90 1,204 | 1,633,094 8.62

Single | Jul-18 13210 14189 | 16244 979 958,441 741 3034 | 9,206,976 22,97
Exponential ~ |Aug-18 14,028 14355| 16244 | 327 106,720 233 2216 | 4,910,567 15.80
Smoothing ~ [Sep-18 15,837 14100 16244 | 1737 3,016,961 10.97 47| 165942 257
Summary | 1,014| 1,360,707 6.90 1,886 | 4,761,162 13.78

Double | Jul-18 13210 14189 | 14,888 979 958 441 741 1678 | 2,816,355 1270
Exponential | Aug-18 14,028 14,355 14,835 327 106,720 233 807 651,378 5.75
Smoothing | Sep-18 15,837 14100 | 14783 1737 3,016,961 10.97 1054 | 1111422 6.66
Summary | 1,014| 1,360,707 6.90 1,180 | 1,526,385 8.37

Winters' [ Jul-18 13210 14189 | 13689| 979 958 441 741 479| 22982 363
(Multiplicative) |Aug-18 14,028 14385 15155 327 106,720 233 1126 | 1,268,507 8.03
Sep-18 15,837 14100 15200 1737| 3,016,961 10.97 637 | 406,075 4.02

Summary | 1,014 1,360,707 6.90 748 | 634,802 5.23

Winters' [ Jul-18 13210 14189 | 13392 979 958 441 741 182 33,270 138
(Additive)  |Aug-18 14,028 14385 14907| 327 106,720 233 99 | 938,147 6.90
Sep-18 15,837 14100 15082| 1737| 3,016,961 10.97 755 | 569,783 41

Summary | 1,014 1,360,707 6.90 635 | 513,733 435

NANTIIN 24 LLamlﬁLﬁugﬂLLuumiz%"a%aﬁamﬁuuumiwmmtﬁ'ﬁ' Winters’
Method D1 Additive 3:1WAnaanuaa1aLaaan (MAD, MSE, MAPE) $a8niin1sanoun
PIninIuREREanazasni IS nsnensaiuuuaug m”aifuz%m%’ui'@qﬁu PT-5206
9T TAILUAINEINTBIID Winters'® Method WU Additive  MANNTINUNKANT
é’ﬁ%ﬂi’@qﬁﬂﬁ
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Winters' Method (Additive)
30,000 PT-5206

20,000

10,000

1 5 9 13 17 21 25 29 33 37 41

——Receive (daty ———pctya] —e——Forecast

Ellﬁ 95 nWLSaULNEY Actual VS Forecast @28 23 Winters' Method w1 Additive
A4 PT-5206

nnzUN 95 MaIauaaINNWITBLIBUIENINNAIMITVININAVTI (Actual)
nuef ldann1swenol (Forecast) #2835 Winters' Method Wiy Additive laafidaya
faun 1-42 AeRanamsiuiniagAuvedudaziaan sautoyan 4345 Aa Answennank
1 v =) = A o a o v Aa a
82990 3 LhawSpuigunuUTIn s Ingduais

mm]”aQaﬁ'mmmmsn?mm:ﬁuﬁ'ﬂﬁwé’mwmﬂ%ﬁ'qﬁm”aLwiaa@ﬁaﬂaﬁ;'u”u
1@9283% Trend Analysis lagian lUAlusunsy Minitab \AanLuYy Stat -> Time Series ->
Trend Analysis iRandayafidainllazyinized Variable :9niaan Model Type Lilu

Linear aan OK

Trend Analysis Plot for PT-5206 (45 Month)
Linear Trend Model
Yt = 17932 - 64.4xt

22000 Variable

—e— Actual
— m - Fits

20000

Accuracy Measures
MAPE B
MAD 1978
MSD 6896018

18000

16000

14000

PT-5206 (45 Month)

12000

10000

4 8 12 16 20 24 28 32 36 40 44
Index

51f1 96 N31WALAIZH Trend Analysis 189 PT-5206
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n3UN 96 LLa@alﬁﬁuuﬁﬂﬁwmﬂﬁ'@qﬁmjaa PT-5206 fu1ialiianad was
1aRuMINITIaTEN Ap Y, = 17,932 — 64.4xt

v

mmmmé’m’mnﬂﬁ'@qﬁu PCE-383R laadth

Lﬁ:a Y, = 17,932 — 64.4%(1) = 17,996
Y4 = 17,932 — 64.4%(45) = 20,830
Y, 20,830
Ratio = % = —1%
Y, 17,996

1
N Laawn 1 09 45 = -15.9%

-15.9% X (12/45)
-4.2%

A A
38 Laasdall

a“'mwmﬂ%”@qau PT-5206 aaadtaasdall 4.2% 31N00a AI%BAITNAZWIINL

HaIuay (Maker) iialdiiufisaasnslinuiiaaasluauwiaa inafidaiuay (Maker) 9z
6 inMIaadIunmaInaIadREINaL (Maker) Lo4

6. naawsvaswansmilaylwlilsunsy Minitab 1841An@Y PCC-007R

6.1 WANIILATZHVEI PCC-007R d283% Decomposition

Time Series Decomposition Plot for PCC-007R
Multiplicative Model

17000 Variable

J | --¢-- Trend

15000 Accuracy Measures |
MAPE 10

14000 MAD )

MSD 2221314

12000

PCC-007R

11000

10000

9000

8000

4 8 2 16 20 24 28 32 36 40
Index

U 97 Wam3AiATzIas PCC-007R §18/3T Decomposition
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N3UN 97 WaN13ILATERAI83T Decomposition N1 WuwaliuasNuazd
anwoiziduluugena
6.2 WANIILATIZHVBI PCC-007R 62835 Moving Average

Moving Average Plot for PCC-007R

17000 Variable

—e— Actual

16000 — m - Fits

Moving Average

15000 Length 3
Accuracy Measures
2000 MAPE 2
12 MAD 1367
's 13000 MSD 2932735
<
S 12000
o
11000 -
10000 |
9000
8000 |

4 8 12 16 20 24 28 32 36 40
Index

U7 98 WaMTALATIZHVEI PCC-007R d183T Moving Average

6.3 WaN13ILATEHVaI PCC-007R d2835 Single Exponential Smoothing

Smoothing Plot for PCC-007R
Single Exponential Method

000 Variable
| —e— Actual
16000 — = - Fits
Smoothing Constant

15000 o 0.361472

14000 Accuracy Measures
o MAPE n
X 13000 MAD 1226
8 MSD 2533631
T
|9
O 12000
o

11000

10000

9000

8000

Index

gﬂﬁ' 99 HANTIATIEHYBI PCC-007R @283F Single Exponential Smoothing
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6.4 WaNTILATTHV8d PCC-007R #2835 Double Exponential Smoothing

Smoothing Plot for PCC-007R
Double Exponential Method

17000 Variable
—eo— Actual
16000 — m - Fits
Smoothing Constants
15000 o (level)  0.340155
y (trend) 0.096541
14000
Accuracy Measures
MAPE n
13000 MAD 70

MSD 2657570
12000

PCC-007R

11000

10000

9000

8000

Index

gﬂﬁ' 100 HANNTIATIZHVEI PCC-007R #2835 Double Exponential Smoothing

6.5 WANIILATIZHVEI PCC-007R 61835 Winters’ Method LUy Multiplicative

Winters’ Method Plot for PCC-007R
Multiplicative Method

17000 o Variable
—e— Actual

16000 " —w - Fits

Smoothing Constants
a (level) 0.340155
y (trend) 0.096541
| & (seasonal) 0.000000

15000

14000

Accuracy Measures
MAPE 8
MAD 957
MSD 1782005

13000

12000

PCC-007R

11000

10000

9000

8000

4 8 12 16 20 24 28 32 36 40
Index

U7 101 WaMIALATIZHVEI PCC-007R d183T Winters' Method uu Multiplicative



93

6.6 WANITILATIZVVDI PCC-007R ¢1837 Winters’ Method L1 Additive

Winters’ Method Plot for PCC-007R
Additive Method

17000 Variable

—e— Actual
16000 — m - Fits

Smoothing Constants

15000

a (level) 0.340155
y (trend) 0.096541
14000 & (seasonal) 0.000000
'CE 13000 Accuracy Measures
8 MAPE 8
O MAD 966
o 12000 MSD 1745858
o i
11000

4 8 12 16 20 24 28 32 36 40
Index

37 102 HaMTAATIEWVEI PCC-007R d183T Winters' Method iy Additive

v
o

A13197 25 NANIIILATIZHANAMURANIIAVAINATANIINEINTDNG 5 I AVULA TN

AMUAANAIANT 3 oA ?lﬂd“lTﬂHﬂ PCC-007R

- ” ANANHANANA
INAKANIINEINIT P
MAPE MAD MSE 98 MSD

Moving Average 11 1,367 2,970,496

Single Exponential Smoothing 12 1,461 3,334,282
Double Exponential Smoothing 12 1,435 2,973,460
Winters’ Method LLUU Multiplicative 8 957 1,782,005
Winters’ Method U1 Additive 8 966 1,745,858

INA1TN 25 HANITILATIERAIAINNAANIIAVDINATRANIINLINIDING 5 3D
AMALNUFAMNAANAIANT 3 LNTUH va478ys PCC-007R AR LAI1 3T Winters’® Method

WUL Multiplicative 221661 MAPE waz MAD weuNge fa 8 uaz 957 awdaL
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Winters’ Method for PCC-007R

Multiplicative Method

Data PCC-007R
Length 42

Smoothing Constants

a (level) 0.340155
y (trend) 0.096541
& (seasonal) 0.000000

Accuracy Measures

MAPE 8
MAD 957
MSD 1782005

Forecasts

Period Forecast Lower Upper
43 $59.1 7214.96 11903.3
44 10140.5 7687.66 12593.3
45 9645.7 7065.77 12225.5

Winters’ Method Plot for PCC-007R

gﬂ‘ﬁ' 103 AWENNTBIAD Winters’ Method 284 PCC-007R LUy Multiplicative

12000

PCC-007R

8000

6000

Winters’ Method Plot for PCC-007R
Multiplicative Method

2 16 20 24 28 32 36
Index
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—eo— Actual
— m - Fits
--@-- Forecasts
‘ —& - 95.0% PI

Smoothing Constants

o (level) 0.340155
y (trend) 0.096541
& (seasonal) 0.000000

Accuracy Measures
MAPE 8
MAD 957
MSD 1782005

a4

94

gﬂﬁ 104 nWUEAIAIWENNTE 3 LABUEI9MIN 3T Winters’ Method UL Multiplicative a4

PCC-007R



95

LA LINNAIINEINIIA28 MINITAB 11viNNItUSsuisunugaaIueis
P~ & Q/I g i d ! 4 { a &/ Qs Q-q// Q
39NV AANITRITAVAINN I ILNILNARIAIAINNARIALARDWNLNAT Y AILUHARN DRI

LRAIBBNNIANNATINN 26

A a a ! A [ o A e & v
AN 26 Llhﬂl]mUUﬂqﬂquﬂﬂ’]@LﬂaﬂuTa\‘]ﬁjﬁlUQWGLLNuﬂUﬂ’]ﬂVL@Q’]ﬂﬂquU’]ﬂfm@']ﬂ
MINITAB w83 PCC-007R

Method | 1fiaw |8onsusuass| seamsAsan | Forecast | MAMNAMAARBHYBIMEMIIN | A1ANMANIALAADW Forecast Method
2a9fheunw| Method | MAD MSE MAPE MAD MSE MAPE

Moving | Jul-18 9,607 10300 9439 693 480,249 721 168 28,113 175
Average  [Aug-18 10,359 11,800 9,439 1,441 2,076,481 13.91 920 845,793 8.88
Sep-18 8,098 10800 | 9439 | 1802| 3,247,204 20.03 441 194772 4.90

Summary | 1,312| 1,934,645 1372 510| 356,226 518

Single [ Jul-18 9,607 10300 9.928| 693 480,249 721 31 102,829 334
Exponential ~ |Aug-18 10,359 11800  9928| 1441 2,076,481 13.91 431 186,046 416
Smoothing ~ |Sep-18 8,098 10800  9,928| 1802|  3.247,204 20.03 930 | 864,286 1033
Summary | 1,312| 1,934,645 13.72 561| 384,387 5.94

Double | Jul-18 9,607 10300| 9600 693 480,249 721 7 53 0.08
Exponential | Aug-18 10,359 11,800 9,463 1,441 2,076,481 13.91 896 803,676 8.65
Smoothing | Sep-18 8,098 10800 |  9325| 1802| 3,247,204 20.03 27| 107145 364
Summary | 1,312| 1,934,645 13.72 40| 303,625 412

Winters' [ Jul-18 9,607 10300| 9559 693 480,249 721 48 2,294 0.50
(Multiplicative) |Aug-18 10,359 11800 10,141| 1441| 2,076,481 13.91 219 47,742 2.11
Sep-18 8,998 10800  9646| 1,802 3,247,204 20,03 648 | 419515 7.20

Summary | 1312| 1,934,645 1372 305| 156,517 3.2

Winters' [ Ju-18 9,607 10300  9422| 693 480,249 721 186 34,410 193
(Additive)  |Aug-18 10,359 11800 10,181| 1441| 2,076,481 1391 178 31,577 172
Sep-18 8,998 10800  9632| 1,802 3,247,204 20,03 634 | 402,463 7.05

Summary | 1,312| 1,934,645 13.72 333| 156,150 357

NANTIIN 26 LLamlﬁLﬁugﬂLLuumiz%"a%aﬁamﬁuuumiwmmtﬁ'ﬁ' Winters’
Method 111 Multiplicative a:1%@1Anuaa1aLARa% (MAD, MSE, MAPE) S08ninmynaums
vasntiniurhordauaziasnindsnswensoiuuuiug @”@fuﬁn%?uf@qﬁu PCC-007R
IO MLAILULNIINEINTAAT Winters’ Method wUL Multiplicative h4NN352190NUANT
é’ﬁ%ﬂi’@qﬁuvlﬁ
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Winters' Method (Multiplicative)
20,000 PCC-007R

10,000 I"‘

1 5 9 13 17 21 25 33 37 11 45

—Roceive (ala e ACtU3] —es—Forecast

gﬂﬁ' 105 nMLIpuey Actual VS Forecast @28 23 Winters' Method Uy Multiplicative
289 PCC-007R

NNIUN 105 MANTAUFAINTIVIT DA BUTZAINNANMTTULINIY AU (Actual)

AUAN baNMINENTBE (Forecast) @283T Winters' Method LUy Multiplicative lasf

Poyad1eun 1-42 Aatfnanmyuniandusedudazifew sutoyan 43-45 Aa fnns
6 1 % A = = [ a [ v o Aa a
wensaka9nth 3 Wenilisuinsunudinasuidnianauess

ndayaninuaminIndienziuiliudannsliigduaudefaiilagiu

1662035 Trend Analysis lazidnluUflisuns Minitab 1Raniay Stat -> Time Series ->

Trend Analysis iRenTayafidainTiaTzyiNTad Variable :9niLaan Model Type 1ilu

Linear aan OK

Trend Analysis Plot for PCC-007R (45 Month)
Linear Trend Model
Yt = 15272 - 124.2xt

Variable
—e— Actual
— m - Fits

18000

Accuracy Measures
MAPE r
MAD 1486
MSD 3915850

16000

14000

12000

PCC-007R (45 Month)

Index

gﬂ‘ﬁ' 106 NTINWILATILHA Trend Analysis 289 PCC-007R
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n3UN 106 LLamlﬁLﬁmLﬁﬂﬁumﬂf’T@]q61J°11aa PCC-007R diiuialiaaag
WAL IERNNNTNNTAATIZA Aa Y, = 15,272 — 124.2xt

mmmmé’mwmﬂ%ﬂ'@qﬁu PCE-383R laadth

o Y, = 15272 — 124.2%(1) = 15,148
Yis = 15272 — 124.2%(45) = 9,683
Y, 9683
Ratio = % = —1%
Y, 15,148
N Wiaud 1 1945 = -36.1%
w30 1aaudall = -36.1% X (12/45)
= -9.6%

(7
o o

é’mwmﬂﬁ'@lqﬁu PCC-007R anadtadsdal 9.6% 3NNafe AInwA1INIzILag

nugasey (Maker) aliiudsdannisldnunaaasluamina thengsnay (Maker)
ﬁ]:"l@Tﬁﬁﬂ’ma@ﬁmmmﬂé'waagﬁf&iawau (Maker) 183

asduan1sdnm
ﬁnﬂwamsﬁﬂmmﬂﬁﬂm‘swmﬂszﬁmaai’mqﬁuﬁa 6 THA WUINLNARANIT
o 4 A , A o FENNOA | -
WeNItilnANEUNgafa Winters' Method Luaaﬁnﬂlﬂmﬂ'smﬂm@maauuas‘nq@wa
WOUNUAIEIIULNY  laanIwIINan MAPE maammwuwuwﬁmzagﬁ 9.97 % &I
ANIINAT MAPE 33 Winters’ Method agjﬁ 5.35 % @”ﬂﬁgﬂiummaﬁ 27 a9t

@1319N 27 ﬁ?ﬂﬁ']ﬂ’)']&lﬂ@”l@nﬂﬁE]Wll?NDJ”IUQWGLLN%ﬁUﬂW‘EWU"IﬂSﬂIﬁ’)H MINITAB maoi’mqﬁu

14 6 Tiia
JanTy zlaﬂmsé’f'a%ramaa Forecast Method
Material Month 91D R TT RK TN By Minitab

Kg./Month | Kg./Month MAPE Kg./Month MAPE
PCE-380R Jul-18 44,100 35,438 20% 43,940 0.36%
PCE-380R | Aug-18 49,918 36,438 27% 49,494 0.85%
PCE-380R | Sep-18 47,160 35,438 25% 46,015 2.43%
PCE-383R Jul-18 35,224 35,950 2.06% 36,066 2.39%
PCE-383R | Aug-18 33,963 35,200 3.67% 33,456 1.46%
PCE-383R | Sep-18 35,461 35,200 0.74% 35,192 0.76%
PCE-325R Jul-18 32,235 28,000 13.14% 31,152 3.36%
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@lﬂﬁﬁdﬁ 27 ﬁﬁ;ﬂﬁ"lﬂ'l”l&lﬂﬂ’]@l,ﬂﬁE]‘W]Ja\‘]&hfJ"J']\‘]LLN%ﬁ'UﬂW‘SWEHﬂini@T’JSJ MINITAB maﬁmqﬁu

N9 6 THhA (6d)

oAU ﬂaﬂnﬁsﬁ:a%ailm Forecast Method

Material Month 9119 H8219 UK By Minitab
Kg./Month | Kg./Month | MAPE | Kg./Month | MAPE
PCE-325R | Aug-18 32,235 29,000 13.14% 32,402 1.65%
PCE-325R | Sep-18 38,680 28,000 27.51% 38,444 0.61%
PCC-005R | Jul-18 23,788 23,000 3.31% 23,936 0.62%
PCC-005R | Aug-18 24,385 25,000 2.52% 23,936 6.39%
PCC-005R | Sep-18 27,529 25,000 9.19% 3,268 7.03%
PT-5206 Jul-18 13,210 14,189 7.41% 13,392 1.38%
PT-5206 | Aug-18 14,028 14,355 2.33% 14,997 6.90%
PT-5206 Sep-18 15,837 14,100 10.97% 15,082 4.77%
PCC-007R | Jul-18 9,607 10,300 7.21% 9,559 0.50%
PCC-007R | Aug-18 10,359 11,800 13.91% 10,141 2.11%
PCC-007R | Sep-18 8,998 10,800 20.03% 9,646 7.20%
Total 496,717 447,208 9.97% 470,118 5.35%
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a & o & \ a A A A o A o Ao (% ° [
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