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49925656: MAJOR: INDUSTRIAL ENGINEERING; M.ENG.
(INDUSTRIAL ENGINEERING)
KEYWORDS: FORECASTING, PRODUCTION PLANNING
ANUCHIT RATTANAPRASIT: DEMAN FORECASTING AND PRODUCTION
PLANNING: A CASE STUDY OF FISH SOURCE PRODUCTS. ADVISOR: ASSOCIATE

PROFESSOR KASAM PIPATPANYANUKUN, 147 PAGES. 2011.

The objective of this thesis is to study demand forecasting and production planning.
The case study company manufactured the product that was made to stock. The most significant
problem was the decision about the merchandise production monthly. Only experienced decision
maker was counted. No previous document was statistically analyzed. This caused the problem of
excessive production than demand and it increased the expenditure of inventory and product
depreciation. To design the system, the sales data was studied in order to choose the appropriate
forecasting technique for the sales data.

Furthermore, the proposed system reduced the cost of MRP production plan which was
743,389 THB monthly or 13,381,000 THB annually whereas the current system expenditure was
886,333 THB monthly or 15,954,000 THB annually. To sum up, the proposed system which is
Decomposition (Additive trend plus seasonal), is more beneficial. The collection of data from
July 08 till December 09 has been studied (Which was 18 months period). It revealed that the
total sales numbers were 28,170,000 units where as the 28,056,000 units were forecasted by new

system. The ratio varient® was equal to 5,148x10°.
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£, 19 MANNARIANADU U 1127 ¢ IMIanuauuUlng Felinunae

0y 0 A NulsUsuiiny o2
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Futuinuusausmaniouiinazes lasinsadwsusud p uaz q
(Autoregressive - Moving Average Model of Order p and q): ARMA (p,q) ﬁé‘fmuuﬁa"lﬂﬁf:
Y, =6+4 Y, +$, Y, _,+ .40, Y, +e,-0¢,_ -0, ,—-..—0._, (2-25)
nuiiftend1&un
1. 31uuw AR (1) Tgduny
Y, =5+4 Y +e,|p] < 1 (2-26)

GRS NS Huideulviihlfeynsunafiquasiaiilu
APFUUIT
2. 3duvy AR () Ugaluuy
Y, 5+¢1Y;—1 +¢2Y;—2 + & (2-27)

dmiu @, + @, <1, Q,— @, <1 uaz/(, < 1 FuiuIoulviihlfeynsu

naiguautiadiuaaduus

gﬂsmummﬁamﬁauﬁﬁuﬁu q (Moving Average Model of Order q): MA(q) ¥
giluuy
(2-28)

Y, = pte -0, —b_,—..—0¢_,

Tag Y, = MAUNAYDIOYNTUINT B 1D ¢

L =f1ae0

! A = ada a4 v o

€, =MANUAAIANGDU B 1981 t TNMIUINLAWVVYNGA NUAURALMIAY 0

aanulssuidy o° vazdludasziu
a '3 = 4 P

0,,0,,..., 0= miniimosveamsmanndoun

siuuuitenldlaun

1. 3uuuy MAQ) Bgilua

Y = u+s —Oe,_, dmsu0 <1 (2-29)

& o & o 9/ = wa d a a a

Fautuidou luiv Ieynsunadiquantifduduneaida

2. gUnuu MAQ) gty fie

Yt = U+ E, _‘91‘9:-1"925:—2 (2-30)

o o & o X 4 o

dmiu 0, +0,<1,0,-0, <1uaz 0, <1 Fulludou lviihldoynsunal

= wa o a aa
uﬂmﬁuumﬂuaunaﬂma
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gﬂuuuwaummﬁmﬂ?{auﬁaaTﬁ?miﬁ%ﬂﬁﬁﬁuﬁu p 4ag q (Mixed
Autoregressive and Moving — Average Model of Order p and q): ARMA(p, q) ﬁgﬂu‘uu
Y, =6+ Y +9,Y, ,+.+¢, Y +e,-0¢_ 0,6 ,—.—-0.¢, (2-31)
gUuuuisien1d1un
1. gUuuy ARMA(, 1) Hgun
Y, =0+¢Y,_,+&,-b¢, (2-32)

Y S

o @ : o 4 { o e
d w3y |Q,| < 1 Fuiluidou v 1 Ifoynsunariinuauiadlu
Qs o I A o Y =} va o a a a
awduuns waz 10 < 1 dludeulaivilfoynsunandiguantadusunefida
= a 1 d' d’ d‘ =8 I .
sduuuduninsnAunasadounoslasns oy (Autoregressive Integrated

Moving Average): ARIMA(p,d, q) Tae d Hususunuoanana

v ¥
A o o

aynsunadlnalinamuidiueynsunat liawmduni’ dufumsiey
= Y o 2 g o wa ~
myduuuimmnzayIdiueynsuna Tsdewlaseynsunariligueandfdiueynsunaii
] o - 9 ol A wa o ) = ° Y o
Nimaduus Wilueynsunaiiiguamiadumaduuiiiou Seevsimsmgduuu Iy
1 ke
oYNIUNA1 IR 99199271 14 TAen 15 INAA1N (Differencing) Y8I0YATUIANAY S IHARIIATS
- = wa o P FY -1 o dy P
i 1 veseynsunalgaauiadiuaaduniiuds Avwthoynsunaiil ldmgluuui
1 9/ 1 3 P [ (P="1 e o Y - 2
wngauae h (d = 1) Awaransai 1 veseynsunads hilguauiAdumasuus Sz
t u’/‘ - 1 :: { wa o @ i
AR NATIN 2 YOI YNTUNIMDWaA1IR5IN 2 veseynsunat Inuautailumaduus
= ) 3 { N
1@ Mezheynsunaril ldmgduuuitmnzaude'ly d = 2) Tae
9 .
HAANASIA 19214 Z, =AY =Y, -V
Y v
HaAAsan 29z 1d Z, =AY, =Y, -2V, -V,
siuuuRien 14 1dun
1. ARIMA (0, 1, 1) %39 IMA (1, 1) figauu
Y-Y, , =pu+€-0€, dmsu 9)<1 (2-33)
2. ARIMA (1, 1, 0) ¥30 ARI (1, 1) fig1uu
(Y-Y,_)-Q(Y,, Y )=0+g dm5u 0 <1 (2-34)
3. ARIMA (1, 1, 1) B3tuny
(Yt_YL—I)_(pl(Yt—l—Yt—z):8+81_el 8(-1 (2_35)
dmsu|Q,|<1,dmsu(0,<1

4. ARIMA (0, 1, 0) Hg1luuy
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Y-Y, 1=¢ (2-36)
o a (b A 4 s a a A oas o
JluuvsumnInALRdundeunoe lastnsadl elisniwagania (Seasonal
[ o W { 1
Autoregressive Integrated Moving Average): SARIMA (p, d, q) Taw d 1JuduUAUNYDIHAA1S L
dluarvensiiaggnia
[ ¥ []
fheynsunannnsandnwud iy uazdniwavesggmadnuuneatoan:
9 & v o & a t v ~
myuuulAin SARIMA (p, d, g) L Fauaaenduduiusveseynsuarieglugiwain
Aarenu ordludou niedhidl SeynsunafiguautAmilu SARIMA (0, 1, 1) 12 uaz
a o @ (= 1 1 =} ~
PUNTUNIANTANNTURUTIZH N (319114 12 wow) T3dluuy

Y,-Y, ,=¢-0"¢_,,0"| <1 (2-37)

o o =)

Ta8 Y, - Y,_,,= HaARvoamdunaiiogi1anu 12 nou

G

. o s P4 A 4 ,
0 = wwsmmaﬂugﬂtmummamﬂaau‘ﬂqgma (Seasonal Moving Average

Model)

° a o Y a <& =)
fﬂiﬂ1ﬂUﬁEﬂLLUUﬂlﬂﬁﬂHﬂ3NL3ﬁ1 i]%”)tﬂi']%ﬂ‘ﬂ'lﬂ“ll@yﬁaluﬂﬂﬂ BIAITISY

v ]
9 aad o o oA

Joyned1arios 50 1 maaand vy 195 Tomilunissmuagiuoy 18un Hessu

Y
[

Qs @ o v 1T W [ ] [ ]
ﬁwﬁuwuﬁizmnmmmmﬁagmanu k 17291087 A9 rk (Autocorrelation Function at lag k)
Py @ ar ] 1 [ { () Qs 1
uazﬁdﬂﬂm ﬁﬂﬁi]Wu‘gﬂ1\3ﬁ')u5$ﬂ31\1ﬂ1ﬁ\uﬂﬁﬁ@gﬂ]\iﬂu k “lf']QL'Ja'lﬁfJ rkk (Partial

Autocorrelation Function at lag k) Tae rk ﬁﬂmﬁuﬁﬁﬁa A<k <luazrk=rk 4
;o= Z(Y; —Y)(Yt—k —Y)
‘ 2. -ry

Ty Y =2Y,/n

Jh=12,..... (2-38)

1 & @ o o 1 1 1 o { vy @ 1
ar,, Lﬂu‘wqﬂ‘]futTWﬁlJWU'ﬁUNﬂ’Ju'igﬁ'JNﬂTﬁ\‘]Lﬂﬁﬁ’E‘JQWNﬂ‘N k %3913

d‘ o Ya a d' o d' d' d!
mamwuﬂ“lﬂavmwammmnmuﬂsauﬂw BN

, A5V k =1
r = a v
K Tk “Z’k—u’rlm AMSV k=2, 3,...
1_2’"/('!/”"1
Wor,=r, -1, ,, dmMUj=1,2,. . k-1

msnasangluuuveynsunal sxian tldeinmsad
o ¥ @ o 1Y
fetsa launsu(Correlogram) Tagth r, waz 1, lilwdeady k sazi llufSeuieuduguuy

~ v o d @ Y $ [~ @
MNATFIUAAAIANVFUAUTVO 1, T P, 1AZ 1, AU P, 33 TudszIMYee P, tazr,
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dudnlszanaes p,, & wiugduuuusazduoy s Ifawisadengiluuyidedie
MINTAY
3
NSUNFA UL (Model Identification)
o =Y o’q'J [ @ o @
MSA0NAMUVOYNTUNINNZANSUINARINFUANTUAUT lUA N0 1Ay
Y @ W o ' o Y] Y v o ¢ o @ o o o
Handuanduius ludussundin Adwia ldandeya asiumitadduanduius luduos
o o a o o s [} c;n sld! I~ = 1w (] Qs LY o @
HAEHINFUTNAUWU T IUA WDV IUAA WA 1A FadluiReamA 19819 N URYS LudA1D3
o s ar o o [] o @ P [] Y] P
sazanFuanduius luduesuisaiu o Idanvazvesflanyu ludu ldamudnyash
a P 2 o ¥ = A o ¥ oA o
amswwﬂlmmmuysm iNmlﬂummﬁﬂymmmaﬂmaaﬂm’muuauﬂimam"bmmﬂu

L&Y
sz Tos lumssegnadauuueyns et Box-Jenkins

14
Qs

o o o :;I 1

Juaeulumadendnvveynsunatenswuniu 3 duasulvg q fe

:/’ = oy v A ' Ao w A 1 3

Funouii 1 wiluvzilumsdaduleheoynsunariimdfinsanediu

v a w o v [ o fo w T
Stationary 130 13 TagHa13annnanyuzausInG1v0IN1sgasgagud vesilandudiodie

@ @ o 7o o ar X @ 1 1 (B 4
anduius ludues uazmTeilanduanduius ludnosnediu vinnsgasgmgudves
s w 1 @ e o s @ ¥ o d @ [} v '
adduiogrsanduius luduewazladduanduius luduesunadn i lueseardn
= do W 1 v o Y 7o o o o @ v
T lwnsanileddudtedeanduius luduowns lsdduanduius luduesuisauves
HastoynI N WMy Tassuiinaaesinileaney 1INWuI Stationarity Tunaa1siniiaves
2q vq ¥ T I o YA o A o
aynTUNIAT N IH lynadniniatuoynsunaies IdedadenduueynsuNIaT Box-
v [
. a =Y o g Y a 1 = 1 1
Jenkins 185118 Tnziun i llioson wadefiaes aw .. do 1l uazez Mdwad1aves
4 < o a '

DUNTUNIRIBYNINUINT Stationary iTIueyNTUNIARIZAITANAD 11)

Y v ' ‘ 1)

Tuaoud 2 Sudumendiinueyns AT Stationary &2 Tasazs1ia
1 @ v o e d o S v @ o [ ~ ey 1
MAIRINAHFUR LT IuduowarlInFuanduius luduesuedrun hilinuanaieluonn
1 < @ o o I'd 1 4
Migudodaiivediagy Tesldvdninusives 2 vhanuaaiandouuIas§Iu (Standard Error)

4 Y 1 v a @
ﬁumimmmmmﬁaummgnummﬂm:mfmawauwuﬂumm
k-1
2
SE(r)=|1+2> 1 |/Vn (2-39)
j=1

AUNIANANIAAABUNIATTIUVBIAIDE AN FURUT TUF B 190U

SE(¢,)=1/N (2-40)

o v

t o t v ow s I LYK L
ﬂW]’.)BEJN?{‘Hﬁﬂwuﬁiuﬂ’JLENLL@%WQﬂ%L!ﬁﬂﬁMWM‘ﬂu%’JLBQUNﬁ’JU‘MN

.
0

d‘ . d‘ Y A 9 :/l 4:; U d‘d LY r'd 1 1
2YNITUIAN Stationary mum‘lmaaﬂ'l’flumumuw 1 ﬂﬂﬂﬂllﬂTﬁ‘lﬁal’iﬂlﬂ'lﬂ'J"l 2 1MUY
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[ & = = | & o S 1A A o a
AANuRaIAmaoUNIAgIUIzgNIIs o unildinnTugud mfiaevihninsan
fMUARILUUBYNTIIAT Box-Jenkins @9 11l

Y . a [] o s o e'
AUUOYNIUIA1 Box-Jenkins Aogluanuauleszidluduuig Order @
1 o3 ;’f d’ld Y {

U MA (1), MA (2), AR(1), AR (2), ARMA (1,1) udu viatifhumsizd vy MA #% Order
Yo e o 3 Y et =1 Y as
7991992 19 uY AR 913 Order &1 unu lduagduiuy AR 1% Order g9 no11Fd MUY MA

d‘d (; Y Y 1 dy 1 d‘ s Y
#1 Order &1 unu I&Fuiy mwanuiuguesnszuaums 2 Uszianil arfsousyld

N [} 1Y o I:4
(Admissible Value) U969 NAHAUNUTVDINTEUIUNT MA (1), MA (2), AR (1), AR (2)
4 g = &=t o { [
waz ARMA (1,1) Tagd B luais1ei 2-1 Sz lddunasifesdanszuiums i limang au

Y P o @ Aa o Y [] Y o o s =1 = 9
fueynsunafitidennsateenli Taniwidiossanduius ludues lunSeuieuny

1 ar 9 d' LY 1 LY o 'L s " ¥ [ a o n ) 9
Awaniu1aTums1ei 2-1 minAidredwanduius ludaues lildeglundevonivoniyld

3 )
ATZUIUMIIY 9 3zgndaseon lazaundomniznszuaunsidisiseusuldnsounqu

Y ' ” o dq o A o ¥ 1 o @ Y = - '
Mlednanduius ludnesidwa lamniu Taea q Tiluds erveziinszuiumsmieny

4‘ Y o . a o Y J []
naenszuIums 399z lah lillszunanmsnidwesvesdmuueynsunmae 1 egnls

o "o as 9 (=1 A = 9 9 Y a g —
Amuaigensy1a vinlulinssuiumsmasas fervdesdoundu luNarsanduneui 1

o d

A v :/I Py & 9 a I =} z dy @
vianouna1wu1alsems ludunaunans Fazdosnosandunsd 1 falmsizanduius

14

s elc:/ @ v o Y] ] 'o o A =~ T w ] Y]
Tudupaaslanduanduius ludusansdiuindamasanegilumssmaegramniy

H v H a T ow [] s o o o
A15131 2-1 A1neausy ldveanidise e anduwus ludios

AIZUIUMT miiweasuld

MA (1) —0.5<r, <05

MA (2) ~1/42 < <1/42;-05<r, <0.5
AR (1) -l<n <1

AR (2) r <—;—(r2 +1);~1<r, <1
ARMA(1,2) 2}’,2 <|r1| <r, <\r,|

v ]
as P

I~ ' a I'd ‘s” 9 =Y ' @
VUADUN 3 L"L"Llﬂ"l‘i‘]Ji%lJ'!mﬂ’lW']5'11!Wlf]iL‘]JE)W\U‘UENW"IiHJM’G‘Jnlu@'JLL“U‘U

[ 14 [ [
oynsunmi ladadon luduaoud 2 Taeld r unu p, Tuaumsae g #1dnazd13
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udluadie MA (g), AR (p) taz ARMA (p,) Fea31 13 Tumsred 222 dausuilosduves

Y
W95 U0d MA (2) 111 019l mdivuaa 1

3 1 g o 4 Qs
51N 2-2 mﬂ‘sxmmLﬁms?fummwwmmmmamm‘uueuﬂsmam

AITUIUMS alszananiioadus
MA(1) 0, =(~1+1-4r2)/2n,
AR(1) é =r,
AR(2) b =r(A-r)(1=r2);d, = (ry, —r2) [1-1})
ARMA(I2) | ¢ =r,/nd, =(-b£~b> =4)/2 ()
b=~(1~2r, + 2 I(r, — )

iwemnsosmineilvnan |, <1
o A Yo oA Y = a sty QY ¥
dwuueynsuail lddaden 13 Tmniimesnazdesszuuailigades
1 o v ay 9 o :/, P 3| =] dy 9 [l :ll v 1
LU mmamuwmuam“lumumauw 3 L]JHLWENﬂ']illﬁ$1ﬂﬂl&ﬂﬂ\]@ulﬂ'luu EN‘lilﬂ'Ji
o Y I 1 a o s v :: [} u a
il duammsisimesvesduuueynsunm msiszmumaisizaseguunannisi
o 1 a o o A o Vo b o £y o
MUUHAATNITTNINDT nJuﬂmm%Vlﬂwmuuumgﬂmnm °lw®‘1gmm’mmmmumanamua

[

= o Y 1
wismesueIs Y laung 6,02 Taw

¢ 6
¢, 6,
4= 0-
3 9,]

9 ]
auiu nashezldlumsdmuasimsiimesvesduuueynsunaiieeg
IS o ' < o - .
Auilandunaizineedlu (Likelihood Function)
L=¢,0,6,0,|X,,t=12,.,N)

Ry [ I a
Tunsdin « , Imsuanussanmieziunuulng
i

v.(&) =(27) 2(0,)” exp(-£* 20}
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' = o s 9 = o a .
ﬂ1‘5‘1J‘5zmmmmsmmaﬂumuuu%thsamswwmmm (Numerical
. & Y 1 a o LY Y ad o @ v ~ 1 -
Analysis) "INi]&’@]'f)\‘iﬂ‘i&’iﬂmﬂ1W"Ii'lllLﬂ’f]iﬁluﬂ’JLmHﬂ’Jﬂ'Jﬁﬂ1ﬁ\3ﬁﬂﬁu®8ﬂq9 Tagmdszanun
2 b4 o LY o w A 2\ = o ot
mammmwﬂwwas:mmmﬁawmmmﬂmﬂmaau (Zel ) 11‘?]1%11’]?!@
J = o { a v [y
mMydszanammsiimes MngduuuAiRITIIEI M AUAUDYNTY
o Jda

o w <o as = 4 o a ) a
L'JﬁTﬂ'lll‘lgllﬂ 1 ﬂzi%ﬂ'J'IlJﬁiJWH‘ﬁ‘UENWQﬂ‘]fHﬁHﬁ&JWH‘ﬁ VAINUNDT c?ammauwuﬁ{mmu

aynINnawaar Uy uaaaluaisiei 2-3

3 o o 7w v w @ o
A5 1N 2-3 ﬂ?WNﬁNWNﬁﬂJ@QWQﬂ%uﬁﬁﬂﬂﬂuﬁﬂﬂWTi’mm@g

siruy winilmai amduNus YT WHARUDINITWTRDT
Mall) &, p, = -6 -1 = B o«
s
W&} &, .48, g, = -0, 8
1+ 8+ & G+~8, =1
6.-06, =1
g, = -8, -1 = 8 w1
1- 0+ 67
AR(1) d, P, = ¢, -1, w1
AR(2) $. . ¢, .=
1- ¢, R
G- b, <1
p, = 0, + ¢, =g, =1
1+ ¢,
ARMA(LY | ¢, .6, e, = (-8400.-6)
1+ 0°+ 24,0, -1 =, <1
-1« B w1
p. = ¢

acd o W 9 =1 =1

v
Tuamideiiazilsznammnnimes lagdii8eaoaiosndan &

q

+Y =1

a L4 o J Y - Y &
ﬂauw’Jmm%zmmm%ummz'lﬂmﬂszmmwﬁlwmﬂmﬂmaauuaawﬁﬂ
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5 d‘ s
VUADUT 4 ATATIVADUANNUINUITANUDIA MUY (Diagnostic Checking)
kY a L% d‘ 2 Yes ar P} v 9/
Cﬂﬁ)\mﬂ‘l'iﬂ’i?]‘ﬂﬁE)‘IJDWDLL'}JUVILEYB)ﬂhl’nIﬂ’JHJm&J"I%ﬁiJﬂ']Jﬂ’quﬂ‘im’m1ﬂiﬂ‘lil Tﬂﬂolﬁlf
ad (34 L4 ) . & 3
NINATDVITUBIUDNHBUAZINGY (Box-Pierce Test) "Nlﬂuﬂ'l'iﬂﬂﬁf)‘lj’ﬂ

Hy: ple)=p,le)==p.(e)=0
H,:p,(e,) M5y k=1,2,...,m sthadsonilen Lm0

m
Yo an A 2
Tnglddmadenadd fin 0 = nY rl(e,)
k=1
fvuald 7 UWIAYDIDYNTIIAT

a =Sy
m  lag gINgANABININANO
) a ot dgl Y
n, Nummniiwesfdszanaiuluduuy
[ d' 2 ] 1 A o
weouiy H,ilio Q < z2(,, ) Hasid1 A1nnuARIANdonYeIMsHINgol
’ I
=y [ A @ d‘ o =4
Audasziu n3e Auuuifmvuamneauauadn
o =§ ¢ . aad v 2 Y
TuaoUN 5 NMINYINTD (Forecasting) I5HU Iaumswensainez lelu
[ LR 9 9 1 [} (K} o A 9 L4
MImmmeInIaiaai ldnateranal lasamlnaamensein lasnaunisweinsel
r'd T o z a 1 o
winidumsnensalszezeramensaiiuez 1¥aiszaindoyasswlosas uazanuuiud
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1NMSNEINTAUNITUAUDYAY
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= 1 9/ s 14 & a Y oo a & [ Y4
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c;d 1 b2 Qs d‘ 3 ar d'
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BRUNE(
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2. MITARMUAANAIAINMIINENN3 D] (Measuring Forecasting Error)
1 a v
John E. and Dean W. (2005) Tunisasasdeund1diaen ldmaiinnisweinsel 14

1 a 1A ¥ o A Gl =
miﬂzﬁllﬁ?ﬂvlllﬁnlWSQGI‘S’JﬂﬁE]‘IJhl{:ﬁﬂEJﬂﬁW%'IimWﬂ'lNﬂW’é]'IWUENﬂ1W81ﬂﬁmLﬁmﬂﬁUUm8‘U

E4
[ v o @ act

FUAIANLDST TINAIANUAANAIAT AT DELAAIIINITNIINT BN UA IFATIVADUATRANA IR

14
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395a9H
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1 804
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Trend Analysis Plot for sale
Linear Trend Model
Yt = 702.4:+ 21.0%t
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1400 1 & Fits
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: T i 1 T T U T T [
3 6 9 1215718 .21 24 27 30
Index
WA 4-2 3T Linear
Trend Analysis Plot for sale
Growth Curve Model
Yt = 730.332 * (1.02064**t)
1500 Variable
—@— Actual
1400 - . Fis
1300 Accuracy Measures
MAPE 12.0
12001 MAD 113.9
MSD 18157.3
o 1100 -
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“ 1000 -
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H T { T ¥ 1 v T 1l {
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NN 4-3 75 Exponential Growth



Trend Analysis Plot for sale
Quadratic Trend Model
Yt =:798.3 + 3.0%t + 0.580*t**2
1500 Variable
—@— Actual
1400+ —-— Fr(t:sma
13004 Accuracy Measures
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1200 MAD 110.5
MSD 174289
@ 11004
1
“ 1000
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3 6 9 12 15 18 21 24 .27 30
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AN 4-4 75 Quadratic
Trend Analysis Plot for sale
S-Curve Trend Model
Yt = (10%*4)/:(7.10281-+.8.36875%(0.925825* *t))
1500+ Variable
—@— Actual
1400' —i— Fits
13004 Curve Parameters
Intercept 646.35
1200+ Asymptote  1407.89
Asym. Rate 0.93
o 1100 _
T Accuracy Measures
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900 MSD 214252
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Time Series Decomposition Plot for sale
Multiplicative Model

Variable
1500 —@— Actual
: —— Fits
-~~~ Trend
Accuracy Measures
1250+ MAPE 345
MAD 33.39
MSD  1927.59
2
& 10004
750+
500-‘ T T H 1 T 1 ] | [] T
3 6 9 12015 .18 2124 --27 30
Index
AN 4-6 75 Decomposition (Multiplication Trend Plus Seasonal)
Time Series Decomposition Plot for sale
Multiplicative:Model
1500 Variable
—@— Actual
1400 —=— Fits
- Trend
1300
Accuracy Measures
1200 % b MAPE 16.8
\./ \ MAD 163.0
1100~ " MSD 371787
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MW 4-7 75 Decomposition (Multiplication Seasonal Only)

78



79

Time Series Decomposition Plot for sale
Additive-Model
15001 Varlable
—&— Actual
~f&— Fits
- g~ Trend
1250+ Accuracy Measures
MAPE 3.05
MAD 28.74
MSD 146125
2
© 1000
750 1
500_ 1 1 1 T | 1 17 T T T
3 6 9 12 °15- 18 .21 - 24 27 30
: Index
NN 4-8 I3 Decomposition (Additive Trend Plus Seasonal)
Time Seri_es,Decomposition Plot for sale
Additive-Model
15001 Variable
~@— Actual
14004 —@— Fits
g Trend
1300
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Moving Average Plot for sale
1500 Variable
: —@— Actual
1400 —®— Fits
_ Moving Average
1300- tength 3
12004 Accuracy Measures
MAPE 11.3
11004 MAD 116.0
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AN 4-10 75 Moving Average (3 Month)
Moving Average Plot for sale
15004 Variable
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g Moving Average
1300 Length 5
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Smoothing Plot for sale
Single Exponential Method
1500 Variable
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1400 - ;| 8 Fis
1300; Smoothing Constant
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2N 4-12 75 Single Exponential
Smoothing Plot for sale
Double Exponential Method
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Smoothing Constants
Alpha (level) 0.608480
Gamma (trend)  0.082826

Accuracy Measures
MAPE 13.4
MAD 129.9
MSD 23495.2
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Winters' Method Plot for sale
Multiplicative: Method

15004
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~—@— Actual
- Fits

Smoothing Constants
Alpha (levei) 0.2

12504 Gamma (trend) 0.2
Delta (seasonal) 0.2
I Accuracy Measures
S 10004 MAPE 6.81
MAD 65.77
MSD 6749.49
7507
500 A T T ¥ 1 T T T T ]
3 6 9 12.-15° 18 - 21 2427 - 30
Index
WA 4-14 3T Winter’s (Multiplicative)
Winters' Method Plot for sale
Additive Method
15004 Variable
—@— Actual
—B Fits

1250 4

1000+

sale

7504

5004

Alpha (level) 0.2
Gamma (trend) 0.2
Delta (seasonal) 0.2

Smoothing Constants

Accuracy Measures

MAPE 6.74
MAD 59.9%6
MSD 5753.59

NINH 4-15 25 Winter’s (Additive)

82



83

= a1 = o t o @ {
Nﬁ’diq‘]_lﬂ'l'i’)!,ﬂ5131’7?11?‘]’NllWﬂWﬁ"lﬂGluﬂ'IﬁWﬂ1ﬂ5ill‘ll’0\uma$!,ﬂﬂuﬂuﬁﬂ\1ﬂ\WﬂSN‘ﬁ

4-2

i a EdRl a = o
ﬂ'lS'Nﬁ 4-2 HANITAATIEUAINITUANANDIAVDUNAUANTTNINTUAN 9

- . d1ﬂ31uﬁﬂﬂﬁ]ﬂﬂ1ﬂlﬂﬂ!°ﬁ'
INAUANTIWENNI 31]!!1]1]
MAPE | MAD MSE

Linear 12.40 | 116.00 | 18,932.10

Exponential Growth 12.00 | 113.90 | 18,157.30
Trend

Quadratic 11.60 | 110.50 | 17,428.90

S-Curve 13.30 | 126.70 | 21,425.20

Multiplicative Trend Plus seasonal 3.45 33.39 | 1,927.59

Multiplicative Trend Seasonal only 16.80 | 163.00 | 37,178.70
Decomposition

Additive Trend Plus seasonal 3.05 28.740 | 1,461.25

Additive Trend Plus seasonal 16.80 | 162.50 | 37,049.80

3 month 11.30 | 116.00 | 22,573.20
Moving Average

5 month 13.40 | 139.60 | 30,865.70

Single 12.10 | 119.00 | 21,979.60
Exponential

Double 13.40 | 129.90 | 23,495.20

Multiplicative 6.81 65.77 | 6,749.49
Winter’s Method

Additive 6.74 59.96 | 5,753.59
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a [bJec Jb e If g {h [i li [k J
] 1[item
|5 Period 1 2 3 4
| 6] pialan Required Quantity of vlan 55000 54000] 55500 53500
7 17
[ g|
| 9]
| 10] On hand 50000 |Gross Requirement of ula 55000] 54000f 555000{ 53500
| 11] Allocated Quantities 0 {On Hand : Beginning of vhia 50000] 50000{ 50000 50000
| 12] Safety Stock 50000 |Scheduled Receipts of vidan 0 0 0 0
F—1—3- Available of vi1lan 0 0 0
14 On Hand : Ending of vdan 55000] 50000 50000 50000
| 15| Net ReQuirements of 1ilan 55000{ 54000f 555001 535000
| 16| Lot Size 1 Planed Order Receipts of lan 55000] 54000{ 555000 53500
| 17] Lead Time 7 Planed Order Releases of ihlan 54500
A5 4-5 M3 TAZATAIUIUMITNMIINUNUMITHAR
Jd o [ LY

saa gAINIUIV ﬂﬂaﬂﬂ‘lﬂﬂ\i

HI10 = SUM(H6:H9) 110: O10

H11 =Fl11 -

111 =H14 I11: 011

HI12 = VLOOKUP($C6,Input3!$B$14:$AG$21,H5+1,0) 112 : 012

Hi3 =J11+J12-$F12-$F13 I13:013

H14 H11+HI12+H16-H10 114: 014

Hi5 =IF(H10>H13,H10-H13,0) 115: 015

Hl6 = CEILING(H15,5F16) 116 : Ol6

H17 = QFFSET(H16,0,$F17) 117 : 017

Fl11 = INDEX(OnHand,BS5) -

F12 | = INDEX(AlocQ,B5) -

F13 | = INDEX(Safety,B5) -

F16 | = INDEX(Lotsize,B5) -

F17 =INDEX(LT,B5) -
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Exponential Growth 12.00 113.90 | 18,157.30
Trend
Quadratic 11.60 11050 | 17,428.90
S-Curve 13.30 126.70 | 21,425.20
Multiplicative Trend Plus seasonal 3.45 33.39 1,927.59
Multiplicative Trend Seasonal only 16.80 163.00 37,178.70
Decomposition

Additive Trend Plus seasonal

3.05 28.740 1,461.25

Additive Trend Plus seasonal

16.80 162.50 | 37,049.80

3 month 11.30 116.00 | 22,573.20
Moving Average

5 month 13.40 139.60 { 30,865.70

Single 12.10 119.00 | 21,979.60
Exponential

Double 13.40 129.90 | 23,495.20

Multiplicative 6.81 65.77 6,749.49
Winter’s Method

Additive 6.74 59.96 5,753.59
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1. m3Sanldldsunsu MINITAB
TWeuianani lonou MINITAB UM Desk Top tWoi3 on 1asunsuandiaiu aann
£ =1 8 (= Yt & 9 v . Y e
MARUIN A-1 FIVXAURTNA T ADYNDI 2 NTAN AB N6 Session HASHTAN
P a Y o A Y & oA 3 A Y v . = [] T
Worksheet] G399 ] HAIUDNUUIN NHUINNYIVDINDHUIANProject Manager FIFDUDY
' 3 . v a . o<
AldeunsaiSonlduaaamdhaieil 1 Tay Wlany Window udan@niden Project Manager N9z

-] v @ ¥ 1 voas
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X
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¢ Project Manager
¢ Window
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MWAANUIN A-2 K190 Project Manager Wxsauagi

@ 4’;’ Y o o @ a a9 ¥ Y A
ﬂﬂuu‘ﬂu'l’l]'F)‘Viﬁﬂ%’ﬂﬁ'5‘1JﬂWi')LﬂS'lSﬂ‘llﬂigﬁﬂiﬁiﬂ@Uﬂ'w 3 UUINN AD
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1 L) o w o an a
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1 ) o o @ 3 1
3. 1111A18 Project Manager @5 uifudoyauaziamsdoyasma q luszninms
a Y & o d o w .. '
Iinszrdoya Fenszurumssarumds TUsunsy Minitab Juszwinmsdssinananzily
Handunilaludvuuog Project Manager
. v A
2. mstiiveyartnlsunsu MINITAB tWensyszaiiawa

=) Aot o ¥ 8 1 Y 1 a o a
m/imﬂ'Jﬁmzuway,am@ﬂmnm 18un M3y m3sdnasn (Copy) N334

(Paste) a4LH Worksheet 30M1511la (Open) ufludoyansdiliuudoyaniiuiin Tns T)sunsy

u

Minitab 13187
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ANNIANUIN A-3 Worksheet 1J52nOUAY Columns and Rows
Gi’f@u"a“lu Worksheet 114 3 uuu fie Numeric, text, and date/time
- Numeric data are numbers.
- Text data are characters that consist of mix of letters, numbers, spaces and special
characters.
- Date/Time can be dates (such as Jul-1-2004 or 7/18/2004), time or both

luuag Column Aedoyaudazgansedisudazdiunlaiues
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Quartar . Year Advertis . (apital |AdAgency! Date
1 1] 1981 o 7. &lOmegs 1041
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3 31w 9% § 12 1 Adpha 304
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5 % 1 199 106 2 29 Alpha 1082
& 2 16 15 32 Alpha 2042
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gxfﬁ 4 Worlisheet dereovhe coltmndaiei: s wuy Cl-numsber, T-text, B+
dareftime

ATNNIAKUIN A-4 Worksheet U32n0UAY columnoyyall 3 1 Cl-number, T-text,

D-date/time

3. m‘sﬁuﬁ%ga (Typing data into the Data Window)

e,

Each column represents
a variable

PR

Daza direction |

i Arrow s e
Ct T
[ Name Wal gm {}am
f’ Each row 1 |Beckhamw 155 1-07-2802
3 Tepresentis an 2 Ronslde 187, 22-11.2804
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e 4 [Daen 150 N |
05 3 Active E
) e

a 4
MWAIANUIN A-5 NuRToya

Alanihaalvy
i. taﬂﬂ File =>New.

2. 18890 Minitab Worksheet fian OK
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o

4. fudeyaiidoinisasly Active Cell 113907 Enter
5. Column Ufaz¥saumnuanlsuaazdn
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=Y Y v "9 @ wa o
MINUNT0AAIY Column 717198899392 Format Column 1atda Tuiaiilu
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4. nm’ilﬂuﬂu%’aga (Opening Data Files)

4.1 1AoNAIFa9In0IY File => Open Worksheet Anud vz lavenmaanni a-6

AMNWAIANUIN A-6 HL1IONTW Open Worksheet
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MMARYIN A-7 1ieei 1dnns 19 1da Open Worksheet

5. m3l¥ MINITAB lumsins1zvidoya Descriptive Statistics

o

franaae 9 Yoda column viouAazAIls 1l 2

118 Store Descriptive Statistics

5.1 Display Descriptive Statistics. Use Display Descriptive Statistics to produce

o o A

AR

o R 4 o @ a L4 a o
f1daued Minitab 119dmSumsTnseideyaFinsaun sgdanuazuan

® Display Descriptive Statistics

112

statistics for each column or for subsets within a column. You can display these statistics in the

Session window and optionally in a graph.

5.2 Store Descriptive Statistics. Stores Descriptive Statistics for each column or

subset within a column
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AT IAAIAIADATINT TR U VUNTIA Session

MUNANUIN A-8 UHIA Display Descriptive Statistics azaan Graphs

1. Woududoya PULSEMTW

2. 1800 Stat => Basic Statistics => Display Descriptive Statistics.
3. Variables ta0n Height

4. Check By variable Haz1a0n Sex

5. Aan Graphs

6. Check Graphs ﬁﬁﬂdﬂ]i(ﬁg\‘muﬂ)

7. Aan OK

MINITAB 92U@AINaaNT 11 Session window N3INA1999244eA97 Graph window
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Descriptive Statistics: Height by Sex
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