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F8asnwadanazuiun o lun193 irsrsnguuunsevuayaiiay 2 35Aa
1. a3 iAszndaacandunius (Autocorrelation Analysis)

2. A1snAddy RUNS (RUNS TEST)

nranadaunvaneIazni Taslalusunsuah 1Sagunvadaiddasn STATISTICS

— - - » = : X
WLTH DAISY : HRaNEIINN3T LAT1EH Laudany L aneaanuanil

udaupvn13d ATz ndnazanduius =& 1nqAYaNSRAz anduiusyaNLEYa

AR . y 3
WA LdUNNAAIVAY ﬁ'szmm'nu lai)”“ 95%

° - - Vs 8 - S
#m¥un1s3 1As v pwn1anadaunis RUNS a:1n1anﬂ5nvauua5ﬁu51ﬂaua
fdnvaz 1Wuwwudy  wazauyAgiusoeianaya l wuuuydy
FH.;X = Random

Hl: X # Random

o9 . - * - - v 1 5
Q‘lmfuﬂ:’-lﬁﬁaqaﬂ‘mﬂﬁ‘in’m‘ﬁ RUNS UIMNFIUTUYAFIU NITALAITY L'ﬂﬂdﬂ

95% #ipgI1 A1 (OBS-EXP)/(STD DEV) azagluvauwaiinmuanis ly Aeasly

g9 ¥ 1.96
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GRAPH OF AUTOCORRELATIONS FOR RIB KRAFT

TINE LAGS AUTOCORRLATIONS
18 I . -. 001 ‘
17 . [ -.118
16 W =122
15 . ¢ SUREH .064
14 B ! . -.061
13 == =13
12 1% TI P 125,
i1 . ¢ TR 064
10 '3/ 1 . -.106
9 1'% 126
8 § 1! 138
7 1%, . 207
b Kb A77
b] [LEEY .238
4 ob 4 .392
3 . I IR 419
2 I t. . 207
1 : S o . 244

LLLLLLEOLELLLLLL LI LIt hd
-1 0 +

A STUDY OF AUTOCORRELATION COEFFICIENTS TELLS ME THAT THERE IS
SOME PATTERN IN YOUR DATA,I.E. THEY ARE NOT RANDOMLY DISTRIBUTED
AROUND THEIR MEAN(THIS IS BECAUSE 2 VALUES LIE OUTSIDE THE
CONTROL LIMITS)

FRUNES 2
OESERVED NUMEBEERE OF RUNS = 12
- EXPECTED NUMEER OF RUNS 18.7777778
STANDARD DEVIATION OF RUNS 23

B = I B R Lo
we 1 por B L G

COBS-—-EXF) / (8TD DEV)Y = -2.32174967

X - %
ASZANES?  AuIana /
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GRAPH OF AUTOCORRELATIONS FOR VI WN

TIME LAGS AUTOCORRLATIONS
12 : il : -.044
it A I¥ ’ . 066
10 . I % . .184
9 [% s
8 b 4| -.012
7 % 5 =139
& -.056
3 b [ -4
4 b .028
3 b N ‘ -.16
2 - > Ak 214
{ ; b¢ . 036

LLLLLLEELIBL L LRI R
= 0 +

A STUDY OF AUTOCORRELATION COEFFICIENTS TELLS ME THAT THERE IS
NO PATTERN IN YOUR DATA,I.E. THEY ARE RANDOMLY DISTRIBUTED
AROUND THEIR MEAN (THIS IS BECAUSE ALL VALUES LIE INSIDE THE

"CONTROL LIKITS)

FUNS 2
ORSERVED NUMBER OF RUNS
EXPECTED NUMBER OF REUNS
STANDARD DEVIATION OF RUNS
(OBS—~EXF) 7/ (5TD DEWV)

9

12.6666667
2. 32607567
-1.857635164

v v
AssAY Ina e dua
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GRAPH OF AUTOCORRELATICNS FOR VAI-JAD BLK. NORM.

TINE LAGS AUTOCORRLATIONS
18 t 003
17 2 013
16 AN -.092
15 et Tl -. 082
14 N 1 - 068
13 It . 095
12 I - 119
1 2 3 TR -12
10 & o di d a0 -.168
9 1 //; 085
8 It JAT6
7 It . 119

6 7, 1135 A73
5 27/, RN 023
4 % 047
3 5 S -.07
2 NS o -.005
1 Wad ok .334

LLLLLLLLLLLLLLLLLLLLI
-1 0 +

A STUDY OF AUTOCORRELATION COEFFICIENTS TELLS ME THAT THERE IS
SOME PATTERN IN YOUR DATA,I.E. THEY ARE NOT RANDOMLY DISTRIBUTED
AROUND THEIR MEAN(THIS IS BECAUSE 1 VALUES LIE OUTSIDE THE
CONTROL LINITS)

FUNS 2
ORSERVED NUMBER 0OF RUNS
EXPECTED NUMBER OF RUNS
STANDARD DEVIATION OF RUNS
(OBES~EXF) / (STD DEW

11
18.7777778
2.91928433

—-2.6643029

v v °
nszaEinliandan
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GRAPH OF AUTOCORRELATIONS FOR POUND BLACK ROLL

TIME LAGS

12 .
it .
10

(=)
>4

Lol SR P T S X, B T e = ]
bl

LLLLLIILLL
|

b

Lo
>¢

L &
! b

Pt B by Pt g Pt ey e ey Pt e

AUTOCORRLATIONS
275
.03
113

=212
-.28
-.402
-.409
=377
=203
044
. 369
«392

LLLLLL LIV

0

+

A STUDY OF AUTOCORRELATION COEFFICIENTS TELLS ME THAT THERE IS
NO PATTERN IN YOUR DATA,I.E. THEY ARE RANDOMLY DISTRIBUTED
AROUND THEIR MEAN (THIS IS BECAUSE ALL VALUES LIE INSIDE THE

CONTROL LINITS)

FUNE 2

OBRSERVED NUMBER OF REUNS
EXFECTED NUMBER OF RLUNS
STANDARD DEVIATION OF RUNS
(STD DEV)

(OBS—-EXF)Y /

L s ° v
N3 CARUauAn UL

L

8

10. 9166667
1.96074089
~1. 48753294
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GRAPH OF AUTOCGRRELATIONS FOR POUND BLK. NORM. 30

TIME LAGS
12 . b4

i A

10 b

il

11
Xl
b

Lol S 2 L B <o T I - .Y

¥
b4
I

AUTOCORRLATIONS
019
-. 145
035
-.042
=]
-.037
-.038
036
U39
-.265
-.091
-.064

LLLLLLLLLLLLLLLLLLLLI

I
b
I
[
I
l
I
0

=1

+

A STUDY OF AUTOCORRELATION COEFFICIENTS TELLS ME THAT THERE IS
NO PATTERN IN YOUR DATA,I.E. THEY ARE RANDOMLY DISTRIBUTED
AROUND THEIR MEAN (THIS IS BECAUSE ALL VALUES LIE INSIDE THE

CONTROL LINITS)

FUNS 2
OBSERVED NUMBER OF
EXFECTED NUMEBRER OF
STANDARD DEVIATION OF
COBS—-EXF) -/ (STD

nsrardauann

FEUNS
FUNS
FUNS
DEV)

30 NSY

12
l1o.39166667
1.396074089

wOS2512:236
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GRAPH OF AUTOCORRELATIONS FOR POUND BLK. NORM. 40

TINE LAGS AUTOCORRLATIONS
12 Cox : - 168
1 . ¥ 1 . -.131
10 ; . o
9 it . 068
8 t1 . -.059
7 1 ; - 113
6 11 : -.041
5 S S . -.044
4 N . -.022
3 11 . -.069
2 —=1 . -T2
1 e . -.031

LLLLLLLLLLLLLLLLLLLLI
-1 0 +

A STUDY OF AUTOCORRELATION COEFFICIENTS TELLS ME THAT THERE IS
NO PATTERN IN YOUR DATA,I.E. THEY ARE RANDOMLY DISTRIBUTED
AROUND THEIR MEAN (THIS IS BECAUSE ALL VALUES LIE INSIDE THE
CONTROL LINITS)

FEUNB =
OBSERVED NUMEBER OF REUNS 11
EXFECTED NUMRER OF RUNS 12225

2.23910408
- . 558259005

STANDARD DEVIATION OF EUNS
(OBS—EXF) / (STD DEV)

- o -
nsrAN$lauAn 40 NSy
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GRAPH OF AUTOCORRELATIONS FOR POUND WHT. NORM. 40

TIME LAGS AUTOCORRLATIONS
12 I . 104
11 ¥l -.04
10 1 v
3 b 024
8 11 -.073
1 b .008
b ¥l -.074
3 b . 017
4 IV / 4 222
3 . b 014
2 . ¥l =071
1 ‘ 3l . =05

LILLLLIKLEGWLLLLL L]
-1 0 +

A STUDY OF AUTOCORRELATION COEFFICIENTS TELLS ME THAT THERE IS
NO PATTERN IN YOUR DATA,I.E. THEY ARE RANDOMLY DISTRIBUTED
ARQUND THEIR MEAN (THIS IS BECAUSE ALL VALUES LIE INSIDE THE
CONTROL LIMITS)

RUNS 2
OBSERVED NUMBER OF RUNS = 14
EXFECTED NUMBER OF REUNS = 12.9166667
STANDARED DEVIATION OF RUNS = 2.37825546

CORS—EXFY / (STD DEV) « 455515965

L -
NSCANUDAUAYII 40 ANSY
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GRAPH OF AUTOCORRELATIONS FOR PNDHN S06.

TIME LAGS AUTOCORRLATICNS
18 1 . =195
17 - % . 026
16 . % . =021
15 A - =077
14 S A . =159
13 . 15 SR .081
12 . |5 S . 086
11 ‘ X . .043
10 . b ‘ .008
9 . 15 S ‘ .051
8 ¥l . -.06
7 . I, 8. . 246
6 . V/&\. 161
3 3 1§ ST . 104
4 s o e . 201
3 R 133
2 % ' 047
| ‘ b : . 001

LLLLLLLLLLLLLLLLLLLLLI
=1 0 +]

A STUDY OF AUTOCORRELATION COEFFICIENTS TELLS ME THAT THERE IS
NO PATTERN IN YOUR DATA,I.E. THEY ARE RANDOMLY DISTRIBUTED
ARDUND THEIR MEAN (THIS IS BECAUSE ALL VALUES LIE INSIDE THE
CONTROL LINITS)

FUNS 2
OBSERVED NUMEER OF RUNS = 16
EXFECTED NUMBER OF RUNS = 17.6111111

STANDARED DEVIATION OF FUNS
- COBS-EXF) / (STD DEV)

272136306
~.9918932085

I L | B

L4 -
nZARUauATIl S0 NSy
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GRAPH OF AUTOCORRELATIONS FOR KAD-BANG NORM. 25

TINE LAGS AUTOCORRLATIONS
18 Ir . 113
17 I ¥, 225
16 . 1 -.006
15 A -.107
14 « ¥ 1 . =142
13 . B . -.036
12 . X1 -.118
11 ® B! -.206
10 3 ; -.063
9 It . 126
8 I : 145

7 1 -.094
6 37/ =219
3 1 I . - 347
4 </ /8 4 -.026
3 /YAl . - 175
2 136 S0 .106
1 . ) . 297

LLLLLLEIAJd RN T LI L]

-1 0 +

A STUDY OF AUTOCORRELATION COEFFICIENTS TELLS ME THAT THERE IS
SOME PATTERN IN YOUR DATA,I.E. THEY ARE NOT RANDOMLY DISTRIBUTED
AROUND THEIR MEAN(THIS IS5 BECAUSE 1 VALUES LIE DUTSIDE THE
CONTROL LINITS)

RUNS 2
OBSERVED NUMEER OF REUNS = 15
EXFECTED NUMEBER OF RUNS = 18.9444445
STANDARD DEVIATION OF RUNS = 2.94743784
CORS-EXF)Y / (8TD DEVY = -1.33826214

ASTATIMYIILIY 25 AU
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GRAPH OF AUTOCORRELATIONS FOR KAD-BANG NORM. 35

TIME LAGS AUTOCORRLATIONS
18 . b 16
17 - . ¥ 043
16 . X1 ; =113
13 o X1 -.143
14 % -.233
13 1l =017
12 b 024
1t ¥ 1 - 131
10 ¥ =129
g 1 . -.019
8 - = ' =133
7 S| ' - 242
6 & I . -.334
3 7%/} -, 201
4 b .038
3 b . 033
2 L 7 5% .16
1 . I 8 | 337

LLLLLLLILLLLLLLLLLLLI
-1 0 +

A STUDY OF AUTOCORRELATION COEFFICIENTS TELLS ME THAT THERE IS
SOME PATTERN IN YOUR DATA,I.E. THEY ARE NOT RANDOMLY DISTRIBUTED
AROUND THEIR MEAN(THIS IS BECAUSE 1 VALUES LIE OUTSIDE THE
CONTROL LINITS)

FUNS 2 -
OBSERVED NUMEBER OF RUNS 11
EXFECTED NUMEER OF RUNS 18.1111111

2.80651799
-2, 038378426

STANDARED DEVIATION OF RUNS
COBES~EXF)Y 7/ (S5TD DEV)

iononoy

ASTAIHYIWIY 35 ASY



GRAPH OF AUTOCORRELATIONS FOR KAD-BANG NORM. 40

TIME LAGS AUTOCORRLATIONS
18 w321 . -.168
17 % . 037
16 T | -.084
13 A -.118
14 <1 1 -.199
13 £ J 092
12 E ¥ 237
i1 1 -.07
10 b3l -.003
9 - § -.029
8 P ) =1
7 e -.169
b A -
3 A /] - 164
4 % . .022
3 Vi . -.059
7 / /Y1 . -.069
1 13798 126

LLLLLLLLLLLLLLLLLLLLI

-1 0

+

A STUDY OF AUTOCORRELATION COEFFICIENTS TELLS ME THAT THERE IS
NO PATTERN IN YOUR DATA,1.E. THEY ARE RANDOMLY DISTRIBUTED
AROUND THEIR MEAN (THIS IS BECAUSE ALL VALUES LIE INSIDE THE
CONTROL LIMITS)

S5Ta

UNE 2

OBSERVED NUMBER OF RUNS
EXFECTED NUMBER OF RUNS
NDARED DEVIATION OF RUNS

(OBS-EXF) / (STD DEW)

NITATIBTIWINY

Wononn

18

18. 94494445

2.94743784

— . 320428963

40 nsy
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GRAPH OF AUTOCORRELATIONS FOR KAD-BANG ROLL 25

TINE LAGS AUTOCORRLATIONS
18 33 -. 036
17 S O - 148
16 b I =212
13 I =133
14 I -.026
13 I} ol
12 b 012
i I¥ 068
10 I3 JA75
9 KNt. .24
8 ] : .03
7 . % ' 012
b I3 075
b . I3 129
4 /A= 197
3 It )77 143
2 I ¥ 312
{ . I Ayt 309

LI.LLLILIAL WL IO L L LI R T
-1 0 H

A& STUDY OF AUTOCORRELATION COEFFICIENTS TELLS ME THAT THERE IS
SOME PATTERN IN YOUR DATA,I.E. THEY ARE NOT RANDOMLY DISTRIBUTED
AROUND THEIR MEANCTHIS IS BECAUSE 1 VALUES LIE OUTSIDE THE
CONTROL LIMITS)

FUNS 2
OBESERVED NUMEER OF RUNS
EXFECTED NUMBER OF RUNS
STANDARD DEVIATION OF EUNS
(OBS—EXF> / (STD DEV)

13
18. 9443445

—-2. 01681758

moionoi

” ar
ASCATHYIIVIVUIU - 25 ASY



GRAPH OF AUTOCORRELATIONS FOR KAD-BANG ROLL 33

TINE LASS AUTOCORRLATIONS
18 R -.176
17 .ot -.094
16 S -.086
15 2 004
14 t 002
13 1% A2
12 1t 193
11 It . 156
10 It 092
9 It 065
8 S 3 % 0
7 = 12 S -0
3 M TN .06
5 Z//8 " 2N 124
4 SRR .28
3 =< g 429
2 1 P BN .638
1 / "I 1 752

LLLLLLLLLELLELLLLLLLI
-1 0 +

A STUDY OF AUTOCORRELATION COEFFICIENTS TELLS ME THAT THERE IS
SOME PATTERN IN YOUR DATA,I.E. THEY ARE NOT RANDOMLY DISTRIBUTED
AROUND THEIR MEAN(THIS IS BECAUSE 3 VALUES LIE OUTSIDE THE
CONTROL LIMITS)

FUNS 2
OBSERVED NUMBER OF RUNS = 8
EXFECTED NUMBER OF RUNS = 18.5

STANDARD DEVIATION OF REUNS
(ORS-EXF)» / (STD DEW

Hi

-3.63563078

v -
ASTABYIWIVUIY 35 AU
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GRAPH OF AUTOCORRELATIONS FOR KAD-BANG ROLL 40

TIME LAGS AUTOCORELATIONS
18 t. I =322
17 ¥ I -.238
16 . ¥ 1 =123
13 b . .048
14 I . 227
13 I | 373
12 I | 432
i1 : I X 219
10 . I %. 208
9 I't . o 103
8 ¥ =132
7 b I =
b % I =255
3 4 =29
4 b 4 .021
3 V /¥ 4 . 206
2 I e ] . 306
1 . I . b 663

LLLLLLLLLLLLLLLLLILLLI
=1 0 +]

A STUDY OF AUTOCORRELATION COEFFICIENTS TELLS ME THAT THERE IS
SOME PATTERN IN YOUR DATA,I.E. THEY ARE NOT RANDOMLY DISTRIBUTED
AROUND THEIR MEANCTHIS IS BECAUSE 4 VALUES LIE OUTSIDE THE
CONTROL LINITS)

FUNS 2
OBSERVED NUMBER OF RUNS 10
EXFECTED NUMEBER OF RUNS 18. 9449445
STANDARD DEVIATION OF FUNS 2.94743784
COBS-EXF) / (STD DEV) =3 OB4EH0TE

oo oH

ASZATBYIIIWINVLUIU 40 NSY
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Demand (1000's)
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(8)
(A) Value From
Period Demand, x¢ Trend Line (c)
Number t - (1000 Units) in Figure 5-6 (A)=(B)

1 59.1 50.6 1.17

2 55.0 51.2 1.07

3 50.2 51.7 0.97

4 46.9 52.3 0.90

5 46.2 529 0.87

6 46.1 "~ 535 0.86

7 46.5 54.1 0.86

8 47.2 54.7 0.86

9 49.5 55.2 0.90
10 58.1 55.8 1.04
11 64.4 56.4 1.14
12 66.2 ' 57.0 1.16
13 65.6 : 57.6 1.14
14 63.2 58.2 1.09
15 59.2 58.7 1.01
16 55.7 59.3 0.94
17 54.3 59.2 0.91
18 53.7 60.5 0.89
19 54.0 61.1 0.88
20 54.8 61.7 0.89
21 56.3 62.2 0.91
22 62.6 62.8 1.00
23 69.1 63.4 - 1.09
24 71.9 64.0 1.12

s
C 0 0 0
2 4 6 8 10 12 14 16 18 20 22 24
Jan June "Dec Jan June Dec
Year 1 % Year 2 %

a . . P T
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Position of Average of

Data Point Historical Multiplicative

in the Cycle Seasonal Factors
1—Jan (1.17+1.14)/2 = 1.16
2—Feb . (1.07 + 1.09)/2 = 1.08
3—March (0.97 +1.01)/2 = 0.99
4—April (0.90 + 0.94)/2 = 0.92
5—May (0.87 + 0.91)/2 = 0.89
6—June (0.86 + 0.89)/2 = 0.88
7—July (0.86+ 0.88)/2 = 0.87
8—Aug (0.86 + 0.89)/2 = 0.88
9—Sept (0.90+0.91)/2 = 0.91
10—0ct (1.04 + 1.00)/2 = 1.02
11—Nov (1.14+1.09)/2 = 1.12
12—Dec (1.16 + 1.12)/2 = 1.17

At time t = 24, the best estimates of the multiplicative seasonal factors are
the above averages:

Fi3 = 1.16 Fie = 0.87
Fis=1.08 Fio = 0.88
Fis = 0.99 Fy = 0.91
Fie = 0.92 Fy3-=-1.02
F., = 0.89 Fay = 1.12

Fls = 0.88 F24 =117




TURBO PASCAL Program Lister, Copyright 1982 Borland International

Listing of: WINTER.PAS

{ Progran Winter' 5 Method Writen in Pascal Lanquage }
Program MWinterMethod(Input,Output);

Label
10,20,30,1;
const
lu =100 ;
lp = 24
In = 24
maxi = 1E430;
Type
arrls = array [1..1n] of real ;
arrlp = array [1..1p] of real ;
str20 = string [20];
str30 = string (30];
Var

FilVar @ TEXT;
X,3,b,er,fcs,ss ¢ arrle

sf,temp,axs tarrlp;

rsf : array Ul 0In L. 1pY of real ;

a0,b0,ap,be,ga,al, au,
ai,bl,bu,bi,ql,qu,qi,tot,
p1yp2,p3,t, 51t 51,1,
gtot,mer,al,bl,gl,am,
bw,gm,dif,est, xmad, sumsq

IT,LS,is,i,1t,izn,ir,
ie,IK,i1,i2,j,i0,ic,ij,
ia,ib,ig,il,ih,ip,id,1d
YStr,Kstr,SYStr,PYStr
FileName,lds

Title

ans

{$I TAB.PAS}

real ;

integer ;
string [1];
string [141;
str30;

char;

Page

1
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TURBO PASCAL Program Lister, Copyright 1983 Borland International
Listing of: WINTER.PAS
Include file: TAB.PA

function tab(izinteger) :str30;
const
tabl =' 2
begin
tab := copy(tabl,1,i);
end;

{$I CUTBLANK.PAS}

Page

2

i
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TURBO PASCAL Program Lister, Copyright 1983 Borland International
Listing of: WINTER.PAS
Include file: CUTBLANK.PA

Function CutBlank(X:str20):str20;
var :
7 @ str20;
i ¢ integer;
begin
cutblank:="";
1=,
for i 1= 1 to length(x) do
1f copy(x,i, 1) <3 ' ! then
1:=1+ copylx,i,1);
CUTBLANK := I;
end;

{$I READDAT.PAS}

Page

3
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TURBO PASCAL Program Lister, Copyright 1983 Borland International Page 4
Listing of: WINTER.PAS
Include file: READDAT.PA

PROCEDURE READFILE;
VAR
v : 5TR20;
Iresult : integer;
BEGIN
WRITE ("Enter file name : ');
Readln (filename);
assign (filvar,filename);
reset (filvar);
Readln (FilVar,lds);
Val (cutblank(lds),1d, Iresult);
ReadLn (FilVar,Title);
for iz=1 to 1d do begin
Readln (FilVar,xv);
Val (cutblank(xv),x(i],Tresult);
end;

end;

{$]1 WRITEDAT.PAS}



TURBD PASCAL Program Lister, Copyright 1983 Borland International Page

Listing of: WINTER.PAS
Include file: WRITEDAT.PA

Procedure WriteData;
TYPE
Str20 = string [20];
var
Title : string [30;
Nums tarray [1..100] of Str20;
Lds ¢ Str2o;

begin
Write ("Enter disk file name : ');
Readln (FileName);

Write ("Enter Title of this data:set : '):

Readln (Title);

assign (FilVar,FileName);

ReWrite (FilVar);

Str(1d,Lds);

Writeln (FilVar,Lds);

Writeln (FilVar,Title);

for i :=1 to 14 do begin
Str (x[i1,Nums[iD);
Writeln (FilVar Nuas(i));
end;

close (FilVar);

end;

{$I FUNCT.PAS}

]
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TURBD PASCAL Program Lister, Copyright 1983 Borland International  Page 6
Listing of: WINTER.PAS
Include file: FUNCT.PA

(%

List input data------------ 1)

Procedure ListInputData;
label 10,20, 30,40,50,60,70,80,90;

begin

10:

20:

30z

40:

60:

702

ClrScry

Writeln (' LISTING OF INPUT DATA');Writeln;

WriteLn ('NUMBER OF DATA POINTS IN TIME SERIES ',LD:3);

WriteLn ('NUMBER OF DATA POINTS USED FOR INITIALIZATION *,IT:3);
WriteLn ('NUMBER OF PERIODS IN A SEASON ',LS:3);

Writeln ('FORECAST LEAD TIME ',LT:3);

WriteLn ('PERIODS IN FORECAST HORIZON ',[ZK:3);

if SYStr = "Y' then goto 10;

WriteLnjWriteLn ('SMOOTHING CONSTANTS');

WriteLn ("ALPHA = ' AP:4:4," BETA = ' BE:4:4,’GAMMA = ' GA:4:4);Writeln;

goto 20;
WriteLn;NriteLn (*SMOOTHING CONSTANT RANGES');
Writeln ('TYPE ',’ LOWER LIMIT ', UPPER LIMIT ',' INCREMENT ');
Writeln (TALPHA 7 AL:13:4 Al:15:4,AT:13:4);
WriteLn ("BETA  ',BL:13:4,BU:15:4,BI:13:4);
WriteLn ('GAMMA ',6L:13:4,6U:15:4,61:13:4);Writeln;
if PYStr="Y" then goto 90
else WriteLn ('PERMANENT AND TREND COMPONENTS ',A0:12:4,B0:12:4);
if L5=0 then goto 90

else begin WritelnjWriteln (7 PERIODS', TAB(25), ' x$SEASONAL FACTORSXX');end;

IR := LS MOD 4;
IP := ROUND(LS/4);
if IR{X0 then IP := IP+1;
for I := 1 T0 IP do begin
I =1
12 1= I43;
if 14311 then goto 30;
Write ('PRESS ANY KEY TO CONTINUE');Readln (Kbd,YStr);
Writeln;Writeln (' PERIODS, TAB(2S), ' ¥¥SEASONAL FACTORSXE');
if IIP then goto 70;
if (I=IP) AND (IR=0) then goto 70;
‘case ir of
1:goto 40;
2:goto 50;
J:goto 60;
end;
[2 := 11
Writeln{ I1," THRU ', I2,TAB(16),SFLI3:12:4);
goto 80
12 1= T141;
Writeln (I1," THRU ', 12, TABC16),5F[10:12:4,5F[141):12:4);
gota 80;
12 1= 11424
Writeln (I1,' THRU ',12,SF[1):12:4,SF01+11:12:4,5F[1+42):12:4);
goto 80; .

WriteLn (11, THRU *,12,SF[13:12:4,5F01+13:12:4,6F(142):12:4,5F[143]:

12:4);

185



186

TURBO PASCAL Program Lister, Copyright 1983 Borland International Page 7
Listing of: WINTER.PAS
Include file: FUNCT.PA

80: end;
90: end;
{
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TURBD PASCAL Program Lister, Copyright 1983 Borland International Page 8
Listing of: WINTER,PAS
Include file: FUNCT.PA

}
Procedure ListTimeSeriesData;

e List time series data--------------- ¥
label 10,20,30,40,50,60;
begin

Writeln;Writeln (TAB(10),'LISTING OF TIME SERIES DATA ELEMENTS');Writeln;
Writeln (' ELEMENTS NOS.',TAB(15),'¥XDATA ELEMENT VALUES:X');
IC := 1;
IR := LD MOD 4;
IP := ROUND(LD/4);
if IR0 then IP := IP+L;
for I :=1 10 IP do begin
I1 := 45(I-1)41;12 1= 1143;
if I<>(IC%20) then goto 10;
IC := IC+l;
Writeln ("PRESS ANY KEY TO CONTINUE?);Read (Kbd,YStr);
HritelnjWriteln (' ELEMENT NOS. ’,TAB(15),"$DATA ELEMENTHY');
10: 1f IKIP then goto 50;
if (I=IP) AND (IR=0) then goto S0;
case ir of
1:goto 20;
2:g0to 30;
3:goto 40;
end;
20: 12 := I1;
Writeln (* ELEMENT ', I1," ', X[11]:12:4);
goto 60;
30: 2 v= Hls
Writeln ('ELEMENTS ',I1," THRU ', 12,7 ', X[I11:12:4,X(11+41]:12:4);
goto &0; .
40: 12 := 1142
WriteLn ('ELEMENTS ',I1,” THRU *,12,' ', X[I11:12:4,X001413:12:4,X011421:12:4);

goto 60;
30z WriteLn (*ELEMENTS *,If," THRU ',I2," ', XCI13:12:4,XOT1410:12:4,X00142]:12:4,X01143):12:4);
60: end;

Writeln;Writeln ('PRESS ANY KEY TO CONTINUE');Read (Kbd,YStr);Writeln;
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TURBO PASCAL Program Lister, Copyright 1983 Borland International Page
Listing of: WINTER.PAS '
Include file: FUNCT.PA

}

Procedure ChangeData;

(8 Change data----------=-=--- %)

label 20;

begin

20:  Hriteln;
Write ("ENTER POSITION OF DATA ELEMENT TO BE CHANGED ');jReadln (I);
if (I€0) OR (IXLD) then begin Writeln ("INVALID');goto 20;end;
Write ("ENTER DATA ELEMENT ');ReadLn (X[1D);
Write ("WANT TO CHANGE OTHER DATA ELEMENTS (Y/N) ");jReadln (YStr);
Lf YStr="Y" then goto 20;

188
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TURBO PASCAL Program Lister, Copyright 1983 Borland International

Listing of: WINTER.PAS
Include file: FUNCT.PA

}
Procedure AddDataToTimeSeries;

label 10,20;
var iadd:integer;
begin

Writeln;

Hriteln ("TIME SERIES NOW CONTAINS ',LD,' DATA ELEMENTS');

Page

10:  HWrite ("HOW MANY DATA ELEMENTS ARE TO BE ADDED ')jReadln (iadd);

if TADDCO then begin Writeln ('MUST BE >=0');goto 10;end;

if TADD=0 then goto 20;

10

if IADD+LDILM then begin Writeln ('TOTAL MUST BE <= ',LM);goto 10;end;

WriteLn ("ENTER DATA');
for I := LD+1 TO LD+IADD do
begin

Write ('VALUE FOR DATA ELEMENT ' 1,7

Readln (X[I1);
end;
LD := LD+IADD;
Writeln;
20:  end;
{
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TURBD PASCAL Program Lister,

Li

sting of: WINTER,PAS

Include file: FUNCT.pA

}

Fr
(%
la
be
1z

ocedure EnterDataFronKeyBoard;

Copyright 1983 Borland International Page

TTTTmmmmm=--m——-Enter data from keyboard=----=mmeeeeao__ ¥
bel 1;
gin
Write (* ENTER NUMBER OF DATA POINTS IN TIME SERIES ")iReadln (LD);
if (LDCO) OR (LDSLM) then begin Writeln ("INVALID");goto 1;end;
Writeln (YENTER TIME SERIES DATA ELEMENTS 1);
for i:= 1 to 14 do
begin
Write ('ELEMENT W3t =),
Readln (x[i1);
end;
Write ("NOULD YOU LIKE DATA ELEMENTS LISTED (Y/N) ")iReadln (YStr);
if YStr="Y! thep ListTiﬁeSeriesData;
d;
-------------- End routine enter data from keyboard-=-------——o__y)

1
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TURBO PASCAL Program Lister, Copyright 1983 Borland International Page 12
Listing of: WINTER.PAS

Include file:

}

FUNCT.PA

Procedure DeleteData;

e Delete data

label

10, 20;

var ibeg,iend : integer;

begin

10:

20:

end;

Writeln;

1)

Writeln ('ENTER BEGINNING AND ENDING POSITIONS OF DATA ELEMENTS ');
Write ('T0 BE DELETED FROM TINE SERIES !);Read (IBEG);Write (',');Readln (IEND);

if (IBEGKO) OR (IENDCO) then
begin
Writeln ('INVALID');
goto 10;
end;
if (IBEGXLD) OR (IENDILD) then
begin
Writeln ("INVALID');
goto 10;
end;
if TEND-IBEG+1<0 then
begin
Writeln ('INVALID');
goto 10;
end;
if IEND=LD then goto 20;
for I:=IEND+1 TO LD do
XCI-CIEND-IBEG+1)] := X[I);
LD := LD-(IEND-IBEG+!);
Writeln (*DATA ELEMENTS HAVE BEEN DELETED!);
Writeln;

{$1 COMPUTE.PAS}



TURBD PASCAL Program Lister, Copyright 1983 Borland International Page 13

Listing of: WINTER.PAS
Include file: COMPUTE.PA

Procedure DataComputation;
label
1,2,4,6,8,10,12,14, 16,
18,20,22,24,26,28,30,32,34,36,
38,40,42,44,45,48,50,52,54,
36, 58, £0,
62,64,66,68,70,72,74,76,79,
80,85,90,95,100,105,126,150,
135,160, 165,170,175 ;
var
CStr ¢ string [1];
IT,IL1  : INTEGER;
M5E : REAL;
begin
2: Write (" NUMBER OF DATA ELEMENTS USED FOR INITIALIZATION ")iReadln (IT);
if (IT=0) AND (IT=LD) then
begin
HriteLn (7 INVALID');goto 2;
end;
4: Write (" NUMBER PERIODS IN A SEASON ')iReadln (LS);
if (LSC0) OR (LSMIT) then

begin
Writeln (' INVALID ");qoto 4
end;

if L5=0 then LS := 7

IL = LS;

iIf L5{=LP then goto 6;
Writeln (" WILL NOT ACCEPT A SEASON OF THIS LENGTH *);goto 4;
6: Write (' ESTIMATION OF MODEL PARAMETERS DESIRED (Y/N) ")iReadln (PyStr);
L if (PyStrid'y') AND (PyStr<>'N') then
begin
Writeln (! INVALID');goto 6;
end; )
1f PyStr="N' then goto 8;
IS := 1T MOD LS;
Lf (PyStr="Y") AND (IS=0) then goto 10;
Writeln ("ESTIMATION OF MODEL PARAMETERS REQUIRES THAT NUMBER' );
Writeln ('OF INITIALIZATION PERIODS BE A MULTIPLE OF SEASON LENGTH' };
goto 2;
B: Write ("ENTER INITIAL PERMANENT AND TREND COMPONENTS *);
Read (AO);MWRITE (',);READLN (BO);
Writeln ("ENTER INITIAL SEASONAL FACTORS!);
for T:=1 to LS do
begin
Rrite ('SEASONAL FACTOR "I ")iReadln (sf[1D);
TEMPCI] := SF(]); -
end;
10: Write (*SMODTHING CONSTANT OPTIMIZATION DESIRED (Y/N) ")iReadln (SYStr);
C1f (SYSErOTY!) AND (SYStr{d'N') then
begin

192




L ]

TURBD PASCAL Prograw Lister, Copyright 1983 Borland International Page 14
Listing of: WINTER.PAS
Include file: COMPUTE.FA

Writeln ('INVALID ');goto 10;
end; }
if §YStr="Y" then goto 18;
12: Write ('ENTER PERMANENT COMPONENT SMOOTHING FACTOR-ALPHA '): jReadln (AP);
{ if (APLO) OR (APX1) then
begin
Writeln ('INVALID');
goto 12;
end; }
14: Write ("ENTER TREND COMPONENT SMOOTHING FACTOR-BETA ");Readln (BE);
{ 1if (BECO) OR (BEX) then
begin
Writeln ("INVALID');
goto 14;
end; }
16: Write ('ENTER SEASONAL COMPONENT SMOOTHING FACTOR-GAMMA ');Readln (GA);
O if (GACO) OR (GAX1) then
begin
HriteLn (7INVALID');
goto 16;
end; }
goto 24;
18: Writeln ("ENTER LOWER LIMIT, UPPER LIMIT, STEP SIZE FOR ALPHA--7);
Writeln ('PERMANENT COMPONENT SMOOTHINS FACTOR');
Read (AL);Write (',');Read (AU);Write (*,7);Readln (AD);
{ if (ALKD) OR (AULO) DR (AIKOY then
begin
Hriteln (7INVALID');
goto 18;
end;
if (AL>1) OR (AUL) OR (AIM) then
begin
Writeln (*INVALID');
goto 18;
end; }
20: Hriteln ("ENTER LOMER LIMIT, UPPER LIMIT, STEP SIZE FOR BETA--1);
Writeln ('TREND COMPONENT SMOOTHING FACTOR');
Read (BL);Write (',");Read (BU);Write (LD ReadLn (BI);
{ if (BL<O) OR (BUYC 0 ) OR (BI<O) then
begin
Hriteln ('INVALID');
goto 20
end;
1f (BL>1) DR (BUM) OR (BI}) then
begin
Writeln (*INVALID');
goto 20;
ehd; }
: Writeln ("ENTER LOWER LIMIT, UPPER LIMIT, STEF SIZE FOR GAMMA--");
Writeln ('SEASONAL COMPONENT SMOOTHING FACTOR');
Read (BL);Write (',');Read (6U);Write (',");Read (GD);
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Include file: COMPUTE.PA

~~

if (6L{0Y OR (RUCO) OR (GIX0) then
begin
Writeln ('INVALID');
goto 22;
end;
if (6L>1) OR (BU>1) OR (GIX1) then
begin
Writeln ('INVALID');
goto 22;
end; }
PL := (AU-AL)/AI+Y;
P2 := (BU-BL)/BI+1;
P3 := (GU-GL)/GI+1;
T := PI3F21P3;
Writeln;
Writeln (T:5:3,' TRIALS ARE REQUIRED TO FIND OPTIMUM VALUES FOR ™33
Write ("SMOOTHING CONSTANTS. 0.K. TO CONTINUE (Y/N) ');Readln (YStr);
if YStr="N' then goto 18;
24: Write ("ENTER FORECAST LEAD TIME ');Readln (LT);
{ if LTC0 then
begin
Writeln ('INVALID');
goto 24;
end; }
26: Write ('NUMBER PERIODS IN FORECAST HORIZON ");Readln (IZN);
{  if IINCO then
begin
Writeln ('INVALID');
goto 26;
end; }
ILT := LT;IE := IT;
if ITX(LD-LT) then IE := LD-LT;
Write ("HOULD YOU LIKE TO SEE INPUT DATA DISPLAYED (Y/N) ');Readln (YStr);
if YStr(X'Y! then goto 28;
" ListInputData; {gosub 5750}
28: WritelnjWrite ('ARE DATA CORRECT (Y/N) ");Readln (YStr);
If YStr="Y' then goto 30;
Write ("DO YOU WANT TO REENTER DATA (Y/N) ');Readln {(YStr);
if ¥5tr="Y" then goto 2;
goto 1; {quit to main menu)
30: Write ("PRINTER OUTPUT (Y/N) ');ReadLn (CStr);
If (CSErd3'Y") AND (CStr{}'N') then
begin
Writeln ("INVALID');
goto 30;
end;
1f CStr="N" then goto 32;
Writeln (Lst);Writeln (Lst);Writeln (Lst);Writeln (Lst);Writeln (Lst);
Writeln (Lst,’ TIME SERIES FORECASTING WINTER''S METHOD');
Writeln (Lst);Writeln (Lst);
Writeln (Lst,'DATA OF ', TITLE);
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32: if PyStr="N' then goto 38;
WritelnjWriteln ("INITIAL VALUES FOR PERMANENT, TREND, AND SEASONAL');
WriteLn ('COMPONENTS TO BE ESTIMATED FROM DATA');
IK := IT DIV LS;
Il := 1
12 := LS;
for T :=1 to IK do
begin
AXSCID = Oy
for J := 11 to 12 do
AXSCIT := AXSCIIHXUI L
AXS[IT := AXS[IN/IL;
I1 := [2¢1;
12 := [1+L5-1;
end;
R := IT-LS;
BO := (AXSCIKI-AXS[11)/R;
AO := AXS[11-(XL-1)/2%B0;

10 := 0
for 11 := 1 to IK do
begin
for 12 := 1 to LS do
begin .
1J 1= 12¢10%L5;
R = I2;
RSFLIL, 121 &= XEIJI/CAXSCITI-CCCXL#1)/2)-R)$B0);
end;
10 := 1041;
end;
Gtol := 0;
R 1= IK;
for J:=1 to LS do
begin '
TOT := O

for T 1= 1 to IK do
TOT := TOT+RSFLI,J1;

SFCJT := TOT/R;

ETOT := GTOT+SFLJI;

end;
if CStr = 'N' then goto 34;
Writeln (Lst, 'ESTIMATED PERMANENT COMPONENT ', A0:6:4);
Writeln (Lst, "ESTIMATED TREND COMPONENT ',B0:6:4);
Writeln (Lst);Writeln (Lst, 'PERICD',’ ESTIMATED SEASONAL FACTOR');
Writeln;
for I 1= 1 to LS do

begin

SFLJT = SFLITH(XL/GTOT);

TEMPLJY := SFLJY;

Writeln (Lst,J:4,TAB(1E),5F(J1:10:4);

end;
Writeln (Lst);goto 38;
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34: WritelnjWriteln ("ESTIMATED PERMANENT COMPONENT ',A0:6:4);
Writeln ("ESTIMATED TREND COMPONENT ',B0:£:4);
Writeln;WriteLn ('PERIOD',TAB(2),'ESTIMATED SEASONAL FACTOR');Writeln;
for J:=1 to LS do
begin
SFLJT == SFLJI%(XL/GTOT);
TEMPLI] := SFLID;
IC := 1;
if JOICKLS then goto 36;
IC := IC+1;
WriteLn jWrite ("PRESS ANY KEY TO CONTINUE'); Read (Kbd, YStr);
36: Writeln (J:4,TAB(16),SF(J1:10:4);
end;

@ WritelnjHrite ("PRESS ANY KEY TO CONTINUE');Read (Kbd,YStr);
38: if SYStr='N' then goto 54;
Writeln;
WriteLn ("SMOOTHING CONSTANT OPTIMIZATION--PROGRAM EXECUTING ! )3
IA := ROUND(P1);
IB := ROUND(P2);
IG := ROUND(P3);
MER := MAXI;
AP 1= AL;
BE := BL;
GA := 6L;
Al := AL;
for IT := 1 to IA do
begin
AN = 1-AL;
Bl := BL;
for IJ :=1 to I8 do
begin
L4 BM := 1-BY;
61 := 6L;
for IK :=1 T0 16 do
begin
for IL := 1 to LS do
SFLILY := TEMPLILY;
6N := 1-61;
AL1Y := ALE(X[11/5FL11)+ANEAO;
BL11 := B1X(AC1]-(A0-BO))+BNIB(;
SFI1Y := GIX(X[11/AL11)+GMESFL1];
’ IH := 14T
40: if IH{=LS then goto 42;
IH := IH-LS;
goto 40;
42: EST := (ALIT+XLTABLID)ISFLIH];
DIF = sqr{X[14LTI-EST);
for I := 2 to IE do
e begin
F =1 MOD LS;

if IP=0 then IP := LS;
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BOIT := BIX(ALII-ACI-11)+BMEBLI-¢ -
SFLIPY := GIE(XLID/ALID) +GMASFLIF
if IPCLS then goto 44;
GTOT := ¢;
far J:= 1 to LS do

BTOT := GTOT+SFLIY;
far J =1 to LS do

SFLIY 1= SFLIIR(XL/GTOT);

44: ' IH 1= IPHLT;

4k: i1f IH(=LS then goto 48;
IH := IH-LS;
goto 46;

48: EST := (ACII#ALTEBLIDISFCINI;
DIF := DIF+sqr (XCI4LTI-EST);
end;

€ REM WriteLn DIF MER,AL,BI,G1 )
if DIF)MER then goto 50;
AP 1= Al
BE 12 BY;
GA:= Gl
MER &= DIF;
50: 61 1= GI+GI;
end;
Bl := B14BI;
end;
Al 1= Al+ALL
end;
{ Writeln CHR(7):Writeln CHR(7):Hriteln CHR(7) )
i CStr = 'N' then gots 5%
Writeln (Lst);Writeln (Lst, 'OPTIMUM SMOOTHING CONSTANTS?);
Writeln (Lst, 'ALPYA = ! AP:d:4,' BETA = ' BEidid, ! GAMMA =
Writeln (Lst, 'SUN OF ERRORS SQUARED = ' MER:E:4);
Writeln (Lst);Writeln (Lst, CHR(12));goto 54;
32t WritelnjWriteLn (*OFTIMUNM SMODTHING CONSTANT');

Writeln CALPHA = ' AP:C:4," BETA = ! BE:G:d,’ GANNA = *,Gt:

Hriteln ("SUM OF ERRORS SRUARED = ' MER:E:4);
34t if LT = ¢ then LT ¢= 1
for I :=1 to LT do

begin

ERCI] := 0;
FCSCID := 0;
end;

for 1 := 1 to LS do
SFIIT o= TEMPLIY;
KM 1= 1-AP;
BM := 1-BE;
a¥ 1= {-h4;
A1 := A“%LX(I]‘CFI1i5+AH1AO;
BULY 1= BEXCACLI-(A0-BC) sBMYED,
SFI1Y := GAT(XUI1/AL11)+GMISFIL;

1
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IH := 14LT;
36: if IH(=LS then goto 58
IH := IH-LS;goto S6;
38: FUSL1+LTY &= (ACLI+XLTEBOIDIISFLIND;
55011 = SFLIY;
ERCI4LT] 1= XLI+LTI-FLSLL4LTY;
SUMSD := sqr(ER[1D);
IMAD := ABS(ER(11);
for 1 :=2to IT do
begin
IL := 1 MOD LS;
1f IL=0 then IL := LSG;
ALID := AP*(X[I]/SF[IL])+AHX(A[I -11+BL1-11);
BI] := BEX(ALI]-ALI-11)+BNSBL]- ~1 B
SFLILY := GA!(X[I]/A[I])+8HtSF[IL]'
SSCI1 := SFLILY;
if ILOLS then goto 60;
GTO0T := 0;
for Ji=1 to LS do
BTOT := GTOT4SFLIY;
for J:= 1 to LS do
SFLIT := SFLIIROXL/GTOT);
60: IH 1= IL4LT;
62: if IH(=LS then goto 64;
IH := [H-LS;goto 62;
64: FCSLI4LT] := (ACTI+XLTIBCIDISFUINY,
If (I4LT)3LD then goto 66;
ERCI+LTY 1= XCI+LTI-FCSCIALTY;
SUMSR := SUMSO+sqr (ERLI1);
XMAD := XMAD#ABS(ER(I1);
B6: end;
MAD := XMAD/(IT-LT);MSE := SUMSD/(IT- -LT);
1f CSEr="N* then gots £8;

19

Writeln (Lst)jlriteln (Lst, TAB(S),’RESULTS OF INITIZLIZATION FHASE!);
Writeln (Lst);Writeln (Lst, 'SEASON LENGTH = ,LS:3,"FORECAST LEAD TIME - LT

Writeln (Lst, 'PERIDD *,' ACTUAL DATA .2 FCS. VALLE !,?
for T :=1 to IT do

Writeln (Lst, 1:3,X[11:18: 2,FCSII1:17:2,ERLI:17:2
Writeln (Lst, CHRC12));

ERROR'):

Writeln (Lst) jWriteln (Lst);Writeln (Lst, TAB (20}, "MODEL COMPONENTS'®;
Writeln (Lst, 'PERIOL ',' PERMANENT L TREND ', SEASOMAL®::

for I:=1 to IT 4o
Briteln (Lst, 1:3,4010:16:7 ,BII2:12:2, 5611 12:2);
Wrtteln fLet';E‘::e" (Lst, 'MEAA SPUnFE” ERROR = ' MSE:6:d);
Hriteln (Lzt, "MEAN ARSDLUTE DEVIATION = ' KMAD:6:4);
Briteln (Lst, C4p¢ 121 )
goto 74;
6B: Writeln;Writeln (TAR(S), TRECULTS OF INITIALIZATION PHASE! ):

KritelrjWriteln /'SEASON LENGTH = ',LS:3," FOPECAST LEAD ""‘ = LR

Writeln ("PERIOD ' ACTUAL DATA Vi FCS. VALUE ¢

IC :=

ERRDR" 4

198
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for T :=1 to IT do
begin
if I{HICKLS) then goto 70;
I 1= 104y
WritelnjWrite ("PRESS ANY KEY TO CONTINUE');Read (Kbd,YStr);Writeln;
70: Writeln (I:3,X(I1:18:4,FCSCID:17:4,ERCID:17:4);
end;
HritelnjWrite ('PRESE ANY KEY TO CONTINUE');Read (Kbd,YStr);
Writeln;Writeln (TAB{20),"MODEL COMPONENTS');
Writeln ('PERIOD '," PERMANENT ',’ TREND ', GEEAGONAL '),

IC:=1
for I :=1 to IT do
begin

if I{XICELEY then goto 72;
Writeln;Nrite ("PRESS ANY KEY TO CONTINUE?);Read (Kbd,YStr);HWriteln;
IC := IC#;
1% Writeln (I:3,ACI7:16:4,BI1]:12:4,55(10:12:4);
end;
Writeln;Uriteln ('MEAN SRUARED ERROR = ', MSE:G:4);
WriteLn ('MEAN ABSOLUTE DEVIATION = ', XMAD:6:4);
T4: 11 1= IT#;
if (IT=LD} AND (IIN=0) then goto 155;
if IT=LD then goto 78;
SUNSE := 0;

XMAD := 0;
for I := 11 to LD do
begin

IL := I MODLS;
if IL=0 then IL :=LS;
FCSLIT &= (ALI-LTI+XLTXBLI-LTD)4SFLILT;
ACIT == APY(XCI/SFUIL)+AMECALT-12+BLI-100;
BLID := BE¥(ALII-ALI-11)+BMYBLI-11;
SFOILY := GAY(XTI1/ACIY)++GM¥SFCILY;
SS[I1 := SFLILY;
1f ILOLS then goto 76;
GTOT := 0
for J =1 to LS do
GTOT := GTOT+5FLJI;
for J := 1 to LS do
SFLJY := SFLJIECXL/GTOT);
76: ERCIT := XCI1-FCSCIY;
SUMSE := SUMSR+sqr (ERLID);
XMAD := YMAD+ABS(ER[IZ);
entd;
YMAD := YMAD/ILD-1Ti;MSE o= SUMER/(LD-IT3;
78: if CStr='¥" ther gots 2%
WritelnjBrite ('PRESS ANY KEY TO CONTINUE');Read (Kbd,YStr);
WritelnjWriteln (TAB(S:,'RESULTS OF FORECASTING FHASE');
Writeln ('PERIGCD *,'  ACTUAL DATA ')’ FCS, vaLbe ERROF! 3s
1f IT=LD then goto 85

re 4

i
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for 1 := 11 to LD do
begin
if (I-1141)¢3(I1C+20) then goto B0}
IC := IC+;
Writeln;Hrite ('PRESS ANY KEY TO CONTINUE' );Read (Kbd,YStr);Writeln;
80: Writeln (133, %011:18:4,FOSCI:17:4,ERCTN: 17:4);
end;
85: if IIN = 0 then goto 100;
for 1 := LD+1 to LD+IIN do
begin
IL := I HOD LS;
if IL =0 then IL := LS}
1 (I-LTIILD then goto 30;
FCSCID s= (ACI-LTI+SLTEBCI-LTISFOILY

goto 95;
90: FCSCIT:=(ACLDI+(1-LDYEBCLDIASFLILY;
95: end;

100: IF (CStr="Y") THEN GOTO 160;
IF (IZN=0) THEW GOTO 120;
WriteLn (TAB(7),'FORECAST HORIZON');
IL1:=LD-I1+41;
FOR I := LD+1 TO LD+IIN do
begin
IL1:=IL1+1;
IF (IL1¢3(IC320)) THEN 60TD 105;
[C:=1C+Y;
Writelnjurite ('FRESS ANY KEY T0 CONTINUE*);read(kbd,YStr)jHriteln;
105: Writeln (I:3,TAB(27),FCSCIT:6:4);
enu,
120: IF (IT=LD) THER G0TO 155
WriteLnjWrite ("PRESS ANY KEY TO CONTINUE' )jread(kbd, Y5tr);
WritelnjWriteln (TABIZE), 'MODEL OMPONENTS');
Writsin ('PERICD ',' PERMANENT ',' TREND *,' SEASONAL'D;

I€ 1= {;

FOR 1:=11 70 LD do
begin
IF (([-T1+1)43010320)) THEN GOTO 150;
IC := IC+Y;

Writelr;Hrite ('PREGS ANY VEY 10 CDhTINUE",read'ibd YStrds
150: Writeln (I:3,AC10:16:4,B{11012:¢ ,58012:12:4);
end, INEXT 1}
WritelroWriteln {'TORECAST PHASE MEAX COUARED ERROFP = ' MSE:f:d);
Writelr (*HEAY ABSOLUTE DEVIATION IN FORECAST PHASE = ' XMAD: B4},
155: Writeln;Writeln (TAB(10) ,"END OF RUN'Y;
Writeln;Write ('PRECS ANY FEY T0 LDNTINUE,) vead(kbd,Y B itelng
GOTC §;
160: Writeln (Lst);Mriteln fist,T&B(E) "RESULTS OF FORECACGTING PHASE');
Writeln (Lst,'PERIOD ', ACTUAL DATA ',° FoS. VALUE ',"E(lU YERROR' ),
IF (IT=LD) THEN GOTD 1€5;
FOR [:=I1 TO L0 do
Writeln ftst,l:3,X01]:18:4,FC5010:] 7:4,ER[11:17:4);
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165: IF (IIN=03 THEN 60TO 170;

Writeln (Lst,TAB(7),'FORECAST HORIZON');

FOR I:=LD+1 7O LD+IIN do

Writeln (Lst,1:3,TAB(Z7),FLS(1):6:4);

IF (IT=LD) THEN GOTO 175;

Writeln (Lst);Writeln (Lst,TAE(28),"MODEL COMPONENTS');

Writeln (Lst,"PERIOD '," PERMANENT ',! TREND ',' GEASONAL');
FOR I:=I1 TO LD do

Writeln (Lst,I:3,A012:16:4,BI1:12:4,8501):12:4);

170:

Writeln (Lst);Writeln (Lst,'FORECAST PHASE MEAN SQUARED ERROR = ' MSE:6:4);

Writeln (Lst,"MEAN ABSOLUTE DEVIATION = ', XMAD:6:4);
173: Writeln;Mriteln (TABC10:,'END OF RUN');Writeln;
1: end;

begin{ Main menu }

10:

Writeln;Writeln;

Writeln (* TIME SERIES FORECASTING USING WINTER''S METHOD ');
Writeln (' T3
Writeln;Hriteln;

20: WritelnjWrite (' ENTER DATA FROM KEYBOARD OR DISK (K/D) ');Readln (KStr);

if (KSEr{OTK') AND (KStr{3'D') then
. ’ begin
Writeln ('INVALID');goto 20;End;

if KStr="K' then EnterDataFromKeyboard;
if KStr='D" then ReadFile;

30: ClrScrjWriteln;Writeln;Writeln;Uriteln;
Writeln (' MERU *);
Writeln ;

Writeln (* [Llist data [Clhange data clEllete data');
Writeln ;

Writeln (' [Aldd to time series [Hlrite data to disk');
Writeln

Writeln (° [Dlatz computation  [Rlun new data [R1it');
Writeln ;

Write (' ENTER OPTION L,C,E,&,¥,D0,R, X '1;Readln (ans);¥riteln;
case ans of

"LilistTimeSerieshals;

'CriChangeDat s

'E':Del eteData;

'A':AddDataloTimeSerices;

'Whilritelata;

'D*iDatalomputation

"RY:BoTe 204

'¥hibegin Writeln O° ERD OF FROGEAM');goto 1;end;

e

iy

qoto 30
yuiu o .’,

ent.,

201
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TIME SERIES FORECASTING WINTER'S METHOD

DATA OF  FE
ESTIMATED PERMANENT COMPONENT 7.17711
ESTIMATED TREND COMPONENT 3,10877

PERIOD ESTIMATED SEASONAL FACTOR
409054
812219
1.44653
1.17302
.91362
1.57243
.649842
. 395198
1.27214
10 1.27938
i1 1. 06051
12 1.01586

W o0 O L B L R e

OPTIMUM SMOOTHING CONSTANTS
ALPHA = .01 BETA = .01 = GANMA = .01
SUM OF ERRORS SGUARED = 44158.8

& . rs %
Nan11nuﬁn1mﬂ1u1mﬁ11uﬁaon11naon1:n13115u1n1a
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RESULTS GF INITIALIZATION PHASE

SEASON LENGTH = 12 FORECAST LEAD TIME = 1|
PERIOD ACTUAL DATA  FCS. VALUE  ERROR
1 . 0000001 0 0
2 . 0000001 8.295351 -8, 29551
3 . 0000001 19,1206 -19.1206
4 43,2793 18.9933 26,286
3 6.17445 17.8374 -11.6629
6 38,3833 35,3841 2.99317
7 6.24844 16.6547 -10. 4062
8 . 0000001 11,2924 -11.2924
9 47.9071 39,9323 7.97372
10 37.9586 44.2176 -6.25897
i1 39.6238 39,8858 19.738
12 49.7293 41,5492 8.18008

13 40,3373 17.8765 22,4608
14 81.0172 38,4463 42,3709
13 136. 469 73,6976 82.7719
16 16.8356 63,9839 -48,7503
17 39,1822 92,5341 2.64814
18 141.189 96,0447 43,1446
19 71.9799 41,6159 30,3639
20 8.89639 26,6207 -17.7244
21 103.66 90. 1346 13.525

22 117.319 94,4861 22,8325
23 98. 9035 82,3259 16,5775
24 63.3099 81.9736 -18.6637
25° 43,3935 34.1221 9.2714

26 23,3588 70.3769 23,022

27 165. 586 130,29 33,2964
28 25,9344 110.171 -74.237

29 148.435 87.0446 61,3904
30 99.486 157,557 -38.0705
3 74.26 66.6101 7.64992
32 196,718 41.0613 63.6567
33 104,097 141,034 -36. 9375
34 142,953 145.157 -2.2041

33 48.977 124,346 =73, 3694
36 123,392 120.722 2.66908
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MODEL COMPONENTS

PERIOD PERMANENT TREND SEASONAL
1 7.10523 3.10B0E LAD49E2
2 10,1113 3.10703 . 804097
3 13.0861 3.10571 1.4220¢
4 16.4159 3.10795 1.18887
3 19.3962 3. 10668 507667
6 22,522 3.10687 1.57375
7 23.4687 3.10527 645797
8 28,2882 3.10241 391246
3 31.4533 3.10304 1.27465
10 34.5074 3.10235 1.27778
11 37.7961 3.10441 1, 0R568
12 40.981 3.10521 1.01784
13 44,6402 3.11075 +410471
14 48.27% 3. 11604 .813873
15 91,9729 3.12181 1.44969
16 94,6832 3. 1772 1.1818
17 57.8321 3.11801 . 909301
18 61.2366 3.12087 1.58309
19 64.827 3.12557 631274
20 67.3001 3.12104 . 389153
21 70.7272 2.1221 1.2782
22 74,0277 3.12389 1.2825
23 77,3069 3. 12544 1.06519
24 80.2433 3.12361 1.0188€
23 83.59%4 3.12588 .4103€9
26 87.009 3.12871 814111
27 90.3819 3.13116 1.44932
28 92.8829 3.12485 1.17023
29 96. 6849 3.13163 912928
30 99. 4487 3.12795 1.57268
A 102,694 3.12912 .650107
32 107.516 3. 14603 . 394062
33 110.372 3.14313 1.27115
34 113,438 3.14298 1.27856
33 115,934 2.13591 1.05963
36 119.096 3. 13317 LE14it

MEAN SQUARED ERROR = 1261.48
NEAN ABSOLUTE DEVIATION = 27.0101
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" RESULTS OF FORECASTING PHASE

PERIOD ACTUAL DATA  FCS. VALUE  ERROR
FORECAST HORIZON
37 50.1718
38 102.087
39 186.287
40 154. 085
41 123.07
42 216.943
43 91.7181
44 36.8311
43 187.311
46 192,413
47 162.79

48 158.978
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TIME SERIES FORECASTING WINTER'S METHOD

DATA OF  VAI-VAD BLACK NORN.
ESTINATED PERMANENT COMPONENT 48.1726
ESTINATED TREND COMPONENT -.873556

PERIOD ESTIMATED SEASONAL FACTOR
.826873
.860786
. 90472
1.01529
- 945907
. 960146
1.48273
. 493376
.439185
1.35458
{4354
1.221

-—-—--oa:wo~:m-mw-—-
N -

OPTIMUM SHOOTHING CONSTANTS
ALPHA = .01 BETA = .09 GAMMA = .0f
SUM OF ERRORS SQUARED = 5408.43

L4 - a0 v > °
Naﬂ11ﬂﬂﬁﬂ1mﬂ5u1mﬁ1ﬂuﬂaﬂﬂ11ﬂ13ﬁ131“1Lﬂﬂaﬂﬂ



RESULTS OF INITIALIZATION PHASE

SEASON LENGTH = 12

PERIOD
1

[P I - IS I I

i
12
13
14
15
16
17
18
19
20
21
22
23
24
23
26
21
28
29
30
31
32
33
KL
K]
36

ACTUAL DATA
25.3866
38.524
57.83%
36,8393
68.0244
42,6763
43,7405
19.4338
44,9381
42.4686
30,057
42,4677
43,5002
34.6832
37.9079
36.8422
40.4272
36.4344
39.8489
£.90113
7.34232
68.1811
73.5005
46.5014
25,6931
26.0541
15.2312
32.7701

$8.19232

23.197
92.9152

17,9412

8316
22.524
21.754
21,7281

FORECAST LEAD TINE =

FCS. VALUE
0
40,5504
41,7923
46,1914
42,132
42,206
63.9146
20,7332
18. 1161
99,6016
60,0081
47.905
31,6029
32,4443
33.5306
36,6557
33.6424
33.2445
30,0854
16.2454
14.227
41,8105
45,233
36.2171
23.9442
24,2475
24,9085
26,8463
24,5434
23.8007
39.3238
11,4032
10.0224
25,353
31,1316

24,213

ERROR
0
-2.02637
16.0473
-7.3321
25.6924
470516
-14.174

P omEma
I ua.‘i?

26,822
-13.133
-9.95103
-0.43729

13.8973

2,24086

4.37728

. 186365

6.78481

3.1899
-14.2363
-9.34429
-6.8847

26,3706

28.2476

10,6843

1,74887

1.80658
-9.67728

5.92179
-16.3369
-. 603731

17,5314

6.5379%
-9.19082
-£.83194
-9.37762
-2,54489

1
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MODEL COMPONENTS

PERIOD PERMANENT TREND SEASONAL
1 47.997% -.889279 .823894
2 47.0851 -.891398 .B6036
3 46.371 -. 873434 .908146
4 45,4234 -.881934 1.0137
3 44,8152 -.837298 951626
b 43.9628 -.856857 . 960252
7 43.0103 -. 863461 1.47947
8 42.1173 -. 86794 .493036
9 41.8601 -.812975 . 443528
10 40,9502 -.B21701 1.35141
i1 40,0619 -.82769 1,49294
12 39.1897 -. 831698 1.21963
13 38.5267 -. 816517 827465
14 37.7362 -.814173 . 860947
15 36.9702 -. 8098335 . 909318
16 36,1622 -. 809669 1.01375
17 39.4239 -.803252 .933522
18 34.6538 -, 800263 . 961163
19 33.7973 -, 808923 1.4753
20 32.7589 -.82598 490232
21 31.7784 -.839887 . 443094
2 21,1336 -.822325 1,35979
23 30.5005 -. 803296 1.50211
24 29.7828 -. 797412 1.22318
23 29.0066 =. 793506 . 826674
26 28.2321 - 793614 .B60137
27 27.3319 -.803209 . 904288
28 26.5872 -. 797943 1.01425
29 23.6174 -.813408 . 945602
30 : 24,7977 -.813974 . 959311
A 24,1032 = 1903224 1.48005
2 22.423 -, 731201 492172
33 22,434 -. 303889 .433383
3 21,5745 -.B1441E 1.35438
33 20,6976 -. 820046 1,433t
3 19,8567 -.821922 1.2158¢

MEAN SQUARED ERROR = 154,342
MEAN ABSOLUTE DEVIATION = 9.56386



L

RESULTS OF FORECASTING PHASE

PERIOD ACTUAL DATA
FORECAST HORIZON

ki

38

39

40-

41

42

43

44

43

46

47

48

FCS. VALUE

15,7481
15.6781
15.739

16.8186
14,9024
14,3233
20.E501
6.34191
3.46886
15.774
16.1833
12,2005

ERROR

209



TIME SERIES FORECASTING WINTER'S METHOD

DATA OF  KAO-BANG NORM. 355.
ESTIMATED PERMANENT COMPONENT 9.25146
ESTINATED TREND COMPONENT -.0270364

PERIOD ESTIMATED SEASONAL FACTOR
1 390469
2 . 392963
3 .648258
4 1.2572

3 1. 10671
b 726122
7 1.67857
] 1.34665
9 . 945812
10 1.21561
it 1.14343
12 .988172

OPTIMUM SMOOTHING CONSTANTS
ALPHA = .Gf BETA = .04  GANMA = .01
SUM OF ERRORS SQUARED = 549.534

LA > o~
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RESULTS OF XNITIALIZATIQN PHASE

SEASON LENGTH = 12

PERIOD

M NV AN -

— s A

Lo S )

—
N

(2% ]

as Rl ol S Sy —
LEE I~ -] QN oYW £

S
O om N oYL 5:

()

(55 ]
——

.3
r.a

(%]

LW LW
oo

ACTUAL DATA
2.15914
3.11712
3.95371
4.4216
3.63496
3.58518
20,2501
8.76384
14.7755
16.1649
20.0989
8.30815
4.73103
3. 18928
6.11508
12,0553
9.68616
8.08676
10.1439
7.79983
1.0836
£.05598
4.96647
7.30648
2,34383
3.0498
3. 3465
13.4241
13.08¢

r AaYy
;’.L?l

.4
16,4016
3.8046
8.14356
3.91824
8.0214

FORECAST LEAD TINE =

FCS. VALUE
0
3.07336
3.91223
11.3889
9.92737
6. 44624
14,7731
11,8474
8.26449
10.6643
10,0461
8.74028
3.42598
4.85578
3.68198
10.963
9.62877
6.31066
14,7047
11,6512
8.21392
10.4
9.75023
8. 26569
3.2562
4.56547
3.33862
10.2871

9.0336
5. 95839
13,7355
i0.8854
7.69166
9.86094
9.27832
7.88704

ERROR
0
-1.96224
-1.93858
-6.96732
-6.29241
-2.86106
3.47701
-3.08357
£.51097
3. 50062
10,0528
-.432131
1.30505
. 333504
.4330%6
1.09235
037394
1. 7761
-4.55878
-3.85139
-7.13032
-4.34399
-4.78376
-.959212
- 912311
.484329
. 207877

-1.737137
-3.36008
. 134359

!



MODEL COMPONENTS

PERIOD PERMANENT TREND SEASONAL
1 9.21424 -.0285251 .388908
2 9,15023 -, 0299445 . 55084
3 9.09007 -. 031153 646124
4 9.0033 -.0233638 1.249%4
3 8.91327 -, 0356441 1.03973
& 8.83223 -.0372202 122917
7 8.83364 -.033913 1.68471
8 8.77482 -.036831 1,34317
9 8.80683 -.0340774 . 933131
10 8.818 -.0322674 1.22179
1 8.87365 -.0287507 1.15467
12 8.84033 -.0289256 .987688
13 8.84517 -.027583 . 390264
14 8.82364 -.0273407 . 351066
15 8.80301 -.0270726 .646439
16 8.78468 -.0267228 ©  1.25044
17 8.73848 -.026702 1,099
18 8.75633 -. 0257183 724732
19 8.70357 -.0268016 1.67907
20 8.64808 ~-.0279488 1.3384
21 8.3433 -.030942 944613
2 B.4768 -.0323645 1.21639
23 8.40499 -.0340222 1.14873
24 8.36126 -, 0344107 .966288
25 8.30352 -. 035344 . 389961
26 8.276%4 -.0349931 552754
21 8.24516 -.0348648 .647988
28 8.23533 -. 0338633 1.25673
29 8.23823 -.0323927 1.10657
30 8.19673 -.0327573 . 725389
3 8.13013 -.0333102 1.67%62
2 B.15797 -. 0316649 1.34778
33 8.13806 -.0311945 .947868
M §.05261 -. 0317647 1.21671
35 8.01428 -. 0336274 1.14441
3t 7.98201 -.033573 .98B437

NEAN SQUARED ERROR = 15.700%
MEAN ABSOLUTE DEVIATION = 3.06371



RESULTS OF FORECASTING PHASE

PERIOD

37
38
39
40
41
42
43
44
43
46
47
48

ACTUAL DATA
FORECAST HORIZON

FCS. VALUE

3.09849
4.37343
3.10518
9.8589
B.64389
3.64196
12,0075
10,3924
7.27692
9.30003
8.70902
7.48886

ERROR



TINE SERIES FORECASTING WINTER'S METHOD

DATA OF  KAO-BANG ROL

L 256,

ESTIMATED PERMANENT COMPONENT 14.6375

ESTIMATED TREND COMPON

PERTOD ESTIMATE
1 .472989
707075

3 .631368
4 1.92606
3 1.79223
b 1.32073
7 1.38577
8 752796
9 .619308
10 .807301
i1 .881645
12 702735

OPTIMUM SHOOTHING CONS
ALPHA = .4  BETA =
SUM OF ERRORS SBUARED

ENT -.382813

D SEASONAL FACTOR

TANTS
01 GANMA = .01
= 739.943

- - > v
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RESULTS OF INITIALIZATION PHASE

SEASON LENGTH = 12

PERIOD

ACTUAL DATA
7.546

1777
Seiai

10.3€6
15.213
16,063
14.351
19.367
3.1
17.892
20,033
15.78
3.934
2,56
8.794
2.823
11.817
8.3R4
13.392
13,639
13.797
1.502
3.327
6.481
8.292
3.131
3.881
3.484
12,985
11. 305
3.449
1.899

. 0000001
. 0000001
000001
. 0000001
. 0000001

FORECAST LEAD TIME =

FCS. VALUE
0
10.433
7.03436
24,776
18.7627
12,4831
13.315
8.25347
4.83464
12,8405
16.9022
12.9008
6.65049
7.19411
£.80785
15,0663
121151
7.3004%
9.68821
3.79673
7.28627
6.14728
S22
4.2319%
3.77222
3.00637
3.83813
10,3396
10,0727
7.3614
3.3563
1.92306
703347
. 225035

-. 208014

-.38197

ERROR
0
-3.71813
3.33145
-9.56303
-2.69973
1.8679
£.052
-5.15347
13,0574
7.19433
-1.12221
-6.96685
-4.09049
1.59989
-3.98485
-3.24955
-2.73{14
£.031535
3.97079
8.00025
-5.78327
=2.82028
1.35879
4.06004
-.641221
-1.12537
-.334134
2.44539
1.23228
-3.9124
-3.6375
-1.92308
-.703347
-, 225055
. 208014
. 38197

1




.

KODEL COMPONENTS

PERIOD PERNANENT
1 15.164
2 11.5517
3 13.2524
4 10.877¢
3 _ 9.86637
b 10,0174
1 11,3553
8 8.22345
9 16.24
10 13.4702
i1 18.6621
12 14,3925
13 10,5924
14 11.1228
15 8.23583
16 7.16498
17 . 3.93062
18 7.363%4
19 8.11609
20 12,0074
2 7.96529
22 6.19824

3 6.42651
24 8.36506
23 7.46216
26 6.459%8
2 3.8649
28 6.00206
29 9.91031
30 4,36666
3 2.93956
32 1.53133
2 .6B0582
4 167292
33 -. 14135

A - n1enTa
o ediwlii o

TREND

- 377547
-.409893
-.288789
-.408649
-. 414675
-.40%018
-. 391548
-. 418932
-.3343%
-. 238949
-. 30404
-, 343696
-. 37626
-, 369174
-. 394351
-. 401116
-, 409449
-. 391021
-. 379589
-.33688
-+.373933
-. 387864
-, 381698
-, 3585
-. 363944
-, 370326
-.372574
-.367477
-. 364719
-.376509
-. 387015
-. 397225
-. 401762
-. 402877
. 401935
399762

MCAN GRUARED ERROR = 21.7085
MEAN ABSOLUTE DEVIATION = 3.65413

SEASONAL
473236
. 704105
.632876
1.92078
1.79039
1.32184
1.368%6
749037
.624132
.803518
.681284
699831
471068
705191
.630174
1.91867
1.78738
1.32123
1.39234
733271
619973
807044
.B82831
702935
. 470626
704233
.629909
1.92141
1.7688!
1.32206
1.38309
145854
.613869
799097
.874139
696043



.

RESULTS CF FORECASTING PHASE

PERIOD

37
38
K|
40
41
42
43
44
43
46
47
48

ACTUAL DATA
FORECAST HORIZON

FCS. VALUE  ERROR

342942
-. 793868
-. 954651
-3.71384
-4.175979
-3.61669
-4.34509
-2.63916
-2.41854
-3.46906
-4,1457

-3.58045

217
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TIME SERIES FORECASTING WINTER'S METHOD

DATA OF  KAD-BANG ROLL 353.
ESTIMATED PZRMANENT COMPONENT 27.2%
ESTIMATED TREND COKPONENT -.828087

PERIOD ESTIMATED SEASONAL 2702

675333
44013

.686422
1.98002

2.03987

.903311 -

. 786319
.B35943
10 911608
i1 . 376105
12 314916

1
2
3
4
3 2,02798
b
7
8
9

OPTIMUM SMOOTHING CONSTANTS

ALPHA = .01 BETA =

0t

GANMA = .23

SUM OF ERRORS SUARED = 918,05

- - L d v
Naﬂ11"ﬂﬁﬂ1mﬂ1ﬂﬁmﬁ1ﬁuﬂaﬂﬂ11ﬂ1:ﬂ13ﬂﬂ1ﬁ10”1Uﬂu1ﬁ
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RESULTS OF INITIALIZATION PHASE

SEASON LENGTH = 12

PERTOD

smm\amgn-umw»-—

bt e et g
LN o L AN s

16
17
18
19
20

]
i

22
23
24
25
26
27
28
29
30
3
32
33
34
33
36

ACTUAL DATA
23.422
10,039
22,774
33,883
38,915
38,353
33.81
20,404
20.69
16.057
7.436
4.889
8.748
8.156
6.132 -
27.763
15.359
26,775
11.092
13.381
13.913
16,354
3.663
4.832
3.165
1.933
3.098
9.603
10.8%4
3.694
. 0000001
0000001
0000001
. 0000001
. 0000001
0000001

FORECAST LEAD TINE = |
FCS. VALUE

0

11.6827
17,6258
43.3539
48.7329
47.2306
20,1727
16,9834
17,8233
18.2597
7.21353
5.78154
12,6074
7. 11851
11,6346
218292
21.38%
25.919

12.9779
9.52435
9.58077
8.87929
2.51072
2.58134
5.11093
3.00077
2.89636
9.52888
7.50706
£.9135¢
2.70754
1.64649
371708
169301
- 28595
-.537709

N
V

ERROR
0
-1.62368

5. 14815 .

-13. 4643
-5.81788
-8.67758
13.6373
3.41464
2.8667
-2,20271
. 22247
-.892539
-3.85937
1.03749
-3.3026
-.0661869
-12.0306
. 85603
-1.88585
3.83665
4,33223
7.47471
2.15228
2,25066
-1.94593
-1.04777
-. 798358
0761223

7 Aprog

cvobdiad

- 169901
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MODEL COMPONENTS

PERIOD PERMANENT TREND
1 27.3698 -.827348
26,5056 =821
3 25.7529 - B2697
4 24.8579 -.827647
3 23.9818 -.828132
b 23.1112 -.828557
7 22.4333 -. 827051
8 21,6496 -.826616
9 20,8563 -. 826281
10 20,0061 -. 826523
i 19,1855 - 026454
12 18.3307 -.826747
13 17.4503 -.527283
14 16,6473 - 827041
15 15.7454 -. 827789
16 14,9173 -.8271793
17 14.0276 -. 828412
18 13.2033 -. 828368
19 12,3572 -. 828548
20 11,5753 -.828081
21 10.7958 -. 827395
22 10,0521 -. 826736
23 9.28195 -. 826191
24 8.32348 - 323433
25 7.6747 =.825747
26 6.82304 ~.£25935
27 3. 98676 -.826109
28 3. 16106 -.826104
29 4.35432 -. 825909
30 3.32238 -.825971
3 2.66945 -. 826241
32 1.82478 -. 826423
33 . 988366 -.B26525
34 160223 -.826541
39 -.b39655 -. 826473
36 -1.47127 -.826328

NEAN SEBUARED ERROR = 26.2217
MEAN ABSOLUTE DEVIATION = 23.47227

SEASONAL
716847
426202
73194
1. 83658
1.93476
1.95438
1.0437
822232
88724
.886538
. 378746
. 302829
669302
<2422
.655851
1.86452
1.74869
1.97845
1.01395
902013
. 982838
1.06508
.433348
. 365339
60567
103179
.619131
1.84981
1.90885
1.88044
773178
.68782
. 749452
.808349
. 3304435

. 2786
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RESULTS OF FORECASTING PHASE

PERTOD

7
38
39
é0
4
42
a
44
4
4
47
48

ACTUAL DATA
FORECAST HORIZON

FCS. VALUE

-9.73194
-11.7793
-13.316

-6.17884
-6.12271
-7.35344
-8.66703
-3.84375
-3.49425

ERROR

221



i

TIME SERIES FORECASTING WINTER'S METHOD

DATA OF  KAO-BANG ROLL

06,

ESTIHATED PERMANENT COMPONENT 7.58745
ESTIMATED TREHD COMFONENT -. 170309

PERIOD ESTIMATED SEASONAL FACTOR
1 1.12145
2 991714
3 1.56288
4 2.24061
3 2.40477
b 1.32851
7 773398
8 643175
9 . 309253
10 .187903
i1 . 377831
12 .0562928

OPTINUM SHOOTHING CONSTANTS
ALPHA = .01 BETA = .01 .~ GAMMA = .01

SUM OF ERRORS SQUARED =

156,467

‘ Han ’Hﬂﬂ’lﬂ1ﬂ;ﬂ“llj AUAINUADIATTATSATIBY IV INUIUTUIA
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RESULTS OF INITIALIZATION PHASE

SEASON LENGTH = 12

PERIOD

ACTUAL DATA
9.323
10,376
3.303
11.501
10,043
6.224
8.77
4.296
2.449
1.33
6.188
0000001
8.106
4.987
3.443
10.032
10. 441
6.131
3.859
3.58
2,252
1.407
. 0000001
699
2,034
1.77
4.573
8.494
9.416
4.299
A72
0000001
0000001
0000001
.0000001
. 0000001

FORECAST LEAD TINE =

FCS. VALUE
0
7.36296
11,3835
15,9118
16.6208
8.91921
3.04593
4.11668
1.92761
1.14245
2.23693
. 341352
6.31933
9.45289
8.27171
11,4859
11.8914
6.34299
3.59821
2.B6442
1.34102
787759
1.55654
221636
4.22499
3.94754
3.27982
7.15€29
7.28366
3.82023
212147
164127
.728333
406091
74217
. 103789

ERROR
0
3.01303
-2.080435
-4.4108
-6.57779
-2.69321
3.72407
17932
321391
191554
3.95107
-, 341351
1.78647
-, 465886
1.177298
-1,45393
-1.45039
-.211988
. 260789
2.71558
910977
619241
-1.55653
477364
-2.19099
-1. 77754
-. 704824
1.33761

Lo Di

47768
-1.94%47
-1.64126
-.728333
-, 406091
-.74217
-. 103789

!
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PERIOD
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MEAN SQUARED ERROR =
MEAN ABSOLUTE DEVIATION =

MODEL COHFONENTS

PERMANENT TREND
7.39471 -, 170236
7.45486 -.169933
7.27161 - 170066
7.08186 - 170263
6.88424 -. 170336
6.69342 -. 170739
6.37082 -.170238
6.40335 -.17023
6.249%8 -.170061
6.09011 -. 169959
6.02472 -. 168314
5.79725 -. 169459
3.64366 - 16934
3.46964 -. 169387
3.3078 -. 169311
5.13198 -. 169376
4.95635 -. 169437
4,78552 -. 169433
4.61941 -. 169419
4.49218 -. 168998
4,35235 -. 168704
4.21673 - 168375
4.00788 -. 16878
3.92178 -. 167933
3.73436 -. 168148
3.54835 -. 168326
3.37531 -. 168372
3.21313 -. 168312
3.05373 -. 168222
2.88913 -. 168186
2.693% -. 168436
2.50223 -. 168689
2,3102 -. 168922
2.11987 - 169137
1.93122 -. 169332
1.74427 -. 169508

4.47019
1.56748

CrASONAL
1.1225¢
L99571F
1.56005
2.23445
2.39531
1.32452
779209
.643452
.310079
.188216
3843437
0577039
1.12606
.995242
1.56282
2.23247
2.3913
1.32457
. 780056
649675
312266
.18974
.380641
.0589363
1,113
.989803
1.56
2.23552
2.39906
1.32558
7172522
.642869
.308394
.187752
. 376653
.0583189

224
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RESULTS OF FORECASTING PHASE

PERIOD

37
38
39
40
41
42
43
44
45
46
47
43

ACTUAL DATA
FORECAST HORIZOK

FCS. VALUE

1.76669
1.33363
1.93151
2,38822
2.13549
. 965863
431685
. 230052
. 0677089
9.25434E-03
-. 0454041
-, 0169348

ERROR

225
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RSFE,

=200
-200
=400
-300
=700
=900
-1000
-1300

-1300

-1200
—

-+t
. L4
NI AUNTIINY IS
- e ¥ b & Y o -
Femsnlrlunismuquatsnensalund 3z 136nsrs R Sudggnuaany
- -—ed - & 3 ) & »
AAUNANLAAYY  (Tracking Signal) Tasdgyiauszvalalasges
Tracking Signal = RSFE/MAD
Tay  RSFE (Running Sum of Forecast Errors) AsWasIuuavAIny
- . . '.' . -
- . RANANIAT SN INANEINSTALAIISY
. . - . ) o
usz MAD (Mean Absolute Deviation) #Aa aautuuoxuutaﬁuauusm
- . 1
CEEURY
- L] . L 4 - "
' JUyAINAIMMEINSUSIWEINAY = 1000
- e - $ . - X
Tasdid iaua3vuazArAt iy usoil
- -
L g ’ -
qUam YBAYNY - AANaA
Rl 1 1200 -200
2 1000 =
3 1200 -200
a 800 100
5 1400 -400
6 1200 -200
7 1100 -100°
8 1300 -300
9 1000 0 -
*
10 800 100
b
11200 1600
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MAD = 1600/ 10 = 160
Tracking Segnal = RSFE/MAD
= 1200/160
= 7.5 ‘

IJ - v J . .
AMyauiulau MgayaudggIuA1sAsSI3UIZOYLIINGIY 4 URS 8 Law 4
¥ o ol e L4 - ¥ »_ e i ) e -
A azlogiusienishdguangy nIenavnsn ifinmufiananaussign  duswnsdy 9

fluasvnsAuuuushuaninildan 8 (29 P.105 - P.107)

& XY , ’ ¥ e & o S
nuugniImMsneInsuAs9 s lainnsAsadaunansnensa e 1la lada 1an
- > 3 L) o - . 41 > N R ‘ J L] - ‘ P
50IUa7  AvhumIAn Tracking Signal  aamal tfiundnasin‘muanaasnasla

- - ot ‘deq ¥ ' 4 - - P | ' ”
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