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The purpose of this research was to compare the efficiency of X , EWMA, CUSUM and
Synthetic control chart for non-normality data which had t-distribution with degrees of freedom
of 4, 10, 15, 20, 30 and gamma distribution with shape parameters of 0.5, 1, 2, 3, 4 and scale
parameter of 1. The factors studied in thi; research were sample size(n) and the sizes of mean
shift expressed in standard deviation units (8) . Sample sizes of 4, 5 and 6 were used in this
research and the seven sizes of mean shift (8) were 0.0, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0. This

research used Monte Carlo simulation techniques in generating data.

For the sample size of 4, if the process mean does not shift or does shift, it was found

that EWMA s the efficient control chart.
For the sample sizes of 5 and 6 if the process mean does not shift, it was found that X

is the efficient control chart, otherwise if the process mean does shift, EWMA is the efficient

control chart.
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3. LLWHQﬁﬂ?‘UﬂN CUSUM (Cumulative-Sum Control Chart)
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4. Lmugﬁmmu Synthetic (Synthetic Control Chart)
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df  UHUQY S
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4 X 102.4520 81.0275 42.3605 17.5440 6.8340 3.2390  1.9885
EWMA 1544140 1.3240 1.0035 1.0010 1.0000 1.0000 1.0000
CUSUM  12.3335 12.3430 12.7115 14.4890 19.0740 27.3495 41.8185
Synthetic  26.0435 19.1545  9.5930  4.3060 2.4380 1.7270  1.3450

10 X 76.8480 63.3180 35.1145 15.5575 6.9835 3.3000 1.9870
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CUSUM  11.5305 11.5305 11.5850 12.2685 14.5625 19.0900 28.1165
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EWMA, CUSUM 1ag Synthetic {BYUIAAI0E1UMING 4 1aA1 b 1NN

0.5,1,2,3,4 uaz a W 1

b uNugu S
AIUAY 0.0 0.5 1.0 1.5 2.0 2.5 3.0

0.5 X 7.9320 6.2835 49865 3.8375 29215 2.2890 1.7390
EWMA 91725 1.1775 1.0000 1.0000 1.0000 1.0000 1.0000
CUSUM 44510 44510 44530 44785 4.5420 4.5960  4.6315
Synthetic 54770 43580 3.3775 25755 19830 15165 1.1705
1 X 15.3580 11.3065 7.5930 5.3365 3.5900 2.5285 1.7870
EWMA  19.3820 12160 1.0000 1.0000 1.0000 1.0000  1.0000
CUSUM  6.0995 6.0995 6.1200 62515 64985 6.6685 6.8020
Synthetic 8.7090  6.2515 43855 3.0475 2.1245 1.5340 1.2210
2 X 28.1745 189395 11.8490  7.5375 4.6080  2.8800  1.8860
EWMA  36.0690 12415 1.0015 1.0000 1.0005 1.0005  1.0000
CUSUM  8.0980 8.0980 83340 89320 9.7210 11.7300 16.7140
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3 X 351625 23.0750 145090 85430 49130 29500  1.9155
EWMA  48.6680 12695 1.0030 1.0000 1.0000 1.0000  1.0000
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CUSUM  9.1630  9.1775  9.9710 13.0065 22.8525 40.4755 67.2080
Synthetic  15.4470 10.4510 6.7025 3.8820 2.3905 1.6300 1.2635
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df  unuQil S
AIUAY 0.0 0.5 1.0 1.5 2.0 2.5 3.0
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EWMA 1102200 1.3830  1.0045  1.0000  1.0000 1.0000  1.0000
CUSUM 7.6255  7.6255  7.2775  7.8920  9.7025 14.4435 23.9820
Synthetic  35.9585 26.6370 11.8245  5.0740 25605  1.6550  1.3020

20 X 184.8520 142.6120 65.1475 24.0835  8.8495  3.6805  2.0925
EWMA 108.0385 1.3845 1.0060  1.0000  1.0000  1.0000  1.0000
CUSUM 7.6265  7.6265  7.1945  7.8730  8.8255 13.4710 23.0305
Synthetic  35.8750 25.6710 12.1265 5.0170  2.6060  1.6375 13010

30 X 183.7410 142.1480 63.7650 23.8625 83665  3.7125  2.0485
EWMA 1053505 1.3610  1.0060  1.0005  1.0000 1.0000  1.0000
CUSUM  7.6765 7.1160  7.6765 7.8125 9.2525 12.3230 21.7760
Synthetic ~ 34.5890 25.7245 11.1545 49140 2.5890  1.6585 1.3115
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2. gﬁa%’agaﬁnmmmmammmum A b WY 0.5,1,2,3,4 uag a Wny 1

4 1 1 1

1 ARL v0amuginiuauing 4 uwugiuaadlumsii 4 tazami 10 Fawuin
ﬂ' \ d‘ a 1 d' a d'd a a
oA mdsveINTzUIUMINaA nfdsunlas (5 =0 ) unuglnuguiidszansnwgege

Y1 ~ = oA 1w a A a a

aliA ARL 1niiga :nwamsAnuImud 91 b iy 0.5 unugiinuguniilssansnm
qaga An urunlAIUAgL X laglial ARL 10U 12.4950 A1 b ify 1 unugiiniugy
d’d a A A a - a1 1w d' ' o
nszaninmgege Ao uwugiAIuAN X TasliA1 ARL (AU 27.5670 71 b 1AL
2 ueugiiniuguiniidsza@ninngaga Ae unugiaIugy X Taglial ARL A

~ 1 v a A a A A a - =
51.8185 N1 b 1My 3 uwuginduAudNszaninmgge Ao uHUQNAIIAN X TAgl
A1 ARL 1MAU 72.1650 tagh b miy 4 unugiarauillszaninmgega Ao

UHUQNAIAN X TasliA1 ARL MY 86.0790

A 1 A a A A a A Y
tazienmasyeInszUIUMINaalMIlasuuilas unugiiniuguinlina ARL
Y A I a A a A =3 1 A 1 A
uesngazuumugiAIUANNNYILANTNINGIgA NNANIANEINLI HoAunAY
imsnasuntlaclilsznin 0.5 89 1.5 mhvesdmdeanuinesge 0.5<8<1.5) 9 b
IRy 0.5, 1,3 wag 4 urugiauguitilss@ninmgaga fe unugiiniugy EWMA

AnFangage Ao

ee

TagliA1 ARL 111710 1.0000 L@z b iy 2 urugiaIuguiiils

UHUAIAILAN EWMA TasliAn ARL 11U 1.0005

di U d‘ = d' 1 =1 1 ] d'
WeaundsiimInasuntasllsznin 2 89 3 wmvesdsuuuasg
2<8<3) Al b MY 05,1,2,3 1Az 4 uruiAIANNNUsZANTINGIgR Ao LNl

AN EWMA TagiiAl ARL 91U 1.0000
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M39N 4 uaaenl ARL dwisumsnlseuienlsz@niamvewmuginiugy X,

EWMA, CUSUM 1@ Synthetic {BYUIAAI061UMING 5 1aA1 b 1NINY

0.5,1,2,3,4 uaz a Wy 1

b unugi S
AIUAU 0.0 0.5 1.0 1.5 2.0 2.5 3.0

0.5 X 12.4950 9.5075 6.8880 4.7970  3.4110 2.4775 1.7930
EWMA 109990 12345 1.0000 1.0000 1.0000 1.0000  1.0000
CUSUM 40170  4.0170  4.0240 4.1040 42075 43120  4.4300
Synthetic ~ 7.6370 53905  4.0015  2.8120  2.0525 14895  1.1740
1 X 275670 17.8660 11.0395 7.0645 44675 2.7530  1.8590
EWMA  21.7975 1.2665 1.0010 1.0000 1.0000 1.0000 1.0000
CUSUM 5.1870  5.1885 52260 5.4600 5.8855 6.1635  6.4860
Synthetic  12.3620 83295  5.4445 34265 2.1810 15615  1.2100
2 X 51.8185 31.6405 17.4545 10.0535 5.5885 3.1410 1.9665
EWMA 379725 12935 1.0020 1.0005 1.0000 1.0000 1.0000
CUSUM 6.2670  6.2670  6.5350  7.3435  8.5365 11.3900 18.1225
Synthetic ~ 18.2955  11.814  6.9495 3.9515 23665 16100 12320
3 X 72.1650 43.2095 22.6820 11.8730 59090 3.2775  2.0105
EWMA  49.0880 13270 1.0010  1.0000 1.0000  1.0000  1.0000
CUSUM 6.8990 69135 74775 89755 13.9790 27.8040 58.2250
Synthetic ~ 22.9125 14.0220 77655  4.1610 2.4745 1.6010 12375
4 X 86.0790 50.5345 25.1665 13.09 6.1865 3.3490 1.9920
EWMA  59.2460 1.3140 10010  1.0000 1.0000 1.0000  1.0000
CUSUM  6.8965 6.9200 7.9575 11.9855 24.1795 53.4455 107.5565
Synthetic  24.1960 15.2820  8.1935 44125 24625 1.6175 1.2535




ARL

ARL

50
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NINVUIANIBENAUVNY 6

Ay = A A 3 a 1w
1. LHRUBHANNIUINUIINUUN nossnanuiuoasy (df) .mnu 4, 10, 15,20 g 30

Y v v 1
A ARL 09euUNaIuguig 4 uruginaaluasieil 5 uazami 11 Fawun
tﬂ‘ 1 ti' =) 1 ti' = tﬂ'd =) =)
WenunasvoInszUIUMIKan litldsumlas (8 =0) uwuginduquiniidsz@nsnmga
Y A =3 1 A I Aa 1w A
gavz a1 ARL 1niga InHamMsAny MU Nesrnanuiluddasy (df) miny 4 unugil
d‘d a =) A a —_— o 1 1 [} dl
AUAUNNYIEANTNNGIga Ao uruglAIuAN X TasliaA1 ARL AU 6322795 1
I a 1 W a A A A A a
2IrNANUTUDEIE (df) MDY 10 HHUYUAIUAUNNUTEANTMINGIGA AD LHUYTAILAY
—_— 1 " W { I a 1w A
x TpsliAl ARL 191101 461.0700 Noamanuiludease (df) miny 15 unuginivgu
d’d a =) A a —_— =S ] [ d'
NlszansnIngaga e uwuQiaAIugN X JaslA1 ARL M1AU 418.8790 N03A1
I a Y a A a a A a —_—
ANUIUBATL(dR) MY 20 unuNAIUAUNNSEaNTAIMgaIga A uNUIAILAN X
[ [ { I a [ a {
TaglA1 ARL 111 415.8385 uaziearmanuiluddase (d) iiny 30 tHu iaIuauai

Hilsz@ninmgaga Ao unugiiniugu EWMA Iaslinl ARL 1Ay 403.8325

d' 1 ~ Aa A A a a Y
HazaARagYeINsEUIUMIHanlmMstlasuuilag uwugumuawiwm ARL

9 ~ I a A A a = v A 1 =
uaﬂwqngﬂmmugumuﬂwuﬂiztﬁn‘ﬁmwqaqﬂ INWANITANDHINUI LUDAURDY

Iimsdsunlaclilsening 0.5 B 1.5 mvesdmdsanuinaigiu 0.5<8<1.)

~

I~ a (Y a A Aa A
Nosmanuiludasy (dh iy 4, 10, 15,20 uag 30 unugNAILRUNNYTEaNTA W
qaga Ao UHUYNAIUAN EWMA TagliAn ARL ti1fy 1.0000

d‘ U d' = d' 1 = 1 1 d‘
WeaunasimInasuntladllsgnin 2 84 3 mwesdsauumasgu

{ 3 a (Y a {

2<8<3) Nesmanuiludease (df) Y 4,10, 15,20 1ag 30 LHUNNIAILANNL

Uszaninmgega Ao uHUQUAIUAY EWMA TagliAn ARL 510U 1.0000
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EWMA, CUSUM 1ag Synthetic {BUUIAAI061UMINY 6 L1AZA1D9A

I~ a LY
ANuluedse (df) MmNy 4, 10, 15,20 wag 30
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df  unugil S
AIUAY 0.0 0.5 1.0 1.5 2.0 2.5 3.0

4 X 632.2795 4109120 143.1360 39.3070 10.7095  4.0740  2.2155
EWMA 102.6515 1431  1.0045 1.0000 1.0005 1.0000  1.0000
CUSUM 54010 54100 5.5865 6.6640 9.9315 17.6615 37.1225
Synthetic ~ 67.8820 41.7880 14.1540 52505 25760  1.6750  1.3095

10 X 4610700 306.6660 120.1510 36.5860 10.9020 42265  2.1875
EWMA 883860 14120 1.0050 1.0000  1.0000 1.0000  1.0000
CUSUM 5.6160 5.6160 5.6170  5.9385  7.5000 11.8490 22.5900
Synthetic  55.7110 37.3570 13.8300 55555  2.6555  1.6535  1.2835

15 X 418.8790 296.1100 118.1685 36.9420 10.7655  4.3005  2.2055
EWMA  84.1150  1.3935 1.0070  1.0000  1.0000 1.0000  1.0000
CUSUM 5.6090  5.6090 5.6090 5.7355  6.9555 10.7135 20.4375
Synthetic ~ 55.5695 36.8975 14.1340  5.6220 2.6920  1.6475  1.2745

20 X 415.8385 289.0390 116.3815 37.0175 11.0815  4.2655  2.1990
EWMA 849090 14105 1.0080 1.0000 1.0000 1.0000  1.0000
CUSUM 5.5045  5.5045  5.5045  5.6025  6.6425 10.0370 19.3575
Synthetic ~ 54.5175 36.4870 14.0320 5.6785 2.6760 1.6410  1.2880

30 X 403.8325 278.8045 118.8745 36.8985 10.9205 4.1810  2.1750
EWMA  81.1095 14025 1.0080  1.0000  1.0000 1.0000  1.0000
CUSUM 55030 55030 5.5030 5.5730  6.6030  9.5485 17.8840
Synthetic ~ 54.1905 36.0155 14.0415  5.5435  2.6755 1.6585  1.2800
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2. gﬁa%’agaﬁnmmmmammmum A b WY 0.5,1,2,3,4 uag a Wny 1

4 1 1 1

1 ARL v0muginiuauing 4 uwugiuaadlumsii 6 tazawi 12 Fawui
ﬁ' \ d‘ a 1 d' a d'd a a
oA mdsveINTzUIUMINaA nfdsunlas (5 =0 ) unuglnuguiidszansnwgege

Y1 ~ = oA 1w a A a a

aliA ARL 1niiga :nwamsAnuImud 91 b iy 0.5 unugiinuguniilssansnm
qage Ae urugiAIUAgL X Taglial ARL 10U 20.3055 A1 b iy 1 unuginiugy
d’d a A A a - a1 1w d' ' o
nszaninmgege Ao uruiAIuAN X TAsliA1 ARL (M1 46.8530 71 b 1A
2 uwugiaruguitdsz@ninimgega A unuginluau X Jaslia1l ARL (A
102.0500 7 b 11U 3 ueuglarugullszaniangega Ao uwuginIugy X
TasliA1 ARL 1AD 1423585 uazi b iy 4 urugiiniuguinidssaniamgaga

Av UHUQNAIUAN X TagliA1 ARL AU 172.2460

A 1 A a A A a A Y
tazienmasyeInszUIUMINaalMIlasuulas unugiiniuguilina ARL
Y A I a A a A =3 1 A 1 A
uesngaztuumuiAIUANNNYILANTNINGIgA NNANIANEINLI HoAunAY
imsnasuntlaclilsznin 0.5 B9 1.5 mhvesddeanuinesgt 0.5<8<1.5) 9 b
a A =

N 0.5,1,2,3 Hag 4 uEUQUAANNTYIEANTMINGIga Ao uHUNIAILAN EWMA

Taeiia1 ARL 101 1.0000

d‘ U d' =S d' 1 = 1 |l d‘
Weaundsiiminlasuntladlisznin 2 89 3 wmvesddsuuuuasgu
2<8<3) Al b MNY 05,1,2,3 1Az 4 uulAIANNNUTZANTINGIgR Ao LNl

AN EWMA IagiiAl ARL 11 1.0000
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M9 6 LAl ARL dwisumsnlseuienilsz@niamvemuginiugy X,

EWMA, CUSUM 1ag Synthetic [BYUIAAI0E1UMING 6 LAZAT b 1NN

0.5,1,2,3,4 uaz a W 1

b uNugi S
AIURAY 0.0 0.5 1.0 1.5 2.0 2.5 3.0

0.5 X 20.3055 14.3735 10.0215 6.5210 4.0865 2.7050  1.8495
EWMA 129690 1.2980  1.0000 1.0000  1.0000  1.0000  1.0000
CUSUM 34935 34935 35195 3.5935 3.7625 3.9850  4.1460
Synthetic ~ 10.7205  7.5420  4.7755  3.1430  2.0775 15050  1.1560
1 X 46.8530 28.0880 162625 9.1635 52040 3.1755  2.0035
EWMA  23.6005 1.3065 1.0000 1.0000 1.0000 1.0000 1.0000
CUSUM 4.1550 4.1560 4.1845 44550 49585 55195  6.0475
Synthetic  17.8060 10.5945  6.1940  3.7280  2.3030  1.5480  1.1860
2 X 102.0500 54.3905 273300 13.1740 6.9725 3.7465  2.1245
EWMA 377850 1.3680 1.0015 1.0000 1.0000 1.0000 1.0000
CUSUM 47760  4.7760 49800 5.9620  7.5220 10.9110 18.9940
Synthetic ~ 26.4555 15.9900  8.6365  4.4605 2.4615 15945  1.2120
3 X 142.3585 71.5780 33.4120 15.7375 7.6760 39145 2.1330
EWMA 469315 13935 1.0030 1.0000 1.0000 1.0000  1.0000
CUSUM 5.1505 5.1560  5.5620  7.4485 12.9220 28.3885 72.5905
Synthetic ~ 31.2745 18.3860  9.4985  4.6885  2.5480  1.6005  1.2225
4 X 172.2460 89.8770 40.6135 18.0615 8.5045 3.9905 2.1430
EWMA  53.5620 1.4140 1.0025 1.0000 1.0000  1.0000  1.0000
CUSUM  5.0625 50770 58780 10.1195 24.5560 61.8095 139.2030
Synthetic ~ 36.8955 21.0565 10.2310 4.8965 2.5450  1.6155  1.2325
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3. UHUQUAIUAN CUSUM

a A a A . 4 A (d A
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2. DIAUTBYANNITUINUDWUULNNN

- de (A A 4
urUQUAIIANNLYsEANTMNgIga taadluasnn 8
2.1 diouuIafI081any 4

1 d’ J d' a ) d’ =) d’ a
W‘U’NLllﬁ)ﬂWLﬂaEIGUfNﬂﬁ$°U’J°L!fﬂiWﬁGlulll!,ﬂﬁEluLlﬂﬁﬁllaghﬂﬁlﬂﬁﬂuuﬂaﬂ AU

MuAURNUszANTMNgIgane ununiAIUAN EWMA
22 WPYUIAA0EIININY 5
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Public Class RandGenUniform : Inherits RandomNumberGenerater

Private lowerBound As Double

Private upperBound As Double



Public Sub New()
MyBase.New()
_lowerBound = 0.0
_upperBound = 1.0

End Sub

Public Sub New(ByVal lowBound As Double, ByVal upperBound
As Double)
MyBase.New()
If lowBound > upperBound Then Throw New ArgumentException("Low
bound
have value more than upper bound.")
_lowerBound = lowBound
_upperBound = upperBound
End Sub

Public Overloads Overrides Sub Fill(ByRef Value() As Double)
For i As Integer = Value.GetLowerBound(0) To Value.GetUpperBound(0)
Value(i) = Me.NextDouble()
Next i

End Sub

Public Function [Next]() As Double
Dim result As Double
result = lowerBound +
(_upperBound - lowerBound) * MyBase. randUniform01()
Return result

End Function
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Public Overrides Function NextDouble() As Double
Return [Next]()
End Function
Public ReadOnly Property Mean() As Double
Get
Return 0.5
End Get

End Property

Public Function Type() As RandomNumberType
Return RandomNumberType.Uniform

End Function

End Class

U
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ﬁ%’mamtjuﬁﬁmﬁm]mmuuuﬂﬂﬁmmgm (N(0,1))
uﬁﬂﬂﬂﬁLLﬂi;fllJﬂﬁﬁ%’NLﬁﬂJtinﬁﬁmimmmgmu N(0,1)
Public Class RandGenNormal : Inherits RandomNumberGenerater
Const PI As Double = 3.1415926535897931
Private valid As Boolean

Private rl As Double

Private 12 As Double



Private cached As Double
Private sigma As Double
Private _mean As Double
Public Sub New()
MyBase.New()
_sigma=1.0
~mean = 0.0

End Sub

Public Sub New(ByVal mean As Double, ByVal sigma As Double)
MyBase.New()
_sigma = sigma
_mean = mean

End Sub

Public Property Sigma() As Double
Get
Return _sigma
End Get
Set(ByVal Value As Double)
_sigma = Value
End Set

End Property

Public Property Mean() As Double
Get
Return mean
End Get
Set(ByVal Value As Double)

_mean = Value
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End Set

End Property

Public Overloads Overrides Sub Fill(ByRef value() As Double)
Dim i As Integer
For i = 0 To value.GetUpperBound(0)
value(i) = Me.NextDouble()
Next i

End Sub

Public Function [Next]() As Double

Dim result As Double

If (Not _valid) Then
_rl =MyBase. randUniform01()
12 =MyBase._randUniform01()
_cached = Sqrt(-2.0 * Log(1.0 - r2))
_valid = True

Else
_valid = False

End If

result = cached * IIf(_valid,
Cos(2.0 *PI* rl),
Sin(2.0 * PL * rl))
* sigma+ mean

Return result

End Function

Public Overrides Function NextDouble() As Double
Return [Next]()

End Function
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Public Overloads Overrides Sub Reset()
MyBase.Reset()
_valid = False

End Sub

Public Overloads Overrides Sub Reset(ByVal Seed As Integer)
MyBase.Reset(Seed)
_valid = False

End Sub

Public Function Type() As RandomNumberType
Return RandomNumberType.Normal

End Function

End Class
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Public Class RandGenT : Inherits RandomNumberGenerater

Private _df As Double

Private _randGenGamma As RandGenGamma
Private _valid As Boolean

Private rl1 As Double

Private 12 As Double

Private cached As Double

Private sigma As Double

Private _mean As Double

Sub New(Optional ByVal degreeOfFreedom As Double = 4.0)
_df = degreeOfFreedom
_sigma=1.0
~mean = 0.0
_randGenGamma = New RandGenGamma(_df/ 2.0, 2.0)
End Sub
Public Function Copy() As RandGenT
Return New RandGenT(DF)

End Function

Public Property DF() As Double

Get
Return _df

End Get

Set(ByVal Value As Double)
_df=Value
_randGenGamma.Alpha = _df/ 2.0

End Set

End Property



<Browsable(False)>
Public ReadOnly Property Mean() As Double
Get
Return 0.0
End Get

End Property

Public Overloads Overrides Sub Fill(ByRef value() As Double)
Dim i As Integer
For i = 0 To value.GetUpperBound(0)
value(i) = Me.NextDouble()
Next i

End Sub

Public Function [Next]() As Double

Dim result As Double

If (Not _valid) Then
_rl = MyBase._randUniform01()
_12 = MyBase._randUniform01()
_cached = Sqrt(-2.0 * Log(1.0 - r2))
_valid = True

Else
_valid = False

End If

result = (_cached * IIf(_valid,
Cos(2.0*PI* rl),
Sin(2.0 *PL * rl))
* sigma+ mean)

/ Sqrt(_randGenGamma.NextDouble() / _df)
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Return result

End Function

Public Overrides Function NextDouble() As Double
Return [Next]()

End Function

Public Overloads Overrides Sub Reset()
MyBase.Reset()
_randGenGamma.Reset()

End Sub

Public Overloads Overrides Sub Reset(ByVal Seed As Integer)
MyBase.Reset(Seed)
_randGenGamma.Reset(Seed)

End Sub

<Browsable(False)>
Public ReadOnly Property Type() As RandomNumberType
Get
Return RandomNumberType.T
End Get

End Property

<Browsable(False)>
Public ReadOnly Property Descript() As String
Get
Return "DF=" & df
End Get
End Property

End Class
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Private Function gamma_case 1()
" method : generate where (0 < Alpha<1)
" declaretion
Dim e As Double,

b As Double,
w As Double,
Y As Double,
z As Double,
Ul As Double,
U2 As Double,
result As Double
' e-exponetial

Dim finish As Boolean

' initialization
finish = False
e =Exp(1)

b=(e+ alpha)/e

' implementation
Do While Not finish

Ul = MyBase. randUniform01()



w=b*Ul
U2 = MyBase. randUniform01()
If w <= 1.0# Then
Y =w " (1.0#/ alpha)
z=Exp(-1.0# *Y)
I[f U2 <=z Then
result=_beta * Y ' return

finish = True

End If
Else
Y =-1.0# * Log(b * (1.0# - U1) / _alpha)
z=Y ~ (_alpha - 1.0#)
If U2 <=z Then
result = beta * Y ' return
finish = True
End If
End If
Loop
' return

Return result

End Function
aa
AIUN 2 b=1
9 1 oAa =
Llﬁﬂ\iiﬂillﬂiﬂilm'ﬁﬁi'NLﬁell’r,jllﬂiJﬂTi!Li]ﬂ!Li]QL!‘U‘ULLﬂ?J?J'I NIY b=l
Private Function gamma_case 2()

" method : generate where (_Alpha=1)

Dim Ul As Double
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' initialization

' implementation

Ul = MyBase._randUniform01()

' return

Return -1.0# * beta * Log(1.0# - Ul)

End Function
A
NIUN 3 b>1
P 1 A =
LLﬁﬂ\iIﬂiL!ﬂiMiUﬂWiﬁiNmGlJ’Q(iJ“I/]iJﬂ'li!Li]ﬂ!Li]\‘lL!‘]J‘]JL!ﬂiJiﬂ NIl b>1

Private Function gamma_case 3()
" method : generate where (_Alpha > 1)
" declaretion
Dim al As Double,
be As Double,
ge As Double,
de As Double,
v As Double,
Y As Double,
w As Double,
z As Double,
result As Double,
Ul As Double,
U2 As Double

Dim finish As Boolean 'decided variable for finish.

' initialization

al =1/Sqrt(2.0# * alpha - 1.0#)
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be = alpha - Log(4.0#)
ge= alpha+(1/al)
de = 1.0# + Log(4.5#)

finish = False

' implementation

Do While Not finish
Ul = MyBase._randUniform01()
U2 = MyBase. randUniform01()
v=al * Log(U1/(1.0# - U1))
Y = alpha * Exp(v)
z=Pow(Ul, 2.0#) * U2
w=be+(ge*v)-Y
If (w + de - (4.5 * z)) >= 0.0# Then

result = beta * Y 'retrun

finish = True

Else
If w >= Log(z) Then
result = beta * Y ' retrun
finish = True
Else
' continuous
End If
End If
Loop
'return

Return result

End Function
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Public Overloads Overrides Sub Fill(ByRef value() As Double)
Dim i As Integer
For i = 0 To value.GetUpperBound(0)
value(i) = Me.NextDouble()
Next i

End Sub

Public Function [Next]() As Double
Dim Result As Double
If _alpha > 1 Then Result = gamma_case 3()
If alpha <1 Then Result = gamma case 1()
If alpha =1 Then Result = gamma_case 2()
Return Result

End Function

Public Overrides Function NextDouble() As Double
Return [Next]()

End Function

<Browsable(False)>
Public ReadOnly Property Type() As RandomNumberType
Get
Return RandomNumberType.Gamma
End Get

End Property

<Browsable(False)>
Public ReadOnly Property Descript() As String
Get

Return "Alpha=" & alpha & ", Beta=" & beta



End Get
End Property
End Class
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#Region " +---------- XBar method --------- + "

Public Class XbarDataMethod : Inherits BaseMethod

Public Sub New( _
Optional ByVal Delta As Double = 0.0, _
Optional ByVal n As Integer =4,
Optional ByVal | As Integer =5 _
)
MyBase.new(Delta, n, 1)

End Sub

Public Sub New(ByVal ¢ As XbarDataMethod)
MyBase.delta = c.delta
MyBase.n = c.n
MyBase.l =c.1

End Sub

Public Function Descript() As String
Return "Xbar" & "{n=" & MyBase.n & ", I=" & MyBase.l & "}"

End Function
Public Overloads Function ToString() As String
Return "Xbar"

End Function

End Class
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Public Class XbarMethod : Inherits XbarDataMethod

Public Sub New()
MyBase.New()

End Sub

Public Sub New(ByVal ¢ As XbarDataMethod)
MyBase.New(c)
End Sub

Public Event ProgressCallBack As BaseMethod.PrograssHandler

Public Class MethodDesciptor : Inherits System.Object
Public MeanOfX As Double, SDOfX As Double,
UCL As Double, LCL As Double

End Class

Public Function Method(ByRef RandGenNumber As Object) As Double
Dim CL1 As Double, CL2 As Double
Dim NO As Integer =0
Dim x(MyBase.n - 1) As Double

Dim sender As MethodDesciptor

If Not isRandomObject(RandGenNumber) Then Throw New

ArgumentException(""Wrong random object.")

sender = New MethodDesciptor
Do
RandGenNumber.Fill(x)

sender.MeanOfX = Avg(x)



86

sender.SDOfX = SD(x)

CL1 = RandGenNumber.Mean() + MyBase.delta * (sender.SDOfX /
Math.Sqrt(MyBase.n))

CL2 = 3 * (sender.SDOfX / Math.Sqrt(MyBase.n))

sender.UCL = CL1 + CL2

sender.LCL = CL1 - CL2

NO +=1

' RaiseEvent ProgressCallBack(sender)

Loop Until sender.MeanOfX > sender.UCL Or sender.MeanOfX <

sender.LCL

Return NO

End Function

Public Function Copy() As XbarMethod
Return New XbarMethod(New XbarDataMethod(MyBase.delta, MyBase.n,
MyBase.l))

End Function

End Class

#End Region
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#Region " +---------- EWMA method --------- + "

Public Class EwmaDataMethod : Inherits BaseMethod

Private lamdba As Double

Private bl As Double

Public Sub New( _
Optional ByVal Delta As Double = 0.0,
Optional ByVal n As Integer =4,
Optional ByVal | As Integer =5, _
Optional ByVal Lamdba As Double = 0.05, _
Optional ByVal BL As Double =2.492
)
MyBase.new(Delta, n, 1)
Me.Lamdba = Lamdba
Me.BL = BL

End Sub

Public Sub New(ByVal ¢ As EwmaDataMethod)
MyBase.delta = c.delta
MyBase.n = c.n
MyBase.l =c.]
Lamdba = c.Lamdba
BL =c.BL
End Sub
<Browsable(True)>

Public Property Lamdba() As Double
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Get
Return lamdba
End Get
Set(ByVal Value As Double)
_lamdba = Value
End Set

End Property

<Browsable(True)>
Public Property BL() As Double
Get
Return bl
End Get
Set(ByVal Value As Double)
_bl=Value
End Set

End Property

Public Function Descript() As String
Return "EWMA" & "{n=" & MyBase.n & ", I=" & MyBase.l & ", Lamdba="
&
Lamdba & ", BL=" & BL & "}"

End Function

End Class

Public Class EwmaMethod : Inherits EwmaDataMethod

Public Event ProgressCallBack As BaseMethod.PrograssHandler
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Public Sub New()
MyBase.New()

End Sub

Public Sub New(ByVal ¢ As EwmaDataMethod)
MyBase.new(c)
End Sub

Public Class MethodDesciptor : Inherits System.Object
Public MeanOfX As Double, SDOfX As Double,
MeanOfZ As Double, SDOfZ As Double,
UCL As Double, LCL As Double

End Class

Public Function Method(ByRef RandGenNumber As Object) As Double
Dim i As Integer
Dim No As Integer
Dim CL1 As Double, CL2 As Double, Z0 As Double
Dim sender As MethodDesciptor
" Array

Dim x(MyBase.n - 1) As Double, z(MyBase.n - 1) As Double

If Not isRandomObject(RandGenNumber) Then Throw New

ArgumentException("Wrong random object.")

sender = New MethodDesciptor
No=0
Do

RandGenNumber.Fill(x)

sender.MeanOfX = Avg(x)
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sender.SDOfX = SD(x)

70 = RandGenNumber.Mean()

7(0) = MyBase.Lamdba * x(0) + (1 - MyBase.Lamdba) * Z0

Fori=1 To MyBase.n — 1

z(i) = MyBase.Lamdba * x(i) + (1 - MyBase.Lamdba) * z(i - 1)

Next

sender.MeanOfZ = Avg(z)

sender.SDOfZ = SD(z)

CL1 = (RandGenNumber.Mean() + (MyBase.delta * sender.SDOfX) /
Math.Sqrt(MyBase.n))

CL2 =MyBase.BL * sender.SDOfX * Math.Sqrt((MyBase.Lamdba / (2 —
MyBase.Lamdba)) * (1 / MyBase.n))

sender.UCL = CL1 + CL2

sender.LCL = CL1 - CL2

No+=1

' RaiseEvent ProgressCallBack(sender)

Loop Until sender.MeanOfZ > sender.UCL Or sender.MeanOfZ <
sender.LCL

Return No

End Function

Public Function Copy() As EwmaMethod
Return New EwmaMethod(New EwmaDataMethod(MyBase.delta, MyBase.n,
MyBase.l, MyBase.Lamdba, MyBase.BL))

End Function

End Class

#End Region
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#Region " +---------- Cusum method --------- + "

Public Class CusumDataMethod : Inherits BaseMethod

Public Sub New( _
Optional ByVal Delta As Double = 0.0, _
Optional ByVal n As Integer =4,
Optional ByVal | As Integer=5 _
)
MyBase.new(Delta, n, 1)

End Sub

Public Sub New(ByVal ¢ As CusumDataMethod)
MyBase.delta = c.delta
MyBase.n = c.n
MyBase.l =c.1

End Sub
Public Function Descript() As String
Return "Cusum”" & "{n=" & MyBase.n & ", =" & MyBase.l & "}"
End Function
End Class

Public Class CusumMethod : Inherits CusumDataMethod

Public Event ProgressCallBack As BaseMethod.PrograssHandler
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Public Sub New()
MyBase.New()

End Sub

Public Sub New(ByVal ¢ As CusumDataMethod)
MyBase.new(c)
End Sub

Public Class MethodDesciptor : Inherits System.Object
Public MeanOfX As Double, SDOfX As Double,
MeanOfCplus As Double, MeanOfCminus As Double,
SDOfCplus As Double, SDOfCminus As Double,
HC As Double

End Class

Public Function Method(ByRef RandGenNumber As Object) As Double
Dim i As Integer, k As Integer
Dim No As Integer
Dim CplusO As Double, Cminus0

Dim Cplus(MyBase.n - 1) As Double, Cminus(MyBase.n - 1) As Double,

x(MyBase.n - 1) As Double

Dim sender As MethodDesciptor

If Not isRandomObject(RandGenNumber) Then Throw New

ArgumentException(""Wrong random object.")

sender = New MethodDesciptor
No=0

Do
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RandGenNumber.Fill(x)
sender.MeanOfX = Avg(x)
sender.SDOfX = SD(x)
Cplus0=0
Cminus0 =0
k = (MyBase.delta * sender.SDOfX) / (2 * Math.Sqrt(MyBase.n))
Cplus(0) = Math.Max(0, x(0) - (RandGenNumber.Mean() + k) +
Cplus0)
Cminus(0) = Math.Max(0, (RandGenNumber.Mean() - k) - x(0) +
Cminus0)
Fori=1Ton-1
Cplus(i) = Math.Max(0, x(i) - (RandGenNumber.Mean() + k) +
Cplus(i - 1))
Cminus(i) = Math.Max(0, (RandGenNumber.Mean() - k) - x(1) +
Cminus(i - 1))
Next
sender.MeanOfCplus = Avg(Cplus)
sender.MeanOfCminus = Avg(Cminus)
sender.SDOfCplus = SD(Cplus)
sender.SDOfCminus = SD(Cminus)
sender.HC = 5 * sender.SDOfX / Math.Sqrt(MyBase.n)
No+=1
Loop Until sender.MeanOfCplus > sender.HC Or sender.MeanOfCminus >
sender.HC

Return No
End Function
Public Function Copy() As CusumMethod
Return New CusumMethod(New CusumDataMethod(MyBase.delta,

MyBase.n,



MyBase.l))
End Function

End Class

#End Region
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Public Class SynthDataMethod : Inherits BaseMethod

Private _k As Double

Public Sub New(ByVal ¢ As SynthDataMethod)

MyBase.delta = c.delta

MyBase.n = c.n
MyBase.l =c.l
k=ck

End Sub

Public Sub New( _
Optional ByVal Delta As Double = 0.0,
Optional ByVal n As Integer =4,
Optional ByVal |l As Integer =35, _
Optional ByVal k As Double = 2.2601 _
)
MyBase.new(Delta, n, 1)
Me. k=k

End Sub

<Browsable(True)>
Public Property k() As Double
Get
Return k

End Get
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Set(ByVal Value As Double)
_k=Value
End Set

End Property

Public Function Descript() As String
Return "Synth" & "{n=" & MyBase.n & ", I="' & MyBase.l & ", k=" & k &
" } "

End Function

End Class

Public Class SynthMethod : Inherits SynthDataMethod

Public Event ProgressCallBack As BaseMethod.PrograssHandler

Public Sub New()
MyBase.New()
End Sub

Public Sub New(ByVal ¢ As SynthDataMethod)
MyBase.new(c)
End Sub

Public Class MethodDesciptor : Inherits System.Object
Public MeanOfX As Double, SDOfX As Double,
CL1 As Double, CL2 As Double,
UCL As Double, LCL As Double

End Class
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Public Function Method(ByRef RandGenNumber As Object) As Double
Dim No As Integer
Dim CL1 As Double, CL2 As Double
Dim x(Me.n - 1) As Double

Dim sender As MethodDesciptor

If Not isRandomObject(RandGenNumber) Then Throw New

ArgumentException("Wrong random object.")

sender = New MethodDesciptor
No=0
Do
RandGenNumber.Fill(x)
sender.MeanOfX = Avg(x)
sender.SDOfX = SD(x)
CL1 = (RandGenNumber.Mean() + MyBase.delta * (sender.SDOfX /
Math.Sqrt(MyBase.n)))
CL2 = MyBase.k * (sender.SDOfX / Math.Sqrt(MyBase.n))
sender.UCL = CL1 + CL2
sender.LCL =CL1 - CL2
No+=1
Loop Until sender.MeanOfX > sender.UCL Or sender.MeanOfX <
sender.LCL

Return No
End Function
Public Function Copy() As SynthMethod
Return New SynthMethod(New SynthDataMethod(MyBase.delta, MyBase.n,

MyBase.l, MyBase k))



End Function
End Class

#End Region
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M3 19HUINT A1 1AAIRI9819UBIAIAN 9 N Idan T sunsudmsuumugiiniugu X

a9
NIUVDUA

k1)

=

UMTUINHIILVULNUNT N

'
~

b MINU 0.5 Ay a N 1

A o "o = oA A o
WU @I0619MNY 4 uazviamsilasundasvesaumasneuny

v Y
AUDeAVULIATIIU(S) MAY 1 T 30 TOUINNINUA 2,000 501

imﬁi UCL LCL ; LCL CRL; CRL;C CRL;C deay
1 0.5933 0.4533 0.0324 5 1 1 1
2 0.8195 0.3403 0.1022 5 1 1 2
3 0.8415 0.3292 0.1534 5 1 1 3
4 0.7911 0.3545 0.1139 5 3 9 12
5 0.8456 0.3272 0.1696 5 1 1 13
6 0.6895 0.4052 0.0780 5 1 8 21
7 0.6287 0.4357 0.0755 5 5 5 26
8 0.5506 0.4747 0.2629 5 4 4 30
9 1.0328 0.2336 0.2227 5 4 4 34
10 0.7353 0.3823 0.1742 5 3 3 37
11 0.6502 0.4249 0.0825 5 3 3 40
12 0.8830 0.3085 0.2449 5 3 10 50
13 0.6514 0.4243 0.1290 5 4 4 54
14 0.9799 0.2600 0.2216 5 4 4 58
15 0.8706 0.3147 0.1930 5 1 1 59
16 0.7746 0.3627 0.1208 5 2 2 61
17 0.9583 0.2709 0.2321 5 1 1 62
18 0.8285 0.3358 0.1091 5 1 1 63
19 0.8253 0.3374 0.1504 5 1 8 71
20 0.9544 0.2728 0.2098 5 2 2 73
21 0.6692 0.4154 0.1138 5 3 3 76
22 1.0405 0.2297 0.1669 5 1 1 77
23 0.7346 0.3827 0.1247 5 3 3 80
24 0.7410 0.3795 0.1757 5 2 2 82
25 0.6762 0.4119 0.1203 5 2 2 84
26 0.6053 0.4474 0.0399 5 1 1 85
27 0.8967 0.3016 0.1175 5 4 4 89
28 0.8352 0.3324 0.2518 5 1 1 90
29 0.8871 0.3065 0.1878 5 5 5 95
30 0.5778 0.4611 0.0255 5 2 13 108




M3 1NUINT A2 1AAIRID819VRIAIAN q T Idon T sunsudmSuumugliniugu E

WMA n3fidoya

=

U

v
=

UNMTUINLINLUUUNUNT N

b 1AV 0.5 uag a

MU 1 119 VINAAI9E1NINY 4 tazvinamslasunilasues

AnRAuNEUNUAITIUIUNATFIU(S) MAY 1 31U 30 50U

Y
NNNIHUA 2,000 501
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soufi ucL LeL z LCLey  CRLpyaia R rwnic CRL pyppac AN
1 0.5326 0.5140 0.4448 5 1 1 1
2 0.6117 0.5480 0.4550 5 1 1 2
3 0.6195 0.5513 0.4562 5 1 1 3
4 1.1425 0.7760 0.5753 5 1 1 4
5 1.1387 0.7743 0.5675 5 1 1 5
6 0.7251 0.5967 0.4632 5 1 1 6
7 1.0957 0.7559 0.6103 5 1 1 7
8 0.7481 0.6066 0.5038 5 1 1 8
9 0.5271 0.5117 0.4439 5 1 1 9
10 0.7588 0.6112 0.5326 5 1 1 10
11 0.8371 0.6448 0.5127 5 1 1 11
12 0.6018 0.5437 0.4591 5 1 1 12
13 0.6209 0.5519 0.4564 5 1 1 13
14 1.1338 0.7722 0.5543 5 1 1 14
15 0.8908 0.6679 0.5221 5 1 1 15
16 0.7995 0.6287 0.4877 5 1 1 16
17 0.7594 0.6114 0.4765 5 1 1 17
18 1.2459 0.8204 0.5515 5 1 1 18
19 0.8311 0.6422 0.5016 5 1 1 19
20 0.6256 0.5539 0.4674 5 1 1 20
21 0.5663 0.5285 0.4521 5 1 1 21
22 1.0258 0.7259 0.5454 5 1 1 22
23 0.9531 0.6946 0.4847 5 1 1 23
24 1.2410 0.8183 0.5358 5 1 1 24
25 0.8530 0.6516 0.4611 5 1 1 25
26 0.5450 0.5193 0.4477 5 1 1 26
27 0.6575 0.5677 0.4992 5 1 1 27
28 0.7382 0.6023 0.4731 5 1 1 28
29 1.7564 1.0397 0.4913 5 1 1 29
30 0.5177 0.5076 0.4724 5 1 1 30
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CUSUM ns@ideyalimstanuaauuunuin #1 b Wiy 0.5 uag a

MU 1 109 VINAA9E1NINY 4 tazvunamslasunilasues

AnRAuNEUNUAITIUUUNATFIU(S) MAY 1 31U 30 50U

Y
NNNIHUA 2,000 501

50Uf ct c” H LCLep CRLiysum CRLcysume CRLysume @2a%
1 0 1.1607 0.1167 5 1 1 1
2 0 0.9448 0.3993 5 1 1 2
3 0 0.9266 0.4269 5 1 1 3
4 2.3620 0.0366 2.1291 5 4 4 7
5 0 1.1795 0.0970 5 2 2 9
6 0 0.8539 0.3638 5 3 3 12
7 0 0.9223 0.4320 5 1 1 13
8 0 1.0053 0.2369 5 1 8 21
9 0 1.1019 0.1608 5 5 5 26
10 0 0.5800 0.0632 5 4 4 30
11 0.0119 0.6700 0.6661 5 4 4 34
12 0 0.7053 0.2941 5 3 3 37
13 0.0286 0.8688 0.7793 5 2 2 39
14 0 1.0917 0.1878 5 1 1 40
15 0.0080 0.7842 0.4788 5 3 10 50
16 0 0.9985 0.1892 5 4 4 54
17 0.0070 0.6500 0.5999 5 4 4 58
18 0 0.9323 0.4632 5 1 1 59
19 0 0.9675 0.3432 5 2 2 61
20 0 1.1061 0.4106 5 2 2 63
21 0 0.8878 0.4066 5 1 8 71
22 0 0.7417 0.5680 5 2 2 73
23 0.0236 0.6234 0.5759 5 1 1 74
24 0 0.9162 0.2115 5 2 2 76
25 0.0174 0.9036 0.6756 5 1 1 77
26 0.0408 0.7717 0.7205 5 1 1 78
27 0 0.9441 0.2933 5 2 2 80
28 0 0.7721 0.3012 5 2 2 82
29 0 0.9348 0.2203 5 2 2 84
30 0 1.1291 0.1316 5 1 1 85
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Synthetic NTATOYANMIUINUIWVVUANI A b AV 0.5 1AL a

INU 1 WA uMINY 4 uazvinamilasuulasues

AnpauNeUNUAITIUIUNATTIU (3) IMAY 1 31U 30 50U

Y
NNNINUA 2,000 501

mm’?‘i UCL LCL ; LCL . CRLSyn CRLSyn CRLSynC azay
1 0.5761 0.4706 0.0324 5 1 1 1
2 0.7604 0.3994 0.1022 5 1 1 2
3 0.7784 0.3924 0.1534 5 1 1 3
4 1.0245 0.2973 0.2931 5 3 3 6
5 0.5632 0.4756 0.0366 5 3 3 9
6 0.7372 0.4083 0.1139 5 3 3 12
7 0.7817 0.3911 0.1696 5 1 1 13
8 1.1044 0.2664 0.2615 5 4 4 17
9 0.7926 0.3869 0.2558 5 3 3 20
10 0.6545 0.4403 0.0780 5 1 1 21
11 0.6049 0.4595 0.0755 5 5 5 26
12 1.0552 0.2854 0.1776 5 2 2 28
13 0.5412 0.4841 0.2629 5 2 2 30
14 0.9343 0.3321 0.2227 5 4 4 34
15 0.6918 0.4259 0.1742 5 3 3 37
16 1.0081 0.3036 0.2661 5 2 2 39
17 0.6224 0.4527 0.0825 5 1 1 40
18 1.0353 0.2931 0.2748 5 5 5 45
19 0.8096 0.3803 0.1742 5 2 2 47

20 0.8122 0.3793 0.2449 5 3 3 50
21 0.8572 0.3619 0.3435 5 2 2 52
22 0.6234 0.4523 0.1290 5 2 2 54
23 0.8912 0.3488 0.2216 5 4 4 58
24 0.8020 0.3833 0.1930 5 1 1 59
25 0.7238 0.4135 0.1208 5 2 2 61
26 0.8735 0.3556 0.2321 5 1 1 62
27 0.7677 0.3965 0.1091 5 1 1 63
28 0.7651 0.3975 0.1504 5 1 8 71
29 0.8703 0.3569 0.2098 5 2 2 73
30 0.8755 0.3549 0.2993 5 1 1 74
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