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Abstract

Purpose: This paper introduces new 2-of-3 main and supplementary runs rules to increase the performance

of the classical X control chart for detecting small process shifts.

Methods: The proposed runs rules are compared with other competitive runs rules by numerical experiments.

Nonlinear optimization problem to minimize the out—of—control ARL at a specified shift of process mean for

determining action and warning limits at a time is formulated and a procedure to find two limits is illustrated

with a numerical example.

Results: The proposed 2-of-3 main and supplementary runs rules demonstrate an improved performance

over other runs rules in detecting a sudden shift of process mean by simultaneous changes of mean and

standard deviation.

Conclusion: To increase the performance in the detection of small to moderate shifts, the proposed runs

rules will be used with X control charts.
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Figure. 1. Proposed Main Runs Rule: 2—-0f-3
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Figure. 2. Proposed Supplementary Runs Rule:
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Figure. 3. Transition Diagram: State
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WSS d,, d, 7F A EATS, Maple(2011)2 AR S W5l 4, & 4, 2 X851

N
Al vkl dyoll wheh AlQk 2/3 Bx ¥ atH ] ARL(D) & =AE Fig 4258 #d + 3

Table 1. Statistical Design of 2/3 Supplementary Runs Rules: b=1

runs rule K-A 2/3 A-R 2/3 proposed 2/3
d, 1.939 1.874 1.879
d, 3.826 3.900 3.880
ARL(b) 23.13 21.32 21.52
ARL(b=1)
21.56 I
2155
2154
21.53
2152
ar 38 39 4 41 42 d:

Figure. 4. Optimality of Proposed 2/3 Supplementary Runs Rule
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u, d, & Table 25 #x3lo] 1.882 A3t ARL(0) ©] 370.47} H& d,(01714 3.849)2 =S AAS =
tt.

%2

Table 2. Proposed 2/3 Supplementary Runs Rules for b

b d, d, ARL(b)
0.5 1.874 4.103 98.86
0.7 1.875 4.018 49.76
0.9 1.877 3.927 27.90
1.1 1.881 3.833 16.92
1.3 1.886 3.735 11.04
1.5 1.893 3.636 7.68
1.7 1.904 3.537 5.66
1.9 1.920 3.441 4.37
2.0 1.931 3.395 3.90
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T4 o] BEshe o5l ¢ o) AL ol ola) FARHO] $VHHOR F & WFOR oW o]
FATH AL ofvlelind], RREe ANh n W Bl BANHY we] FART p ol AdHew
o+ Yy TR 058 Aol ¢ 7 0.2~3.09 W B A7e] 2/3 5 ¥ 14, 2804 Hmgdo s NAH
K-A 2/3 Gl ‘l—'lLajﬂr A-R 2/3 E‘] -T—f-x] ﬂoﬂ Shewhart«] XJ,]-E] 9] Z[:t‘sg_l,:_% H]ilﬁ}'ﬂ %éﬂ gl\_j]g ;j—% %3H 74]/‘1
% ARLS 423 zlo] Table 30|t}

Table 3% 2 Thew} 2o 54< 22 4 9ok

(1) Aleka F 2/3

g Y A9 d,+= 1.8712 A-R 2/3 9 2 ¢] 1.8663 frAlsit)

(2) a3t wpe} o] 3 F 2 ¥ +F F A-R @ FHo] 7P} 2 ARLES HoFal 9)

(3) Akd | A A-R & rHEGE oF HolX A WH(Table 39 &< #A =4 #%) K-A & 133
Shewhart X #&]EHT}E= 5351t}

(4) 3749 olFol 2 BHF, ¢, =30 ) Shewhart X#=7F S8 2

T H

mlo

glst 4= i),

Table 3. Comparison of ARL for 2/3 Main Runs Rules: ¢, =1.0

runs rule Shewhart K-A 2/3 A-R 2/3 proposed 2/3
d, 3 1.929 1.866 1.871
0.2 308.43 270.10 264.79 265.80
0.4 200.08 141.61 134.92 136.05
0.6 119.67 72.64 67.89 68.58
0.8 71.55 39.64 36.64 37.01
1.0 43.89 23.30 21.44 21.64
1.2 27.82 14.73 13.56 13.68
“ 1.4 18.25 9.96 9.21 9.28
1.6 12.38 7.16 6.67 6.71
1.8 8.69 5.43 5.10 5.13
2.0 6.30 4.33 4.10 4.12
2.5 3.24 2.92 2.82 2.83
3.0 2.00 2.36 2.32 2.32
4.1.2 3RFAT T4 FZHARL A HE ¢
B Qo] olpelE FARAY SUHOR o)5al] AT AW T2 AL YA Antzoulakos
and Rakitzis 2008a, 77, , Bt Hx14 oF, FFAAE M 4 & ddd 497 EAFH 2 =M
FV e FARE RERATL B0 Wate] FAMTEo) o) EaH= Aol vl ARLE Talel Ml magich. =,
A2 07 eyop 2 WS BB 1y 7F py oo/ (e /n,) 2 O1ESHH, AAH ST FAHFIL 4 +e0,/ Vi,

webq FAREE WS A9 o7 102 492 B 5 9low, o7 159 200K e sl weln 1%
[ =05~30 D W A 2Ao0A 71 S5 AR} A 2/3 F A FEo] ola] ARk ARL
% QRS =159 7} Table 49] Be)Elo] Yt ole] 54& okahdl thgw} 7o,

J
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(1) 7} 1.5% W& 21 348 olsgo] & (e, 0] 0.5~1L.70 #te & #Ho), 2%t o] EFo]
2 A5(c 0l 1.8~3.0)90= A-R 2/38 o] $-53)Th

(2) ¢,7F 2.09 B-(RHR Ao Q18] =il 550 A 85 B Al Ajkd ® qFAo] AR
2/39 FtH R $-8iTh

o|mNE FEUAe] WEHge] F Aol At | FHe] §540] wE ASR o)k

Table 4. Comparison of ARL for 2/3 Main Runs Rules: ¢, =1.5

runs rule A-R 2/3 proposed 2/3
0.5 23.986 23.312
0.6 20.893 20.409
0.7 18.137 17.798
0.8 15.752 15.517
0.9 13.721 13.560
1.0 12.006 11.898
1.1 10.565 10.492
1.2 9.353 9.306
1.3 8.333 8.303
14 7.471 7.453
1.5 6.741 6.731
1.6 6.121 6.116

¢ 1.7 5.591 5.590
1.8 5.136 5.137
1.9 4.745 4.747
2.0 4.406 4.410
2.1 4.113 4.117
2.2 3.858 3.862
2.3 3.635 3.639
2.4 3.440 3.444
2.5 3.269 3.273
2.6 3.118 3.122
2.7 2.986 2.990
2.8 2.869 2.873
2.9 2.766 2.769
3.0 2.675 2.678

b7b 17 1.5¢ o Aljkd 3 F % @ 1HS Shewhartd] x#e|x, 349 A4 WHo® w23 K-A 3}
A-R Bz 9 29 FYE vwsigivh gy B2 d 139 FYEE Frsh] 918 A48 FollA b=1.5 9]
I FAHA] 0.2~3.0(c)) 2.2 o] F3 W] ARLS] Table 59 2.9k 3l

Table 5 T o2HE t&o Fda sotd 4 Ut
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(1) o=t vis} o] &

(2) Aet=l 3 =

AYTEL olF3E A5
2 fFHe 47 A TH F %

(3) Shewart®] X% ¢ 0] 3.0014< W 7} $-5=5}c)

R 2/3 22 & 5430l /4§55,
A2 ARLo] 2},

Table 5. Comparison of ARL for 2/3 Supplementary Runs Rules: b=1.5,c,=1.0

runs rule Shewhart K-A 2/3 A-R 2/3 proposed 2/3
d, 3 3.602 3.647 3.636
d, 0 1.954 1.888 1.893
0.2 308.43 271.05 265.80 266.77
0.4 200.08 142.58 135.93 137.01
0.6 119.67 73.09 68.37 69.03
0.8 71.55 39.74 36.78 37.14
1.0 43.89 23.23 21.42 21.61
1.2 27.82 14.58 13.47 13.57
“ 1.4 18.25 9.78 9.08 9.14
1.6 12.38 6.96 6.51 6.55
1.8 8.69 5.23 4.94 4.96
2.0 6.30 4.11 3.92 3.93
2.5 3.24 2.64 2.58 2.58
3.0 2.00 1.98 1.97 1.97
42,2 3RBAYL EEHATL FAo HE FH
A 9 maFAe) FYEE FH0w detsl] el 41283 go] F4RAT FAMEI T W
g ZABRI 5 A A5 oA R BARE 47 s tao/ (o yn). EERA 0, 7F 6o, E WE @ ARLE 7]
skl
FALEE b=1.07 15, ¢, =157 2.09] 47F4] Ao st A AdoA 7H 95 A-R Bx |
T Aoty Bx A 7D 499 ARL FolA b9 ¢,7F 1.5¢ 1) Table 69l 014 3l
o2y ol 542 92 4 9
() 858 ATANAT AL AP 23 1k 8 o] AR B HE 9 FAUC} ARL ZeelA 4
3t
(2) .7} AZFF ARM Bz | 2] 4ol szl
5.4
Aol 7HF S wrt e T4 g we|wol U, 2 Bo] dHe) =ie] HuHI gl x| we A
Tl A Aol Ews] e Stk
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9-+¢F Antzoulakos®} Rakitzis (2008a,b)9] 7+ % K.

> 3 5 T
Z A HE AT ZE S ARkskaL o]9] A FAEE FANES o Wlete] Shewhart ¥l
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Table 6. Comparison of ARL for 2/3 Supplementary Runs Rules : b=1.5,¢,=1.5
runs rule A-R 2/3 proposed 2/3
0.5 18.438 18.079
0.6 16.296 16.029
0.7 14.334 14.139
0.8 12.592 12.451
0.9 11.075 10.974
1.0 9.769 9.697
1.1 8.652 8.601
1.2 7.699 7.663
1.3 6.886 6.860
1.4 6.191 6.173
1.5 5.596 5.583
1.6 5.085 5.075
1.7 4.644 4.636
“ 1.8 4.262 4.256
1.9 3.930 3.925
2.0 3.640 3.636
2.1 3.386 3.383
2.2 3.162 3.160
2.3 2.965 2.962
2.4 2.790 2.788
2.5 2.634 2.632
2.6 2.495 2.493
2.7 2.370 2.368
2.8 2.258 2.255
2.9 2.156 2.154
3.0 2.065 2.062
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