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(N=5) aaaa s ¢ Aabiiio il 4L d e (20) wdal) deliall o sl gaal ZLiil a 2(1) Jia

X1 | X2 | X3 | X4 ]| X5
Samplel | 469|468 |470 | 469 | 468
Sample2 | 478|467 | 460 | 469 | 468
Sample3 | 467|478 | 462 | 469 | 468
Sampled4 | 471|469 | 470|460 | 459
Sample5 | 467 | 468 | 459 | 460 | 470
Sample6 | 469 | 471|468 | 469 | 461
Sample7 | 469|470 | 469|469 | 470
Sample8 | 469 | 469 | 468 | 469 | 472
Sample9 | 459 | 466 | 469 | 469 | 459
Samplel0 | 468 | 469 | 469 | 465 | 469
Samplell | 469 | 470 | 469 | 471 | 469
Samplel2 | 468 | 472 | 470 | 469 | 469
Samplel3 | 466 | 469 | 471 | 459 | 468
Samplel4 | 469 | 469 | 468 | 469 | 468
Samplel5 | 459 | 469 | 469 | 468 | 468
Samplel6 | 460 | 468 | 469 | 468 | 459
Samplel7 | 469 | 466 | 468 | 470 | 469
Samplel8 | 470 | 459 | 468 | 461 | 471
Samplel9 | 467 | 468 | 470 | 469 | 469
Sample20 | 466 | 468 | 469 | 469 | 470

Al A il Al Llu W A gl Least e syl o) oat A laad) 1S 13 aa s g Ll
(w=5)




Jsaall 8 LeS g cilipall (s all 5 sl Jaas gl sla) (S I gasl) 8 5banal) cilsill  Ja)

0

: g,r’m

X1 [ X2 ([ X3 | X4 | X5 | Mean Max Min Range

Samplel | 469|468 |470|469 | 468 | 468.8 470 468 2
Sample2 | 478|467 | 460 | 469 | 468 | 468.4 478 460 18
Sample3 | 467 | 478|462 | 469 | 468 | 468.8 478 462 16
Sampled4 | 471|469 470|460 |459 | 465.8 471 459 12
Sample5 | 467 | 468|459 | 460 | 470 | 464.8 470 459 11
Sample6 | 469 | 471|468 |469 | 461 | 467.6 471 461 10
Sample7 | 469|470 |469 |469 470 | 469.4 470 469 1

Sample8 | 469 | 469 | 468 | 469 | 472 | 469.4 472 468
Sample9 | 459 | 466 | 469 | 469 | 459 | 464.4 469 459 10
Samplel0 | 468 | 469 | 469 | 465 | 469 | 468 469 465

Samplell | 469 | 470 | 469 | 471|469 | 469.6 | 471 469 2
Samplel2 | 468 | 472 | 470|469 | 469 | 469.6 | 472 468
Samplel3 | 466 | 469 | 471|459 | 468 | 466.6 | 471 459 12
Samplel4 | 469 | 469 | 468 | 469 | 468 | 468.6 | 469 | 468 1
Samplel5 | 459 | 469 | 469 | 468 | 468 | 466.6 | 469 | 459 10
Sample16 | 460 | 468 | 469 | 468 | 459 | 464.8 | 469 | 459 10
Samplel7 | 469 | 466 | 468 | 470 | 469 | 468.4 | 470 | 466 4
Sample18 | 470 | 459 | 468 | 461 | 471| 4658 | 471 459 12
Sample19 | 467 | 468 | 470 | 469 | 469 | 468.6 | 470 | 467 3
Sample20 | 466 | 468 | 469 | 469 | 470 | 468.4 | 470 | 466 4
el Lo e 467.6 75

)_(t + )_(t_l + cee + )_(1
He = t

Xt + Xpoq + o+ X
" = t t—1 — t—-w+1 ifi>w 2)

ifi<w (1)




2 4 il 5 jhasd)

X1
=—=468.8

251 1
X, +%; 468.4+468.8

My =———= > = 468.6
X3 + X, +X; 468.8 +468.4 + 468.8

n = 3 = 3 = 468.7
Xy +X3+X,+%X; 465.8+468.8+468.4 +468.8

My = 2 = 2 = 468
X5+ X4+ X3 +Xp +X; 464.8 +465.8 + 468.8 + 468.4 + 468.8

ns = = = = = 467.3
Xe+X5+X4+X3+X, 467.6+464.8+465.8 +468.8 + 468.4

ne = = = = =467.1
Xy +Xg+ X5+ X4 +X3 469.4 +467.6 +464.8 + 465.8 + 468.8

n, = = = - =467.3
Xg + X7 +Xg + X5 + Xy 469.4 +469.4 + 467.6 + 464.8 + 465.8

ng = = = = = 467.4
Xo + Xg + X7+ Xg + X5 464.4 +469.4 +469.4 + 467.6 + 464.8

no = = = = =467.1

X10 + Ko + Xg + X7 + X 468 + 464.4 + 469.4 + 469.4 + 467.6

t Y Jsandl G Leaia o ol ¢ Clial) 4800 138
P ) 23 skl 5 gas Al

n=5~A, =0.577 = 30 = A,R = (0.577)(7.5) =[4.328

UCL=X+—

Vw
CCL =X
LCL = X — AR
Vw
LS5 (W=5) 38l Jshl duai Lavie ol (g sbudi s iliall (0 dpe JSI 3 plaguall 25as Bulai ; ddaadle

el 3 lans




2 4o 5il) 8 jlapud)

4.328
UCL = 467.6 + ——— = 467.6 + 4.328 = 471.9

V1

CCL = 467.6

R

4.328
LCL = 467.6 + ——— = 467.6 — 4.328 = 463.3

V1

4.328
UCL = 467.6 + ——— = 467.6 + 3.06 = 470.7

V2
CCL = 467.6

4.328
LCL = 467.6 + ——— = 467.6 — 3.06 = 464.6
V2

4.328
UCL = 467.6 + ——— = 467.6 + 2.499 = 470.1
V3
CCL = 467.6

4.328
LCL = 467.6 + ——— = 467.6 — 2.499 = 465.1
V3

4.328
UCL = 467.6 + —— = 467.6 + 2.164 = 469.8
V4

CCL = 467.6

4.328
LCL = 467.6 + —— = 467.6 — 2.164 = 465.5
V4

4.328
UCL = 467.6 + —— = 467.6 + 1.936 = 469.6
V5

CCL = 467.6

4.328
LCL = 467.6 + —— = 467.6 — 1.936 = 465.7
V5

(1) Al s jlayall 2 0a

(2) &all s slaped 2508

(3) Aadl 3 )lapd) 3 50a

(4) Aall 3 )lannd) 3 50a

(5) duall 3 jlasall 2 0a

DY) Jsaadly s LS5 ¢ (5) Aiall 5 sagall 250 s L (5 gl Cliaall 4l 5 sl 3 g0 Ll

—

—t



Mu LCL CCL UCL
Samplel | 468.8 463.3 467.6 471.9
Sample2 | 468.6 464.6 467.6 470.7
Sample3 | 468.7 465.1 467.6 470.1
Sample4 | 468 465.5 467.6 469.8
Sample5 | 467.3 465.7 467.6 469.6
Sample6 | 467.1 465.7 467.6 469.6
Sample7 | 467.3 465.7 467.6 469.6
Sample8 | 467.4 465.7 467.6 469.6
Sample9 | 467.1 465.7 467.6 469.6
Sample10| 467.8 465.7 467.6 469.6
Samplell| 468.2 465.7 467.6 469.6
Sample12| 468.2 465.7 467.6 469.6
Samplel13| 467.6 465.7 467.6 469.6
Samplel4| 468.5 465.7 467.6 469.6
Samplel5| 468.2 465.7 467.6 469.6
Samplel6| 467.2 465.7 467.6 469.6
Samplel7| 467.0 465.7 467.6 469.6
Sample18| 466.8 465.7 467.6 469.6
Sample19| 466.8 465.7 467.6 469.6
Sample20| 467.2 465.7 467.6 469.6

AS i) dploall Jabos Y1 s gl 5 jlapd) 3 gas sy oSy 5 3akad) el Ll aal Jlaxiady

474

472

470 -

S S S

468

466 -

464

462

460

458

12 3 456

7 8 9101112 131415161718 19 20

A jaidl dbad) lu Y da )

a)jaz\...d\ Q;J'Cu.t:}{\ _)\Jsl\

—
| —



9 5 el lisall a5 bl Jau g

i) 1 2 3 4 5 161 7 8 9 10
X 22.1136.429.130.3|252(30|28.6|30.2|23.3|26.2
R 14 | 13 | 21 | 18 | 16 [16| 19 | 24 | 20 | 21

a5, Joda o) Lale « (MA — chart) S sl cilla o giall s ol Loadt s s jlay ) a2 L) LS 13 aaa
(w=3):

3 Al A€ jatall Al wall b V1A gl Landt e s plas wall o a3 A leall SIS da s ¢ AN LSl () Cp
.(w=4)

X1 | X2 | X3 | X4 | X5 | Mean S.D.

Samplel |469|468|470|469|468| 468.8 | 0.837
Sample2 478|467 |460|469 | 468 | 468.4 | 6.427
Sample3 | 467|478 | 462|469 |468 | 468.8 | 5.805
Sample4 471|469 |470|460 (459 | 465.8 | 5.805
Sample5 | 467 | 468|459 |460 (470 | 464.8 | 4.970
Sample6 |469|471|468|469 |461| 467.6 | 3.847
Sample7 |469|470|469|469|470| 469.4 | 0.548
Sample8 |469|469|468|469 |472| 469.4 | 1517
Sample9 459|466 469|469 |459 | 464.4 | 5.079
Samplel0 | 468 | 469 | 469 | 465 | 469 | 468 1.732
Samplell | 469 (470|469 | 471|469 | 469.6 | 0.894
Samplel2 | 468 | 472 [ 470|469 | 469 | 469.6 | 1.517
Samplel3 | 466 | 469 | 471 | 459 | 468 | 466.6 | 4.615
Samplel4 | 469 | 469 | 468 | 469 | 468 | 468.6 | 0.548
Samplel5 | 459 | 469 | 469 | 468 | 468 | 466.6 | 4.278
Samplel6 | 460 | 468 | 469 | 468 [ 459 | 464.8 | 4.868
Samplel7 | 469 | 466 | 468 | 470 | 469 | 468.4 | 1.517
Samplel8 | 470 | 459 | 468 | 461 | 471 | 465.8 | 5.450
Samplel9 | 467 | 468 | 470 | 469 [ 469 | 468.6 | 1.140
Sample20 | 466 | 468 | 469 | 469 | 470 | 468.4 | 1.517

el Jas i 467.6 | 3.146




2 4 il 5 jhasd)

L 495 gl ASpaial) Lslauad) Jabuug¥) dagl / (2) Bpualaal)
Lol 4 g5 gall A8 jatial) dluat) ol oY) A g -1
Ay il gl Wi a3 T e s (EWMA) Seoll Lglep
Gla i giall il & e AU g sl J A5 (The Geometric Moving Average Chart)
O ) ) Mg saall o ) 5S8 Aad Gl Flarg () = A e (o (s (o daiad Al AS i)
Al Axpall (38 cwrigll Jan gl #) At a0 < (A) <1

Z. = AX;+ (1 —2)Z,_; ,whereZ, =X

Al Ageall (38 5 Apunigl) il giall (5 jlmall ol asY) ol Adad i day A1) an )l g

3aZt:30',—(\/%(1—(1—/1)2t) Jift<5
(5)}‘(4)}‘(3)}‘(2)}‘(1)awamciw\@ﬁmesg

Fac =12 =1-1r)2°=0di(t> 00 gl)imSt sl il
il ey (asslad) Aigal o Lavie ) Fpeatigl) il siall (5 jlsnall i) kg il

30,, = 30% |- ift>6

1) ol Laine Und 5 plasal) 5 g 3805 Aaill o34 aic
30'26 =30'Z7 ="'=30'Zk
Lol 4 3 gal) AS jatial) dslaaad) Jab g% da gl 3 asad) 3 gas =2

= = l
UCL=X+362t=X+36,—(\]2_)L(1—(1—)L)2t)
CCL=X
LCL =X — 30, =|X — 30% A 1-—(1-2)2

=X-—30g = —oxz_l(—(—))

T Fe

UCLg = UCL, = - = UCLy,
LCLg = LCL, = --- = LCL;
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30g = A1S = AR |l sl dpa o dieYly (30g) bus ol ;AN

(N=5) aaaa s ¢ Aaliiia il 84l A ie (20) wdal) deliall o sl gaal ZLiil a 2(1) Jia

X1 | X2 | X3 ]| X4 | X5
Samplel |469|468|470 | 469 | 468
Sample2 | 478|467 |460 | 469 | 468
Sample3 | 467|478 | 462 | 469 | 468
Sampled | 471|469 (470|460 | 459
Sample5 | 467|468 (459 (460|470
Sample6 | 469 |471]|468|469 | 461
Sample7 469|470 (469|469 |470
Sample8 | 469|469 | 468|469 | 472
Sample9 | 459|466 | 469 | 469 | 459
Samplel0 | 468 | 469 | 469 | 465 | 469
Samplel1 | 469|470 469|471 | 469
Samplel2 | 468 | 472 | 470 | 469 | 469
Samplel3 | 466 | 469 | 471 | 459 | 468
Samplel4 | 469 | 469 | 468 | 469 | 468
Samplel5 | 459 | 469 | 469 | 468 | 468
Samplel6 | 460 | 468 | 469 | 468 | 459
Samplel7 | 469 | 466 | 468 | 470 | 469
Samplel8 | 470|459 | 468 | 461 | 471
Samplel9 | 467 | 468 | 470 | 469 | 469
Sample20 | 466 | 468 | 469 | 469 | 470

S jaiall dpleall Bl s g Laadt e syl ) o st i sl o 1S 13 aa s s gLl
(2=0.3) 33l Ll 4355 5l
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Jsaal) 8 LaS s il gaall 5 dbaall sl alas) ¢Sy Jlgadd) 8 8L Inaall cilsiyll 2 Jal

0

: LFN\

X1 [ X2 [ X3 | X4 | X5 | Mean Max Min Range

Samplel | 469|468 |470|469 | 468 | 468.8 470 468 2
Sample2 | 478|467 | 460 | 469 | 468 | 468.4 478 460 18
Sample3 | 467|478 | 462|469 | 468 | 468.8 478 462 16
Sampled4 | 471|469 |470|460|459 | 465.8 471 459 12
Sample5 | 467 | 468|459 | 460 | 470 | 464.8 470 459 11
Sample6 | 469 | 471|468 | 469 | 461 | 467.6 471 461 10
Sample7 | 469|470 |469 |469 470 | 469.4 470 469 1

Sample8 | 469 | 469 | 468 | 469 | 472 | 469.4 472 468
Sample9 | 459 | 466 | 469 | 469 | 459 | 464.4 469 459 10

Samplel0 | 468 | 469 | 469 | 465|469 | 468 | 469 | 465 4
Samplell | 469 | 470 | 469 | 471|469 | 469.6 | 471 469 2
Samplel2 | 468 | 472 [ 470 | 469 | 469 | 469.6 | 472 468
Samplel3 | 466 | 469 | 471|459 | 468 | 466.6 | 471 459 12
Samplel4 | 469 | 469 | 468 | 469 | 468 | 468.6 | 469 | 468 1
Samplel5 | 459 | 469 | 469 | 468 | 468 | 466.6 | 469 | 459 10
Samplel6 | 460 | 468 | 469 | 468 | 459 | 464.8 | 469 | 459 10
Samplel7 | 469 | 466 | 468 | 470 | 469 | 468.4 | 470 | 466 4
Samplel8 | 470 | 459 | 468 | 461 | 471 | 465.8 | 471 459 12
Sample19 | 467 | 468 | 470 | 469 | 469 | 468.6 | 470 | 467 3
Sample20 | 466 | 468 | 469 | 469 | 470 | 468.4 | 470 | 466 4
sl Lo e 467.6 75

Zt = )\‘Xt + (1 - )\.)Zt_l ,Where ZO = X

Z, = 0.3(468.8) + 0.7(467.6) = 140.64 + 327.32 = 468
Z, = 0.3(468.4) + 0.7(467.96) = 140.52 + 327.57 = 468.1

Z3 = 0.3(468.8) + 0.7(468.09) = 140.64 + 327.66 = 468.3
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t Il Jsaadl 28 Leauia 6 ol ¢ Clial) 4800 1S
t oY) a3 plardl 3 gas Al

n=5~A, =0.577 = 30g = A,R = (0.577)(7.5) =

=1 - (-

UCL = )=(+3a,—(J

= A-
LCL = X — 30')_(\/m (1 - (1 - }\)Zt)

‘_5_13.?1.55(6)4_@ daAJLAJ.\C ﬁﬂ\d}ﬂj&h&&!\wﬂz\c dﬁfa )L.\.udw \JJJA(B.\L.\_ "&A)\A

(1) Aadl 3 )lapnd) 3 50a

2 —

3
UCL = 467.6 + 4.33] 53 (1—(0.7)2) = 4676 + 4.33,/0.1765(1 — 0.49)

UCL = 467.6 + 4.33,/0.1765(0.51) = 467.6 + 4.33v0.09 = 467.6 + 1.299 = 468.9
CCL = 467.6

LCL = 467.6 — 1.299 = 466.3

(2) Aall 3 )lapd) 3 50a

53 (1~ (0.7)%) = 4676+ 4.33,/0.1765(1 — 0.2401)

UCL = 467.6 + 4.33\/

UCL = 467.6 + 4.33\/0.1765(0.7599) = 467.6 + 4.33v0.1341 = 467.6 + 1.586 = 469.2
CCL = 467.6

LCL = 467.6 — 1.586 = 466

(3) duall 3 jlasall 2 50a

53 (1~ (0.7)9) = 4676+ 4.33,/0.1765(1 — 0.1177)

UCL = 467.6 + 4.33\/

UCL = 467.6 + 4.33\/0.1765(0.8823) = 467.6 +4.33V0.1557 = 467.6 + 1.709 = 469.3

CCL = 467.6
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2 4 il 5 jhasd)

LCL = 467.6 — 1.709 = 465.9

(4) Al s jlagall 2 50a

2-0.3

UCL = 467.6 + 4.33\/ (1—(0.7)8) = 467.6 + 4.33,/0.1765(1 — 0.0577)

UCL = 467.6 + 4.33\/0.1765(0.9423) = 467.6 + 4.33V0.1663 = 467.6 + 1.766 = 469.4
CCL = 467.6

LCL = 467.6 — 1.766 = 465.8

(5) &all s slaped 2508

2-0.3

UCL = 467.6 + 4.33 j (1—(0.7)1°) = 467.6 + 4.33,/0.1765(1 — 0.0283)

UCL = 467.6 + 4.33\/0.1765(0.9717) =467.6 +4.33v0.1715 = 467.6 + 1.793 = 469.4
CCL = 467.6

LCL = 467.6 — 1.793 = 465.8

(o WS 585 (20) S (6) e Dliall 3 plasad) 3 gas () i

UCL6 = UCL7 = = UCLZO

0.3
UCL = 467.6 + 4.33 2-03 = 467.6 + 4.33V0.1765 = 467.6 + 1.819 = 469.4
LCL6 = LCL7 = = LCLZO

LCL = 467.6 — 1.766 = 465.8

470.0

469.0 --.‘.

468.0 ,4/’\\ _A v M —
467.0 \V/ A Vs \V e

—-UCL
466.0 5&,‘_\4 CcL
465.0 =L
464.0
4630 +—+——+—+—+""—"""T"T—TT—T———— 77—




2 4 il 5 jhasd)

L) 45 5 3 gl A8 jaiall dbosal) Lol Y1 4

5 pbapud) i LYY ;) il

Sample Z UCL CL LCL
1 468.0 468.92 467.6 466.32

468.1 469.20 467.6 466.04

3 468.3 469.33 467.6 465.91

4 467.6 469.38 467.6 465.86

5 466.7 469.41 467.6 465.83

6 467.0 469.42 467.6 465.82

7

8

9

467.7 469.4 467.6 465.8
468.2 469.4 467.6 465.8
467.1 469.4 467.6 465.8

10 467.4 469.4 467.6 465.8
11 468.0 469.4 467.6 465.8
12 468.5 469.4 467.6 465.8
13 467.9 469.4 467.6 465.8
14 468.1 469.4 467.6 465.8
15 467.7 469.4 467.6 465.8
16 466.8 469.4 467.6 465.8
17 467.3 469.4 467.6 465.8
18 466.8 469.4 467.6 465.8
19 467.4 469.4 467.6 465.8
20 467.7 469.4 467.6 465.8

15
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9 5 el lisall a5 bl Jau g

i) 1 2 3 4 5 161 7 8 9 10
X 22.1136.429.130.3|252(30|28.6|30.2|23.3|26.2
R 14 | 13 | 21 | 18 | 16 [16| 19 | 24 | 20 | 21

Lde « (EWMA — chart) Gl 455 ) sal) 2S paiall cilla w giall & s gl Laddit e s jlay ) o a2 L) (LS 13 22
(A=0.4) : w3l Jshl

S il Al Bl VA s et e e wll At 3 laal) o S IM s ¢ A LSl (2) o
(A =0.4) 36 Ll a0l

X1 | X2 | X3 | X4 [ X5 | Mean S.D.

Samplel |469|468|470|469 |468| 468.8 | 0.837
Sample2 |478|467 460|469 | 468 | 468.4 | 6.427
Sample3 | 467|478 |462 | 469|468 | 468.8 | 5.805
Sample4 471|469 |470|460 (459 | 465.8 | 5.805
Sample5 | 467 | 468|459 |460 (470 | 464.8 | 4.970
Sample6 | 469|471 (468|469 |461| 467.6 | 3.847
Sample7 | 469 470|469 |469|470| 469.4 | 0.548
Sample8 | 469|469 [ 468|469 |472| 469.4 | 1.517
Sample9 | 459|466 | 469 | 469|459 | 464.4 | 5.079
Samplel0 | 468 | 469 | 469 | 465 | 469 | 468 1.732
Samplell | 469 (470|469 | 471|469 | 469.6 | 0.894
Samplel2 | 468 | 472|470 | 469 | 469 | 469.6 | 1.517
Samplel3 | 466 | 469 | 471|459 [ 468 | 466.6 | 4.615
Samplel4 | 469 | 469 | 468 | 469 [ 468 | 468.6 | 0.548
Samplel5 [ 459 | 469 | 469 | 468 | 468 | 466.6 | 4.278
Samplel6 | 460 | 468 | 469 | 468 [ 459 | 464.8 | 4.868
Samplel7 | 469 | 466 | 468 | 470 | 469 | 468.4 | 1.517
Samplel8 | 470 | 459 | 468 | 461 | 471 | 465.8 | 5.450
Samplel9 | 467 | 468 | 470 | 469 | 469 | 468.6 | 1.140
Sample20 | 466 | 468 | 469 | 469 | 470 | 468.4 | 1.517

enliall Jas sia 467.6 | 3.146
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