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1) Acceptance Sampling Analysis

2) Aggregate Planning

3) Decision Analysis

4) Dynamic Programming

5) Facility Location and Layout

6) Forecasting and Linear Regression
7) Forecasting

8) Goal Programming

9) Inventory Theory and System

10) Job Scheduling

11) Linear and Integer Programming
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12)
13)
14)
15)
16)
17)

MarKov Process

Material Requirements Planning
Network Modeling

Nonlinear Programming
PERT_CPM

Quadratic Programming

19)
20)

Queuing Analysis

Queuing System Simulation
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Montgomery, D. C., " Introduction to Statistical Quality Control *, 7th ed., Wiley, New York, 2000, p:276 :_Mall
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UCL=X+A,S
CCL=X
LCL=X-A,S

X (X; — X)?
S =

n

UCL=X+A;S
CCL=X
LCL =X — A3S

2 (X; — X)?
S =

n—1
UCL =X +A;R
CCL=X
LCL =X — A,R
CCL=R
LCL = D3R
UCL = B,S
CCL=S
LCL = B5S
S Y (X; — X)?
n—1
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Observations
nl n2 n3 n4 n5
Samples

1 469 468 470 469 468
2 478 467 460 469 468
3 467 478 462 469 468
4 471 469 470 460 459
5 467 468 459 460 470
6 469 471 468 469 461
7 469 470 469 469 470
8 469 469 468 469 472
9 459 466 469 469 459
10 468 469 469 465 469
11 469 470 469 471 469
12 468 472 470 469 469
13 466 469 471 459 468
14 469 469 468 469 468
15 459 469 469 468 468
16 460 468 469 468 459
17 469 466 468 470 469
18 470 459 468 461 471
19 467 468 470 469 469
20 466 468 469 469 470
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Observations S S
nl n2 n3 n4 n5 Min Max X-bar R ..

Samples N Gle ads n-1
1 469 468 470 469 468 468 470 468.8 2 0.748 0.837
2 478 467 460 469 468 460 478 468.4 18 5.748 6.427
3 467 478 462 469 468 462 478 468.8 16 5.192 5.805
4 471 469 470 460 459 459 471 465.8 12 5.192 5.805
5 467 468 459 460 470 459 470 464.8 11 4.445 4.970
6 469 471 468 469 461 461 471 467.6 10 3.441 3.847
7 469 470 469 469 470 469 470 469.4 1 0.490 0.548
8 469 469 468 469 472 468 472 469.4 4 1.356 1517
9 459 466 469 469 459 459 469 464.4 10 4.543 5.079
10 468 469 469 465 469 465 469 468.0 4 1.549 1.732
11 469 470 469 471 469 469 471 469.6 2 0.800 0.894
12 468 472 470 469 469 468 472 469.6 4 1.356 1.517
13 466 469 471 459 468 459 471 466.6 12 4.128 4.615
14 469 469 468 469 468 468 469 468.6 1 0.490 0.548
15 459 469 469 468 468 459 469 466.6 10 3.826 4.278
16 460 468 469 468 459 459 469 464.8 10 4.354 4.868
17 469 466 468 470 469 466 470 468.4 4 1.356 1517
18 470 459 468 461 471 459 471 465.8 12 4.874 5.450
19 467 468 470 469 469 467 470 468.6 3 1.020 1.140
20 466 468 469 469 470 466 470 468.4 4 1.356 1.517

Gl el (bsall Lol 2ns 467.6 7.5 2.8 3.1
- - “ .
Al s ol I lias

720 = APPENDIX VI

Factors for Constructing Variables Control Charis

Chart for Averages Chart for Standard Deviations Chart for Ranges

Observations Factors for Factors for Factors for
in Control Limits Center Line Factors for Control Limits Center Line Factors for Control Limits
Sample,n A A, A,y Cy lic, B, B, B B, d, 1id, d, D, D, D, D,
2121 1.B30 2659 07979 12533 3.267 . 1.128  0.8865 3.686 3.267
1.732 1023 1954 08862 1.1284 2568 . 1.693  0.5007 4.358 2574
1.500 0729 1628 0.9213 1.0854 2.266 L 2059 04857 ) 4.608 2282
1.342 0577 1427 0.94900 1.0638 0 2089 g 2326 04299 . 4918
1.225 0483 1287 09515 1.0510 0.030 1970 O - 2534 03Ms
1134 0419 L1582 09594 10423 0118 L1882 0. - 274 03698
1061 0373 1099  0.9650 1.0363 0.185 1815 . 2847 03512
LOD0 0337 1032 09693 10317 0.239  1.761 . 2970  0.3367
0949 0308 0975 0.9727 1.0281 0.283 1716 L 3078 03249
0905 0285 0927 09754 1.0252 0.321 1.679 d 3173 03152
0866 0266 088 09776 1.0220 0.334 1646 0. _ 3258 03069
0832 0249 0850 09794 1.0210 0.382 1618 3336 0.2008
08302 0235 0817 09310 1.0194 0406 1594 % 3407
0775 0223 0789 09823 1.0130 0428 1372 3472
0750 0212 0763 09835 10168 0.448 1552 0 3532
0728 0203 0739 09845 1.0157 0466 1534 3588
0707  ©0.194 0718 09854 1.0148 0.482 1518 g 3.640
0.698 09862 1.0140 0497 1503 0 1483 3.689
0180 0680 09869 1.0133 0510 1490 1470 3.735
0.663  0.0876 1.0126 0.523 1477 1.459 3778
0647 0.92B2 10119 0.534 1466 1448 3819
0.633  0.9887 1.0114 0.545 1455 1438 3858
0.619 09802 1.0109 0.555 1445 1429 3.895
0.606 09896 1.0105 0.565 1435 1.420 3.931

3 4n-1)
Ay=— =
i Cyvn AT
3 3

— =1+
cy2n—-1) * sy 2n-1)

By =ty

3
= F —p—
! y2(n-1)
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Table 11. Factors Used when Constructing Control Charts.
NUMBER OF CHART FOR AVERAGES CHART FOR STANDARD DEVIATIONS
OBSERVATIONS | FACTORS FOR CONTROL | FACTORS FOR FACTORS FOR CONTROL
IN SAMPLE LIMITS CENTRAL LINE LIMITS
A A4 A4; C, 1/C, B, B, B;
3.760 1.880 5642 1.7725 1.843
2394 1.023 7236 1.3820 1.858
1.880 729 7979 1.2533 1.808
1.596 577 8407  1.1894 1.756
1.410 A83 8686  1.1512 . 1.711
1.277 419 8882 1.1259 . 1.672
1.175 373 9027  1.1078 . 1.638
1.094 337 9139 1.0942 . 1.609
1.028 308 9227  1.0837 . 1.584
973 285 9300 1.0753 . 1.561
925 266 9359 1.0684 . 1.541
.884 249 9410 1.0627 . 1.523
848 235 9453 1.0579 . 1.507
816 223 9490  1.0537 . 1.492
788 212 9523 1.0501 . 1.478
762 203 9551 1.0470 . 1.465
738 194 9576 1.0442 . 1.454
717 187 9599 1.0418 . 1.443
697 180 9619  1.0396 : 1.433
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UCL=X+A;S=467.6+1.596 2.8 = 467.6 + 4.469 = 472.1
CCL =X = 467.6

LCL=X-— A1§ =467.6 —4.469 = 463.11
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UCL =X+ A3S=467.6+1.427+3.1=467.6 + 4.424 = 472
CCL =X = 467.6
LCL =X — A3S = 467.6 — 4.424 = 463.2
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UCL=D,R=2.114%7.5=15.86
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LCL=D;R=0%7.5=0
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UCL=B,S=2.089+3.1=6.476
CCL=S=3.1
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Quality Centrol Chart
File Edit Format Wiew Galleny Anabsis Utilities Window WinQ3E Help
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[1: Date

Date Time ‘ i i i i ion 5 [ Disabled | Cause Action | Comment

P ol el i i) o3 Juladl g
(rband) Lo gl) da g !

(1)Gallery — (2)X — bar (Mean)Chart

s2all da gl aua
(1)Gallery — (2)R (Range)Chart
s il ady) da b s )
(1)Gallery — (2)S (Standard Deviation)Chart

]
1|

—



WinQSB/Quality Control Chart

| Quality Control Chart
Fil: Analysis Options Utilities Window  Help

=1zl

2} X-bar (Mean) Chart for Characteristic 1 of exl course 2

|»

~—10|x]

= In Cartrol = Outof Control Disabled
1 Mean = 467.6200  S.D. [Sigma) = 1.442 2
o 471.9460
cL 467.6200
20
o O 463.294
Current point: 1 Sample Size = 5 Value = 468.8000 Status: in control
M|
f | »
[Control Chart Click the sample point to show its status. double click it to show the detail. ]
eatl Ja gl) da
(rad) Jai gl 4 gl
i8] Quality Control Chart NI
File Analysis  Options  Utilities  Window  Help
\ oIl
xR (Range) Chart for Characteristic L of exl course 2 N=]E{=
= In Corirol = Outof Contol Disabled
1 Mean=7.5 S.D.(Sigma) = 2.7858 20
ucL 15.8577
+1o 0.2859
cL 7.5
-2
LCL 0
Current point: 1 Sample Size = 5 Value = 2 Status: in control
M|
« | »
[Control Chart Click the sample point to show its status. double click it to show the detail. ]
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| Quality Control Chart _ =] %

Fil: Aralysis Options Utilities Window  Help

\

%L 5 (Standard Deviation) Chart for Characteristic 1 of exl course 2 =)=
= In Control = Outof Control Disabled
1 Mean = 3.1455  S.D. [Sigma) = 1.1411 20
ucL 6.5687
+20 5.4276
+1o 42865
cL 3.1455
26 0.8633
LCL 0
Current point: 1 Sample Size = 5 Value = 0.8367 Status: in control
M|
‘ ] 2
[Control Chart Click the sample point to show its status. double click it to show the detail. ]
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.(NP-Chart)dilhal) ae 33c da gl 1(2) dina

UCL=nP +3,/np=*q
CCL = nP
LCL =nP - 3,/np *q
.(C-Chart) (wusll) Clillial) 230 da gl 1(3) dima

UCL = C + 3./C
CCL=C
LCL =C-3+C

.(U-Chart) (csad)) clilldall e 4a ol :(4) dima
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—
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S0 Flim
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WinQSB/Quality Control Chart

(nP-chart) s ¢ (P-chart) (sl de (ki : (1) JUba

s Claagll 2o Gl ¢ L AS Al dpdiall £1eY) aal ZU e Baag (60) axae Ade (15) @il
rob LS die J<t A3l

D| 1|23 |4 |5]| 6| 7| 8| 9 |10|12|12]|13]14] 15
n |60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60
d|l10] 6 [ 20129 |11 | 12]15]23] 8] 7 [18]20] 13] 12
oo Lo Shaxiona § shasad) cind ZUIY) S 131 aaa 1 o plhaall
.(P-chart) 4a4! -1
.(nP-chart) 4a ¢! -2
b A e JERll Ja ol o3 (a5 (55 S JUEA s ol 1 )
Aadall Jlexinly dlaan ) <l sall slay) A
ID| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
n| 60 | 60 | 60 | 60 | 60 60 | 60 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60
d| 10 6 20 12 9 11 12 15 | 23 8 7 18 | 20 13 12
P |0.167 | 0.100 | 0.333 | 0.200 | 0.150 | 0.183 | 0.200 | 0.250 | 0.383 | 0.133 | 0.117 | 0.300 | 0.333 | 0.217 | 0.200
.(P-Chart) 4iilaall ade jusS da gl 1(1) dina
F—lip—1(0167+01+ +02)—3'267—0218
_k_1_15' ' 15

2|

UCL=P+3

*k
P*9 _0.218+3
n

q

CCL=P=0.218

LCL=P-3

p*
T=0.218—0.159= 0.059

q

]:
=1-P=1-0.218 = 0.782

\/0.218*0.782

60

—
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WinQSB/Quality Control Chart

.(nP-Chart)diihal) axe sac da gl 1(2) dima

UCL =nP + 3./np*q = 13.08 + 3v13.08 x 0.782 = 13.08 + 9.595 = 22.675
CCL = nP = 60(0.218) = 13.08
LCL =nP —3,/np*q = 13.08 — 9.595 = 3.485

(WinQSB/Quality Control Chart) gl » Juaxiul
(1)File = (2)New Problem = (3)(QCC Problem Specification)

N a— 8 1 Jg—asll Ja WL A _aldl) A8 —lo Ja &l P& oyl
1 AGN JL&IL daua sa LS(QCC Problem Specification)

QCC Problem Specification

(QCC Problem Specification) :<Ubal) 4 o8 yaas 3380

D (< iall B sl il ol B Lga i Al () g (Ba) (b e i) e g aaa 33U yanal

(Quality Characteristics) <i_siall 4 5i -1

(Data Entry Format) Wlaal o 3 Al clibnl) Gadi -2
(Problem Title) 48l o gis -3

(Number of Qlty Characteristics ) 4 sill &l yiall 33c -4
(Size of Subgroups) 4ie JS Jaly claliall 3o -5
(Number of Subgroups ) <liall 3 -6

WinQSB gl Jlariuly 43 Aaldd) clibd) Julad (a0 4t ¢« Wl £ ga g

Liliiall 3 ) cila b Laal ol g ¢ (Attribute Data) s cilibull 4 o5 o
(Pchart) Oy G 5 e Guua g Sl () gie daa o
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WinQSB/Quality Control Chart

o Lillia 8 L aalg e Waal (Y dalg audai (1) Leidl pe 31 pall e 5ill il paial) 23c 3aad o
LBkl cla gl QIS 8 (1) ) auay Al Ble) sa

Lillia 8 claaliall 3o (60) paig dde JS Jaka cilaaliall i aaad

Lilha b clinll aie (15) paly clial) dae daad «

40N B LY jedail ¢ (OK) darudad | il g i o

)
0’0

>

>

L)

0

Subgroup D ate Time Size |Ehara-::teristi-::1|Disahled| Cauze | Action |Eumment
1

O QO = | T P ] P2

e

1Ay BN 8 Ao ga LaS g culilpd) JUAML a g

Subgroup Characteriztic 1| Dizabled Action | Comment
1

O 00| ]| T P | L] M2
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WinQSB/Quality Control Chart

Pl jlaal) i i) o3 Juladl g

(P-chart) 4a 8! asi !

(1)Gallery — (2)P (Proportion Nonconforming)Chart

(nP-chart) 4a sl aw

(1)Gallery — (2)nP (Number Nonconforming)Chart

i Quality Control Chart _|=| x|
‘ EE] i [=[@]=]
4k P (Prop Nonconforming) Chart for C| 1 of PCHART - o] x|}~
= In Contral = Outof Cortrol Disabled
1 Mean =0.2178  S.D. [Sigma) = 0.0533 15

ucL 0.3776
cL 0.2178
0.1645
o .. #5blil i i il i Al i B . E i s 0.0579
Current point: 1 Sample Size = 60 Value = 0.2 Status: in control
<l \
[Control Chart Click the sample point to show its status, double click it o show the detail

(P-chart) 4a !

Bbaadl 393 z A (7) Al B Akl ) Gued) g 3 dasad) cial Cuond dlaal)
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WinQSB/Quality Control Chart

4 Quality Control Chart == x|
File Analysis Options Ltilities Window Help
\ [AFiEE
ab nP (Number Non: ing) Chart for CI istic 1 of PCHART i =] =
= In Control = Outof Cortiol Disabled
1 Mean = 13.0667  5.D. [Sigma) = 3.1970 15
ucL 22.6578

‘1o -
cL 13.0667
“1s 2,869
2 24
o S 3.4756

Current point: 1 Sample Size = 60 Value =12 Status: in control

«
[Control Chart Click the sample point to show its status. double click it to show the detail. ]

(nP-chart) 4a ¢!

S kad) AJAAGJ&U)Z.J;\:J\‘}&H\Q\M\JSM\MQ@M\ 2olal

]
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Crad GlAlAAl e Gl g ¢ Le Al dpiial) £163Y) da) ZUS e Baag (60) axaw Ade (15) wad)
tob LaS A IS Baa) gl) Baa gl

D| 1|23 |4 |5]| 6| 7| 8| 9 |10|12|12]|13]14] 15

N1 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60
C 3 4 7 2 1 2 3 3 5 8 4 6 3 2 1

oo Lo Shaxiona § shasad) cind ZUIY) S 131 aaa 1 o plhaall
.(C-chart) 4a ¢! -1
.(U-chart) 4a ¢l -2

il 3R e Jliall s o 5 G 85 IS Jlall s g 1)
sl Jlextiny diloan ) el pdigall dlay) 2l

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

60 60 60 60 60 60 60 60 60 60 60 60 60 60 60

3 4 7 2 1 2 3 3 5 8 4 6 3 2 1

c|O|>

0.050 | 0.067 | 0.117 | 0.033 | 0.017 | 0.033 | 0.050 | 0.050 | 0.083 | 0.133 | 0.067 | 0.100 | 0.050 | 0.033 | 0.017

.(C-Chart) () ClilAal dae da gl 1(3) dina

C—lzc—1(3+4+ +1)—54—36
_k_1 15 15 7
]:

UCL=C+3\/E= 3.6+3v3.6=3.6+5.69=9.29

CCL=C=3.6

LCL=C—-3/C=3.6-5.69 = —2.09 =0
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.(U-Chart) (<)) clilliiall e 4a gl :(4) dima

121{: = 15(0.05+0.067 + - +0.017) = 22 = 0.06
k& - 15
_c
n
UCL—006+3/60 = 0.06 + 3/60 = 0.06 + 0.095 = 0.155
CCL =
_ I_J
LCL =T -3 |—=0.06—0.095 = —-0.035 = 0

—

(WinQSB/Quality Control Chart) gt Jueiul
(1)File = (2)New Problem = (3)(QCC Problem Specification)

N 30—l Jp—iasll Ja WL A _aldl) 4S8y o b &l DA Gl
AN JS&Ny 4oz ga LS(QCC Problem Specification)

QCC Problem Specification

(QCC Problem Specification) :cublull 4e g8 yaas 5380
P (<l siall 3 jlaacd) cla gl 8 Lga pd a3 O g (Bae) (b Le cilild) e g3 2080 3L (panalii

(Quality Characteristics) <i_siall 4o gi -1
(Data Entry Format) iab o )i Al clill) Guudi -2
(Problem Title) 4iséall ol gic -3
(Number of Qlty Characteristics ) 4 sill < pial) 32 -4
(Size of Subgroups) 4ie JS Jils claliall 3= .5
(Number of Subgroups ) <lisll s -6

WinQSB geebi s Jlaxinaly 43 dualdl) i) Jalad (gl ¢ Ll £ g g
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WinQSB/Quality Control Chart

il 3 jlasud) cila of Lpa! sl g ¢ (Attribute Data) 23ad cilibyl) 4 g

(Cchart) ¢S4y = 5 le G g AdSdiall () gis 2aad

oo Ll 8 i aalg pifia Wal (¥ 3ol g audai (1) Leidl pa 31 pall e 5l <l paial) 230 daad
o) cila gl Qi) 8 (1) aaad) auday Al Ble )y

Lillia 8 claalidall 330 (60) pais dbe JS Jaka cilaaliall s aaad

Lilla 8 clisl) e (15) puaiy clinl) aae aaad

PAY) 3L L jgdant i) JAAL a g9 ¢ (OK) daiuiai | il g o

)
0‘0

NS

)
0’0

)
0’0

NS

NS

Subgroup Size |Ehalacteristic1| Disahled| Causze | Action |Eumment
1 1

2
3
4
5
6
7
8
|

LT e M I AR T A T A S -~ - T A

Pl el i i) o3 Jladl g
(P-chart) 4a 8! asa !

(1)Gallery — (2)C (Number Nonconformities)Chart
(nP-chart) 4a ¢! aw !

(1)Gallery — (2)u (Average Nonconformities)Chart
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WinQSB/Quality Control Chart

i Quality Control Chart _|=| x|
Fil: Analysis Options Utilities Windaw Help
b C (Number of Defects) Chart for Characteristic 1 of PCHART (=] &=
= In Control = Out of Contel Disabled
1 Mean=3.6 5.D.(Sigma) = 1.8974 15

9.2921

36

=8 \

-2.0921

Current point: 1 Sample Size = 60 Value = 1 Status: in control

‘
[Control Chart Click the sample point to show its status. double click it to show the detail. |

(C-chart) 4a !

. bdasead) ciad Aglaaldf 1) Al

| Quality Control Chart _|=l x|
Fil: Analysis Options Utilities Windaw Help
b u (Average Number of Defects) Chart for Characteristic 1 of PCHART (=] &=
# In Control = Out of Contel Disbled
1 Mean=0.06 S.D. (Sigma) = 0.0316 15

0.1549

=8 \.

-0.0349

Current point: 1 Sample Size = 60 Value = 0.0167 Status: in control

<
[Control Chart Click the sample point to show its status. double click it to show the detail. |

(u-chart) 4a !

L 5okl cand Alaad) 1 ) gAY




O dpa Juald &l a0

WinQSB/Quality Control Chart

A Jea g) pdadll dgan plid) JUal) Jasw Ao ¢ daglll o cdlad g ol o 3 a8 Aaadla

HAll) <l phadd) aii o) (Saall (b ¢ jhaa (5 ghas AY) B lasudl

(WinQSB/Quality Control Chart) et (e da slll auy 32y -1
1Ay ML W it (Setup) se¥) JUiddg ¢ (Option) 4aildll ) cadi -2

Control Chart Setups

Select a characteristic:

Characteriztic 1

Characteriztic 1

Select a control chart:

P [Proportion]
nP [Humber Honconformi
C [Mumber Hnm::unfmmii

U [Dements per Umt]
CUSUM for P
CUSUM for C

GMA for P

GMA for C

MA for P

MA for C
Standardized P

u [Average
Monconformities]

|

UCL/LCL

® in sigmas

Mean for u

® Sample average
Cl'in probability limits

C Preset values C Grand average

UCL:

C) Known value

L

S.D [Sigma)] for u

® From sample average

Dizplay Samplez and Warnings

® All in one screen
. C From grand average
! Multiple zcreens

Points per screen:
C) Enown walue

[% Show 2 zsigma limits

™ Show 1 zigma limits o

Cancel

dg9da aaiy (Preset values) 2aady « (UCL/LCL)SJE,-.\“S‘ g dae) gl s e e lAS

UCL—006+3’ = 0.06 ’ = 0.06 + 0.095 = 0.155

CCL=U=0.06

O dua g9 JSA B plasd)

_ U
LCL=U- 3\/; =0.06 —0.095 =-0.035=0
j

JANL BB L et ¢ pdadl) agas Jads Alig ¢ (Points per screen) Jisall g e JUAS

()

]
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Control Chart Setups il

WinQSB/Quality Control Chart

ucL/LcL

Characternistic 1

Mean for u
Clin sigmas

® Sample average
C in probability limits

@ Preset values O Girand average

_
o | —
S.D [Sigma) for u

® From sample average

Charactenzhc 1 UCL

! Known walue

Select a control chart: CL

P [Proportion] LCL
nP [Mumber HNonconformi
C [HNumber Nonconformiti
u [Average Honconform

Dizplay Samplez and Warnings

U [Demeritz per Unit]
CUSUM for P
CUSUM for C

® All in one screen

C) Multiple screens

C From grand average

GMA for P . :

GMA for C FPointz per screen:

MA for P ! Known walue
MA for C
Standardized P
u [Average
Monconformities]

[ Show 2 zigma limits

[T Show 1 sigma limits

Cancel

| Quality Control Chart

==l x|
Fil: Analysis Options Utilities Window Help
L EEE
b u (Average Number of Defects) Chart for Characteristic 1 of PCHART - 1o x| |
* In Conrol = Out of Contel Disabled
1 Mean=0.06 S.D. (Sigmal = 0.0316 15
ucL 01549
. M\ /\\ e
Lo 0
Current point: 1 Sample Size = 60 Value = 0.0167 Stat ol
|
i 3
[Control Chart Click the sample point to show its status, double cick it (o show the detail |
-
(u-chart) 4= 4

dbead) (s g Bl g 3 ol da gl (oY B pbaaal) agan o byl o jal ¢Say Tl g
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