
I J K L M N O P Q R S T U P V W X Y Z : ; < = > ? a b c d e
f g h i j Q R W k l m n o p Y q r R s t u v w x 16 y z @ [ \ Y
] c d e f ^ M N = > O P P V W _ b ` I { Z | } b c d e f ~ � W o
p q r U � (DMAIC) � = > b � Y T U m n � � � � Z � } b � � k �
� � � � T U P V Y � � � � � Z � � � � T U Y � � Q � � � t � � z
] i j Q R ` �   ¡ ¢ q r £ U z Y ¤ ¥ S ¦ § @ ^ t � ¨ Z © ª ^ � �
« y z ¬ ­ ® ¯ i j Q R k � Y [ \ Z ° ± ² ³ J ´ µ W ¶ � · ¸ ¹ � �
· i j Q R S � � k � t � º » ¼ ½ ¾ ¿ À Á Â Ã = Ä Å c d e f Æ Ç S
È É Ê Ë Ì Í Î i j Q R Ï U Ð Y Ñ Ò Z u Ó � Ô m Y k l Z Õ i j Q R
Y Ö × Ø Ù S Ú { ½ Û Ü Ý � Y [ \ t Þ ß i à ¾ á â º � z ¤ ¥ ½ I _
b ã W ä å t

����æ ç è é ê ë ì í î
v ï ð [ \ P V q r Y ñ ¢ Ø § (perspectives)t O P W P V q r Ú ò ó

ô õ ö W ã ¸ z ¸ ÷ ø S � � Z � ÷ � ñ � � � �

1. ÷ ø W Ø § � | Æ 	 
 z Y P V Z ó � � � 
 � Ð © ª � å � 
 � �
Ä N W b � ¸ � � � � Y � � ¸ � � � ¸ � � � � � � � t ¨ � � @
b L Y P V  ! I P V " # $ % (quality function deployment)t

2. z ø W Ø § � | T & P V ' u = U ( z W ) * I + , t ¨ � � @ b L
Y P V  ! I µ R T U ~ - (statistical process control)t

3. ã ø W Ø § � | Q R P V ' å � = U  ! W . / 0 t ¨ � � @ b L Y
P V  ! I v y @ [ \ Y i j Q R (design of experiments)Z á 1 O P ^
2 3 � # K L . / Q R (robust design) W X Y t

4. � � W Ø § � |  ! P V ' å � = U  ! W . / 0 t ¨ � � W  !   4
^ O P ) 5 2 3 6 | 7 8 9 W : � S = U  ! Z { ó ; O < = (spring)

Y > ? @ 7 A B O P P V ' C Þ D E � F Z G v � � W  ! � H ^ v
y I J Y Ú K ° t
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����L M N O P Q R S T

v ï ð Õ i j Q R a b Y o � U V W X Y � Ò ó ÷ Z Y Z ° ± Õ ^ �
[ Y y ï z ½ m « \ [ \ t

1. CRD] completely randomized designZ ^ ¶ _ " Ã Q R `
  « a ^ ¶ _ " Ã Y i j Q R t

2. Full Factorial Design] ¶ � · Q R `
å � @ � á # � · b c e d � e h Y Q R k l t

3. Fractional Factorial Design] ¹ � � · Q R `
f Q « g h i ½ b j H � 3 ; k l ÷ Z m n � · 4 m W Q R k l t

4. Latin Square] n o k * `
^ ¨ Q R ÷ Z � « ¢ � · Y c e p # ^ n q � z � � « r t

5. Yates’ Notation & Algorithm] s t u v b R w U � `
s t u v ' ´ µ i j Q R � · e h Y x y � Z z { s t R w U � á �
� | � t } ä ~ x 17.6 ï W [ \ t

6. On-line vs. Off-line Quality Control] ; O � ã vs. ; O � � Y P V ~ - `
| µ R T U ~ - b i j Q R W � � t } ä ~ ( 17.6 � � l P V = U W
[ \ t

7. System Design] � µ Q R `
b ; O | � ¸ � � ¸ � � ¸ T U ä � Y � � � � t

8. Parameter Design] ä � Q R `
� I i j Q R z � � q � � � · @ & � � � Y 2 � t

9. Tolerance Design] � f Q R `
� I = U ) * ± f ¸ O P b T U ä � Y Q � t

10. S/N Ratio] � � � `
á � � · � � ] � v ` � � � q � � � · Y � � t

11. Orthogonal Array] � h x `
« a 1 � � � ' � � � � Ö � � � � Y � � � I � W Q R t
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12. Outer Orthogonal Array] � � � h x `
b < � � � � � · e h Y ä � Q R t

13. ANOVA] analysis of varianceZ �   � � � `
�   � � � I ¡ � � � z a ¢ Y µ R £ ¤ Z Ö × I � I ¥ [ ¤ ¡ � W
_ � � b ¦ § ¤ ¡ � W ¼ � � ¨ Y � ' t

14. Experimental Units] i j © ª Í h `
@ � i j » � e � Y � � Í h t

15. Treatment] « � `
� i j » � @ m n Y ¬ a ­ d b « ® t

16. Sampling Units] ¯ ° © ª Í h `
i j © ª Y ¹ � · Í t

17. Experimental/Sampling Errors] i j ± f ² ¯ ° ± f `
« a � ³ �   U ´ Y ´ � t

18. Randomization] _ " Ã `
1 b _ " µ � Y k l m n i j t

19. Replication] ¦ ¶ r � `
¬ � � · c e e h ^ i j z ¦ ¶ m n Y r � t

20. Factor] � · `
T U Y · Ü ä � Z � � T U & � « � � � Z ó á � � · S � � t

21. Level] c e `
¢ ­ � · Y Q � q � � t

22. Run] i j r � `
H ô � � ÷ Z i j m n Y r � t

23. Quality Characteristic] P V ¬ 0 `
¸ _ � � ] O � g ¹ ` t

24. Interaction] h i ½ b `

(1) H ô ³ ¢ ­ � · @ O ; Y ½ b Z   º a � · » ô ½ b � i j � ¼ @
O ; Y � � t

(2) Ö ½ _ (main effect) vs. h i ½ b t
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25. DOF] degree of freedomZ ¼ { ´ `
¾ ¿ � À Y ¢ � t

26. Resolution] Á � ´ `
� Ò i j � ' l z � Â W Ã � Z Á � ´ Ä Å Z i j Ä Æ Ç t

����È É Ê Ë Ì N O Í Î Ï Ð Ñ Ò

´ µ i j Q R Y k � � Ó a Z � a Q R k � + i j » � 0 V Y H ô �
  Z Ô Õ b ^ ¶ _ " Ã Q R (completely randomized design, CRD) Ö @ 7 å �
i j » � W × V 0 (homogenity)Z 1 i j » � ¨ Y �   Ø Ù u Ú Å i j Y ±
f Z Ô i j » � I   V 0 (heterogenity)Z CRD k � Û H Ü b t ¨ Ð Ý 7 å
� Õ º x 17.8 ï Y n o k * Q R (Latin square design) q ^ ¶ _ " Ã Þ Í Q R
(randomized completely blocking design, RCBD) Y k l m n Z k á 1 i j ± f Ø
Ù t CRD Q R Y � ß £ l ó ÷ �

Yij � �� �i � �ij

� z Z Yij I ¸ _ � � ¸ �i I Ö � · Y ½ _ Z à f � �ij 7 C Þ a á � â
�ij � N�0� �2�Z CRD i j W ã ä (layout) ó x 17.1 @ y t

å ����æ ç è é ê ë ì í î ï ð ñ ò

i
j

1 2 3 � � � n Yi� Y i�

1 Y11 Y12 Y13 � � � Y1n Y1� �

nX
j�1

Y1j Y 1� �

nX
j�1

Yij

n

2 Y21 Y22 Y23 � � � Y2n Y2� Y 2�

3 Y31 Y32 Y33 � � � Y3n Y3� Y 3�

...
...

...
...

a Ya1 Ya2 Ya3 � � � Yan Ya� Y a�

Y
��
�

aX
i�1

nX
j�1

Yij Y
��
�

Y
��

N
ó ô õ N � an
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{ ³ CRD Q R ' ö ÷ Ö � · � ¸ _ � �   ø ù ^ ú û Y � � Z © ª «
ü × Õ b �   � � � (ANOVA) k � � � < ¼ ^ ¶ _ " Ã Q R Y ¡ � ] Y ó
x 17.2` Z � ANOVA k U l (equation) á x y ó ÷ �

Yij � Y �� �
�
Y i� � Y ��

�
�
�
Yij � Y i�

�

�
X
i

X
j

�
Yij � Y ��

�2
�
X
i

X
j

�
Y i� � Y ��

�2
�
X
i

X
j

�
Yij � Y i�

�2

� SST � SStrt � SSE

å ����æ CRDý þ ÿ � � å

� � � � � � 	 
 � � 
 � � F

� � � � a� 1
X
i

X
j

�
Y i� � Y

��

�2
MStrt � SStrt��a� 1� MStrt�MSE

� � N � a

X
i

X
j

�
Yij � Y i�

�2
MSE � SSE��N � a�

� � N � 1
X
i

X
j

�
Yij � Y ��

�2

� Õ CRD �   � � � W _ b Z � { � � ó ÷ �
« ¨ & � = > � � # q m � � Y � ´ Z � � � a H ô Y � » � ´ Z �

­   5%¸ 10%¸ 15%¸ 20% b 25%t ^ � « a � ´ c e W ÷ Z © ª º � ¢
Ø  � ] Ø  � I � � Y � ´ ` t � Õ i j Q R ! n Y g ¹ ¡ � � ÷ x �

" # $ % &
Yi� Y i�

1 2 3 4 5

5% 7 7 15 11 9 49 9.8

10% 12 17 12 18 18 77 15.4

15% 14 18 18 19 19 88 17.6

20% 19 25 22 19 23 108 21.6

25% 7 10 11 15 11 54 10.8

Y�� � 376� Y �� � 376�25 � 15�04
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' ( ) * + , - . / 0 1 2 . 3 4 5 6 7 8 9 4 5 : ; < = (treat-

ment)8 > ? @ A B C D E F G H I��
�H0I �1 � �2 � �3 � �4 � �5 �i�e� �1 � �2 � �3 � �4 � �5 � 0�

HAI J K 3 L �i �� 0

M ' N O O P Q Minitab R S 8 T U D V W X Y Z [ \ E G H I

] ^ _ ` a b # c d e f d e F

g h i j 5 � 1 475.56 118.89 14.75

k l m m 25 � 5 161.20 8.06

n o m m 25 � 1 636.96

? p 8 SStrt �
5X

i�1

5X
i�j

�
Y i� � Y ��

�2
� 475�56

SSE �
5X

i�1

5X
i�j

�
Yij � Y i�

�2
� 161�20

SST �
5X

i�1

5X
i�j

�
Yij � Y ��

�2
� 636�96

' ( F [ q r s t u F0�01� 4� 20 � 4�43v w x E 17.1y 8 z { | ANOVA

E p / F u � 14�75 � 4�438 > D } ~ 0 1 2 . � + , - . 3 � � r ) * �
J ( 0 1 2 . r � � � � � G � � C < � � + , - . / � � � � � � �
� 8 � � � � 17.4 � p � � � � r � � �

�����   ¡ ¢ £ ANOVA Ñ Ò P ¤ ¥ ¡ ¢ ¦

I J 1 = U § ^ ! n �   � � � � Z # ¨ m « \ - � � � » � ´ W =
U ) * S � X d � (nominal dimension)Z © ª Õ Duncan multiple range test] ©
ª Ó ¦ Ú K ö � ` m n Y \ « � � ó ÷ �

1. � H0 : �1 � �2 � � � � � �lZ m n F ö � t
2. Ô ¬ ­ H0Z Ö Õ Y 1�� Y 2�� � � � � Y a� { Ù � � d � t
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