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Virtually defect-free software can be generated at high productivity levels
by applying to software development the same process discipline used in
integrated circuit manufacturing.
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Table I
Defective ppm for Different Sigma Values

Sigma ppm
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%;%.'� +(� 612>&190� &'5+)0� +5� #..19'&� 61� $.+0&� 6*'� &'8'.12'45

61� +65� ':+56'0%'�

The Key Word Is “Obvious.”� �6� /756� $'� 4'/'/$'4'&� 6*#6� 6*'5'
(+8'� 24+0%+2.'5� #4'� (1..19'&� (14� 6*'� 5+0).'� 274215'� 1(� /#-+0)
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&'5+)0� /756� $'� 6#%-.'&� +0� 57((+%+'06.;� 5/#..� %*70-5�� #0&� &#6#

/#0#)'/'06� /756� $'� 57((+%+'06.;� %.#4+(+'&�� �..� 1(� 6*'5'� /756

$'� 51� 1$8+175.;� 57((+%+'06� 6*#6� 6*'� 4'8+'9'4� +5� 6'/26'&� 61

5#;�� =�(� %1745'�� �6�5� 10.;� 1$8+175�� "*;� $'.#$14� +6��� �(� 6*+5� +5

016� 6*'� %#5'�� #� 4'&'5+)0� +5� +0&+%#6'&�

�74� ':2'4+'0%'� 57))'565� 6*#6� 6*'� #%*+'8'/'06� 1(� 57%*� #
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2418+&+0)� #� /#6*'/#6+%#..;� &'4+8'&� 5'6� 1(� 37'56+105� (14� '#%*

.')#.� �;-564#� 24+/+6+8'� �'�)��� If-Then-Else�� While-Do�� '6%���� �14
'#%*� 24+/+6+8'�� 6*'� &'5+)0'45� #0&� 6*'� 4'8+'9'45� #5-� 6*'� 5'6

1(� 37'56+105� 6*#6� #22.;� 61� 6*#6� 24+/+6+8'� #0&� %10(+4/� 6*#6

'#%*� 37'56+10� %#0� $'� #059'4'&� #((+4/#6+8'.;�� �(� 6*+5� +5� 6*'

%#5'�� 6*'� %144'%60'55� 1(� 6*'� 24+/+6+8'� +5� '0574'&�

�� 4+)14175� &'4+8#6+10� 1(� 6*'5'� 37'56+105� %#0� $'� (170&� '.5'>

9*'4'�	��  *'4'� +5� +057((+%+'06� 52#%'� *'4'� 61� )1� 6*417)*� 6*'5'

&'4+8#6+105� +0� &'6#+.�� $76� 9'� %#0� +..7564#6'� 6*'� 241%'55� #0&� +65

/#6*'/#6+%#.� $#5+5� $;� 75+0)� #� 5*146�� 0104+)14175� #0#.;5+5� 1(

10'� 1(� 6*'5'� 5'65�� 6*'� While-Do� 24+/+6+8'�� �7'56+105� #551%+#6'&
9+6*� 6*'� 16*'4� 24+/+6+8'5� #4'� )+8'0� 10� 2#)'� ���

 *'� While-Do� %105647%6� +5� &'(+0'&� #5� (1..195�

S = [While A Do B;]

9*+%*� /'#05�

S� +5� (7..;� #%*+'8'&� $;� [While A Do B;]�

 *'� 5;/$1.� S� &'016'5� 6*'� 52'%+(+%#6+10� 6*#6� 6*'� 24+/+6+8'� +5
#66'/26+0)� 61� 5#6+5(;�� 14� 6*'� (70%6+10� +6� +5� #66'/26+0)� 61� 2'4>

(14/��  *'� 5;/$1.� A� +5� 6*'� 9*+.'� 6'56�� #0&� B� +5� 6*'� 9*+.'� $1&;�

�5� #0� ':#/2.'�� S� %17.&� $'� 6*'� 52'%+(+%#6+10�� = *'� '064;� +5
#&&'&� 61� 6*'� 6#$.'���  *'� 24'&+%#6'� 4'24'5'06'&� $;� A� 917.&
6*'0� $'� #0� #224124+#6'� 241%'55� 61� '0#$.'� 6*'� 241)4#/� 61

2'4(14/� #0� +6'4#6+10� #0&� 61� &'6'4/+0'� +(� 6*'� 12'4#6+10� +5

%1/2.'6'�� B� 917.&� $'� 6*'� 241%'55+0)� 4'37+4'&� 61� #%%1/2.+5*
6*'� #&&+6+10� 61� 6*'� 6#$.'�� "'� *#8'� %*15'0� 61� 75'� #� While-Do
$'%#75'�� 24'57/#$.;�� 9'� 6*+0-� +6� /#-'5� 5'05'�� "'� /#;� $'

+06'0&+0)� 61� #%%1/2.+5*� 6*'� '064;� #&&+6+10� $;� 5%#00+0)� 6*'

6#$.'� 5'37'06+#..;� 706+.� #0� #224124+#6'� +05'46+10� 21+06� +5

(170&� #0&� 6*'0� 52.+%+0)� 6*'� '064;� +061� 6*'� 6#$.'� #6� 6*#6� 21+06�

"*'6*'4� 14� 016� 6*+5� /#-'5� 5'05'� &'2'0&5� 7210� 6*'� -0190

%*#4#%6'4+56+%5� 1(� 6*'� '064;� #0&� 6*'� 6#$.'�� �6� #.51� /#;� &'2'0&

7210� 6*'� ':2.+%+6� �14� +/2.+%+6�� ':+56'0%'� 1(� #� (746*'4� 2#46� 1(

6*'� 52'%+(+%#6+10� 57%*� #5� =…9+6*+0� � /5��

 1� +08'56+)#6'� 9*'6*'4� +6� *#5� $''0� %1&'&� %144'%6.;�� 6*'�

(1..19+0)� 6*4''� 37'56+105� #4'� #5-'&�
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+"00� ,#� 1%"� While-Do� &0� $2�/�+1""!�� �%"� -",-)"� �0(&+$� 1%"0"
.2"01&,+0� 0%,2)!� �"� 1%"� !"0&$+"/� �+!� 1%"� &+0-" 1,/0�

�%"0"� .2"01&,+0� /".2&/"� 0,*"� "5-)�+�1&,+�

��� �0� ),,-� 1"/*&+�1&,+� $2�/�+1""!� #,/� �+6� �/$2*"+1� ,#� S�

�%&0� *"�+0� 1%�1� #,/� �+6� !�1�� -/"0"+1"!� 1,� 1%"� #2+ 1&,+� !"7

#&+"!� �6� S�� 4&))� 1%"� While-Do� �)4�60� 1"/*&+�1"�� �,/� &+01�+ "�� &+

,2/� "5�*-)"�� �/"� 1%"/"� �+6� -,00&�)"� &+01�+ "0� ,#� 1%"� "+1/6� ,/

1%"� 1��)"� #,/� 4%& %� 1%"� While-Do� 4&))� $,� &+1,� �+� "+!)"00� ),,-

�" �20"� A�  �+� +"3"/� � .2&/"� �� 3�)2"� ,#� FALSE�

�%&0� 4,2)!� �--"�/� 1,� �"� �+� ,�3&,20� .2"01&,+�� �,� ,�3&,20�

1%�1� 1%"� /"�!"/� *�6� �"� 1"*-1"!� 1,� �0(� 4%6� &1� &0� "3"+� *"+7

1&,+"!�� �,4"3"/�� 1%"/"� &0� �� )� (� ,#� /"0-" 1� #,/� While-Do�
1"/*&+�1&,+�  ,+!&1&,+0� �+!� *�+6� !"#" 10� ,  2/� �" �20"� ,#

#�&)2/"� 1,� 1"/*&+�1"� #,/�  "/1�&+� &+-210�� �� -/,-"/� /"0-" 1� #,/

1%&0� .2"01&,+� 4&))�  �20"� �� -/,$/�**"/� 1,� 1�("�  �/"� 4%"+

20&+$� &1� �+!� 4&))� 0&$+&#& �+1)6� %")-� 1,� �3,&!� +,+1"/*&+�1&,+

#�&)2/"0�

�"0-" 1� #,/� 1%&0� .2"01&,+� &0� '201&#&"!� �" �20"� &1� &0� !&##& 2)1� 1,

-/,3"� While-Do� 1"/*&+�1&,+�� �+� #� 1�� &1�  �+� �"� *�1%"*�1& �))6

-/,3"+� 1%�1�� #,/� 1%"� $"+"/�)�  �0"�� &1� &0� &*-,00&�)"� 1,� -/,3"

1"/*&+�1&,+��
� �,� $2�/�+1""� 1%"�  ,//" 1+"00� ,#� �� While-Do�� &1� &0
1%"/"#,/"� +" "00�/6� 1,� !"0&$+� 0&*-)"� 1"/*&+�1&,+�  ,+!&1&,+0

1%�1�  �+� �"� "�0&)6� 3"/&#&"!� �6� &+0-" 1&,+�� �,*-)& �1"!� While-Do
1"010� *201� �"� �3,&!"!�

��� �%"+� A� &0� 1/2"�� !,"0� S� ".2�)� B� #,)),4"!� �6� S�

�%&0� *"�+0� 1%�1�� 4%"+� A� &0� 1/2"��  �+� S� �"� � %&"3"!� �6
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 ,//" 1+"00� ,#� 1%"� 4%&)"� 01�1"*"+1�� &1� &0� !"0&/��)"� 1,�  %�+$"� &1

1,� �� +,+&1"/�1&3"� #,/*�� �"�  %�+$"� &1� �6� &+3,(&+$� S� /" 2/7
0&3")6�� �%20�� 1%"� "5-/"00&,+

S = [While A Do B;] ���

�" ,*"0

S = [If A Then (B; S);] ���

�5-/"00&,+� �� &0� +,� ),+$"/� �+� &1"/�1&3"�  ,+01/2 1� �+!�  �+� �"

*,/"� /"�!&)6� -/,3"+�� �&$�� 
� 0%,40� 1%"� !&�$/�*0� #,/� 1%"0"

14,� "5-/"00&,+0�

�%"� ".2&3�)"+ "� ,#� 1%"0"� 14,� 01�1"*"+10�  �+� �"� /&$,/,20)6

!"*,+01/�1"!���� �� +,+/&$,/,20� #"")&+$� #,/� &1�  �+� �"� ,�1�&+"!

�6� ,�0"/3&+$� 1%�1� 4%"+� A� &0� 1/2"� &+� [While A Do B]�� 1%"� B� "5-/"07
0&,+� &0� "5" 21"!� ,+ "� �+!� 1%"+� 6,2� 01�/1� �1� 1%"� �"$&++&+$� �6

*�(&+$� 1%"� [While A] � 1"01� �$�&+�� �#� [While A Do B] � &0� 1/2)6� ".2�)� 1,
S�� 1%"+� ,+"�  ,2)!� &*�$&+"� 1%�1�� /�1%"/� 1%�+� 01�/1&+$� �$�&+� �1

1%"� �"$&++&+$� 4&1%� 1%"� [While A] � 1"01�� 6,2� 0&*-)6� 01�/1� �1� 1%"

�"$&++&+$� ,#� S�� �%�1�  %�+$"0� 1%"� While-Do� 1,� �� 0&*-)"� If-Then�
�+!� 1%"� -/"!& �1"� A� &0� 1"01"!� ,+)6� ,+ "�� �#� &1� &0� 1/2"�� 6,2� "5"7
 21"� B� ,+"� 1&*"� �+!� 1%"+� "5" 21"� S� 1,� #&+&0%� 1%"� -/, "00&+$�

�%"� 16-& �)� #&/01� /"� 1&,+� 1,� 1%&0�  ,+ "-1� &0� 1%�1� 4"� %�3"+�1

%")-"!� �1� �))�� �%"� S� "5-/"00&,+� &0� 01&))� &1"/�1&3"� �+!� +,4

����� ��� �&�$/�*0� ,#� 1%"� -/&*&1&3"0� While A Do B� �+!� If A Then (B; S)�

True

While A Do B

Evaluate
A

Value B

Evaluate
A

Value B

S

True

False

Continue

False

Continue

If A Then (B; S)

S

S

4"�3"� *�!"� &1� /" 2/0&3"� *�(&+$� &1� 0""*� 1%�1� 4"� %�3"� *,/"

1,� -/,3"�� �%"� /"0-,+0"� 1,� 1%&0�  ,*-)�&+1� &0� 1%�1� 4"� !,+�1

%�3"� 1,� -/,3"� �+61%&+$� ��,21� S� �1� �))�� �%"� 0-" &#& �1&,+� �1%"
"+1/6� &0� �!!"!� 1,� 1%"� 1��)"�� &0� +"&1%"/� &1"/�1&3"� +,/� /" 2/0&3"�
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,//+%$�� �&� A� )3� &/5.$� 4/� "%� &!,3%� 4(%� &)234� 4)-%� 4(%� While-Do� )3
%8%#54%$� !.$� 4(%2%&/2%� ./� 02/#%33).'� /&� B� /##523�� )3� 4()3
3!4)3&!#4/29�� �/%3� 4(%� 30%#)&)#!4)/.� S� !,,/7� &/2� ./4().'� 4/
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�.� /52� %8!-0,%�� 4(%� 4%34� 0/3%$� "9� 4()3� 15%34)/.� 7/5,$� ,)+%,9

&!),�� S� 2%15)2%3� 3/-%4().'� 4/� (!00%.� �)�%��� !.� %.429� 4/� "%
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0,).%$� !##%33%3� 4/� 2!.$/-,9� !##%33%$� !22!93� /2� !##%33%3� 4(!4

53%� '%.%2!,):%$� 0/).4%23� #!53%� 4(%� 3!-%� +).$� /&� ;2%!3/.).'

%80,/3)/.�� 02/$5#%$� "9� 4(%� 5.$)3#)0,).%$� 53%� /&� GOTO3�� �/2
).34!.#%�� 4!+%� 4(%� ).3425#4)/.�

A[i] = B[j+k];
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"%� !002/02)!4%� ).� !.9� 7%,,<3425#452%$� 02/'2!-�� �/4%�� (/7<
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7()#(� 4()3� 34!4%-%.4� /##523� )3� 35#(� 4(!4� 4()3� 34!4%-%.4� )3
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).� ).3425#4)/.3� 4(!4� /##52� ,!4%2� ).� 4(%� 02/'2!-�� �(53�� 4()3
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As described in the accompanying article, the process of doing legal primitive
evaluation involves asking a set of mathematically derived questions about the of
basic programming primitives (e.g., If-Then-Else, For-Do, etc.) used in a program.
The following is a list of the questions that must be investigated for each primitive.

In the following list S refers to the specification that must be satisfied by the
questions asked about the referenced primitive.

• Sequence S = [A; B;]
Does S equal A followed by B?

• For-Do S = [For A Do B;]
� Does S equal first B followed by second B … followed by last B?

• If-Then S = [If A Then B;]
� If A is true, does S = B?
� If A is false, does S = S?

• If-Then-Else S = [If A Then B Else C;]
� If A is true, does S equal B?
� If A is false, does S equal C?

• Case S = [Case P part (C1) B1 … part (Cn) Bn Else E;]
� When p is C1, does S equal B1?

.

.

.
When p is Cn, does S equal Bn?
When p is not a member of set (C1, …, Cn), does S equal E?

• While-Do S = [While A Do B;]
� Is loop termination guaranteed for any argument of S?
� When A is true, does S equal B followed by S?
� When A is false, does S equal S?

• Do-Until S = [Do A Until B;]
� Is loop termination guaranteed for any argument of S?
� When B is false, does S equal A followed by S?
� When B is true, does S equal A?

• Do-While-Do S = [Do1 A While B Do2 C;]
� Is loop termination guaranteed for any argument of S?
� When B is true, does S equal A followed by C followed by S?
� When B is false, does S equal A?
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