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With expandable hardware, PA-RISC architecture, symmetric multi-
processing, a new bus structure, and robust error handling, these systems
provide a wide range of performance and configurability within a single
cabinet. Standard features include one to twelve symmetric PA-RISC
7100 multiprocessors optimized for commercial workloads, main memory
configurations from 128M bytes to 2G bytes, and disk storage up to a
maximum of 1.9 terabytes.
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† Hewlett-Packard Journal memory size conventions:
1 kbyte = 1,000 bytes 1K bytes = 1,024 bytes
1 Mbyte = 1,000,000 bytes 1M bytes = 1,0242 bytes = 1,048,576 bytes
1 Gbyte = 1,000,000,000 bytes 1G bytes = 1,0243 bytes = 1,073,741,824 bytes
1 Tbyte = 1,000,000,000,000 bytes

†† The Transaction Processing Council requires that the cost per tpm be stated as part of the
TPC performance results. Cost per tpm will vary from country to country. The cost stated
here is for the U.S.A.
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The industrial design and product design groups designed the HP 9000 Model T500
corporate business server package using the HP ME 30 solid modeling system. In
the past, designs were drawn as 2D orthographic layouts. These layouts were
then dimensioned and paper copies were given to the vendor for fabrication. Now,
3D bodies are sent directly to vendors via modem without having to dimension
them. A 2D drawing is also sent to the vendor to provide a view of the part, usually
isometric, and to call out notes and necessary secondary operations (plating,
tolerances, cosmetic requirements, press-in fastener installations, etc.).

Using 3D solid modeling allowed the product design group to reduce design time,
reduce part documentation time, and reduce design errors caused by using 2D
layouts (with orthographic views, all three 2D views must be updated for a design
change instead of a single 3D body). Additional benefits are faster turnaround on
prototypes and an improved process for creating assembly documentation (isometric
views of assembly positions are easily created by manipulating 3D bodies).

Eight engineers created approximately 150 sheet-metal parts, ten plastic parts, 25
cables, 15 miscellaneous parts, and many board components. Managing such a
large mechanical assembly was initially thought to be too difficult. But having an
organized file structure and 3D body placement strategy allowed the design team
to work together efficiently. All engineers worked on their own assemblies, stored
in separate write-protected directories, and were able to view adjoining assemblies
for interface design.
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HP-UX is based on and is compatible with UNIX System Laboratories’ UNIX* operating system.
It also complies with X/Open’s* XPG3, POSIX 1003.1 and SVID2 interface specifications.

UNIX is a registered trademark of UNIX System Laboratories Inc. in the U.S.A. and other countries.

X/Open is a trademark of X/Open Company Limited in the UK and other countries.
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By making a series of simplifying assumptions and concentrating on basic
functionality, the performance advantages of PA-RISC symmetric multi-
processing using the HP PA 7100 processor chip were made available to
the midrange HP 9000 and HP 3000 multiuser system customers.
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Software developers using the SoftBench Framework can customize their
tool interaction environments to meet their individual needs, in seconds,
by pointing and clicking. Tool interaction branching and chaining are
supported. No user training is required.
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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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&'5+)0� +5� %144'%6�� �4#%6+%#.+6;� /756� $'� 57((+%+'06.;� &'/10>

564#6'&�� &1%7/'06#6+10� /756� $'� 57((+%+'06.;� %1/2.'6'�� 6*'
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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*'
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 *'� 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
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6*'0� $'� #0� #224124+#6'� 241%'55� 61� '0#$.'� 6*'� 241)4#/� 61
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%1/2.'6'�� B� 917.&� $'� 6*'� 241%'55+0)� 4'37+4'&� 61� #%%1/2.+5*
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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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#&+"!� �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� ),,-
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�%&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%"+
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�"0-" 1� #,/� 1%&0� .2"01&,+� &0� '201&#&"!� �" �20"� &1� &0� !&##& 2)1� 1,

-/,3"� While-Do� 1"/*&+�1&,+�� �+� #� 1�� &1�  �+� �"� *�1%"*�1& �))6
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S = [While A Do B;] ���

�" ,*"0

S = [If A Then (B; S);] ���
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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
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True

While A Do B
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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
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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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0.016 defects per KNCSS for the best products. The factor difference between these two
extremes is 60/0.016 = 3750 or �4000.
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Based on Defect Detection Strategies
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Fuzzy logic is applied to the world of printed circuit assembly manufacturing
to aid in balancing machine loads to improve production rates.
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As mentioned in the main article, a family in our manufacturing environment is a
group of products (boards) that can be built with a single setup on the component
placement machines. The greedy board heuristic is one way of assigning products
to families for printed circuit assembly. The only data required for the greedy board
algorithm is the list of components and the expected volume for each board. Each
family is created by the repetitive addition of products, one at a time, until slot
availability is exhausted.

In the following example assume there are eight component slots available per
family and that the following boards must be assigned to families.

Board Expected Volume (vi) Components

Alpha 1400 A, F, K, M
Tango 132 C, K
Delta 2668 H, D, R, F, K
Echo 1100 R, J, S, K
Beta 668 G, F, T, L
Lambda 1332 H, D, F, K
Gamma 900 A, J, E, K

The board with the lowest greedy ratio is the first one added to the current family
being created.

Board New Parts Expected Volume Greedy Ratio
(si) (vi) (Gi = si/vi)

Alpha 4 1400 0.0029
Tango 2 132 0.0152
Delta* 5 2668 0.0019
Echo 4 1100 0.0036
Beta 4 668 0.0060
Lambda 4 1332 0.0030
Gamma 4 900 0.0040

Delta is the board with the lowest greedy ratio so it becomes the first member of
the family. It has the highest product volume added per component slot used.
Delta adds five components, leaving three slots to fill this family.

With the components H, D, R, F, and K already in the family, for the next board the
ratios are computed as follows:

Board New Parts Expected Volume Greedy Ratio
(si) (vi) (Gi = si/vi)

Alpha 2 1400 0.0014
Tango 1 132 0.0076
Echo 2 1100 0.0018
Beta 3 668 0.0045
Lambda 0 1332 0.0000
Gamma 3 900 0.0033

The Lambda board is the one with the lowest greedy ratio because its components
are a complete subset of the components already in the family. Since adding
Lambda to the family does not require the addition of any components to the
family, the greedy ratios given above still apply for the selection of the next board.
The Alpha board has the next lowest ratio and it adds two new components (A and
M) to the family. This brings the total number of components in the family to
seven—one slot left.

After adding the Alpha board to the family, the new part-to-volume ratios for the
remaining unassigned boards become:

Board New Components Expected Volume Greedy Ratio
(si) (vi) (Gi = si/vi)

Tango 1 132 0.0076
Echo 2 1100 0.0018
Beta 3 668 0.0045
Gamma 3 900 0.0033

Now Echo has the lowest ratio. However, the Echo board has two components,
and since we already have seven components, adding the Echo components to
the family would exceed our limit of eight components per family. Therefore, Tango
is the only board that will fit even though it has the lowest theoretical contribution.
Adding the Tango board fills up the family allotment. Finally, the components in the
family include H, C, D, A, R, F, K, and M.

The next family is defined by following the above procedure for the remaining
boards: Echo, Beta, and Gamma.
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�6((� �,*�� &��

�//� 2)� 7+(� 23(5$7,216� '(),1('� $%29(� +2/'� )25� )8==<� 25� &/$66,&$/
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)8==<� 6(76� %(&$86(� 2)� 7+(,5� 9$5<,1*� '(*5((� 2)� 6(7� 0(0%(5@
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$1'� )857+(5025(� �� � � �� � � ��
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