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An introduction to capillary electrophoresis (CE), its different forms, and
its applications, and the history of CE research at HP, leading to the new
HP CE instrument described in this issue.
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This instrument automates the CE separation process with high
reproducibility of analytical results such as peak areas and migration
times. A diode array detector with an optimized optical path including a
new extended lightpath capillary provides spectral information with high
detection sensitivity. The liquid handling and sample injection systems are
designed for flexibility and usability.
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Capillary electrophoresis was initially regarded as an analytical separation tool for
proteins and peptides. Its characteristics imply that biomacromolecules theoreti-
cally should take the biggest advantage of the technique. However, it has turned
out that more then a decade after the birth of the technique the applications have
spread into many more areas than just the bioscience area. In fact, for many pro-
teins it has proven to be a bit of a problem to get a separation with the required
high sensitivity using the fused silica columns. All in all this has not hindered the
growth of the technique. When the first commercial instruments became available
in 1990 the market was estimated to be several million dollars in size. In 1994 the
expected market size might very well reach 50 million dollars. The main user
groups of CE are found in the pharmaceutical market (both traditional and biophar-
maceuticals), the bioscience market, and the chemical industry (see Table I).

Although still mainly in use in R&D laboratories, the technique is definitely migrat-
ing towards controlled analytical laboratories such as QA/QC and product testing
labs. This indicates that the technique does offer unique benefits and can expect
sustained growth in the future.
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Fig. 1. Capillary electrophoresis (CE) separation of a mixture of basic
chiral drugs using cyclodextrin as chiral selector.

Table I
CE Users

Market Segment Estimated Share (%)

Pharmaceutical Industry 35
Bioscience 35
Chemical Industry 20
Food/Beverages 5
Others 5

Some successful applications of CE include:
• Analysis of optical impurities (chiral analysis) (see Fig. 1)
• Tryptic digest analysis of recombinant biopharmaceutical drugs (peptide 

mapping) (see Fig. 2)
• DNA analysis (e.g., PCR product analysis) (see Fig. 3)
• Organic acid analysis (e.g., in beverages) (see Fig. 4).
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Fig. 2. Repetitive separation of a tryptic digest of recombinant human
growth hormone by CE.
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Fig. 3. Separation of PCR products using cap-
illary gel electrophoresis.

Table II
CE Applications and Benefits

Application Other Analysis Methods CE Benefits

Chiral Analysis HPLC, GC, TLC, SFC Speed
Easy Method Development
Cost of Analysis

Peptide Mapping HPLC Speed
Orthogonal Mechanism

DNA Analysis Slab Gel Electrophoresis,
HPLC

Superior Resolution
Speed
Online Quantitation

All of these applications have in common that CE offers significant benefits over
previously existing techniques (see Table II).

The future outlook for CE is positive although further development of capillaries
suitable for protein analysis under native conditions and the development of other
detection modules such as CE-MS will be important for long-term establishment of
the technique.

Martin L. Verhoef
Product Manager
Waldbronn Analytical Division
David N. Heiger
Application Chemist
Analytical Marketing Center, Little Falls
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Fig. 4. Analysis of organic acids in sake employing indirect UV detection.
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Looking at the new product generation process, often there is a long chain of
activities involved, starting from basic research and proceeding to applied research,
technology development, new product development, and finally, manufacturing.
Later, while the product is being marketed, an improved and enhanced series of
products will be generated in an R&D process sometimes referred to as current
product engineering. Throughout this sequence of steps, knowledge, experience
and competence are being built up, hopefully in a continuous, smooth, unidirec-
tional way. However, since many people and different organizations are involved,
losses, frictions, and interfacing issues associated with the transfer of know-how
will occur and must be resolved or at least kept to a minimal negative impact.

Unlike the typical situation of 20 years ago, when the same group of people carried
out the entire new product generation process all the way from research to manu-
facturing through many sequential steps, the scenarios of today’s new product
research and development projects have changed considerably. Given the complex-
ity and breadth of most of HP’s products, not only the analytical products, there is
no way of making all of the key components entirely within HP. Instead, many
things have to be acquired from external parties in various stages of development,
be it fundamental research results, patented technology, methods, processes, or
other know-how. In many situations even complete products or system compo-
nents come from outside sources.

In our case of adding CE to the LPA (liquid phase analysis) product line, certainly we
did look at the alternatives of acquisitions or external R&D collaborations, but
before the final decision was made to take advantage of the accomplishments of an
HP Laboratories research project and transfer technology and know-how from there
to the Waldbronn Analytical Division and plunge into new product development,
we had been thinking about mechanisms of technology transfer in general, and
tried to reflect our conclusions in the organizational structure of our R&D function.

Generally, R&D divides its forces into activities of current product support and
enhancement, development of next-generation products, and investigations, which
include new products, new technology, key components, and fundamental re-
search. The size of each of these segments depends on the business situation,

which may change quickly. There is always a temptation to sacrifice the long-term
investigations for short-term, market-driven problems or opportunities.

To stabilize the long-term, high-risk, but strategically important projects against the
pressure of the tactical projects, we decided to divide the R&D function into two
units: a smaller unit focusing on development, acquisition, and transfer of new
techniques and generic components and a larger unit focusing on current and
next-generation product development. The structure of the technology unit reflects
the major technical and functional areas of the product line and therefore this unit
has a few resident engineers and scientists who are specialists and experts in
those categories. A larger number of members are set up in transient project
teams and remain in the technology unit only during acquisition or investigation
phases. We then transfer the project together with the transient team into the
product development environment. This model should ensure minimal loss of
know-how in the transfer from the investigation phase to the lab engineering phase
and still keep a stable base of technical expertise and competence beyond one
particular project cycle. In addition, it helps synchronize projects of different time
scales and keeps the rules of the project life cycle flexible enough to adapt to new
product design as well as to current product engineering.

The HP CE project was the first technology transfer project to be completed under
this organizational structure and following these rules. The technology transfer
from HP Laboratories to the Waldbronn Analytical Division yielded a very successful
product. We have transferred technology from HP Laboratories before, but this
transfer in particular went smoothly and pleasantly, I tend to believe, because of the
new organizational model, but as much because of the enthusiasm, the dedication,
and the support of the engineers and managers involved on both ends, including
our marketing, manufacturing, and business people.

Alfred Maute
Engineering Manager
Technology Center
Waldbronn Analytical Division

���� �$ ��)�%$� )�#�� )��"�� �""%,(� �%#��$�)�%$(� %�� �����'�$)

#%��(� %�� �$ ��)�%$� �(� ,�""� �(� �"*(��$�� *(�$�� '�$�%#".� (�"��)0

��"�� +��"(�� ���(� #�!�(� �)� &%((��"�� )%� �%� +�'�%*(� (�#&"�� #�0

$�&*"�)�%$� ()�&(� )��)� �'�� �((�$)��"� �%'� #�$.� �&&"���)�%$(�

���(�� �$�"*��� ����$�� �$� �-)�'$�"� ()�$��'�� �.� �$ ��)�$�� �

&"*�� %�� �� ()�$��'�� �%#&%*$��� �$�� ����$�� �� �*���'� ,�)�� ���0

��'�$)� �%$�*�)�+�).� )%� �%� (�#&"�� ()��!�$�� ��$'���#�$)�� *(�$�

)��� �(%)���%&�%'�(�(� �����)�

����� ������������ ��� ����� ��������

���� (%�),�'�� '*$$�$�� %$� )��� ��� $�-)� )%� )��� �$()'*#�$)� ��(

),%� #� %'� �%#&%$�$)(	� �$� �$()'*#�$)� �%$)'%"� #%�*"�� �$�� �

��)�� �%""��)�%$� �$�� ��)�� �$�".(�(� #%�*"��

Instrument Control.� ���� �*$�)�%$�"�).� �$�� +�'(�)�"�).� %�� )��� ��

�� �$()'*#�$)� #���� �%$)'%"� �.� �� ��� )��� #�)�%�� %�� ��%���

�%'� ��$�"�$�� )��� #*")�&"���).� %�� &�'�#�)�'(� �$�� (�))�$�(�� ���

%� ��)�+�� �%'� )��� (%�),�'�� ��(��$� ,�(� )%� #�!�� )��� &'%��((� %�

�� �'�&����"".� +�(��"�� �$�� ��+�� )��� *(�'� �%$)�$*%*(� �������!

%$� ,��)� )��� �$()'*#�$)� �*''�$)".� �(� �%�$��� 
(� �� ��(��$� �%$0

��&)� �%'� )��� �$()'*#�$)� �%$)'%"� (%�),�'�� �$� ��%$0��(��� (.(0

)�#� ,�(� ��%(�$�� 
""� �$()'*#�$)� #%�*"�(� �$�� )���'� �*$�)�%$(

�'�� (.#�%"�/���� ���� *(�'� �(� (�%,$� �� �'�&����"� '�&'�(�$)�0

)�%$� %�� )��� �$()'*#�$)�� �"��!�$�� %$� �$� ��%$� ��(&"�.(� �

&%&0*&� #�$*� )��)� %���'(� )��� *(�'� )��� (�))�$�(� �%'� )��)� �*$�0

)�%$�� ���� �$)'��(� �'�� ����!��� �%'� &"�*(���"�).� �$�� &'%&�'� (�)0

)�$�� '�$��(�� ���� ��� ���#�)�)�%$� ��(&"�.(� )��� ()�)*(� %�� ��'0

)��$� �+�$)(� �.� ���$��$�� �%"%'(�� �.� (�%,�$�� )��� ��)�%$� )�!�$�

%'� �.� ����"���)�$�� �� (�))�$�� )��� *(�'� ��(� ���)���� ���� *(�'� ��$

&'%�'�#� )��� �%""%,�$�� &�'�#�)�'(� �(� �*$�)�%$(� %�� )�#�	

• ��&"�$�(�#�$)

• �'�'*$� �$�� &%()'*$� �%$��)�%$�$�

• �$ ��)�%$

• �%")����� �*''�$)�� �$�� &%,�'

• ��&�""�'.� )�#&�'�)*'�

• �'�((*'�

• �$"�)� �$�� %*)"�)� +��"� ���$��

• 
"�'#� "�#�)� �#�$�#*#� "�#�)� �%'� �"��)'���"� �*''�$)�

• �%"�'�).� %�� +%")���� %'� �*''�$)

• �'��)�%$� �%""��)�%$�

�%'� )��� ��)��)%'�� )��� �%""%,�$�� &�'�#�)�'(� �'�� &'%�'�##��"�

�(� �*$�)�%$(� %�� )�#�	

• ��)��)%'� (��$�"(� �����$��� ��"%,�

• ��'�(�%"�� �$�� &��!� ,��)�

• �&��)'*#� �&�'#�$�$)�� �""� �$� &��!�� �)� *&� ("%&��� &��!�

#�-�#*#�� �$�� �%,$� ("%&��� &��!� #�-�#*#�� �$�� ��(�"�$���



�81(� ���
� �(:/(77?�$&.$5'� �2851$/� � � � � � � ��

�� )($785(� 2)� 7+,6� 62)7:$5(� 3$&.$*(� ,6� ,76� 6,08/$7,21� &$3$%,/,?

7,(6�� �7� &+(&.6� 72� 6((� ,)� 7+(� 6(783� 2)� $� 0(7+2'� 72� $1$/<=(� $

6$03/(� ,6� ,1� $� /2*,&$/� 6(48(1&(� $1'� ,)� 7+(5(� $5(� &21)/,&7,1*

$1$/<6,6� 67(36� 68&+� $6�� )25� (;$03/(�� $� 3$57,&8/$5� 9,$/� ,6� 1(('('

$7� 7+(� ,1/(7� $1'� 287/(7� (1'6� 2)� 7+(� &$3,//$5<� 6,08/7$1(286/<�

#+(1� $� 6,08/$7,21� ,6� 67$57('� 7+(� *5$3+,&$/� 86(5� ,17(5)$&(

5($&76� $6� ,7� '2(6� '85,1*� $1� $&78$/� 581�� $//2:,1*� 7+(� 86(5� 72

)2//2:� $1'� &+(&.� 21/,1(� +2:� 7+(� ,167580(17� :,//� 5($&7� ,1

5($/,7<�� �63(&,$//<� )25� &203/(;� 0(7+2'6�� 7+,6� )($785(� +(/36

35(9(17� 7,0(?&21680,1*� &255(&7,21� 67(36� $1'� 63,//$*(� 25

:$67(� 2)� 9$/8$%/(� 6$03/(6� 7+528*+� :521*� 3$5$0(7(5� 25� 7,0(

7$%/(� 6(77,1*6�

�,))(5(17� 0(7+2'6� &$1� %(� /,1.('� 72*(7+(5� 72� '2� $� 6(48(1&(

2)� $1$/<6(6�� �(9(5$/� 6$03/(6� &$1� %(� 352&(66('� :,7+� 7+(� 6$0(

0(7+2'�� 25� 7+(� 6$0(� 6$03/(� &$1� %(� $1$/<=('� :,7+� ',))(5(17

0(7+2'6� �',))(5(17� 6(3$5$7,21� 3$5$0(7(5� 6(77,1*6��� 25� $� &20?

%,1$7,21� 2)� %27+�� �(48(1&,1*�� 72*(7+(5� :,7+� 7+(� $8726$03/(5

$1'� 7+(� 5(3/(1,6+0(17� 67$7,21�� 3529,'(6� 7+(� ,167580(17�6

$8720$7,21� &$3$%,/,7,(6�

Data Collection.�  +(� 6<67(0� &21752/� 62)7:$5(� &2//(&76� 5$:� '$7$
'85,1*� $1� $1$/<6,6� )520� 7+(� )2//2:,1*� &+$11(/6

• !3� 72� ),9(� '(7(&725� 6,*1$/6� �($&+� 6,*1$/� ,1&/8'(6� :$9(/(1*7+�

%$1':,'7+�� 5()(5(1&(� :$9(/(1*7+�� $1'� 5()(5(1&(� %$1':,'7+�

• �3(&7580� �3(50$1(17�� $//� ,1� 3($.�� $7� 83� 6/23(�� 3($.�

0$;,080�� $1'� '2:1� 6/23(�� 3($.� 0$;,080�� $1'� %$6(/,1(�

• "2/7$*(

• �855(17

• �2:(5

• �$3,//$5<� &$66(77(� 7(03(5$785(

• �5(6685(� '85,1*� 581�

 +(� ),567� 7:2� ,7(06� ,1� 7+,6� /,67� $5(� 1250$//<� 86('� 72� '2� 7+(

67$1'$5'� '$7$� $1$/<6,6�� �25� 7+(� '(7(&725� 6,*1$/6�� 3($.� :,'7+

$1'� 5,6(� 7,0(� $5(� 6(/(&7$%/(� $&&25',1*� 72� 7+(� 3$57,&8/$5� $33/,?

&$7,21��  +(� /$67� ),9(� '$7$� &+$11(/6� ,1� 7+(� /,67� 6(59(� 7+(� 385?

326(6� 2)� ,17(535(7$7,21� $1'� '2&80(17$7,21�� �1� &$6(� 2)� $1<

81(;3(&7('� 5(68/76�� 7+,6� '$7$� &$1� %(� 86('� 72� /2&$/,=(� $1'

',$*126(� $� 3$57,&8/$5� 352%/(0� :,7+� 7+(� ,167580(17�� 7+(�

$33/,&$7,21�� 25� 7+(� 6$03/(�

Data Analysis.� #+(1� $� 0(7+2'� 25� 6(48(1&(� +$6� %((1� &20?

3/(7('� $1'� 7+(� '$7$� ,6� 68&&(66)8//<� 6725('� 21� 7+(� ���� '$7$

(9$/8$7,21� &$1� %(� 3(5)250('� %<� $33/<,1*� ',))(5(17� $/*2?

5,7+06��  +(� ,1)250$7,21� 0267� 5(/(9$17� )25� 7+(� 86(5� &216,676� 2)

0,*5$7,21� 7,0(�� 3($.� $5($�� $1'� 3($.� +(,*+7�� #+(1� &$/,?

%5$7('�� 7+(� 3($.� $5($� 5(35(6(176� $� &(57$,1� $02817� 2)� 6$03/(�

 2� '(7(50,1(� 7+(� 3($.� $5($�� 7+(� '(7(&725� 6,*1$/� ,6� ,17(*5$7('

%<� $� %8,/7?,1� ,17(*5$7,21� $/*25,7+0�� �(352'8&,%,/,7<� (9$/8$7,21

2)� 5(3(7,7,9(� $1$/<6,6� :,7+� 7+(� 6$0(� 6$03/(� ,6� 2)7(1� 86('� 72

,1&5($6(� 7+(� 5(/,$%,/,7<� 2)� 7+(� 5(68/76�� �(6,'(6� ,17(*5$7,21�

7+(5(� $5(� $/62� %8,/7?,1� &$/,%5$7,21� $1'� 5(3257� *(1(5$7,21� )81&?

7,216�� �$/,%5$7,21� '(7(50,1(6� 7+(� 81.12:1� $02817� 2)� $� &21?

67,78(17� 2)� $� .12:1� 6$03/(� %<� &$/,%5$7,1*� :,7+� $� 35('(7(5?

0,1('� &21&(175$7,21�� �(3257� *(1(5$7,21� 3529,'(6� ',))(5(17

5(3257� 67</(� 237,216� ,1&/8',1*� $8720$7,&� 63(&75$/� /,%5$5<

6($5&+(6�

�1(� 2)� 7+(� 0267� 32:(5)8/� )($785(6� 2)� 7+(� 6<67(0� ,6� ,76� 63(&?

75$/� &$3$%,/,7,(6�� �3(&75$� $5(� 0($685('� 86,1*� 7+(� ',2'(� $55$<

'(7(&725� $1'� 6725('� $6� 6(/(&7('��  +(� 722/6� $662&,$7('� :,7+

63(&75$� ,1� 7+(� '$7$� $1$/<6,6� 62)7:$5(� $5(� *(1(5$//<� 86('� 72

,'(17,)<� 81.12:1� &203281'6��  +(� 722/6� $5(

• �3(&75$/� /,%5$5<�� �//2:6� $� /,%5$5<� 6($5&+� 2)� 6(/(&7('� 63(&75$

)520� $� 6(3$5$7,21� 5(*$5'/(66� 2)� :+(7+(5� 7+(<� $5(� *(1(5$7('

'85,1*� $1� ��� 25� $� ��� 6(3$5$7,21�

• �($.� 385,7<�� �203$5(6� 7+(� 5$7,2� 2)� 7:2� 6,*1$/6� 25� 63(&75$

$/21*� 7+(� 3($.�� �)� 7+(5(� ,6� $1<� '(9,$7,21� $/21*� 7+(� 3($.

7+(5(� ,6� $� 352%$%,/,7<� 2)� $1� 29(5/$<� 2)� 7:2� &203281'6�

• �62$%625%$1&(� 3/27��  +,6� ,6� )25� 48$/,7$7,9(� (9$/8$7,21� 2)� 63(&?

75$/� '$7$�� �7� &$1� %(� 86('� 72� *(1(5$7(� $� 1(:� (/(&7523+(52*5$0

%<� (;75$&7,1*� 6,*1$/6� )520� 63(&75$/� '$7$�� 72� ),1'� 7+(� 237,080

:$9(/(1*7+� )25� '(7(&7,21� 2)� ($&+� &20321(17�� $1'� 72� $9(5?

$*(� 63(&75$� 72� 5('8&(� 12,6(�

�,1&(� ,'(17,),&$7,21� %<� $%62537,21� 63(&75$� ,6� $� :(//?(67$%/,6+('

722/� ,1� ���� 0$1<� 2)� 7+(� &203281'6� $1$/<=('� :,7+� ��� &$1� %(

,'(17,),('� %<� $9$,/$%/(� 63(&75$/� /,%5$5,(6� &5($7('� :,7+� ����  +(

/,%5$5<� 6+,33('� :,7+� 7+(� ��� ��� �+(0�7$7,21� 62)7:$5(� ,6

,'(17,&$/� 72� 7+(� /,%5$5<� 6+,33('� :,7+� 285� ��� �+(0�7$7,21�

 +,6� 0$.(6� 86,1*� 7+(� '$7$� $1$/<6,6� 62)7:$5(� 025(� &219(1,(17

)25� &86720(56� :+2� $/5($'<� +$9(� (;3(5,(1&(� :,7+� 285� ��

�+(0�7$7,21�

�������

 +(� ��� ��� ,167580(17� ,6� 7+(� 7(&+1,&$/� $1'� 7(&+12/2*,&$/

,03/(0(17$7,21� 2)� 7+(� 2%-(&7,9(6� 67$7('� )25� 7+(� 352-(&7� $6

:(//� $6� )25� 7+(� 352'8&7�� �267� 2)� 7+(� 5(48,5(0(176� :(5(� ,0?

3/(0(17('� $1'� &$1� %(� 5()/(&7('� ,1� $� &255(6321',1*� &86720(5

1(('�� �,*1,),&$17� ,03529(0(176� ,1� '(7(&7,21� 6(16,7,9,7<� :(5(

0$'(� %<� 7+(� 63(&,$/� '(7(&725� '(6,*1� $1'� (9(1� 025(� %<� 7+(

(;7(1'('� /,*+73$7+� &$3,//$5<��  +(� 727$//<� 1(:� /,48,'� +$1'/,1*

&21&(37� '(/,9(56� 6,*1,),&$17� $8720$7,21� )($785(6� $1'� 9(56$7,/?

,7<� )25� )8785(� $33/,&$7,216��  +(� 1(:/<� '(6,*1('� ,1-(&7,21� 6<6?

7(0� 3529,'(6� )857+(5� 6<67(0� 5(352'8&,%,/,7<� :+,/(� 7+(� 1(:

)25&('?$,5?&22/('� &$66(77(� ,6� $� 0$-25� 67(3� )25:$5'� ,1� 7(506� 2)

86$%,/,7<� $1'� )/(;,%,/,7<�� �127+(5� 0$-25� $'9$1&(� )25� 7+,6� 7<3(

2)� ,167580(17$7,21� ,6� 7+(� *5$3+,&$/� 86(5� ,17(5)$&(� %8,/7� ,172

7+(� ��� �+(0�7$7,21� )25� ,167580(17� &21752/�� �,1$//<�� 7+(� (/(&?

7521,&� &20321(176� $1'� ),50:$5(� '(9(/23('� )25� 7+,6� 352'8&7

�',6&866('� ,1� 7+(� $57,&/(� 21� 3$*(� 	��� 0$.(� 7+,6� $� )81&7,21$/

352'8&7�

��
�����	����

�1� 7+(� ),567� 3/$&(� �� :$17� 72� 7+$1.� �28*� �&�$1,*,//� $1'� +,6

7($0� )520� 7+(� $1$/<7,&$/�0(',&$/� /$%25$725<� 2)� ��� �$%25$72?

5,(6� )25� 7+(,5� 28767$1',1*� &2175,%87,216� $1'� &200,70(17� 72

&$3,//$5<� (/(&7523+25(6,6��  2� $� *5($7� (;7(17� ,7� ,6� +,6� $&+,(9(?

0(17� 7+$7� ��� +$6� $� 352'8&7� 21� 7+(� 0$5.(7�� �3(&,$/� 7+$1.6

$/62� 72� �$5<� �25'21� $1'� +,6� 7($0�� $/62� )520� 7+(� $1$/<7,&$/�

0(',&$/� /$%25$725<�� )25� 7+(,5� 6833257� $1'� $'9,&(� ,1� 7+(� $5($

2)� 237,&$/� '(7(&7,21� $1'� )25� 3529,',1*� 7+(� &58&,$/� &21&(37� 2)

7+(� %8%%/(� &(//��  +$1.6� 72� �,'� �,(%(6�� �,&+�  (//$�� $1'� �(15,?

48(� �$57,16� )25� 7+(,5� 352037� +(/3� ,1� 7+(� '(6,*1� $1'� ,03/(?

0(17$7,21� 2)� 7+(� %8%%/(� &(//�� �<� +,*+(67� $335(&,$7,21� 72� 7+(

��� 352-(&7� 7($0� ,1� #$/'%5211�� ,76� &200,70(17� $1'� '(',&$?

7,21� 0$'(� ,7� 3266,%/(� 72� ),1,6+� 7+(� 352-(&7� 21� 7,0(��  +,6� ,1?

&/8'(6� $� )(:� ,1',9,'8$/6� :+2� :(5(� 7(0325$5,/<� :25.,1*� 21

7+(� 352-(&7� ,1� #$/'%5211�� 1$0(/<� �(11,1*� �28.+$5'7�� �2/)

�>550$11�� �(15<� 9$1� �,(8:.(5.�� �5(*� #,/621�� �21,.$� �,77?

0$11�� $1'� �$//<� �:('%(5*�� �5(',7� $/62� 72� �/)5('� �$87(

��217,18('� 21� 3$*(� ���



��� � � � � � � ����� ����� ���������	���
� ������

��������
�� ������� �� ���� �	� ��� ����������

It is not always recognized, and consequently not acted upon, that the contents and
significance of industrial design for the success of products and the image of the
company have changed in the past few years. Products have not only a technical,
but also an aesthetic function. Together with some other representative features,
such as advertising, company buildings, letterheads, packaging, exhibition booths,
and the like, product design determines a major part of a company’s image.†
Today, products must not only be reliable, efficient and user-friendly, but also look
like it. Visible quality today is the main attractor in many cases. In particular, the
leveling out and standardization of technical achievements, even on the highest
levels, lead to outward appearance being the decisive factor in the purchasing
decision process more and more frequently. Last but not least, products, which
also represent the company concept, have to be in line with the identity of the
company. Thus, what is important is not avant-garde industrial design, but the
successful combination of innovative and traditional elements.

Industrial design, therefore, is a part of product quality. Whether we thereby
achieve the improvement of quality of use or acceptance among a specific target
group, or capitalize on the identity of the company, proper industrial design is a sales
promoting product feature. This applies not only to consumer products but also to
commercial products. Very often, the first look at something determines whether
we continue dealing with it or leave it alone. The quality of product design should
make product quality the focus of customer interest right at first sight.

Internal Architecture
The first step towards good industrial design consists in laying out the components
inside the instrument. As early as the investigation phase of the HP CE instrument
project, the engineers were prompted to think about the dimensions and forms of
the components they were responsible for. Rough details were then used to create
all components from cardboard in duplicate. In a joint creative session, the entire
project team used the models to arrange the components in multiple ways, finally
deciding on one alternative. Understanding for each other’s problems was gained
within the team at a very early project stage: airflow and thermal problems, safety
concerns, cooling, ease of use for service staff and users (which the industrial
designer is also responsible for), and the like. This process not only led to the
project being faster and more focused, but also had a teambuilding character.

† Image means the company as perceived by its customers. Identity means the company as it
really is. Ideally, image = identity.

The immediate effects of the internal layout on the user interfaces become obvious
in the vials, bottles, and cassette, which can be exchanged easily and intuitively.
This ease of use is supported by the design of the instrument exterior, which
visually reduces complexity.

As the project proceeded, a model of the outside cover was built (see Fig. 1). The
visibility of the product in the form of the model further enhanced identification with
the project, even beyond project team borders.

Appearance
Industrial design is not entirely up to the industrial designer. Carefully balancing
innovative design with company-specific design within the sense of the corporate
identity on the one hand, and on the other hand, emphasizing product-specific
features to the best advantage, benefit both the product and the company.

The outward appearance of the HP CE instrument is designed to achieve a num-
ber of objectives:

• Emphasizing system character with a view to the HP PC, since the HP instrument
is controlled by a PC. If the outward appearance of these two components is
harmonized, it not only suggests that they come from the same company, but much
more important, that they easily communicate with one another. In our case, this is
achieved by equal use of volumes and forms as well as by HP identity elements
such as coloring (bottom: dark grey, top: light), radii, HP nameplate, and power
switch (see Fig. 1).

• Emphasizing system character with a view to HP analytical systems. The HP CE
instrument is often to be found side by side with other HP analytical instruments in
a lab or as part of an analytical system. If the outward features of our analytical
instruments are in harmony with one another, this suggests to the customer that a
complete solution to a problem is available from one source. In the case of the HP
CE instrument, this is achieved by using, in addition to the design elements already
mentioned, HP Analytical Products Group typical design or user elements such as,
for example, the baseplate image, the semicircular pushbuttons set off by coloring,
equal textures, equally colored windows, doors always opening in the same direc-
tion, equal status LEDs, equal fonts, and the like. The constant repetition of these
visual and functional characteristics of the user interfaces makes a major contribu-
tion to ease of use by recognition. The particular challenge is always to find new
solutions for new requirements that are technologically feasible but also continue
the HP design tradition, so the customer finds it easy to get along and immediately
accepts the solution as an evolutionary step.

Fig. 1. Industrial design features of the HP
CE instrument.
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• The individual character of the HP CE instrument is emphasized by the basic
instrument volume as well as by the visibility and form of some specific areas. The
window parts show the areas relevant to the customer (cassette, sample tray, and
replenishment bottles). Like these parts, the tray balcony, for example, is designed
in such a way that it facilitates function (access to vials) on the one hand, while at
the same time characterizing the look of the instrument clearly and unmistakably
(and also optically reducing instrument depth). Emphasizing the vertical lines of
the instrument optically supports the narrowness of the instrument.

• What is also particularly important is the visual expression of quality. Especially at
a time when some instruments show only slight technological differences, custom-
ers should be convinced of the quality of our instruments at first sight. By using the
right materials and manufacturing processes, we have attempted to distinguish our
products qualitatively from those of our competitors, so that workmanship and
finish provide our instrument with a highly professional appearance.

At the International iF Design Competition 1994, the HP CE instrument was awarded
a prize for its good design and was seen by more than one million visitors in a
special exhibition at the Hannover Fair and Cebit
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The small peak volumes in CE demand special optical design to
maximize sensitivity. High light throughput, good stray light suppression,
and precise alignment are necessary. The diode array detector design
focused on good matching of the illumination system and the
spectrometer, precise alignment of the capillary and optical elements, and
mechanical and thermal stability.
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BF = Bubble factor, the increase in the diameter of the capillary at the detection window of the
detector.
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Capillaries are encased in cassettes for easy replacement and connections
are made automatically when a cassette is installed. Air cooling of the
capillary eliminates leak problems and lowers costs. Vials containing
samples and electrolyte are automatically lifted from a tray to either end
of the capillary.
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In the past few years, methods offering the possibility of transforming 3D CAD
data directly into a ready-to-install part have experienced a steep upturn. These
methods, which have been commercially available for about ten years now, are
generally known under the catchword “rapid prototyping.” Some of these methods
and their combination with different replication techniques have reached the real
aim of rapid prototyping, namely the reduction of time to market. Within the HP
capillary electrophoresis (CE) project, rapid prototyping methods became indis-
pensable, not only because of the ambitious project schedule, but also because of
the fact that some parts, because of their complexity, could not have been pro-
duced in the traditional way without substantial compromises.

At the Waldbronn Analytical Division, these methods were used for the first time,
involving significant risk because none of the people concerned could rely on  per-
sonal experience. Another reason for using rapid prototyping methods certainly
was the cost aspect. However, it proved necessary to balance the requirements of 
the individual development steps, the time available, and the complexity of the
individual parts against one another. In accordance with part requirements, three

Fig. 1. STL file created with a CAD application.

methods were pursued in the HP CE project, two ways to get a resin-plastic part
and a third method to get an alumina part:

• 3D data � stereolithography process � vacuum casting � plastic model
• 3D data � Solider process � vacuum casting � plastic model
• 3D data � STL file (Fig.1) � stereolithography process ��STL model (Fig. 2) �

vacuum casting with silicone � wax model (Fig. 3) ��ceramic shell for
traditional investment casting for alumina parts (Fig.4).

The real rapid prototyping step results in directly translating the 3D construction
data into a solid part. The principle of all three methods mentioned above is simi-
lar: a 3D computer model is split into layers of a certain thickness by software.

Various methods are applied to copy the section in question to materials such
as photopolymers or powdery thermoplastics by using different reproduction
techniques. This procedure is repeated until the whole part, composed of hun-
dreds of layers, is complete (see Fig. 5).

Fig. 2. STL model.
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Fig. 3� Wax model.

Fig. 4. Production part.

Depending on the method applied, the 3D data has to be prepared in different ways
(e.g., support framework). Regarding the actual formation of the part, however,
each method has its process-specific advantages and disadvantages.

In qualification of these rapid prototyping methods, however, it must be pointed out
that the parts cannot be used without costly subsequent treatment and replica-
tion—preferably with silicone—if specific requirements on surface quality, accu-
racy, and stability are to be met.

Martin Bäuerle
R&D Engineer
Waldbronn Analytical Division
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Fig. 5. The solid models are built up in layers.
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For flushing or conditioning the capillary or injecting a sample, air
pressures or different values and durations are applied. The injection
system provides precise closed-loop control of the integral of the air
pressure over time for either direction of fluid flow. The replenishment
system automates the exchange of used electrolytes for fresh ones, using
a special double-needle design.
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The HP CE instrument consists of a PC and a base unit consisting of
detection and separation subunits. Methods are developed on the PC
and downloaded to the base unit for independent execution. The control
electronics and firmware of the separation subunit takes care of tray and
vial movement, capillary voltage, current, and power control, capillary
temperature control, diagnostics, and related data capture.
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3'$� 04$4$� , 8�  +3$1� 3'$2$� +." 3(.-2�� �.� %.++.6� 3'$� ,.5$;

,$-3� .%� 3'$� 5( +2�� $5$18� $-318� (-� 3'$� 04$4$� "1$ 3$2�  � 5(134 +

5( +� +." 3(.-� 6'("'� 1$/1$2$-32� 3'$� 5( +� +." 3(.-�  %3$1� 3'(2

$-318� (2� $7$"43$#�� �'$-�  � ,.5$,$-3� $11.1� .""412� 3'$� 04$4$

(2� "+$ 1$#�� �$/$-#(-&� .-� 3'$� 38/$� .%� $11.1�� 3'$� $11.1� 1$".5;

$18� 1.43(-$� &$-$1 3$2�  � -$6� 04$4$� 3.� !1(-&� 3'$� ,$"' -(2,

(-3.�  � ".-31.++$#� 23 3$�  -#� &(5$2�  � #$2"1(/3(.-� .%� 6' 3

" 42$#� 3'$� $11.1�

������������� �������� ��� ������� 
������

�'$� '(&';5.+3 &$� /.6$1� 2.41"$� (2�  -� $-" /24+ 3$#� 4-(3� 3' 3

".-3 (-2� 36.� " 2" #$2�� .-$� %.1� $ "'� /.+ 1(38�� �� '(&';5.+3 &$

5 "44,� 1$+ 8� (2� 42$#� 3.� 26(3"'� /.+ 1(38�  "".1#(-&� 3.� 3'$

,$3'.#� 2$33(-&2�� �.� (-3$1% "$� 3'$� '(&';5.+3 &$� /.6$1� 2.41"$

3.� 3'$� ,("1./1."$22.1�� 2.,$� ' 1#6 1$� (2� 42$#� 3.� &$-$1 3$

 - +.&� ".-31.+� 2(&- +2�  -#� 2.,$� ,.-(3.1(-&� 2(&- +2�  1$� %$#

3.� 3'$� ����� �2� ,$-3(.-$#�  !.5$�� 3'$� ���� (2� ,4+3(/+$7$#� 3.

,$ 241$� 3'$�  - +.&� %$$#! "*� %1.,� 3'$� '(&';5.+3 &$� /.6$1

2.41"$�� 3'$� /1$2241$�  -#� 5 "44,� 2(&- +2��  -#� 3'$� 3$,/$1 ;

341$2�� �(&(3 +� 23 342� (-%.1, 3(.-� %1.,� 3'$� '(&';5.+3 &$� 2.41"$

(2� %$#� 3.� 3'$� ,("1./1."$22.1� %.1� ".-31.+�  -#� $11.1� #$3$"3(.-�

�� #.4!+$;".-3 "3� 1$+ 8� (2� (,/+$,$-3$#� %.1� 2 %$38� /41/.2$2�

�-�  -8� $,$1&$-"8� ".-#(3(.-� 3'(2� 1$+ 8� !1$ *2� 3'$� ��� 24//+8

%.1� 3'$� '(&';5.+3 &$� /.6$1� 2.41"$�� �'$� #.4!+$� ".-3 "3� �36.

".-3 "32� (-� 2$1($2�� $-241$2� 3'$� 1$04(1$#� 2 %$38� +$5$+� %.1� 3'(2

38/$� .%� %4-"3(.- +(38�

��������� ��������� ��� 	����� �������

�(23.1(" ++8�� 5.+3 &$� ".-31.+� ' 2� !$$-� 42$#� %.1� $+$"31./'.1$2(2�

�'(2� *$$/2� 3'$� %($+#� 231$-&3'� ".-23 -3� #41(-&� 3'$�  - +82(2�

�.6$5$1�� $5$-� 3'$� !$23� "..+(-&�  -#� 3'$1,.23 3(-&� .%� 3'$

" /(++ 18�2� .43$1� 6 ++� " --.3� /1$5$-3�  � 3$,/$1 341$� 1(2$� (-;

2(#$� (-� 3'$� +(04(#�� $2/$"( ++8� 6'$-� 42(-&�  � '(&'� 2 +3� ".-"$-;

31 3(.-�� �� 3$,/$1 341$� 1(2$� "' -&$2� 3'$� 5(2".2(38�  -#� 3'42� 3'$

,.!(+(38� .%� 3'$� 5 1(.42� 2/$"($2�� �'(2� , *$2� 3'$� #(%%$1$-3

/$ *2� $+43$� % 23$1�� $5$-� 6'$-� 3'$� %($+#� 231$-&3'� (2� *$/3� ".-;

23 -3�� �$" 42$� 3'$� ".-#4"3(5(38� .%� 3'$� !4%%$1� +(04(#�  +2.� (-;

"1$ 2$2� 6(3'� 1(2(-&� 3$,/$1 341$�  -#� 3'42� 3'$� ).4+$� '$ 3(-&� (2

(-"1$ 2$#�� 3'(2� $%%$"3� (2� 2$+%; ,/+(%8(-&�

�-� 24"'�  � 2(34 3(.-�� "411$-3� ".-31.+� (2�  #5 -3 &$.42�� �(3'

"411$-3� ".-31.+�� 3'$� %$$#! "*� +../� " 42$2� 3'$� 5.+3 &$�  "1.22

3'$� " /(++ 18� 3.� #$"1$ 2$� 6'$-� 3'$� ".-#4"3(5(38� (-"1$ 2$2�  2

 � 1$24+3� .%�  -� (-3$1- +� 3$,/$1 341$� 1(2$�� �'42�� 3'$� $%%$"3� (2

,.1$� 2$+%;+(,(3(-&�� �.6$5$1�� ,$ 241(-&� 5$18� 2, ++� "411$-32�  3

'(&'� 5.+3 &$� (2� #(%%("4+3�� 2.� 3'$� /1$"(2(.-� .%� "411$-3� ".-31.+� (2

-.3�  2� &..#�  2� 5.+3 &$� ".-31.+�� 
�� ".,/ 1$#� 3.� 	�
��

�-� 3'$1, ++8� 2$-2(3(5$�  //+(" 3(.-2� (3� , 8� !$�  #5 -3 &$.42� 3.

42$� /.6$1� ".-31.+�� � 1( 3(.-2� (-� ".-#4"3(5(38�  1$� 3'$-� ".,;

/$-2 3$#�� +$ #(-&� 3.�  � ,.1$� 1$/1.#4"(!+$� (-3$1- +�

3$,/$1 341$�� 6'("'� (-� 341-� 23 !(+(9$2� 3'$�  - +82(2� 1$24+32�

�������� �����������

�'$� '(&';5.+3 &$� 24//+8� .43/432�  � 2(&- +� /1./.13(.- +� 3.� 3'$

'(&'� 5.+3 &$�  3� 3'$� .43/43�� �'(2� 2(&- +� (2� 42$#� %.1� ,.-(3.1;

(-&�� /.6$1� ".-31.+�� $+$"31.,(&1 3(.-� (-)$"3(.-�� 1 6� # 3 � 3.

3'$� ��� %.1� # 3 � $5 +4 3(.-��  -#� +(,(3� 2$-2(-&�



�5.%� ��� �%7,%44:�!#+!2$� �/52.!,� � � � � � � ��

�(%� /54054� 6/,4!'%� )3� #/.42/,,%$� "9� 4(%� ()'(:6/,4!'%� 3/52#%

).4%2.!,,9�� �()3� -%!.3� 4(!4� 6/,4!'%� -%!352%-%.4� )3� ./4� 2%:

15)2%$� &/2� 6/,4!'%� #/.42/,�� �(%� -!*/2� 0%2&/2-!.#%� 2%15)2%:

-%.4� )3� 4(%� 02%#)3)/.� !.$� 34!"),)49� /&� 4(%� /54054� 6/,4!'%�� !":

3/,54%� !##52!#9� )3� 3%#/.$!29�� �(%� ��� ��� $%3)'.� 9)%,$3� !

02%#)3)/.� /&� ������ 7()#(� -%!.3� /.,9� ���� &,5#45!4)/.3� /.� !

��:+�� /54054�

������� ���������

�7/� #522%.4� -%!352%-%.43� !2%� -!$%� /.� 4(%� ()'(:6/,4!'%

3/52#%�� �.%� )3� 4(%� #522%.4� -/.)4/2� 3)'.!,� &2/-� 4(%� ()'(:

6/,4!'%� 0/7%2� 3500,9� !.$� 4(%� /4(%2� )3� 4(%� #522%.4� !4� 4(%

#!0),,!29� /54,%4� .%84� 4/� 4(%� $%4%#4/2�� �/2� 4(%� ,!44%2�� 4(%2%� )3� !

#522%.4� 3%.3%� 2%3)34/2� "%47%%.� 4(%� 6)!,� '2/5.$� %,%#42/$%� !.$

4(%� 0/7%2� 3500,9�3� '2/5.$).'� 0).�� �()3� ,%!$3� 4/� 4(%� 2%15)2%:

-%.4� 4(!4� 4(%� '2/5.$� %,%#42/$%� "%� ).35,!4%$�� �6%.� 7(%.

4(%2%� )3� ./� 6/,4!'%� $)&&%2%.#%�� 4(%� #522%.4� -534� "%� #/.&).%$

5.4),� )4� )3� -%!352%$�� �()3� -%!352%-%.4� $%4%#43� #522%.4� &2/-

4(%� ()'(:6/,4!'%� 3500,9� 4(!4� )3� ./4� &,/7).'� 4(2/5'(� 4(%� #!0),:

,!29�� �5#(� ,%!+!'%� #522%.4� #!.� "%� #!53%$� "9� 7%4� 352&!#%3� /2

#!2"/.� 42!#+3� ).� 0,!34)#� 0!243�� �4� )3� !� '//$� 3!&%49� !.$� $)!':

./34)#� &%!452%� 4/� $%4%#4� 35#(� ,%!+!'%� 42!#%3� ).� 4(%� ()'(:6/,4:

!'%� 0!4(�

�(%� -%!352%$� #522%.4� $!4!� )3� 53%$� &/2� -/.)4/2).'�� ,)-)4� 3%.3:

).'�� 0/7%2� #/.42/,�� %,%#42/-)'2!4)/.� ).*%#4)/.�� 2!7� $!4!� 4/� 4(%

��� &/2� $!4!� %6!,5!4)/.�� ,%!+!'%� #522%.4� $%4%#4)/.�� !.$� "5"",%

$%4%#4)/.�� �/2� '%.%2!4)/.� /&� 2!7� #522%.4� $!4!� /.,9� 4(%� 2%452.

#522%.4� &2/-� 4(%� #!0),,!29� )3� 53%$�� �()3� 3)'.!,� )3� ).4%'2!4%$� 4/

$%4%2-).%� ).*%#4)/.� 6/,5-%3� $52).'� %,%#42/-)'2!4)/.� ).*%#4)/.

7(%.� 4(%� #522%.4� !.$� 4)-%� (!6%� "%%.� 30%#)&)%$�

�/2/.!� %&&%#43�� 30!2+).'�� !.$� ).35,!4)/.� "2%!+$/7.� !2%� $%:

4%#4%$� !.$� !� 9%,,/7� 7!2.).'� &,!'� )3� $)30,!9%$� /.� 4(%� ��� 53%2

).4%2&!#%� 4/� 0/).4� /54� 4(%3%� 02/",%-3�

�/� 34/0� 4(%� !.!,93)3� 7(%.� !� '!3� "5"",%� (!3� &/2-%$� ).3)$%

4(%� #!0),,!29�� !� ,/7%2� #522%.4� ,)-)4� #!.� "%� 3%4�� �&� 4(%� #522%.4

)3� ./4� /6%2� 4()3� ,)-)4� (!,&� !� -).54%� !&4%2� 6/,4!'%� )3� !00,)%$�

4(%� !.!,93)3� 7),,� "%� 4%2-).!4%$� 4/� 02%6%.4� ,/#!,� "52.).'� /&

4(%� #!0),,!29�
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�!4!� &2/-� 02%3352%� -%!352%-%.43� )3� 53%$� &/2� #/.42/,� /&� 4(%

02%3352%� 3/52#%�� (9$2/$9.!-)#� ).*%#4)/.�� ,)15)$� ,%6%,� 3%.3).'

$52).'� 2%&),,�� 2!7� $!4!� 4/� 4(%� ���� !.$� $)!'./3)3� !.$� %22/2

$%4%#4)/.�

�/2� 6!2)/53� .%%$3�� 4(%� 02%3352%� 3/52#%� #!.� 3500,9� 50� 4/� �� "!2

/&� 02%3352%� !.$� ���� "!2� /&� 6!#55-�� �/4(� 02%3352%3� !2%� 34/2%$

).� 2%3%26/)23� 7()#(� !2%� &),,%$� 3%15%.4)!,,9� &2/-� !� -%-"2!.%

05-0�� �()3� ")0/,!2� 3/52#%� !,,/73� 053(:05,,� !#4)/.3� 7()#(� !2%

53%$� &/2� %-049:2%&),,� /0%2!4)/.3�� 50:$/7.� ).*%#4)/.� 02/&),%3�� /2

#/.42/,,%$� ")0/,!2� 02%3352%� !#2/33� 4(%� #!0),,!29�

��������� �������� ���������

�/� '%4� ()'(� 2%02/$5#)"),)49� &/2� 15!.4)4!4)6%� -%!352%-%.43� ).

��� )4� )3� %33%.4)!,� 4/� (!6%� !� 6%29� 02%#)3%� ).*%#4)/.� 02/#%33�� �(%

��� ��� ).3425-%.4� !,,/73� %)4(%2� (9$2/$9.!-)#� /2� %,%#42/-):

'2!4)/.� ).*%#4)/.�� �.� 4(%� (9$2/$9.!-)#� ).*%#4)/.� -/$%� 4(%

).*%#4)/.� 6/,5-%� )3� $%4%2-).%$� "9� 4(%� 4)-%� ).4%'2!,� /&� 02%3:

352%� !#2/33� 4(%� #!0),,!29�� �()3� 02%3352%�4)-%� ).4%'2!,� #!.� "%

!3� ,/7� !3� 	�� -"!2�3��  (%.� 02%3352%� )3� !00,)%$� "9� 3)-0,9

/0%.).'� !� 6!,6%� &/2� !� 30%#)&)%$� 4)-%� 4(%� 3,/0%� /&� 4(%� 02%3:

352%� $52).'� 37)4#().'� /&� 4(%� 6!,6%� )3� ./4� 6%29� 2%02/$5#)",%�

�!3� 253().'� 4(2/5'(� 4(%� 3934%-� 7),,� #!53%� 02%3352%� $2/03

4(!4� -!9� 2%35,4� ).� 42!.3)%.4� %22/23� ).� 4(%� 02%3352%� 3%.3/2� 3)':

.!,� 2%,!4)6%� 4/� 4(%� 2%!,� 02%3352%� '%.%2!4%$� !#2/33� 4(%� #!0),:

,!29�� �(%2%&/2%�� !3� $%3#2)"%$� %!2,)%2�� 4(%� ��� ��� ).3425-%.4

53%3� 02%3352%� 4!.+3� !3� '!3� &,/7� 3/52#%3� 7)4(� ()'(� /54054

)-0%$!.#%�� �(%� #/.$)4)/.3� !2%� #/.42/,,%$� 3/� 4(!4� 4(%� 02%3:

352%� ).#2%!3%3� /2� $%#2%!3%3� !##/2$).'� 4/� !� ,).%!2� 2!-0� &5.#:

4)/.��  )4(� 4(%� ")0/,!2� '!3� 3/52#%3� 4()3� 2!-0).'� #!.� "%� 0%2:

&/2-%$� ).� "/4(� $)2%#4)/.3��  )4(� 4()3� 3934%-�� 6!,6%� 37)4#().'

4)-%�� 4(%� 2%3)34!.#%� !.$� #!0!#)4!.#%� /&� 4(%� 45"%� !.$� #(!-:

"%23�� 4(%� 3)'.!,� 3!-0,).'� 2!4%�� !.$� %6%.� ,)-)4%$� ,%!+!'%� !2%

./� ,/.'%2� &!#4/23� 4(!4� ).&,5%.#%� 4(%� 02%#)3)/.� /&� 4(%� 02%3352%

).4%'2!,� !00,)%$� !#2/33� 4(%� #!0),,!29�

�/� &).)3(� 4(%� ).*%#4)/.� 02/&),%� !./4(%2� 6!,6%� )3� 37)4#(%$� 4/

2!-0� $/7.� 4(%� 02%3352%� ).� 4(%� ).,%4� 6)!,�� �� +).$� /&� 05,3%

7)$4(� -/$5,!4)/.� )3� 53%$� 4/� !#()%6%� !� 02%$%&).%$� 3,/0%�� �4

30%#)&)#� 02%3352%� 6!,5%3� $52).'� 4(%� 2!-0� 4(%� 3934%-� #(%#+3

4/� 3%%� )&� 4(%� ).4%'2!,� (!3� 2%!#(%$� 4(%� !002/02)!4%� 6!,5%�� �9

$%3)'.�� 4(%� ).4%'2!,� 7),,� !,7!93� "%� 3-!,,%2� 4(!.� 4(%� %80%#4%$

6!,5%�� �(%� 2!-0� )3� 4(%.� 34/00%$� !.$� 4(%� 02%3352%� )3� (%,$

0!33)6%,9� 5.4),� 4(%� -%!352%$� ).4%'2!,� )3� #/22%#4�� !.$� 4(%.� 4(%

2!-0� 34!243� !'!).�� �()3� ,%!$3� 4/� !� 35##%33)6%� !002/8)-!4)/.

/&� 4(%� ).4%'2!,� 5.4),� 4(%� 4!2'%4� 6!,5%� )3� 2%!#(%$� 7)4().� ±��
��

�/2� (9$2/$9.!-)#� ).*%#4)/.� !� 6!2)!",%� 02%3352%� #!.� "%� 3%:

,%#4%$� ).� !� 2!.'%� /&� ±��� -"!2�� �/2� &,53(� !.$� #,%!.� 02/#%$52%3
4(%� &5,,� 02%3352%� /&� !"/54� �� "!2� )3� !00,)%$� 4/� 4(%� ).,%4� 6)!,�

	���������� �������

�52).'� 4(%� !.!,93)3� 4(%� #/.4%.4� /&� 4(%� 25.� "5&&%2� 7),,� "%:

#/-%� -/$)&)%$� "9� 4(%� !$$)4)/.� /&� %,%#42/#(%-)#!,� "9:02/$:

5#43�� � �/� !#()%6%� '//$� 2%02/$5#)"),)49� /&� 4(%� !.!,93)3� 4(%� 25.

"5&&%2� 3(/5,$� "%� %8#(!.'%$� !&4%2� 3%6%2!,� 25.3�� � �(%� 2%0,%.:

)3(-%.4� 3934%-� !,,/73� 4(%� 53%2� 4/� %-049� !� 6)!,�� 2%&),,� !� 6)!,�

/2� "2).'� !� 6)!,� 4/� !� $%3)2%$� ,%6%,� !54/-!4)#!,,9�

�/� $%4%2-).%� 4(%� ,)15)$� ,%6%,� ).� !� 6)!,� 4(%� &/,,/7).'� 34%03� !2%

%8%#54%$�

• �2!7� !� 3-!,,� !)2&,/7� 4(2/5'(� 4(%� 3(/24� %.$� /&� 4(%� 2%0,%.)3(
$/5",%� .%%$,%� !.$� -%!352%� 4(%� 02%3352%� $2/0� ).� 4(%� .%%$,%�

• �/6%� 4(%� 6)!,� 3,/7,9� 507!2$� !'!).34� 4(%� %.$� /&� 4(%� #!0),,!29
!.$� 7!)4� &/2� !� 3(!20� ).#2%!3%� ).� 4(%� 02%3352%� $2/0�� ).$)#!4:

).'� 4(!4� 4(%� .%%$,%� (!3� 4/5#(%$� 4(%� ,)15)$� 352&!#%�

�(%� ./)3%� /&� 4(%� 02%3352%� 3%.3/2� -534� "%� 6%29� 3-!,,� "%#!53%

4(%� $%4%#4)/.� !,'/2)4(-� 53%3� 4(%� 3,/0%� /&� 4(%� 02%3352%� 4/

!#()%6%� !� 3-!,,� $%,!9� "%47%%.� 4/5#().'� 4(%� 352&!#%� !.$

$%4%#4)/.�� � �/2� !� #/-0,%4%� $%3#2)04)/.� /&� 4(%� 2%0,%.)3(-%.4

3934%-�� 3%%� 4(%� !24)#,%� /.� 0!'%� 
	�

���������� 
�������� �������

�%#!53%� !� 4%-0%2!452%� #(!.'%� /&� �°�� #(!.'%3� 4(%� 6)3#/3)49
"9� -/2%� 4(!.� 	�� !.$� 6)3#/3)49� (!3� !.� ).&,5%.#%� /.� %,%#42/:

0(/2%4)#� -/"),)49�� 4(%� #!0),,!29� 4%-0%2!452%� -534� "%� #/.:

42/,,%$� 3/� 4(!4� )4� )3� 34!",%� 7)4().� ±���°�� 3/� !3� ./4� 4/� $%'2!$%
4(%� !.!,94)#!,� 2%02/$5#)"),)49�

�(%� #!0),,!29� 4%-0%2!452%� )3� #/.42/,,%$� "9� (%!4).'� /2� #//,:

).'�� $%0%.$).'� /.� )43� 2%,!4)/.� 4/� !-")%.4�� �� �%,4)%2� #//,%2� )3

53%$� !3� !� #//,).'� %,%-%.4� &/2� 4(%� #!0),,!29�� �9� 2%6%23).'� 4(%

#522%.4� 0/,!2)49� 4(%� 3!-%� %,%-%.4� #!.� "%� 53%$� &/2� (%!4).'�

�%#!53%� )43� 0/7%2� %&&)#)%.#9� -!9� "%� !3� ,/7� !3� 	���� !.� %,%#:

42)#!,� 3500,9� /&� ���� 7!443� )3� 2%15)2%$�� �� #522%.4� 3/52#%� 7!3

3%,%#4%$� 4/� $2)6%� 4(%� �%,4)%2� %,%-%.4� "%#!53%� ).� 4()3� 490%� /&



��� � � � � � � �4-$� 
���� �$6+$33;� "* 1#� �.41- +

���� ��� �� 2(7;!(3� %(-$;34-$� %4-"3(.-

(2�  ##$#� 3.� 3'$� ! 2("� �;!(3� /4+2$

6(#3'� ,.#4+ 3(.-� .%� 3'$

26(3"'$#;,.#$� "411$-3� 2.41"$

3' 3� #1(5$2� 3'$� �$+3($1� "..+$1�� �'(2

(-"1$ 2$2� 3'$� /1$"(2(.-� .%� 3'$

" /(++ 18� 3$,/$1 341$� ".-31.+�PW� = MS Byte + 1 PW = MS Byte PW�

n Cycles, n = LS Byte, Cycle = 12.5 ms

64 Cycles = 800 ms

L

H

8 Bits MS Byte 6 Bits LS Byte

Calculated Every
Three Seconds

16-Bit Control Data (14 Bits Used)

f = 30 kHz

 //+(" 3(.-� 3'$� �$+3($1� (2� ,4"'� ,.1$� +(-$ 1� 3' -� 6(3'� 5.+3 &$

".-31.+�� �-�  ##(3(.- +� !$-$%(3� (2� 3' 3� "411$-3� ".-31.+� (2� (-#$;

/$-#$-3� .%� 3'$� 24//+8� 5.+3 &$�� 6'("'�  ++.62� ./$1 3(.-� 6(3'

 -� 4-23 !(+(9$#� 5.+3 &$�� 1$#4"(-&� 3'$� ".23� .%� 3'$� /.6$1� 24/;

/+8�  -#� (-"1$ 2(-&� 3'$� .5$1 ++� $%%("($-"8�

�'$� $%%("($-"8� .%�  � �$+3($1� "..+$1� (2� #$/$-#$-3� .-� 3'$� 3$,;

/$1 341$� #(%%$1$-"$� !$36$$-� 3'$� '.3� 2(#$�  -#� 3'$� ".+#� 2(#$�

�3�  � "$13 (-� 3$,/$1 341$� #(%%$1$-"$� 3'$1$� (2� -.� ,.1$� "..+(-&

$5$-� 6'$-� ,.1$� $+$"31(" +� /.6$1� (2� 24//+($#�� �.�  5.(#� ./$1;

 3(.-� (-� 3'(2� 1$&(.-� !.3'� �$+3($1� 2(#$� 3$,/$1 341$2�  1$� ,$ ;

241$#�� �'(2� (-%.1, 3(.-� (2�  +2.� 42$#� 3.� /1$5$-3� $(3'$1� 2(#$� .%

3'$� �$+3($1� %1.,� !$".,(-&� '$ 3$#�  !.5$� �	°��� 6'("'� 6.4+#

#$"1$ 2$� 3'$� +(%$3(,$� #1 , 3(" ++8�

�'$� 3$,/$1 341$� 3.� !$� ".-31.++$#� (2� -.3� 3'$� �$+3($1�2�� !43� 3'$

" /(++ 18�2�� �'(+$� 3'$� $7 "3� 3$,/$1 341$� .%� 3'$� " /(++ 18� (2

' 1#� 3.� ,$ 241$� !$" 42$� .%� 3'$� 2(9$�  -#� &$.,$318�� 3'$�  (1

3$,/$1 341$�  1.4-#� 3'$� " /(++ 18� 31 "*2� (3� "+.2$+8� (-� 5 +4$

 -#� 3(,$�� �'$1$%.1$��  � 2$-2.1� (2� /+ "$#� 6'$1$� 3'$�  (1%+.6

$7(32� 3'$� " /(++ 18� " 131(#&$�� �'(2�  ++.62�  � %(7$#� +." 3(.-� %.1

3'$� 2$-2.1�  -#� 6(1(-&� 6'(+$� 3'$� " 131(#&$� (2� $ 28� 3.�  ""$22�

�'$� '(&'�  (1%+.6� 2/$$#� .%� 
	� ,�2� /1.5(#$2� &..#�� % 23� 3'$1;

, +� ".-3 "3� !$36$$-� 3'$� " /(++ 18�  -#� 3'$� 3'$1,.2$-2.1�

���	�
�
� �������

�.�  "'($5$� &..#� /1$"(2(.-� ".,!(-$#� 6(3'� 23$$/� 2+./$2��  

" 2" #$#� ".-31.+� ".-"$/3� (2� (,/+$,$-3$#�� �'(2� 1$04(1$2�  

+(33+$� ,.1$� ' 1#6 1$�  -#� %(1,6 1$�� !43� .%%$12� !$33$1� ".-31.+;

+ !(+(38�  +.-&� 6(3'� %+$7(!(+(38�  -#� $ 2$� .%� ./3(,(9 3(.-�� �'(2

2 5$#� 1(2*�  -#� 2/$$#$#� 3'$� #$5$+./,$-3� /1."$22�

�2�  +1$ #8� ,$-3(.-$#�� 3'$� $%%("($-"8� .%� 3'$� �$+3($1� (2� 231.-&+8

#$/$-#$-3� .-� 3'$� 3$,/$1 341$� #(%%$1$-"$� !$36$$-� (32� '.3�  -#

".+#� 2(#$2�� �'$1$%.1$�� (3� (2� 6(2$� 3.� *$$/� 3'$� 3$,/$1 341$� #(%;

%$1$-"$� !$36$$-� 3'$�  (1�  -#� 3'$� �$+3($1�  2� +.6�  2� /.22(!+$�

�'(2� +$ #2� 3.�  � '$ 3� 2(-*� + 1&$� (-� 2(9$�  -#� 5.+4,$�� �� &..#

'$ 3� 2(-*� , 3$1( +� (2� ,$3 +�� 6'("'� ' 2�  � '(&'� 3'$1, +� " / "(;

3 -"$�� �'$� 1$24+3� (2�  � +.-&� #$ #� 3(,$�  -#�  � '(&'� 3(,$� ".-23 -3

!$36$$-� 3'$� �$+3($1� 3$,/$1 341$�  -#� 3'$�  (1� 3$,/$1 341$�

�.-5$-3(.- +� ".-31.+�  +&.1(3',2�  1$� $(3'$1� 2+.6� .1� 2'.6

+.-&� 1(-&(-&� .1� (-23 !(+(3($2�� �'$� " 2" #$#� ".-31.+� +../� .%� 3'$

��� ��� (-2314,$-3� 42$2�  � 2$-2.1� "+.2$� 3.� 3'$� �$+3($1�2� ".+#

2(#$� 3.�  "'($5$� 2/$$#8� ,$ 241$,$-3� %.1� 23$$/� 2+./$2�  -#

&..#� 23 !(+(38�� �.6$5$1�� 3'$�  ,!($-3� 1$)$"3(.-� (2� -.3� 2.

&..#�� � 18(-&� +. #2�� #.,(- 3$#� !8� 3'$�  ,!($-3� 3$,/$1 341$�

, 8� +$ #� 3.�  � 3$,/$1 341$� #(%%$1$-"$� .%� 4/� 3.� �°�� !$36$$-

3'$� '$ 3� 2(-*� "+.2$� 3.� 3'$� �$+3($1�  -#� 3'$�  (1�  3� 3'$� " /(++ 18�

�.� ".11$"3� 3'(2� /1.!+$,��  � 2$".-#� ".-31.+� +../� (2� (,/+$;

,$-3$#�  1.4-#� 3'$� ".-31.+� +../� 3' 3� 23 !(+(9$2� 3'$� 3$,/$1 ;

341$�  3� 3'$� �$+3($1�� �'(2� .43$1� +../� .5$11(#$2� 3'$� 2$3/.(-3

5 +4$� %.1� 3'$� %(123� +../�  -#�  # /32� 3.�  ,!($-3� "' -&$2� (-� 3'$

:,(-43$�� 1 -&$� 6'(+$� 3'$� (--$1� +../� .%� 3'$� " 2" #$� ./$1 3$2

(-� 3'$� :2$".-#�� 1 -&$�� �2� 2..-�  2� 3'$� (--$1� +../� 1$ "'$2�  

3$,/$1 341$� "+.2$� 3.� (32� 2$3/.(-3�� 3'$� .43$1� +../� (2�  "3(5 3$#

3.�  # /3� 3'$� 2$3/.(-3�  "".1#(-&+8� 3.� 1$#4"$� 3'$� #(%%$1$-"$

!$36$$-� 3'$� " /(++ 18�  (1� 3$,/$1 341$�  -#� 3'$� 42$1;

/1.&1 ,,$#� 5 +4$�

�'$� �$+3($1� $+$,$-3� (2� ,.4-3$#� .-�  � '$ 3� 2(-*� !4(+3� (-3.� 3'$

3./� 1$ 1�  1$ � .%� 3'$� (-2314,$-3�  !.5$� 3'$� 36.� " 1#� " &$2� .%

3'$� 24!4-(32�� �'$� 26(3"'$#;,.#$� "411$-3� 2.41"$� (2� .-�  -

$731 � /1(-3$#� "(1"4(3� !. 1#� -$73� 3.� 3'$� �$+3($1�� �'$� /.6$1

31 -2(23.12�  1$� ".--$"3$#� 3.� 3'$� 2 ,$� '$ 3� 2(-*�  2� 3'$�

�$+3($1�2� '.3� 2(#$�  -#� 3'$1$%.1$� " -� !$� "..+$#� $%%("($-3+8�

�'$� "411$-3� 2.41"$� (2� ".-31.++$#� !8� 36.� #(&(3 +� 2(&- +2�� �-$

2(&- +� ".-31.+2� 3'$� /.6$1� #(1$"3(.-�  -#� 3'$� .3'$1� #$%(-$2� 3'$

"411$-3� 3'1.4&'� 3'$� �$+3($1�

�'$� /4+2$� 6(#3'� ,.#4+ 3(.-� %.1� 3'$� "411$-3� 2.41"$� ' 2�  

%1$04$-"8� .%�  !.43� �	� *�9� 6(3'� 
�	;23$/� /4+2$� 6(#3'� 1$2.+4;

3(.-� 42(-&�  � "+."*� .%� ����� ��9�� �-� �;!(3� # 3 � 6.1#� (2� -$$#$#

%.1� 3'(2�� !43� (%� .-+8� �� !(32� 6$1$� 42$#�� 3'$� +(,(3$#� 1$2.+43(.-

6.4+#� 1$04(1$�  � % 23� 1$2/.-2$� 3.� *$$/� 3'$� 1$24+3(-&� %+4"34 ;

3(.-2� 2, ++�� �'$1$%.1$��  � �;!(3� %(-$;34-$� %$ 341$� %(123� 42$#� (-

3'$� ��� 
	�	� ����� 2823$,� (2� 42$#� %.1� �$+3($1� ".-31.+� 3.� *$$/

3'$� 3$,/$1 341$� 23 !+$� 6(3'(-� ±	�
°�� .1� !$33$1�� �'(2� &(5$2�  
".-31.++ !+$� #8- ,("� 1 -&$� .%�  !.43� 
				�
� 6(3'� 3'$� '(&'$23

1$2.+43(.-�  3� +.6� /.6$1� 5 +4$2�� �'$� ".-31.+� +../� " +"4+ 3$2�  


;!(3� ".-31.+� 2(&- +� $5$18� 3'1$$� 2$".-#2�� �'(2� " +"4+ 3(.-� (2

2.,$6' 3� ".,/+(" 3$#�� !43� (2� -.3� $7$"43$#� 5$18� .%3$-�� �'$

4//$1� �� !(32�  1$� %$#� 3.� 3'$� /4+2$� 6(#3'� ,.#4+ 3.1�� 6'(+$� 3'$

+.6$1� �� !(32�  1$� 42$#� 3.� ,.#4+ 3$� 3'$� /4+2$� 6(#3'� ,.#4+ 3.1

(-�  � 
���;,2� 3(,$� 2+("$� �2$$� �(&�� ���� �'$� !$-$%(3� (2�  � '(&'$1

! 2$� %1$04$-"8�� 6'("'� (2� %(+3$1$#� !$33$1� !8� 3'$� 3'$1, +� 3(,$

".-23 -3� .%� 3'$� 2823$,�� �'42�� 3'$� 1$04(1$#� 3$,/$1 341$� 23 ;

!(+(38� (2�  "'($5$#� 6(3'� (-$7/$-2(5$� #(&(3 +� ' 1#6 1$�� 2(,/+$

%(1,6 1$�  +&.1(3',2� $7$"43(-&�  3�  -� �	;�9� 1 3$��  -#� ".,/+$7

" +"4+ 3(.-2� $5$18� 3'1$$� 2$".-#2�
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$6� .<(9(5;,,� <:,9� :(-,;@�� ;/,� �!� ��� 05:;9<4,5;� 0473,4,5;:

(� 5<4),9� 6-� :(-,;@� -,(;<9,:�� $9(@� 96;(;065� 0:� :;677,+� (-;,9� (

4(?04<4� 6-� 		� 4:� >/,5� ;/,� ;9(@� +669� 0:� 67,5,+�� �5@

46=,4,5;� ;/(;� >(:� 05� 796.9,::� 0:� -050:/,+� (-;,9� ;/,� +669� 0:

*36:,+� (.(05�� $/,� /0./D=63;(.,� 76>,9� :<773@� 0:� )96<./;� ;6

	&� (5+� :>0;*/,+� 6--� >/,5� ;/,� ;67� *6=,9� 0:� 67,5,+� 69� >/,5

(� 3,(2� 0:� +,;,*;,+�� $/,� *(::,;;,� -(5� 0:� :>0;*/,+� 6--� >/,5� ;/,

;67� *6=,9� 0:� 67,5,+� ;6� (=60+� -05.,9� 051<90,:�� !9,::<9,� 65� ;/,

=0(3:� 0:� 9,3,(:,+� 044,+0(;,3@� >/,5� ;/,� ;67� *6=,9� 0:� 67,5,+�

6;/,9>0:,�� ;/,� =0(3� *65;,5;:� >6<3+� ),� :79(@,+� 05:0+,� ;/,

+,;,*;69� *647(9;4,5;�� !9,::<9,� 0:� 9,46=,+� -964� ;/,� )<--,9

)6;;3,� 0-� (� 3,(2� 0:� +,;,*;,+�

��
��
����

'/,5� (� *65*,5;9(;065� +,7,5+,5;� +,;,*;69� :0.5(3� 0:� 05;,D

.9(;,+� 6=,9� ;04,� ;/,� 7,(2� (9,(� 0:� (� 4,(:<9,� 6-� ;/,� (46<5;

6-� :,7(9(;,+� :(473,� *6476<5+�� $/,� :(473,� (9,(� (5+� ;/,

(46<5;� (9,� 9,3(;,+� )@� ;/,� :7,,+� 6-� ;/,� ():69)05.� 7(9;0*3,:

(:� ;/,@� 46=,� ;/96<./� ;/,� +,;,*;69� *,33�

�5� �!��� :,7(9(;065:� ;/,� :7,,+� 6-� ;/,� :(473,� 0:� 5694(33@

256>5�� �;� 0:� ;/,� -36>� 9(;,� 6-� ;/,� 308<0+�� �5� ,3,*;967/69,:0:�

;/,� :,7(9(;05.� 76>,9� 0:� ;/,� +0--,9,5*,� 05� ;/,� 46)030;@� 6-� ;/,

*6476<5+:�� >/0*/� 4,(5:� ;/(;� ;/,� *6476<5+:� /(=,� +0--,9D

,5;� :7,*0-0*� :7,,+:� >/03,� 46=05.� ;/96<./� ;/,� +,;,*;69�

$6� *699,*;� -69� :7,,+� +0--,9,5*,:� 05� 3(;,9� ,=(3<(;065� :;,7:�

05-694(;065� ()6<;� ;/,� 46=05.� -69*,� 0:� 5,,+,+�� �5� (� :0473,

(5(3@:0:� ;/,� =63;(.,� 0:� *65:;(5;� +<905.� ;/,� *6473,;,� 9<5�� )<;

;,47,9(;<9,� */(5.,:� /(=,� (5� 05-3<,5*,� 65� =0:*6:0;@� (5+

46)030;@�� (5+� (� ;04,D796.9(44,+� =63;(.,� 69� -9(*;065� *633,*D

;065� *(5� /(=,� (� ;9,4,5+6<:� 05-3<,5*,� 65� ():63<;,D(9,(D;6D

(46<5;� *(3*<3(;065:�

$6� :<7769;� -<;<9,� ,=(3<(;065� +,=,3674,5;:� ;/,� �!� ��� 05D

:;9<4,5;� :<7769;:� -0=,� 9(>� +(;(� */(55,3:� 05� (++0;065� ;6� ;/,

+,;,*;69� :0.5(3:�

• &63;(.,�� *<99,5;�� (5+� 76>,9� 6-� ;/,� /0./D=63;(.,� :6<9*,
• !9,::<9,� (*96::� ;/,� :,7(9(;065� *(7033(9@
• $,47,9(;<9,� 6-� ;/,� (09� -964� ;/,� *(::,;;,�
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$9(+0;065(33@�� +0(.56:;0*� 96<;05,:� )<03;� 05;6� 05:;9<4,5;:� (9,

)(:,+� 65� ;/,� 7,9*,7;065� ;/(;� ;/,� -(03<9,� 46+,:� (9,� (39,(+@

256>5� +<905.� ;/,� +,=,3674,5;� 7/(:,�� �69� ;/,:,� -(03<9,

4,*/(50:4:� :7,*0(3� ;,:;:� (9,� 0473,4,5;,+� �"���� " ��� *64D

4<50*(;065�� +0:73(@�� ,;*��� >/0*/� .,5,9(;,� (� 7(::�-(03� 05+0*(D

;065� 69� (� =(3<,�� #64,;04,:� ;/,� 256>3,+.,� 6-� (� :7,*0-0*� -(03D

<9,� 46+,� 05� ;/,� ,(93@� +,=,3674,5;� 7/(:,� 3,(+:� ;6� */(5.,:

6-� ;/,� 796+<*;� ;/(;� 9,+<*,� 69� ,=,5� ,30405(;,� ;/,� -(03<9,

46+,�� �6>,=,9�� ;/,9,� 0:� 56� 76::0)030;@� 6-� (=60+05.� ;/,� 3,(95D

05.� *<9=,�� %5,?7,*;,+� ),/(=069� (5+� +,7,5+,5*0,:� (3>(@:

(77,(9� (-;,9� ;/,� 796+<*;� 0:� 9,3,(:,+�� (5+� 4(@� 05*9,(:,� ;/,

30:;� 6-� +0(.56:;0*� -<5*;065:� 5,,+,+�� $/<:�� ;/,� +0(.56:;0*:

0473,4,5;,+� 05� ;/,� ,(93@� 7/(:,� 40./;� ),� 6-� 30;;3,� <:,� >/03,

;/6:,� 46:;� 5,,+,+� (9,� 56;� :<7769;,+�� $/,� +0:(+=(5;(.,� 6-

;/,� ;9(+0;065(3� *65*,7;� 0:� ;/(;� ;/,� +0(.56:0:� 6-� -(03<9,� 46+,:

+0:*6=,9,+� (-;,9� ;/,� +,=,3674,5;� 7/(:,� 0:� 56;� 76::0)3,� >0;/D

6<;� 796+<*;� */(5.,:�

$/,� �!� ��� 05:;9<4,5;� 0473,4,5;:� ;9(+0;065(3� +0(.56:;0*

-<5*;065:� (:� 6<;305,+� ()6=,�� )<;� ;/,� -094>(9,� (3:6� 0473,D

4,5;:� )(:0*� -<5*;065:� -69� +0(.56:0:�� :<*/� (:� 9,(+� :,5:69:�� 69

>90;,� ;6� /(9+>(9,� (++9,::�� �(*96:� 65� ;/,� !�� *(5� <:,� ;/,:,

)(:0*� -<5*;065:� ;6� *65:;9<*;� *6473,?� +0(.56:0:� -<5*;065:� ;6

(++9,::� :7,*0-0*� 796)3,4:�� �6>� 0-� (� 5,>� -(03<9,� 46+,� 0:

+0:*6=,9,+�� >,� 1<:;� (++� (� +0(.56:0:� 4(*96� -69� 0;� (5+� *9,(;,

(5� <7+(;,+� =,9:065� 6-� ;/,� +0(.56:;0*:� +0:*� ;6� +0:;90)<;,� 0;� ;6

;/,� 4(5<-(*;<905.� (5+� :,9=0*,� 69.(50A(;065:�� $/0:� 3,(+:� ;6� (

*65;05<6<:� 04796=,4,5;� 6-� ;/,� +0(.56:;0*:� -69� ;/,� 05:;9<D

4,5;�� (5+� >,� :7,5+� ;/,� ;04,� ;6� *9,(;,� +0(.56:0:� -<5*;065:

653@� -69� -(03<9,:� ;/(;� /(=,� (*;<(33@� 6**<99,+� 05� ;/,� -0,3+�� �

=(3<()3,� :0+,� ,--,*;� 0:� ;/(;� 46:;� 46+<3,� ;,:;� 96<;05,:� (9,

0473,4,5;,+� >0;/05� ;/,� 796+<*;�� :6� 4(5<-(*;<905.� +6,:� 56;

5,,+� (� 3(9.,� (46<5;� 6-� :7,*0(3� ,8<074,5;�� $/,� :,9=0*,� 7,9D

:65� (;� ;/,� *<:;64,9�:� :0;,� /(:� (33� ;/,� ,8<074,5;� 5,,+,+� ;6

7,9-694� ;/,� :(4,� ;,:;:� (:� 690.05(33@� <:,+� 05� ;/,� -(*;69@�

��
������� ���������

$/,� 05:;9<4,5;� 5694(33@� *633,*;:� ,8<(33@� :7(*,+� +(;(� -69

=63;(.,�� *<99,5;�� 76>,9�� =0(3� 79,::<9,�� (5+� ;,47,9(;<9,� 05� (

)<--,9� 4,469@� 05� ;/,� 05:;9<4,5;� "���� $/,� +0(.56:0:� -094D

>(9,� 4(2,:� 0;� 76::0)3,� ;6� 9,+09,*;� 6;/,9� +(;(� 302,� :,9=6

:7,,+�� :,9=6� 76:0;065�� :,9=6� *<99,5;�� :,5:69� +(;(�� =(3=,� :;(;,:�

(5+� :6� 65� ;6� ;/0:� )<--,9�� $/<:�� >,� *(5� :;69,� <7� ;6� -0=,� *65D

-0.<9()3,� 4,(:<9,+� =(3<,:�� >0;/� (� *65-0.<9()3,� +(;(� 9(;,� 6-

<7� ;6� �	� �A�� $/,� !�� :6-;>(9,� 9,(+:� ;/0:� )<--,9� (5+� .,5,9(;,:

9,769;:� (5+� .9(7/0*:�

$/0:� ;663� .9,(;3@� 04796=,+� 6<9� ()030;@� ;6� -05+� )<.:� +<905.� ;/,

+,=,3674,5;� 7/(:,� ),*(<:,� >,� .6;� ;/,� /0:;69@� 6-� :,9=6

76:0;065:�� 79,::<9,� =(3<,:�� (5+� 6;/,9� 4,(:<9,+� =(3<,:� >/,5

(5� ,9969� 6**<99,+�� �;� (3:6� .(=,� <:� 4<*/� 469,� 05:0./;� �302,� (

)<03;D05� 6:*0336:*67,� -69� ,3,*;964,*/(50*:�� 05;6� >/(;� 9,(33@

/(77,5,+� 05� ;/,� <50;� ;/(5� >,� >6<3+� /(=,� 6);(05,+� -964

:05.3,� 4,(:<9,4,5;:�

�5� (+=(5;(.,� 6-� ;/0:� -094>(9,� -,(;<9,� 0:� ;/(;� :,9=0*,� 7,9:65D

5,3� *(5� <:,� 0;� ;6� -05+� 796)3,4:� 05� ;/,� -0,3+� (5+� *(5� :,5+� ;/,
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The graphical user interface of the HP CE instrument is designed to be
easily understood by users familiar with other separation methods but
new to CE. It provides for method programming and simulation and for
visualization of the status of the instrument and the running analysis.
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The HP CE user interface is based on a common HP ChemStation architecture.
The architecture and many software components are shared with ChemStations
previously developed for other analytical techniques.  For example, because most
of the HP CE ChemStation functionality is identical with the high-performance
liquid chromatography (HPLC) ChemStation (automation, data acquisition, pro-
cessing of measured data from the detector, and reporting), about 80% of the
HPLC ChemStation code was reused.  This article describes the evolution of this
common software architecture and the core software components.

The term ChemStation was created to describe the use of a workstation as a tool
for an analytical chemist.  Independent of the analytical technique, the user works
with a ChemStation to control the analysis system, acquire measured data, pro-
cess the data, and create the analysis report.  In addition, these complex functions
must be fully automated for unattended operation. As PCs became very popular
for the chemist’s desk as well as in the analytical laboratory, HP product genera-
tion organizations, together with a system development group, defined the follow-
ing objectives:

• Develop a ChemStation architecture based on the Microsoft  Windows platform.
• Develop reusable components from which various products can be assembled.
• Develop selected architecture-neutral components to be used for other data sys-

tem platforms (e.g., UNIX  system-based workstations).

The architecture for the ChemStations is based on the available Windows technol-
ogy.  The development environment is based on the Microsoft development tools
(C, C++, MS foundation classes, etc.).  Both the Windows platform and the envi-
ronment have evolved significantly during the last couple of years.

Because the common software components were developed by an international
team, an appropriate infrastructure was set up to support the engineers working at
two sites, one in the U.S.A. at Wilmington, Delaware and one in Waldbronn, Ger-
many.  A history management system (HMS), telephone conference equipment,
small decision making groups, and system build processes were defined and
implemented. The product development program was set up so that the software
development groups were not isolated from the instrument development groups.

The infrastructure as it exists today is much different from the way it was defined in
the beginning.  As we learned how to deal with such a complicated environment,
we went through several steps with the infrastructure and the organizational struc-
ture to make sure that the various software product generation groups were linked
together.

The architecture and the development of the ChemStation products also went
through several evolutionary steps. We always focused on clear product examples
during the development of the core components. This approach made sure that

the software development met the instrument requirements for the various analyi-
cal techniques.  We also had to maintain the architecture and the core compo-
nents according to the fast-changing Windows platform technology.

The first step was to introduce software products for HPLC, HPCE, and UV/Vis
instruments.  All these software products were built on the available common
software components.  As an example, the analytical language processor, a BA-
SIC-like language, is used in all the products as a common key component.  In a
second step we went further and built one core software product supporting
HPCE, GC, HPLC, and analog-to-digital converters.  ”Plug and play” modules
specific to various instruments and analytical techniques can be added to the core
software product.  This is the basis for the recently introduced multitechnique
ChemStation, which provides control, automation, and data handling for up to four
GC, LC, or CE instruments and an optional analog-to-digital interface.  This prod-
uct is always delivered with the core software and an individual module for one
specific analytical technique.  If the customer wants to add another instrument,
either for the same analytical technique or to combine techniques (for example,
HPLC with CE), another module can be ordered and installed to work with the
core.

This approach is very efficient and highly appreciated by our customers and field
people.  If the customer knows how to operate one product it is easy to operate
the ChemStation for another analytical technique.  The customer can concentrate
on the analytical technique and always finds the same user interface.  Other tech-
niques, such as UV/Vis, SFC, and so on, share all the common components from
the core and therefore are on the same architecture.

This approach has resulted in a very high reuse level—between 65% and
85%—and ensures that all the products meet high quality standards with a reason-
able amount of testing and software validation effort.

Development of the common ChemStation architecture was only possible through
the involvement and cooperation of many people throughout various HP organiza-
tions, who deserve a great deal of credit for these achievements.

Herbert Wiederoder
Section Manager
Waldbronn Analytical Division

Microsoft is a U.S. registered trademark of Microsoft Corporation.

Windows is a U.S. trademark of Microsoft Corporation.

UNIX is a registered trademark in the United States and other countries, licensed exclusively
through X/Open  Company Limited.

X/Open is a registered trademark, and the X device is a trademark, of X/Open Company
Limited in the UK and other countries.
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The final chemical test developed for the HP CE instrument implicitly
checks various instrument functions by determining the reproducibility of
migration time and peak area measurements for well-defined chemical
samples. The injection type was selected by testing four different types in
a series of reproducibility tests. The final test can be used in production,
at a customer site, or for teaching CE basics.
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�%()14(� (8(4;� 470�

ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ

�.75+�� 	� /,0� ����� �$��

�.75+�� 
� /,0� 470� %7))(4
ÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁ

 (2$4$6,10�
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ

"1.6$*(�� 	�� -"

�1.$4,6;�� 215,6,8(

!(/2(4$674(�� ��°�

ÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁ

�(6(&6,10� ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ

#$8(.(0*6+�� 	��� 0/

�$0'9,'6+�� �� 0/

�()(4(0&(�� 1))

ÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁ

�$6$� �0$.;5,5�
ÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁ

�0,6,$.� 6+4(5+1.'�� �	

!1� *7$4$06((� $� +,*+� (.(&64115/16,&� ).19�� 6+(� &$2,..$4;� ,5

24(64($6('� %()14(� ,65� ),456� 75(� 9,6+� ��� 51',7/� +;'41:,'(� $6

�°��� !4($6/(06� 1)� 6+(� )75('� 5,.,&$� 9$..� 9,6+� ��� 51',7/

+;'41:,'(� 51.76,10� $6� $0� (.(8$6('� 6(/2(4$674(� 4(57.65� ,0� $

/$:,/7/� 1)� &+$4*('� 5,.$01.� *41725� 10� 6+(� 574)$&(�� 9+,&+� ,5

6+(� %$5,&� 24(4(37,5,6(� )14� +,*+� (.(&64115/16,&� ).19�� �� 5(&=

10'� 4,05,0*� 56(2� &105,56,0*� 1)� $� 	=/,076(� ).75+� 9,6+� ����

51',7/� +;'41:,'(� $0'� $� 
=/,076(� ).75+� 9,6+� 2+152+$6(

%7))(4� ,5� $''('� 61� %(� $5� &105,56(06� $5� 2155,%.(� 9,6+� 6+(� 24(=

&10',6,10,0*� 56(2� 75('� %()14(� (8(4;� 470�� !+(� &$2,..$4;

&10',6,10,0*� 9,6+� ��� �$��� ,5� &$44,('� 176� 10&(� %()14(� 6+(

),456� 75(� 1)� 6+(� &$2,..$4;� )14� 6+(� ),0$.� 6(56� $0'� ,5� 016� 4(2($6('
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Table II
Factors Influencing Migration Time Reproducibility

Instrument Parameters

�3278%28� �%77)88)� ")14)6%896)

�)08-)6� �0)1)28

�%27

�3278%28� !)4%6%8-32� #308%+)

�3;)6� !9440=

�322)'8-327

�3278%28� %2(�  )463(9'-&0)� �-59-(� �):)0� -2�  )40)2-7,)(

#-%07

�6)7796)� !=78)1

#%0:)7

"9&)� �322)'8-327

Chemical and Physical Parameters

�0)'86337138-'� �03;� �$)8%� �38)28-%0†�
�97)(� !-0-'%� �%8)6-%0

�90/

!96*%')

�9**)6

4�

�32-'� !86)2+8,

"=4)

#-7'37-8=� �78632+0=� 8)14)6%896)� ()4)2()28�

�59-0-&6-91� !8%8)

�6)'32(-8-32-2+

�9**)6� "=4)

† Zeta potential is the potential difference between the capillary wall surface and the bulk solu-
tion.

(96-2+� 8,)� 8)78�� ",)� 46)'32(-8-32-2+� -7� %� *097,� 78)4� '%66-)(

398� &)*36)� ):)6=� 7-2+0)� 692�� �)6)� ;)%/)6� '32(-8-327� %6)

97)(�� 
���� �%��� %2(� 692� &9**)6�

�2� %((-8-32� 83� '6)%8-2+� %� ,-+,� )0)'86337138-'� *03;�� 8,)� 692

8-1)� 3*� 8,)� :-8%1-2� 7)4%6%8-32� -7� 348-1->)(� &=� 97-2+� %� 692

8)14)6%896)� 3*� �
°�� ):)2� 8,39+,� 8,-7� -14%-67� 8,)� 7)4%6%8-32
)**-'-)2'=�� �2'6)%7-2+� 8,)� 8)14)6%896)� 6)79087� -2� %� ()'6)%7)

3*� &9**)6� :-7'37-8=� 3*� ��� 4)6� ()+6))�� ",-7� '%97)7� ,-+,)6� *03;

:)03'-8=� 3*� 8,)� 692� &9**)6�� ",)� 46)'32(-8-32-2+� %2(� 7)4%6%@

8-32� '32(-8-327� %6)� 0-78)(� -2� "%&0)� ��

�8� ,%7� &))2� 7,3;2� �7))� ?�-2%0� ")78� %2(�  )79087�� &)03;�� 8,%8

8,)� 8)78� 1-<896)� 3*� 8,-%1-2)�� 2-'38-2%1-()�� %2(� 2-'38-2-'� %'-(

'%2� &)� 7)4%6%8)(� ;-8,� ,-+,� 6)463(9'-&-0-8=� 3*� 1-+6%8-32� 8-1)

%2(� 4)%/� %6)%� 92()6� 8,)� '32(-8-327� 0-78)(� -2� "%&0)� ��� "=4-'%0

6)0%8-:)� 78%2(%6(� ():-%8-32� :%09)7� '%0'90%8)(� *36� 7-<� 6927

;)6)� &)03;� ��� -2� 1-+6%8-32� 8-1)� %2(� &)03;� �� -2� 4)%/

%6)%�

����� ����������

",)� 1)86-'7� '300)'8)(� -2� 8,)� *-2%0� 8)78� %6)� 8,)� 6)463(9'-&-0-8-)7

�6)0%8-:)� 78%2(%6(� ():-%8-327�� 3*� 8,)� 1)%796)(� 1-+6%8-32

8-1)7� %2(� 4)%/� %6)%7� 3*� 8,)� ;)00@()*-2)(� :-8%1-2� 7%140)7�

",)� -278691)28� 4%6%1)8)67� -140-'-80=� 8)78)(� &=� ()8)61-2-2+

8-1)� 6)463(9'-&-0-8=� %6)� 8,)� 78%&-0-8=� 3*� 8,)� '%77)88)

8)14)6%896)� %2(� 8,)� %''96%'=� 3*� 8,)� 6)40)2-7,1)28� 7=78)1�

",)� )28-6)� -2.)'8-32� %2(� ()8)'8-32� 7=78)1� -7� 8)78)(� &=� 8,)

()8)61-2%8-32� 3*� %6)%� 6)463(9'-&-0-8=�� �*� '3967)�� 8,)� &%7-'

-278691)28� *92'8-327� 0-/)� 86%=� %2(� 0-*8� 13:)1)287� 2))(� 83� ;36/

'366)'80=� (96-2+� 8,)� *-2%0� 8)78� *36� %2=� 6)79087� 83� &)� 3&8%-2)(�

"-1)� %2(� %6)%� 6)463(9'-&-0-8=� ()4)2(� 238� 320=� 32� -278691)28

4%6%1)8)67�� &98� %073� 78632+0=� 32� ',)1-'%0� %2(� 4,=7-'%0� -2@

*09)2')7�� �36� 8)78-2+� -278691)28� *92'8-327�� 8,)� 8)78� 8330�

;,-',� -7� 8,)� :-8%1-2� %2%0=7-7� -2� 8,-7� '%7)�� 7,390(� ,%:)�

'3278%28� 4%6%1)8)67�� -()%00=� ;-8,� 23� *%-096)� 4377-&-0-8-)7�

�3;):)6�� :%6-%8-327� %2(� *%-096)7� 3*� ',)1-'%0� 7=78)17� '%2@

238� &)� )<'09()(�� ",)6)*36)�� *%-096)7� %2(� 8,)-6� -14%'87� ,%:)

83� &)� ;)00@/23;2� 83� (-78-2+9-7,� &)8;))2� ',)1-'%0� %2(

-278691)28%0� *%-096)7�

"%&0)7� ��� %2(� ���� 7,3;� -278691)28%0� %2(� ',)1-'%0	4,=7-'%0

4%6%1)8)67� ,%:-2+� (-6)'8� -2*09)2')7� 32� 1-+6%8-32� 8-1)� %2(

4)%/� %6)%�

����� �����
�	������

",)� 1378� -14368%28� 4%6%1)8)67� -2*09)2'-2+� 8,)� 1-+6%8-32

8-1)� 6)463(9'-&-0-8=� 3*� 7)4%6%8-327� '%66-)(� 398� -2� &%6)� *97)(

7-0-'%� '%4-00%6-)7� %6)� :%6-%8-327� -2� 8,)� )0)'86337138-'� *03;� %2(

8,)� ()+6))� 3*� )59-0-&6%8-32� 3*� 8,)� 7-0-'%� 796*%')� ;-8,� 6)74)'8

83� 8,)� &9**)6�

",)� !1309',3;7/-� )59%8-32� ()7'6-&)7� 8,)� 4%6%1)8)67� ()8)6@

1-2-2+� 8,)� )0)'86337138-'� 13&-0-8=��

���� � A
�
�6�

�
� ������

;,)6)� ����� -7� 8,)� )0)'86337138-'� :)03'-8=�� �
� -7� 8,)� 4)61-88-:@

-8=� 3*� :%'991�� �6� -7� 8,)� 4)61-88-:-8=� 3*� 8,)� )0)'8630=8)� 7309@

8-32�� � � -7� 8,)� >)8%� 438)28-%0�� � � -7� 8,)� :-7'37-8=� 3*� 8,)� )0)'863@

0=8)� 73098-32�� ����� -7� 8,)� )0)'86337138-'� 13&-0-8=�� %2(� �� -7

8,)� )0)'86-'%0� *-)0(� 786)2+8,�� �''36(-2+� 83� 8,)� !1309',3;7/-

)59%8-32�� 8,)� )0)'86337138-'� *03;� -7� -2*09)2')(� &=� 8,)� >)8%

438)28-%0�� ;,-',� -7� %**)'8)(� &=� 8,)� 4634)68-)7� 3*� 8,)� *97)(

7-0-'%� 1%8)6-%0�� ",)� )0)'86337138-'� *03;� -7� %073� %**)'8)(� &=

8,)� '31437-8-32� %2(� 4�� 3*� 8,)� &9**)6� %2(� 8,)� 46)'32(-8-32@

-2+� 73098-32�

Table III
Factors Influencing Peak Area Reproducibility

Instrument Parameters

�2.)'8-32� !=78)1

�6)7796)

#%0:)7

�)8)'8-32� !=78)1

Chemical and Physical Parameters

�<4907-32� 3*� !%140)

!-2+0)@!8)4� �2.)'8-32

�2.)'8-32� �� �378-2.)'8-32

#308%+)�  %14

 )463(9'-&-0-8=� 3*� �2.)'8-32� �09+

�2.)'8-32� #3091)

$)63� �2.)'8-32� �**)'8

"-1)�  )463(9'-&-0-8=

�8�%&736&%2')
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pH and Concentration of Conditioning and Preconditioning Solu-
tions. � �64&%� 4*-*$"� $"1*--"3*&4� "3&� %3"8/� 6/%&3� )*()-:� %&):<
%3"5*/(� $0/%*5*0/4� 0'� )*()� 5&.1&3"563&4� �"306/%� 	���°��� "/%
%3:� */&35� ("4� �"3(0/���  )&/� "� $"1*--"3:� *4� 53&"5&%� 8*5)

"26&064� $0/%*5*0/*/(� 40-65*0/4� 5)&� '*345� 5*.&� #&'03&� 64&�

4*-"/0-� (30614� "3&� $3&"5&%�� "� (&-� -":&3� "5� 5)&� 4*-*$"�-*26*%� */5&3<

'"$&� *4� %&7&-01&%�� "/%� 5)&� &-&$53*$"-� %06#-&� -":&3� *4� #6*-5� 61

�*/� 5)&� $"4&� 0'� 6/53&"5&%� '64&%� 4*-*$"�� 5)*4� $0/4*454� 0'� /&("5*7&

$)"3(&4� 0/� 5)&� $"1*--"3:� 463'"$&� "/%� 104*5*7&� $)"3(&4� */� 5)&

-*26*%� /&"3� 5)&� 463'"$&�� "4� &91-"*/&%� */� 5)&� "35*$-&� 0/� 1"(&

���

�/� (&/&3"-�� �"��� '-64)&4� "5� &-&7"5&%� 5&.1&3"563&4� "3&� 64&%

'03� $0/%*5*0/*/(�� 3&46-5*/(� */� "� ."9*.6.� 463'"$&� %&/4*5:� 0'

$)"3(&%� 4*-"/0-� (30614�� �"��� *4� ,/08/� 50� %*440-7&� '64&%

4*-*$"� 4530/(-:� "/%� *4� 5)&3&'03&� &91&$5&%� 50� )"7&� 5)&� #&45

$-&"/*/(� &''&$5� 0/� 5)&� 463'"$&�� �/� 5)&� 05)&3� )"/%�� 5)&� 64&� 0'

�"��� *4� "� 7&3:� 4&7&3&� .&5)0%� 5)"5� *4� &91&$5&%� 50� -&"7&� "

306()� 463'"$&� 8)*$)� $06-%� $3&"5&� &-&$53004.05*$� '-08� 7"3*"<

5*0/4� "/%� -0$"-� &%%*&4�� �)*4� $"/� %&$3&"4&� 5)&� 4&1"3"5*0/� &''*<

$*&/$:�
� �)&� *.1"$5� 0'� �"��� *4� /05� &/5*3&-:� $-&"3� "5� 5)*4� 5*.&

"/%� 5)&� 46#+&$5� *4� 45*--� 6/%&3� 0/(0*/(� 3&4&"3$)�

�$*%*$� 40-65*0/4� -*,&� 1)041)03*$� "$*%� "3&� "-40� 64&%� '03� $0/%*<

5*0/*/(�� &41&$*"--:� 8)&/� 5)&� 46#4&26&/5� 4&1"3"5*0/� *4� $"33*&%

065� */� "$*%*$� #6''&3� .&%*"�

�&'03&� &7&3:� 36/�� $"1*--"3*&4� "3&� /03."--:� 13&$0/%*5*0/&%� '03

5)&� 46#4&26&/5� 4&1"3"5*0/� '03� $-&"/*/(� "/%� &26*-*#3"5*0/

163104&4�� �)*4� 45&1� $"/� $0/4*45� +645� 0'� 0/&� #6''&3� '-64)� #65

0'5&/� */$-6%&4� 4&7&3"-� 45&14� 8*5)� %*''&3&/5� '-64)� 40-65*0/4�

�3&$0/%*5*0/*/(� 40-65*0/4� 5)"5� %*''&3� '30.� 5)&� 36/� #6''&3� */<

'-6&/$&� 5)&� 45"564� 0'� 5)&� 463'"$&�� �03� &9".1-&�� 8)&/� �"��

'-64)&4� '0--08&%� #:� 36/� #6''&3� '-64)&4� "3&� 64&%� '03� 5)&� 7*5"<

.*/� "/"-:4*4�� 5)&� 3&46-5*/(� &-&$53004.05*$� '-08� "/%� 463'"$&

$0/%*5*0/� "3&� %*''&3&/5� 5)"/� *'� 0/-:� 36/� #6''&3� *4� 64&%� '03

13&$0/%*5*0/*/(�� �/� (&/&3"-�� 5)&� &-&$53004.05*$� '-08� *4� )*()&3

64*/(� �"��� '-64)&4�� �/� 46$)� $"4&4�� 5)&� 463'"$&� *4� */� "� 26"4<

*45"#-&� 45"5&� "/%� /05� */� "/� &26*-*#3*6.� 45"5&�

Buffer pH, Concentration, and Type. � �)&� 4&1"3"5*0/� #6''&3� "'<
'&$54� 5)&� %&/4*5:� 0'� $)"3(&%� (30614� "/%� 5)&� &-&$53*$"-� %06#-&

-":&3� "5� 5)&� 463'"$&� "4� 8&--� "4� 5)&� 5)*$,/&44� "/%� $0.104*5*0/

0'� 5)&� (&-� -":&3�

�)&� 5:1&� 0'� #6''&3� %&5&3.*/&4� 5)&� &26*-*#3"5*0/� #&)"7*03� 0'

5)&� 463'"$&� "/%� 5)&� #6''&3�� �)041)"5&� #6''&34� &41&$*"--:� "3&

,/08/� 50� )"7&� "� 4-08� &26*-*#3"5*0/� #&)"7*03� #&$"64&

1)041)"5&� .*(3"5&4� */50� "/%� 065� 0'� 5)&� #6-,� 4*-*$"�� $0/5*/6<

064-:� $)"/(*/(� 5)&� ;&5"� 105&/5*"-� 0'� 5)&� 8"--� "4� -0/(� "4

.*(3"5*0/� 5",&4� 1-"$&����� �4*/(� 1)041)"5&� #6''&3� "5� -08� 1�

"'5&3� */*5*"-� �"��� $-&"/*/(�� 463'"$&� &26*-*#3*6.� "%+645.&/5

5*.&4� 07&3� 
�� %":4� $"/� #&� 0#4&37&%�� �03� $*53"5&� 03� #03"5&

#6''&34�� 5)&� .*(3"5*0/� .&$)"/*4.4� "4� %&4$3*#&%� '03� 1)04<

1)"5&� "3&� /05� ,/08/�� �26*-*#3"5*0/� 4&&.4� 50� 0$$63� '"45&3

8*5)� 5)04&� #6''&34�

Fused Silica.� �)&� ."/6'"$563*/(� 0'� $"1*--"3:� ."5&3*"-� "/%� 5)&
130$&44� 0'� $"1*--"3:� 130%6$5*0/� "3&� &91&$5&%� 50� )"7&� "/� *.<

1"$5� 0/� 5)&� ;&5"� 105&/5*"-� 0'� 5)&� 463'"$&�� �)&� 5:1&� "/%� ."(<

/*56%&� 0'� 5)&� */'-6&/$&� 0'� 5)&4&� 1"3".&5&34� )"7&� /05� #&&/

$-"3*'*&%� :&5� "/%� "3&� 45*--� 6/%&3� 0/(0*/(� 3&4&"3$)�

����� �����
�	������

�&4*%&4� 5)&� 3&130%6$*#*-*5:� 0'� 5)&� */+&$5*0/� 13&4463&� "/%� 70-5<

"(&�� 8)*$)� "3&� */4536.&/5� 1"3".&5&34�� 5)&� 5:1&� 0'� */+&$5*0/

130$&%63&� *4� 0/&� 0'� 5)&� *.1035"/5� '"$5034� 5)"5� %&5&3.*/&� "3&"

3&130%6$*#*-*5:�� �)&� ;&30� */+&$5*0/� &''&$5� �&91-"*/&%� -"5&3�

)"4� "� 4*.*-"3� */'-6&/$&� 0/� "3&"� 3&130%6$*#*-*5:�

Type of Injection.� �)&� .045� $0..0/� */+&$5*0/� 130$&%63&� *4� +645
50� */+&$5� "� 4".1-&� 1-6(� 0'� "� $&35"*/� -&/(5)� &*5)&3� #:� 70-5"(&� 03

13&4463&�� �03� #&55&3� 3&130%6$*#*-*5:�� 5)&� 4".1-&� */530%6$5*0/

$"/� #&� $0.#*/&%� 8*5)� "/� "%%*5*0/"-� #6''&3� 1-6(� */+&$5*0/

�1045*/+&$5*0/�� 8*5)� 03� 8*5)065� "� 70-5"(&� 3".1� 50� 45"35� 5)&

4&1"3"5*0/�

�)&03&5*$"--:�� 5)&� '0--08*/(� $0/4*%&3"5*0/4� "11-:��  )&/� "

4&1"3"5*0/� 70-5"(&� *4� "11-*&%� 50� "� $"1*--"3:� "'5&3� */+&$5*0/�� "

)&"5� 16-4&� *4� $3&"5&%�� �)*4� 3&46-54� */� 5)&� 70-6.&� &91"/4*0/

0'� 5)&� #6''&3� "/%� 4".1-&� */� 5)&� $"1*--"3:�� �0-6.&� &91"/4*0/

$"64&4� -*26*%� 50� #&� 164)&%� 065� 0'� 5)&� $"1*--"3:�� �'� 5)&� 4".1-&

1-6(� *4� -0$"5&%� %*3&$5-:� "5� 5)&� &/%� 0'� 5)&� $"1*--"3:�� 40.&� 4".<

1-&� *4� &91&--&%�� �)*4� 130$&44� *4� "� $"64&� 0'� -08� 3&130%6$*#*-<

*5:�� �/%&3� 5)&� $0/%*5*0/4� */� 8)*$)� 5)&� 7*5".*/� "/"-:4*4� *4

$"33*&%� 065�� 5)*4� &''&$5� )"4� #&&/� $"-$6-"5&%� 50� )"7&� "� .*/03

*.1"$5���� �91&3*.&/54� �%&4$3*#&%� -"5&3�� )"7&� 4)08/� 5)"5� 5)&

(&0.&53:� 0'� 5)&� $"1*--"3:� &/%� *4� .6$)� .03&� *.1035"/5�� �7&/
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Table IV
Injection Conditions for Four Three-Vitamin Analyses
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To avoid unwanted interactions between proteins being analyzed and the
surface of the fused silica CE capillary, the surface must be deactivated.
Four approaches to surface deactivation for protein analysis are
presented. A method for determining the extent of protein adsorption is
discussed.
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By circumventing laminar flow while expanding the cross section of the
analyte, this detector cell greatly increases both the sensitivity and the
linearity of capillary electrophoresis. Manufacturing is made feasible by an
advanced computer-controlled miniature lathe using machine vision.
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Capillary Inside Diameter (�m)
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HP–UX 9.* and 10.0 for HP 9000 Series 700 and 800 computers are X/Open Company UNIX
93 branded products.

UNIX  is a registered trademark in the United States and other countries, licensed exclusively
through X/Open Company Limited.

X/Open  is a registered trademark and the X device is a trademark of X/Open Company
Limited in the UK and other countries.
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In the process of offering a new technology to the marketplace the
expertise of the user is often not considered. The HP Disk Array offers
RAID technology with special installation and configuration features
tailored for ease of use.
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* Hot-plug in this context is the ability to replace a disk while the system is in operation.
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Application
(e.g., Word Processor)

Operating System

4. Operating System Request Completed:
File is in memory ready for application to
operate on it.

1. Operating System
Request: Read file

3. Return Completed I/O Request

2. I/O Request to Storage Subsystem 2:
Read file request is translated into storage
subsystem-specific commands.

Storage Subsystem 1
(e.g., Flexible Disk)

Storage Subsystem 2
(e.g., RAID System)



�0) � ���
� � 2' //6���&�-�� �*0-)�'� � � � � � � ��

�# � - '�/$*).#$+� � /2  )� /# . � /2*� /4+ .� *!� ./*-�" � $.� ��. �

*)� #*2� $)!*-(�/$*)� $.� /-�).! -- �� $)� �� /4+$��'� �++'$��/$*)�

���� 
��� �������

�# )� �)� �++'$��/$*)� .0�#� �.� �� 2*-�� +-*� ..*-� 2�)/.� /*

*+ )� �� !$' �� $/� $.� 0.0�''4� /# � *+ -�/$)"� .4./ (� /#�/� $.� - .+*)6

.$�' � !*-� �*(+' /$)"� /#�/� - ,0 ./�� � + )�$)"� *)� 2# - � /# 

!$' � $.� �0-- )/'4� '*��/ �� �$/� �*0'�� �'- ��4� � � $)� ( (*-4��� /# 

*+ -�/$)"� .4./ (� (�4� " ) -�/ � *) � *-� (*- � ���� - ,0 ./.� /*

/# � ./*-�" � .4./ (� /*� �-$)"� /# � !$' � $)/*� ( (*-4�� �#$.� +-*6

� ..� $.� $''0./-�/ �� $)� �$"�� ��

� �*0+' � *!� $..0 .� .#*0'�� � � +*$)/ �� *0/� # - �� �$-./�� /# 

�++'$��/$*)� �* .� )*/� &)*2� #*2� *-� 2# - � /# � *+ -�/$)"� .4.6

/ (� #�.� ./*- �� /# � !$' � $/� $.� - ,0 ./$)"�� �$($'�-'4�� /# � *+ -�/6

$)"� .4./ (� (�4� )*/� &)*2� #*2� *-� 2# - � /# � ./*-�" � .0�.4.6

/ (� #�.� ./*- �� /# � ��/�� (�&$)"� 0+� /# � !$' �

�*-� $)./�)� �� $)� �� ���� .4./ (� *) � ���� - ,0 ./� !-*(� /# 

*+ -�/$)"� .4./ (� (�4� - .0'/� $)� (0'/$+' � /-�).! -.� $)� /# � ./*-6

�" � .0�.4./ (�� �$)� � ���� �� �.  � +�" � �	�� ($--*-.� *-� �0+'$6

��/ .� �''� $)!*-(�/$*)� !-*(� *) � #�-�� �$.&� /*� �)*/# -��  1 -4

/$( � /# � *+ -�/$)"� .4./ (� - ,0 ./.� �� !$' � /*� � � 2-$// )�� /# 

���� .0�.4./ (� (0./� 2-$/ � /#$.� !$' � /2$� �� �!� /# � ���� .0�6

.4./ (� $.� 0.$)"� ���� 
�� 2-$/$)"� �� !$' � (�4� - .0'/� $)� (0'/$+' 

- ��.� �)�� 2-$/ .�

�$)� � . 1 -�'� ���� /-�).! -.� (�4� - .0'/� !-*(� �� .$)"' � - ,0 ./

!-*(� /# � *+ -�/$)"� .4./ (�� .*( /#$)"� $)� /# � .4./ (� (0./

#�1 � /# � $)/ ''$" )� � /*� �$./-$�0/ � /# � ��/�� +-*+ -'4� �)�

&)*2� #*2� /# � ��/�� .#*0'�� � � - /-$ 1 ��� ��1$*0.'4�� $)� �

(*�0'�-� .4./ (� .0�#� �.� /# � *) � � .�-$� �� ��*1 � (�)4� �+6

+-*��# .� /*� $(+' ( )/$)"� /#$.� $)/ ''$" )� � $)� �� ���� ./*-�" 

.4./ (� ��)� � � $(�"$) ��� �# � !*''*2$)"� . �/$*)�  3+'*- .� /# 

(*./� �*((*)� ���� ./*-�" � .4./ (� �++-*��# .� �)�� .*( � *!

/# � ��1�)/�" .� �)�� �$.��1�)/�" .� *!� /# � �$!! - )/� �+6

+-*��# .�

�
�� �������������

� 2$� � 1�-$ /4� *!� �-�#$/ �/0- .� #�1 � �  )�  3+'*- �� $)� /# 

 !!*-/� /*� +-*1$� � � // -� ���� /#-*0"#+0/� �)�� ��/�� +-*/ �/$*)

��. �� *)� ����/ �#)*'*"4�� � �# . � �-�#$/ �/0- .� ��)� � � �$6

1$� �� $)/*� /2*� (�%*-���/ "*-$ .� ��. �� *)� 2# /# -� /# � ���

�'"*-$/#(.� �- �  3 �0/ �� $)� /# �#*./� ���� *-� �� � �$��/ �� ����

�# )� 0.$)"� /# � #*./� ����� /# ��-�#$/ �/0- � $.� " ) -�''4

/#*0"#/� *!� �.� �� .*!/2�- � .*'0/$*)�� �)��2# )� �� � �$��/ �

���� $.� 0. ��� /# � .*'0/$*)� $.� .�$�� /*� #�1 � ��#�-�2�- � �-�#$6

/ �/0- �� � �# � (�%*-� �$!! - )� � � /2  )� /# . ��-�#$/ �/0- .

(*./� *!/ )� �(*0)/.� /*� �� /-�� 6*!!� � /2  )� �*./� �)��+ -!*-6

(�)� �

Software RAID Architectures.� � �$)� � �� .*!/2�- � ���� �-�#$/ �6

/0- �0. .� /# � #*./� .4./ (� ���� /*�  3 �0/ �� *) � *�1$*0.� �$.6

��1�)/�" � 2$/#�/#$.� �++-*��#� $.� /# � +*/ )/$�'� !*-� '*2 -� *1 -6

�''� .4./ (�+ -!*-(�)� � /#�)� 2$/#� �� � �$��/ �� ���� �.� $)� /# 

#�-�2�- � �����-�#$/ �/0- �� � �*2 1 -�� $)� (�)4�  )1$-*)6

( )/.�� /# � #*./� ���� $.� )*/�0. �� /*� $/.� !0''� ��+��$'$/4�� � �# - 6

!*- �� 0.$)"� /# � . -1 -� ���� /*� 3 �0/ � ���� �'"*-$/#(.� +-*6

1$� .� /# � (*./� �*./6 !! �/$1 � �����-�#$/ �/0- � 2#$' � ./$''

+-*1$�$)"� �� ,0�/ � .4./ (� + -!*-(�)� �

� 1 -�'� *+ -�/$)"� .4./ (.� )*2� *!! -� .*( � ( /#*�� *!� ��/�

- �0)��)�4� �4� $(+' ( )/$)"� /# � ���� �'"*-$/#(.� �.� +�-/� *!

/# � *+ -�/$)"� .4./ (� �.  ��$"�� 	���� �# � ��1�)/�" � *!� � /#$.

�++-*��#� $.� /#�/� /# - � $.� )*� ���$/$*)�'� �*./� /*� /# � 0. -�� �*26

 1 -�� /# � + -!*-(�)� � (�4� � � �!! �/ �� $)� ���6$)/ ).$1 � �+6

+'$��/$*)� . -1 -�  )1$-*)( )/.� .0�#� �.� ��/���. �  )"$) .�

�*/�  1 -4� ���� ' 1 '� $.� *!! - �� /#-*0"#� /# � *+ -�/$)"� .4.6

/ (�� �)�� .*( � *+ -�/$)"� .4./ (.� *!! -� )*� ��/�� - �0)��)�4

.�# ( � �/� �''�� �#$.� #�.� +-*(+/ �� .*( � ./*-�" � .4./ (� 1 )6

�*-.� /*� +-*1$� � �0./*(� .*!/2�- � /#�/� $(+' ( )/.� /# � � .$- �

���� .�# ( �� �$"�� 	�� .#*2.� /# � .*!/2�- � �-�#$/ �/0- � $)

2#$�#� /# � /# � � .$- �� ���� ' 1 '� $.� +-*1$� �� 2$/#� �)� $)/ ''$6

" )/� � 1$� � �-$1 -�

Hardware RAID Architectures. � �)�  )1$-*)( )/.� 2# - � /# 

. -1 -� $.�0. �� !*-� ���6$)/ ).$1 � �++'$��/$*).�� ���$)"� /# 

*1 -# ���*!�  3 �0/$)"� ���� �'"*-$/#(.� (�4� .$")$!$��)/'4

	���� ��� �*!/2�- � �++-*��# .� /*� $(+' ( )/$)"� /# � ���� / �#)*'*"4�

���� �*!/2�- � $).$� � /# � *+ -�/$)"� .4./ (�� ���� �0./*($5 �� .*!/2�- 

�-$1 -.�

RAID Provided by the
Operating System

Device Driver

SCSI Controller

Host PC

External
Storage
System

(a)

Operating System

RAID Provided by a
Device Driver

SCSI Controller

Host PC

External
Storage
System

(b)



��� � � � � � � ����� ����� ���������	���
� ������

��� ��������� ��� ���
� ��	������

The Need for Information Storage
The trend today is to put increasingly larger amounts of an organization’s informa-
tion onto some sort of electronic media for quicker, concurrent, and geographically
independent access. The information being put on the electronic media is often
critical to the operation of the organization. This trend has created an increasing
demand for newer and better methods of electronic storage . One such electronic
storage method is data protection via RAID (redundant array of inexpensive disks)
technology.

RAID technology finds its roots in a series of papers referred to as the Berkeley
papers.1 Although these papers do not precisely define RAID, they do provide the
basis for the architecture of the technology. The need for disk drive redundancy
developed as the need for data integrity and system reliability became a growing
issue. For example, the consequence of a single point of failure in a disk storage
system could result in the failure of the entire computer system. This loss of pro-
ductivity and often data was deemed unacceptable.

Seven RAID levels are defined. Each level specifies a different disk array configu-
ration and data protection method, and each provides a different level of reliability
and performance. Since only a few of these configurations are practical for most
online transaction processing systems, file servers, and workstations, RAID levels
0, 1, 3, 5, and 6 are described here.

RAID 0
Although it is often debated that since RAID 0 is not redundant and should there-
fore not be considered as a RAID mode, nearly all RAID solutions include this
mode. RAID 0 distributes the data across all the disks in the disk array configura-
tion (see Fig. 1) Since there is no redundancy, the capacity utilization is 100 percent.

� Fig. 1. RAID 0 configuration.
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The data blocks in Fig. 1 are broken into three parts and striped across three disks.
What this means is that while data is being retrieved on disk 1, the data on disks 2 and
3 can be requested and ready to transfer sooner than if three I/O requests were made.

RAID 1
To answer the need for reliability and data integrity, system managers have often
implemented a solution in which write data is mirrored on two separate disk sys-
tems. This implementation is referred to as RAID 1. The primary advantage of
RAID 1 is its simplicity. RAID 1 provides a slight improvement in read performance
over the other implementations. However, write performance is poor because all
data is duplicated. The primary disadvantage of RAID 1 is cost, because for every
byte of storage used on a system an equal amount of storage must be provided as
a mirror. This results in a cost differential of 100% over standard nonredundant
mass storage.

In Fig. 2, the data is mirrored on each disk. In the event of a failure on disk 1, the
same data is available on disk 2.

Fig. 2. RAID 1 configuration.
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RAID 3
The architecture for RAID 3 is often referred to as a parallel array because of the
parallel method that the array controller uses in reading and writing to the disk

drives.  For RAID 3 it is necessary to provide two or more data disks plus an ECC
(error correcting code) disk. Data is dispersed or striped across the data disks,
with the ECC disk containing an exclusive-OR of the data from the other disks. Un-
like the other RAID solutions, the data is dispersed across the disk in a byte inter-
leave rather than the typical block interleave. With the spindles all synchronized,
the data is placed on the same cylinder, head, and sector at the same time.  In the
case of RAID 3, each drive is connected to a dedicated SCSI channel, which
further ensures the performance.

This architecture can handle any single disk failure in the chain. If a data drive
fails, data can be recovered from the failed drive by reconstructing the exclu-
sive-OR of the remaining drives and the ECC drive.  The advantage of this
scheme is that redundancy is achieved at a lower cost (compared to RAID 1).  The
primary disadvantage is its I/O performance for small amounts of data.  When an
application requires the transfer of large sequential files, such as graphic images
for workstations, this is the best method.

Fig. 3 shows the configuration for RAID 3. The data is striped across drives like
the RAID 0 configuration. If a failure occurs, the data is reconstructed based on
the parity data on disk 3. 

Fig. 3. RAID 3 configuration.
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RAID 5
RAID 5 was defined in an effort to improve the write performance of RAID 1 and
RAID 3 systems. Like RAID 3, the data blocks are distributed over the disk drives
in the system, but unlike RAID 3, the ECC data is also distributed across all the
drives (see Fig. 4). With this configuration reads and writes can be performed in
parallel.

� Fig. 4. RAID 5 configuration.

Disk 1

Stripe 1 B0

B2

Disk 2 Disk 3

B1

B4

Stripe 2

Stripe 3

= Parity Data

B3

B5

RAID 6
Like RAID 0, RAID 6 is not yet accepted as a standard RAID configuration. This
configuration not only mirrors data (like RAID 1) but also stripes the information
(see Fig. 5). Because the data is striped, the performance is very similar to that
measured in a RAID 0 configuration. The penalty for use of this configuration is
that 100 percent more disk space is required.

Fig. 5. RAID 6 configuration.
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1. D. Patterson, G. Gibson, and R. Katz, “A Case for Redundant Arrays of Inexpensive Disks
(RAID)”. ACM SIGMOD Conference Proceedings, Chicago Illinois, June 1988, pp. 109-116.
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* The maximum number of devices on a narrow SCSI bus is eight, and since the disk controller
is considered to be one device, a maximum of seven hard disks can be connected to the bus.
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Data Protection:
Is data protection or

redundancy required?

Stripe Set Size:
What number of hard disks
should be used per stripe?

Hot Spare:
Does the system need a

standby disk for automatic
recovery?

RAID Level:
Which RAID level best fits our

requirements?

RAID Volume Size:
What will the partition size be?
Is more than one partition re-

quired?

Performance:
How important is

 performance to this volume?

I/O Request Type:
What is the distribution of ran-
dom versus sequential I/O re-

quests?Operating System Type:
Operating Systems have different

specifications regarding volume and
File Allocation Table (FAT) block

sizes.

Controller Cache:
If the read or write cache

should be configured, what
should it be set to?

Chunk Size:
What is the largest amount of
data that can be contiguously

stored on one disk?
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722.� ')17)5� 67%+)� 7,528+,287� 7,)� ()9)/230)17�� � ",)� 5)68/7?
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HP-UX 9.* and 10.0 for HP 9000 Series 700 and 800 computers are X/Open  Company UNIX
93 branded products.

X/Open is a registered trademark, and the X device is a trademark, of X/Open Company Ltd.
in the UK and other countries.

UNIX is a registered trademark in the United States and other countries, licensed exclusively
through X/Open Company Limited.

Microsoft is a U.S. registered trademark of Microsoft Corp.
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With the aid of a mouse and a menu-driven interface, COBOL
programmers new to the UNIX  operating system can improve their
productivity with a tightly integrated toolset that includes an editor,
compiler, debugger, profiler, and other software development tools.
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�"/9� -"2(&� $0.1"/*&3� 40%"9� "2&� 34*--� %&6&-01*/(� .*33*0/
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.&/53�

������ �0'4�&/$)� *.1206&3� %&6&-01&2� 120%5$4*6*49� 7*4)� "

4*()4-9� */4&(2"4&%� 400-3&4� 4)"4� */$-5%&3� "/� &%*402�� $0.1*-&2�

1&2'02."/$&� "/"-9:&2�� %&#5((&2	"/*."402�� 34"4*$� "/"-9:&2�� '*-&

$0.1"2"402�� &."*-�� "/%� .02&�� �4)&2� *4&.3� 1206*%&%� #9
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• �2"1)*$"-� 6*&73� 0'� $0.1-&8� 120(2".3
• �0:&/3� 0'� */4&(2"4&%� 4)*2%� 1"249� 400-3
• �206*3*0/3� '02� %&6&-01&23� 40� */4&(2"4&� 4)&*2� 07/� 400-3� 53*/(
4)&� �0'4�&/$)� &/$"135-"402
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• �)&� �0'4�&/$)� 120(2".� &%*402† � &%*43� 120(2".� '*-&3�� 3)073
4)&� $0-5./� "/%� -*/&� -0$"4*0/� 0'� 4)&� $52302�� "$$&33&3� 6&23*0/
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† See reference 3 for more information about these SoftBench tools.
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,%-3� ,!-!'%1�2� Directory: Show Full Listing � ,%-4� )3%,�

����� ��� �%+%#3)-'� 2%5%1!+� ������ &)+%2� &.1� #.,/)+!3).-�

Context
Line

�.5)-'� !".43� )-� !� $)1%#3.18� .-+8� 1%04)1%2� !� ,.42%� ,.5%:

,%-3�� �.� #(!-'%� 3.� !-.3(%1� $)1%#3.18� !-$� 5)%6� )32� #.-3%-32�

,.5%� 3(%� ,.42%� &.#42� 3.� 3(%� #.-3%73� +)-%�� �()+%� (.+$)-'

$.6-� 3(%� 1)'(3� ,.42%� "433.-�� ,.5%� 3(1.4'(� $)1%#3.1)%2� 4-3)+

3(%� $%2)1%$� $)1%#3.18� )2� ()'(+)'(3%$�� �%+%!2%� 3(%� ,.42%� "43:

3.-� !-$� !� -%6� $)1%#3.18� +)23� $)2/+!82�

�(%� �.&3�%-#(� $%5%+./,%-3� ,!-!'%1� (%+/2� ,!-!'%� &)+%2� !-$

$)1%#3.1)%2� .-� 3(%� $%5%+./%1�2� #.,/43%1� !-$� !#1.22� 3(%� -%3:

6.1*�� �1.,� 3(%� File�� ,%-4� )3%,�� 3(%� $%5%+./%1� #!-� %!2)+8
#(..2%� Edit, Copy, Rename, Import�� .1� Delete� $%/%-$)-'� 4/.-� 3(%
3!2*�

� -4,"%1� .&� #.,,.-+8� 42%$� ��� � #.,,!-$2� !1%� !5!)+!"+%

&1.,� 3(%� System� ,%-4�� �(%2%� )-#+4$%�
• �(!-')-'� !� &)+%�2� /%1,)22).-
• �1)-3)-'� !� &)+%� 6)3(� !� -4,"%1� .&� /1)-3%1� ./3).-2
• �(%#*)-'� 3(%� 2/%++)-'� )-� !� &)+%
• �.4-3)-'� +)-%2�� 6.1$2�� !-$� #(!1!#3%12� )-� !� &)+%
• �1%!3)-'� !� "!#*4/� #./8� .&� !� &)+%
• �/$!3)-'� 3(%� ,.$)&)#!3).-� 3),%� &.1� !� &)+%�


���������� ����� ���� 	����

�%6� ������ �.&3�%-#(� 42%12� 6!-3� 3.� +%5%1!'%� 3(%)1� �����

$%5%+./,%-3� %7/%13)2%� !-$� /1.3%#3� 3(%)1� )-5%23,%-3� )-� %7)23:

)-'� ������ !//+)#!3).-2�� �(%� &.++.6)-'� %7!,/+%� 2(.62� (.6

!� ������ $%5%+./%1� 6(.� )2� ,!)-3!)-)-'� 4-&!,)+)!1� #.$%

6.4+$� 42%� ������ �.&3�%-#(� 3.� 3!#*+%� !� /1."+%,� 3(!3� ,)'(3

!1)2%� )-� !� ������ 2.&36!1%� ,!)-3%-!-#%� %-5)1.-,%-3�

�-� 3()2� 2#%-!1).� 3(%� $%5%+./%1� 1%#%)5%2� !� #.,/+!)-3� 3(!3� 3(%

)-&+!3).-� #!+#4+!3).-� /1.'1!,� �infcalc.cbl�� 3!*%2� 3..� +.-'� 3.
23!13�� �.� $%!+� 6)3(� 3()2� #.,/+!)-3�� 3(%� $%5%+./%1� ,423

04)#*+8� )$%-3)&8� 3(%� /%1&.1,!-#%� ".33+%-%#*�� &)7� 3(%� /1."+%,�

!-$� 5%1)&8� 3(!3� 3(%� &)7� $.%2� )-$%%$� ),/1.5%� 3(%� !//+)#!3).-2

/%1&.1,!-#%�

Source Code Control.� �(%� )-&+!3).-� #!+#4+!3).-� /1.'1!,� (!2� !
&)+%2%3� #.-3!)-)-'� infc,alcsub.c�� infcalc.cbl�� header.cpy�� !-$� Makefile�
�(%� $%5%+./%1� 2%32� 4/� !� 6.1*)-'� $)1%#3.18� 42)-'� 3(%� �.&3:

�%-#(� $%5%+./,%-3� ,!-!'%1� !-$� #(%#*2� 3(%2%� &)+%2� .43� .&� !

1%5)2).-� #.-31.+� 2823%,�� �(%� 1%5)2).-� #.-31.+� 2823%,2� 3(!3

������ �.&3�%-#(� #!-� "%� #.-&)'41%$� 3.� 42%� )-#+4$%� ����

������ ������ �+%!1�!2%�� !-$� .3(%12�
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�	��� �� � �# � �)!- (�#� *+)"+�'� �.$&� +� �(�� -# � ����� �)'*$& 

, --$(",� �$�&)"� �)1�

Compile Options.� �# � �**&$��-$)(� '.,-� � � �)'*$& �� -)�  (��& 

-# � " ( +�-$)(� )!� * +!)+'�(� � ,-�-$,-$�,�� �,$("� -# � �)!- (�#

*+)"+�'� �.$&� +�� -# � � / &)* +�  (��& ,� -# � Profile� )*-$)(� 0$-#

�� ')., � �&$�%� $(� -# � ����� �)'*$& � , --$(",� �$�&)"� �)1� �(�

�)'*$& ,� -# � �**&$��-$)(� ��$"�� 	��� �# � ����� �)!- (�#

 (/$+)(' (-� ��� *-,� '�(2� �)(-+)&� )*-$)(,� 0#$�#� -�$&)+� -# 

�)'*$& � !)+� ,* �$�&� (  �,�

Micro Focus Run-Time Settings. � �/ +� ���� )*-$)(,� �+ � �/�$&��& 

$(� -# � �$�+)� �)�.,� ����� � / &)*' (-�  (/$+)(' (-�

����� �)!- (�#� *+)/$� ,� �� 0�2� -)� /$ 0� �(�� �#�(" � )*4

-$)(,� �(�� /�&. ,�  �,$&2�� �/ +� 
�� )!� -# � '),-� �)'')(� )*4

-$)(,� �+ � �/�$&��& � !+)'� -# � �)!- (�#� *+)"+�'� �.$&� +� /$�

-# � ����� �)'*$& +� , --$(",� �(�� ����� +.(4-$' � , --$(",

�$�&)"� �)1 ,�

Application Execution. � �# � �**&$��-$)(� $,�  1 �.- �� -)� " ( +�- 
* +!)+'�(� � ��-��� �# (� -# � � / &)* +� +.(,� -# � �**&$��-$)(

!+)'� -# � �)!- (�#� *+)"+�'� �.$&� +�� -# � !$& ,� infcalc.rpt� �(�
inflcalc.ipf� �+ � �+ �- ��

Application Performance Analysis.� �# � �)!- (�#� ����� *+)4

!$& +� '�% ,� $-�  �,2� -)� � - +'$( � 0# + � -# � �**&$��-$)(� $,

,* (�$("� $-,� -$' �� � ' '� +� -#�-� !)+� ).+�  1�'*& �� -# � * +4

!)+'�(� � �)'*&�$(-� $,� ��).-� ,&)0� ,-�+-.*�� �# � � / &)* +

()-$� ,� -#�-� �� &�+" � �').(-� )!� -$' � $,� � $("� ,* (-� $(� -# � $($4

-$�&$3�-$)(� ')�.& � ��$"�� 
��

�	��� ��� �# � - (� )*-$)(,� !)+� ,)+-$("� * +!)+'�(� � ,-�-$,-$�,�� �(� -#$,

 1�'*& � -# � ')�.& ,� $(� -# � *+)"+�'� � $("�  /�&.�- �� 0$&&� � � ,)+- �

���)+�$("� -)� -# � �').(-� )!� -$' � ,* (-� $(�  ��#� ')�.& �

�# � �)!- (�#� ����� *+)!$& +� $,� �(�  (��*,.&�-$)(� )!� -# 

,-�(��+�� �$�+)� �)�.,� ����� *+)!$& +� -))&�� �# � ����� �)!-4

 (�#� $'*& ' (-�-$)(�  (#�(� ,� -# � �$�+)� �)�.,� *+)!$& +

&$,-$(",� )!� * +!)+'�(� � ��-�� �2� �$,*&�2$("� -# � ��-�� $(� �� �)!-4

 (�#� 0$(�)0�� �& 1$�& � + *)+-$("� ��*��$&$-$ ,� �+ � �/�$&��& �

�)+�  1�'*& �� -# + � �+ � - (� 0�2,� -)� ,)+-� * +!)+'�(� � ,-�-$,4

-$�,� �,  � �$"�� ���� �,$("� -# � Options: Display Options� !+)'� -# � *+)4

!$& +� 0$(�)0�� -# � � / &)* +� ��(� �&,)� �#)), � -)� /$ 0� )(&2

 (- + �� ��-��� ()( (- + �� ��-��� )+� �&&� -# � *�+�"+�*#,� $(� -# 

*+)"+�'�

�	��� ��� �# � *+)!$& � ,-�-$,-$�,� !)+

-# � ��&�.&�-$)(� *+)"+�'�



�4-$� 
���� �$6+$33;� "* 1#� �.41- +� � � � � � � ��

�	��� ��� �'$� �.%3!$-"'� /1.&1 ,� $#(3.1� 2'.6(-&� 3'$� (-(3( +(9 3(.-

,.#4+$�

Program Structure.� �'$� �.%3�$-"'� 23 3("�  - +89$1�  ++.62� 3'$

#$5$+./$1� 3.� 2 5$� 3(,$� (-� 2$ 1"'(-&� %.1� /1.&1 ,� $11.12� (-

4-% ,(+( 1� ������ ".#$�� �1.,� 3'$� �.%3�$-"'� ������ /1.;

%(+$1�� 3'$� #$5$+./$1� #.4!+$� "+("*2� .-� 3'$� +(-$� (-� �(&�� �� 2'.6;

(-&� 3'$� (-(3( +(9 3(.-� ,.#4+$�� �'(2�  "3(.-� !1(-&2� 4/� 3'$� �.%3;

�$-"'� /1.&1 ,� $#(3.1� #(2/+ 8(-&� 3'$� 2.41"$� ".#$�� 23 13(-&�  3

3'$� !$&(--(-&� .%� 3'$� 2$+$"3$#� ,.#4+$� ��(&�� ��

�'$� #$5$+./$1� -$$#2� 3.� +$ 1-�  !.43� 3'$� 1$+ 3(.-2'(/2� !$36$$-

3'$� , -8� / 132� 3' 3� , *$� 4/� 3'$�  //+(" 3(.-� 6(3'.43� ' 5(-&

3.� 1$ #� 3'$� 4-% ,(+( 1� ".#$�� �2(-&� 3'$� ,.42$� !433.-�� 3'$

#$5$+./$1� #1 &;2$+$"32� 000-MAIN-MODULE�  -#� "'..2$2� 3'$� Show:
Definition( ) � ,$-4� (3$,� 3.� !1(-&� 4/� 3'$� �.%3�$-"'� 23 3("�  - ;

+89$1�� �.6�� 3'$� #$5$+./$1� " -� 04("*+8� #(2/+ 8� 3'$� /1.&1 ,

2314"341$� &1 /'(" ++8� 42(-&� 3'$� Graph: Query Graph� ,$-4� (3$,

��(&�� ���

Existing Relationships.� �'$� 23 3("� 04$18� &1 /'� 2'.62� 3' 3� 3'$

(-(3( +(9 3(.-� ,.#4+$� /$1%.1,2� 3'$� 150-ZERO-FIELD� / 1 &1 /'�
�..*(-&� ! "*�  3� 3'$� �.%3�$-"'� ������ /1.%(+$1� (-� �(&�� ��� 3'$

#$5$+./$1� 2$$2� 3' 3� 3'(2� / 1 &1 /'� (2� " ++$#� 
			� 3(,$2�

�(3'(-�  � 5$18� 2'.13� 3(,$�� 3'$� #$5$+./$1� *-.62� 6'$1$� 3'$

/1.&1 ,� (2� 2/$-#(-&� 3(,$�� ' 2�  -� 4-#$123 -#(-&� .%� 3'$� /1.;

&1 ,� 2314"341$��  -#� (2� 1$ #8� 3.� #$!4&�  3�  � 2/$"(%("� / 1 &1 /'�

�-� .3'$1� 6.1#2�� 3'$� #$5$+./$1� ' 2�  � &..#� 23 13� 3.6 1#� 2.+5(-&

3'$� /1.!+$,�

Program Animation.� �1.&1 ,,$12� %1$04$-3+8� -$$#� 3.� 4-#$1;

23 -#�  � /1.&1 ,�2� +.&("�� �8� #8- ,(" ++8� 6 3"'(-&� +(-$2� .%

2.41"$� ".#$� $7$"43$�� 3'$8� " -� (#$-3(%8� 6'$1$� 3'$� !$' 5(.1

.%� 3'$� /1.&1 ,� #(%%$12� %1.,� 6' 3� 3'$8� (-3$-#$#�

�2(-&� 3'$� �.%3�$-"'� ������  -(, 3.1�� 3'$� #$5$+./$1� 2$+$"32

3'$� +(-$� .%� ".#$� 3' 3� /$1%.1,2� 3'$� / 1 &1 /'� (-� 04$23(.-�

PERFORM 150-ZERO-FIELD UNTIL ZERO-COUNTER = 1000 � ��(&�� ���
�'..2(-&� Breakpoints: Zoom� $7$"43$2� 3'$� /1.&1 ,� 3'1.4&'� 3'$

23$/� )423� !$%.1$� 3'$� /$1%.1,� 23 3$,$-3� (-� 04$23(.-�� �'(+$� 3'$

 -(, 3.1� (2� / 42$#�� 3'$� #$5$+./$1� " -� 5($6� 3'$� ".#$� 3' 3� (2

�	��� ��� �'$� �.%3�$-"'� 23 3("�  - +89$1�  -#� 3'$� 23 3("� &1 /'� 2'.6(-&

3'$� 2314"341$� .%� 3'$� " +"4+ 3(.-� /1.&1 ,�

 !.43� 3.� !$� $7$"43$#�� �..*(-&�  3� 3'(2� / 1 &1 /'� 1$5$ +2� 3' 3

3'$� WS-ARRAY�  11 8� $+$,$-32�  1$� !$(-&� 2$3� 3.� 9$1.�

�'$� #$5$+./$1� -.6� 2$+$"32� 3'$� Animate� !433.-�� �'$�  -(, 3$

,.#$� 2(-&+$� 23$/2� 3'1.4&'� 3'$� /1.&1 ,�� �2� $ "'� +(-$� $7$;

"43$2�� 6 3"'� 6(-#.62� 2'.6� 3'$� - ,$�  -#� 5 +4$� .%�  ++� 5 1(;

 !+$2� 3' 3� "' -&$�� �'$� #$5$+./$1� %(-#2� 3' 3� 3'$� /1.&1 ,

$7$"43$2� 3'(2� +../� 
			� 3(,$2�� )423�  2� (3� 6 2� (-3$-#$#�

Textual Static Queries.� �'$� Show� ,$-4� 2'.6-� (-� �(&�� 
	

'$+/2� +." 3$�  -8� /+ "$�  � 2/$"(%($#� (#$-3(%($1� (2� 1$%$1$-"$#�

�1.,� 3'$� �.%3�$-"'� ������  -(, 3.1�� 3'$� #$5$+./$1� #1 &;

2$+$"32� 3'$� WS-ARRAY� (#$-3(%($1�  -#� 3'$-� "'..2$2� Show�� Refer-
ences( )�� �'$1$�  1$� .-+8� 36.� 1$%$1$-"$2�� 3'$� #$"+ 1 3(.-�  -#

3'$� /$1%.1,� 23 3$,$-3�

�� ,.1$� $7/$1($-"$#� #$5$+./$1� ".4+#� ' 5$�  5.(#$#� 3'$�  -(;

, 3.1� 23$/2� !8� $#(3(-&� 3'$� 150-ZERO-FIELD� -.#$� %1.,� 3'$� 23 3("

�	��� ��� �'$� �.%3�$-"'� ������  -(, 3.1� 2'.6(-&�  � 3$ 1;.%%� Breakpoints:
Zoom� ,$-4�  -#� 36.� $7 ,/+$2� .%� 6 3"'� 6(-#.62�� �� 3$ 1;.%%� ,$-4� (2

 � &1.4/� .%� ,$-4� ".,, -#2� 3' 3� ' 5$� !$$-� :3.1-� .%%�� %1.,� 3'$(1

/ 1$-3� ,$-4�� �'$� / 1$-3� ,$-4� (-� 3'(2� " 2$� (2� Breakpoints�� �� 3$ 1;.%%
,$-4�  ++.62� 3'$� 42$1� 3.� *$$/� .-� 3'$� 6.1*2/ "$� %1$04$-3+8� 42$#

,$-4� (3$,2� $5$-�  %3$1� 3'$� / 1$-3� ,$-4� (3$,� (2� -.� +.-&$1� 2$+$"3$#�

�(&�� �� 2'.62� " 2$� (-� 6'("'�  � ,$-4� ".4+#� !$".,$�  � 3$ 1;.%%� ,$-4�

�8� "+("*(-&� .-� 3'$� # 2'$#� +(-$�� 3'$� ,$-4� (3$,2� 2'.6-� !$+.6� 3'$

Actions� ".,, -#� 6.4+#� !$".,$�  � 3$ 1;.%%� ,$-4�

Tear-off
Breakpoints:
Zoom Menu

Watch
Windows
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	���� ���� �$!� Show� )!*0� %.� 0.! � /+� $!(,� (+��/!� 2$!-!� �� .,!�%"%! 
% !*/%"%!-� %.� -!"!-!*�! � %*� �� ,-+#-�)�

#-�,$� �* � �$!�'%*#� /$!� -!"!-!*�!.� "+-� WS-ARRAY� "-+)� /$!
�+"/�!*�$� ,-+#-�)� ! %/+-�

Source Code Modification.� �$%.�  !"!�/� "%3� %.� �� .%),(!� +*!
 !(!/!� /$!� 0**!�!..�-4� ,!-"+-)� (++,�� �-+)� /$!� �+"/�!*�$

������ �*%)�/+-�� /$!�  !1!(+,!-� �$++.!.� File: Edit� �* � ! %/.
infcalc.cbl�� �$!*� "-+)� /$!� �+"/�!*�$� ,-+#-�)� ! %/+-�� /$!
 !1!(+,!-� .!�-�$!.� "+-� /$!� ZERO-FIELD� ./-%*#�� -!)+1!.� /$!
0*0.! � �+ !�� �* � .�1!.� /$!� �$�*#!.� /+� /$!� "%(!�

�"� /$!�  !1!(+,!-� $� � *!! ! � /+� )�'!� )�&+-� �$�*#!.� /+� /$!

�+ !�� /$!� �+"/�!*�$� ,-+#-�)� �0%( !-� 2+0( � /�'!� �2�4� /$!

,�%*� +"� "%* %*#� �+),%(!� !--+-.�� �"/!-� /$!�  !1!(+,!-� .�1!.� �* 

�+),%(!.� /$!� ,-+#-�)�� �*4� !--+-.� "+0* � �-!�  %.,(�4! � %*� /$!

Build Output� �-!��� �+� �-+2.!� �* � "%3� !--+-.�� /$!�  !1!(+,!-� ��*
.!(!�/� /$!� First � �0//+*� +-� .!(!�/� �*4� !--+-� %*� /$!� (%./�� �$!� �..+6
�%�/! � .+0-�!� "%(!� �,,!�-.� %*� /$!� �+"/�!*�$� ,-+#-�)� �0%( !-�

2%/$� /$!� /!3/� �0-.+-� (+��/! � �/� /$!� �!#%**%*#� +"� /$!� (%*!

2$!-!� /$!� !--+-� 2�.�  !/!�/! � ��%#�� ����

Improved Application Performance. � �!"+-!� /$!� �+ !� %.� -!/0-*! 
/+� /$!� 1!-.%+*� �+*/-+(� .4./!)� �* � ,-+ 0�/%+*�� %/� %.� %),+-/�*/
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ASIC designers must sometimes provide the ASIC vendor with
documentation describing the data path of the chip and its relationship to
the control portion. This paper describes a method and attendant tools
that facilitate the employment of commonly available electronic schematic
capture software to ensure that the documentation given to the ASIC
vendor always matches the Verilog HDL descriptions used by the ASIC
designers for simulation.
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† Net aliases are a DCS construct; they allow a net to be referred to by another name, an alias.
Splitters with alias labels are a means of aliasing net names when splitting off elements of
buses. Bundles are like buses, except that each element of a bundle can have a name that is
not related to any other element.
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UNIX is a registered trademark in the United States and other countries, licensed exclusively
through X/Open  Company Limited.

X/Open is a registered trademark and the X device is a trademark of X/Open Company Lim-
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The RW_IO block runs at 120 MHz and interfaces the master memory
controller chip’s 60-MHz core with the 120-MHz processor bus drivers. A
design approach using standard cells, automatic place and route tools,
and a powerful database management and build tool was used to
construct the RW_IO block. This approach was chosen over a full custom
or data-path solution because of its reduced risk and the flexibility of the
design tools.
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Mentor Graphics is a trademark of Mentor Graphics Corporation in the U.S.A. and other
countries.
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