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In this Issue

of a complexmixturesuchas a biological
the composition
To determine
oftenusea combinasampleor seepagefroma toxicwastedump,chemists
Thechromatoandmassspectrometry.
tionof gasor liquidchromatography
that makeup the mixture(seepage7 for
graphseparates
the compounds
givesinformation
onthemasses
andthemassspectrometer
an explanation)
For manysamples,especially
molecules.
of the constituent
and structures
or thermallyunstableto be changedto a gas
thosethataretoo nonvolatile

ffi
:TqF without decomposing,liquidchromatographyis the best methodof separaliquid chromatographysystem is the HP 1050
tion. Hp's latest-generation
erdls
Series LC modules,describedon pages 6 to 50 of this issue.As R&D sectionmanagerHerbert
LC system
Wiederoderexplainsin his introductionon page 6, the design of a high-performance
physics,
electronics,
optics,
chemical
mechanics,
science,
requirescontributionsfrom materials
and software.The problemsincludethe handlingof liquidshavinga widerangeof solventproperties
at widely varying flow rates and pressures,controlof mechanicalcomponentssuch as pumps,
motors,and valves,detectionof chemicalsubstances,and data handling.The HP 1050 Series
extends and refines HP's LC technology,emphasizinga common architectureand a standard
design for all modules.A clever featureof the cabinetdesign is a built-inleak drainagesystem.
Whenthe modulesare stacked,leaksdrainfrom higherto lowermoduleswithoutspecialadapters.
There are three types of HP 1050modules:solventdeliverysystem(pumpmodule),autosampler,
designwith compenand detector.The pump (page 24\ is a simpleand reliableseries-dual-piston
sationfor liquidpropertiesand major physicalside effectsbuilt into the pump controlsystem.The
autosampler(page 17) can automaticallyinject samples in a programmedsequenceselecting
from either the standard21-sampletray or the optional1O0-sampletray. Two types of HP 1050
detector modules are available(page 36). Both are absorbancedetectors,which measurethe
lightabsorbedby the sampleas a functionof wavelength,producinga spectrumthat is characteristic for a particularsubstance.The forwardopticsdetectorpassesa singlewavelengthof light at
a time throughthe sample,while the reverseopticsdetectoruses white light,breaksthe light into
separatewavelengthsafter it goes throughthe sample,and detectsall wavelengthsat once using
a photodiodearray.The HP 1050 Seriesfirmwaredesign is describedin the articleon page 44.
fn keeping with the standard-designphilosophy,about 607" ol each module'sfirmware is the
same in all modules.To ensurethat the HP 1050 Series modulesmet their qualityobjectives,a
formal programwas designed;it's discussedin the articleon page 11.
In the 1980s,computertechnologybecamepervasivein companieslargeand small.The 1990s
will be the decadeof the network,as companiesinterconnecttheir mainframecomputers,personal
computers,engineeringworkstations,and manufacturingsystems.Already,complexnetworksof
computersand data communicationsequipmentare common,usuallycontainingequipmentfrom
Thesenetworkschallengetheirmanagersto findwaysof monitoring
manydifferentmanufacturers.
them, controllingthe individualparts,measuringperformance,and accounting
and troubleshooting
for the use of network resources.The HP OpenViewfamily is a set of hardwareand software
multiproductsdesignedto addressthese issues in the managementof open, standards-based,
vendor networks."standards-based"is a key concept,for it is the networkingstandardsbeing
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developedby the computerindustryand internationalorganizationslike the ISO that make multivendor networksboth possibleand manageable.The HP OpenViewfamilycurrentlyincludesHP
OpenViewWindows (see page 60), which providesa consistent,friendlyuser interfaceand an
integratedenvironmentfor managingnetworks,the HP OpenViewBridgeManager(page 66) for
managingLAN bridges,the HP OpenViewData Line Monitor (page 71) for monitoringanalog
data lines, and the HP openView DTC manager (page 76) for configuring,diagnosing,and
controllingdatacom and terminalcontrollers.The HP OpenViewstory begins with an overview
on page 51. The HP OpenViewnetworkmanagementarchitecture,solidlybasedon international
and de facto industrystandards,is discussedin the articleon page 54. The articleon page 85
describesa pair of network managementtools that were developedto test and refine the HP
OpenViewconcept.These tools are used internallyat HP but aren't availableas products.
A Word about Cards
With the December 1989 issue, we sent a card to our U.S. readers,asking them to conlirm
that they wantedto be on our mailinglist. Becausea last-minutechangeof plans wasn't properly
communicatedto our U.S. printer,most readersreceivedthe wrongcard, which impliedthat they
had recentlybecome subscribers.We'd like to apologizeto the hundredsof long-timereaders
who were offended or confused by this error. We'd also like to thank the many readers who
returnedtheir cards with kind comments.
R.P. Dolan
Editor

Cover
Behindthe front door ol the HP 1050 Seriesliquidchromatographquaternarypump moduleis
the four-wayproportioning
valveand the dual-pistonpump.The overlayis a pairof chromatograms
made using an absorbancedetectorat two differentwavelengths.

What's Ahead
In our nextissue,we'll havearticleson the designand capabilitiesof the HP SoftBenchintegrated
softwaredevelopmentenvironment,on the HP OSF/Motifwindowmanagerand the HP OSF/Motif
widget library,on the HP particlebeam interfacefor combiningliquidchromatographywith mass
spectrometry,and on HP's membraneprobe technologyfor testing integratedcircuitwafers.
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Liquid
A New ModularHigh-Performance
Chromatograph
TheHP 1050Seriesof modulesrefinesand extendsHP's
LC technology,emphasizinga commonarchitectureand
a standarddesignfor all modules.
by HerbertWiederoder
IGH-PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC),as a separationtechnique for nonvolatile substancesin mixtures, has a wide rangeof applications in the industrial world today. Over the last decade, instrumentation for liquid chromatography has
evolved towards higher flexibility, greatereaseof use, and
higher reliability.
Designing an HPLC system requires a high degreeof interaction between various disciplines, including mechanics, materialsscience,chemicalphysics,optics,electronics,
firmware. and software. Problems that must be solved include the handling of liquids having a wide rangeof solvent
properties at flow rates from 1 p.l/min to 10,000 pllmin and
pressuresup to 400 bar, control of mechanicalcomponents,
detection of chemical substances,and data handling.
How these problems were solved to provide a flexible,
easyto use,easyto handle,and highly reliableHPLCsystem
for HP's latest-generationliquid chromatographwill be described in this and the following articles. The design of
the new system,called the HP 1050 SeriesLiquid ChromatographyModules, takesa new modular approach,starting
from the technology of the HP 1090 LC family.l
HP 1050 Architecture
An HP 1050Seriesmodule is an independentinstrument
with specific user, hydraulic, and communication interfaces.Each module has its own power supply and enclosure. The combination of the modules provides the functions necessaryto do HPLC. The information flow and
solventflow in a typical chromatographareshown in Fig. 1.
The HP 1050 architecturebreaksdown the modules according to the functional blocks shown in Fig. 7' Fig. 2
shows the HP 1050 Seriesmodules. The separationtakes
place in the column, which is a tube filled with porous
material. The typical column supported by the HP 1050

Solvent Flow

+
I

Data Flow
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has an internal diameter of 4.6 mm and a length between
100 and 250 mm. The column is placed in the solvent
preparation module, which is part of the solvent delivery
system.Two versions of solvent delivery modules are available: an isocratic pump version and a quaternary pump
version. If the quaternary pump is chosen,the solvent preparation option is required. It is typically placed above the
pump and serves several functions, as described in the
article on page 24.
The sample (samplevolume typically between 0.1 and
100 pl) is introduced either manually by a valve or automatically by a separate module called the automatic liquid
sampler (ALS). Samplesare typically stored in 2-ml vials.
Up to 119 vials can be automatically processed,as described in the article on page 17.
The detectoris also a separatemodule. Two versions of
absorbancedetectors are available: a variable wavelength
detector(VWD)and a multiple wavelengthdetector(MWD).
Standard Module Design
Before the individual modules went into the detailed
design phase,a common internal and external architecture
for all the modules was developed, and standardsr,r;ere
establishedfor all modules to follow. Standardizationwas
a crucial issue. It provides several advantages,including:
r Provides a family look for the customer
I Gives the customer the freedom to arrangethe modules
to optimize the use of bench space
I Lowers the cost of the individual modules
I Allows new production processesfor medium-volume
products
I IncreasesR&D productivity and efficiency
I Makes design for manufacturing easier
I Definesclear interfacesbetweenthe functional modules
for a liquid chromatograph.

Fig. 1. Functional diagram for
high-performance Ii quid chroma'
tography (HPLC).

An Introduction to Liquid Chromatography
At the turn of the centurythe RussianbotanistTsvettwas
investigating
the composition
of the dyes in greenplantleaves.
He made petroleumether extractsof freshlydried leavesand
inlecteda smallamountof such an extracton top of powdered
calciumcarbonate,whichwas containedin a verticallyplaced
glasstubeor column.Whenhe flushedthe columnwitha mixture
of petroleumetherand alcohol,the dyes moveddown through
the columnwith differentvelocitiesand finallyformeda series
of green and yellowzones (see Fig. 1). He let the column run
dry and pushedthe calciumcarbonateout ol it He dividedthis
into pieces containingthe differentzones, and dissolvedthe
dyes (whichare greenchlorophyls
and yellowcarotenoids)
lrom
the adsorbent(the calciumcarbonate)with an approprialesolvent.
Sample

Start: Sample Introduced
at Top of Column

End: Components
Separated

Fig. 1 Principle of chromatography

In this way Tsvett physicallyretrievedthe individualcomponentsfrom a mixture He calledthis separationtechniquechro-

matography,not because"tsvett"is Russianfor color (Greek
"chromos": color),and notbecausethezonesin hisf irstexperimentswerevisibleas coloredrings(he immediately
recognized
that the techniqueis suitablefor both coloredand uncorored
compounds),but becausethe mixtureof dyes was separated
obeyingsomephysicallaw,likethe colorsin a rainbow.He drew
this parallelbecausethe dyes were alwaysseparatedin the
sameorderwhen he usedthe samecomposition
of the flushing
solvent.
In all chromatographic
techniquestwo phasesare invojved:
(1) a stationary
phase,whichis the columnpackingmaterial,
the
calcium carbonalein Tsvett'sexperiments,and (2) a mobile
phase,the eluent,which is the liquidthat is flushedthroughthe
columnbed, the petroleumether/alcohol
mixturein Tsvett'sexperiments.
Thecomponentsin the samplemixtureareseparated
becausetheir interaction
with the stationaryphase is different.
Becausethis interaction
mechanismcan be influencedin many
ways, both by changingthe stationaryphase materialand by
changingthe mobilephase composition,
chromatography
has
becomeone of lhe mostpowerfuland mostimportantchemjcal
analysistechniques.
In the last decades,liquidchromatographjc
techniqueshave
improveddramatically.lt is now very unusualfor the column
packingmaterialto be removedaftereach experiment.
Instead,
the columnis flusheduntilall compoundsof the samplemixture
have left the columnoutlet.The stationaryphase can then be
used again;this is necessaryfor routineanalysis.
The compoundsthat leavethe columnoutletare now usuaily
detectedon-line.Manypowerfuldetectiontechniqueshavebeen
developed,of which the UV/visibleabsorptiondetectoris the
mostwidelyused.Otherdetectortypesare fluorescence,
electrochemical,radiometric,
conductance,refractiveindex,polarimetric,and mass spectrometric.
This wide choiceof detectors
includestypes that offer universaldetection(e.g., refractive
index)or types that detectvery specificfunctionalgroupswith
increasedsensitivity
(e.9.,fluorescence).
Thisis helpfulin identifyingcompounds.
(conltnueo on nexi page)

Fig.2. TheHP 1050SeriesLiquid
ChromatographyModules.
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forceTsvettwas usingto elutethe compounds
Thegravitational
for his separationdoes not alwaysgive very reproducibleresults.
Deviationsin columnresistivity(caused,for example,by changes
in the column bed or by temperatureeffects)lead to changes
in the flow rateof the eluent.Thismeansthatthe samecompound
may elute Jromthe column at varying times. Modern pumping
systemscan supply liquids with hardly any pulsationand with
very high accuracy,enablingcompoundsto elutefromthe column at very reproducible times (relative standard deviation
<0.5%). This retentiontime is one of the most importantparameters in the identificationof compounds. Even more flexibility
(and complexity)in the separationprocesscan be achievedby
changingthe solventcompositionduringthe analysis.For this
pumpsare
purposehighlysophisticatedprogrammable-gradient
available.
Once the hydrodynamicsof the separationwere understood
and writtendown in some fundamentalequations,it was clear
that the proper choice of column packing materialcan improve
the separationconsiderably.The smaller the diameter of the
packing materialpartrcles,the better the separationefflciency
The oractical limit is near 1 Io 2 p'm,with the most common
particlediameternowadaysbeing 5 pm.
The particlediametershould be constantwithin narrowtolerances: the more uniform,the better. With these small particle
diameters,with column innerdiametersof 2 to 5 mm, with common lengthsof 10 to 25 cm, and with eluentflow ratesof 0.2 to
2.5 ml/min,the pressuredrop can be severalhundredbar.Therefore, glass is not suitableanymorefor the columniube material.
Now, tubes of stainlesssteel are common.As a consequence,
the pumpingsystemshave to be able to deltverpressuresup
to approximately400 bar. In addition,the particlesmust have

As a result of standardization in the hardware and firmware, the number of parts has been significantly reduced
compared to the HP 1090. The HP 1050 has about 607o
fewer part numbers than the HP 1090. About 60% of the
firmware code in each module is the same in all modules.
The external design for all the modules conforms to HP
corporate product guidelines. All modules have the same
footprint (325 mm wide by 560 mm deep) and user interface
style.
Ease of access to electrical and hydraulic interfaces was
an important design goal. This resulted in a design in which
all electrical connections are made from the rear and all
hydraulic connections are made from the front. Because
the instruments are in contact with a wide range of solvent
properties, for safety reasons a special leakage interface
was developed to handle the solvent in case something
leaks inside a module.
The internal architecture was driven by several design
goals, including design for manufacturability, standard internal structure, easy accessibility to routine maintenance
parts, and user interaction from the front.
Design for manufacturability was an important issue for
the enclosure. The enclosure is based on a chassis that
holds all the mechanical, electrical, and cooling assemblies
and the front panel. The cover, fixed with two screws,
completes the enclosure.
Fig. 3 shows the internal structure of all of the modules.
The back part contains up to six standard-sized printed
circuit boards including a standard power supply. All of
the boards have their own rear panels and are fixed in a
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high mechanicalstrength.Therefore,most column packing materialshavea silicagel core.Thissilicagel is usuallychemically
modifiedand stabilizedby attachingless-polargroupsto it. This
makesthe separationsfrom columnto column more reproduclble, and makes Jinetuning of the stationaryphase to different
separationsystemspossible.
All chromatographictechniquesuse the fact that the detector
signalis proportionalto (preferablylinearwith)the concentration
of the compound that is being detected. This means that the
amount injected onto the column must be supplied with very
(manual)
Eitherfixed-volume
high precisionand reproducibility.
injectorsare used, or variable-volume(automatic)injectors.In
the latter,the iniectionsystem is combined with a sample exchanger,which allowsautomaticanalysisof a large number of
sampres.
Some samples are not thermallystable. For such samples it
may be necessaryto cool the sample to approximately4'C.
Cooled autosamplersare now available.
The separation kinetics usually are temperature sensitive
Therefore,thermostaticcontrol of the column temperatureis
necessaryfor the highest reproducibilityof the retentiontimes
and the oeak shapesa
havemade liquidchromatography
All of thesecontributions
very powerfuland reproducibletechnique,so much so that the
modern versionis often referredto as high-performanceliquid
or HPLC.
chromatography,

Henry J. van Nieuwkerk
Chemist
WaldbronnDivision

flexible card cage. The card cage isolates the electronic
section from the mechanical and cooling section and makes
the cable connections to the mechanical parts. The mechanical sections are arranged to provide access to the routine
maintenance parts from the front. The cooling system is
designed to channel the air flow from the front to the back.
This makes it possible to stack the modules without sac-

Componenls

Functional
Area

@

Electronic
Hardware

- Power Supply
- Up to 6 Boards
- External,Internal
Wiring

Forced Air
Cooling

- Fan(s)
- Air Ducts

Mechanical
Hardware

- Optical Unil
- Pump
- Iniector
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- Hydraulics
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@
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- Power Switch
Front
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Industrial Design and Ergonomics
"Those who want to be successful in internationalmarkets
need well-designedproducts.However,design is morethan.iust
that, it is part of the product'squality,it communicatesthe company'sbasrcvalues,and thereforeit may be an importantcriterion
in the purchasingdecisionfor high-techproducts."lOne effect
of changing social values is that users are increasinglymore
selectivein their demandson the humaninterfacesof products.
They require much more than just good styling.The challenge
for the industrial
designof the HP 1050SeriesLiquidChromatography Systemwas to keep pace with this trend.
Customervisits played a major part in the industrialdesign
investigation.
By observingand interviewingusers,we were able
to determineour own instruments'weak points as well as those
of competitivemachines:the instruments
wereloud,maintenance
was complicated,access to the inside of the instrumentwas
difficult,the instrumentrequiredlarge amountsof bench space,
compatibilitywith other instrumentswas low, the user interface
was easilymisunderstood.
Combiningthislistof customerneeds
with the technicalrequirementsof other engineersin the team,
the industrialdesignerswere ableto developseveralalternatives
for the user interface.
We chose the HP guidelinesfor computer products as the
basis for the industrialdesignof the HP 1050.This makesthe
HP 1050 stackablelike HP desktop computer products.Stackability,however,requiredthat the internalcomponentsbe reorganized, since usually instrumentsof this sort are repaired or
modified from the top, by removingthe top of the case. The
solutionwas to split the internalcomponentsinto two separate
areas: the electronicsin the back in a card cage, accessible
from the rear, and the mechanicalcomponentsat the front, accessible by opening the front door.
To design a simple and common user interface,we aimed to
standardizeas much as possible,which oi courserequiredconsiderableeffortin coordinatingour activities.A cardboardmodel
showedexternaldimensionsand aided in estimatingthe amount
of space requiredon the lab bench.
The realizationof the concepthad to meetnotjustthe f unctional
demands of the instruments.Many improvementsto the front
panel had to be made, since they were not covered by the
guidelines.
A few examplesare givenhere.
The frontpanelconsislsof sevenplasticmoldings,six of which
are commonto all modules.The door is the only piecethat differs
from moduleto module.The keyboardis the only piece fixed by
screws-two in all. All the others snap together.The door can
be swung open to obtain access to the parts requiringmaintenance or modification during operation. The keyboard assembliesfor all the 2Os-mmtallmodules are differentiatedby
individualsilkscreensbearingthe module-specifickey functions
only. The base of the keyboard is intendedto act as a handle
during transportand as a guide for the capillaries-theliquid
connectionsfrom one moduleto the next.A similartreatmentin
the metalwork at the rearmeansthat the instrumentcan be lifted
by one person,unaided.
A difficultproblemwas posed by leaksthat may occur in any
liquid chromatograph.Most instrumentsleavethe solutionof this
problemto the customer.The HP 1050,on the otherhand,offers
a contributionto the saietyand the organizationof the instrument
by enablingthe operatorto installcapillariesin gutter-like
channels, which collect any leaks and direct them to a waste pipe.
The drainagesystem(Fig. 1)consistsof a leak basin,a leak
sensor,and verticalchannelsrunning inside the front panel of
each module.A channelin one module directs liquid to the

For Capillaries

,/-Y
//,/

{t,
I

To WasteBottleor NextModule
Fig. 1. Leak drainage system.
channel in the next lower module withoutthe need for special
adaptors,so that only the lowest module in the stack needs to
be connectedto an externalwastepipe. Any of the modulescan
be olaced at the bottom of the stack. These leak interfacesare
easy to removefor cleaning,which may need to be done more
of salts,
frequentlywhen using liquidswith high concentrations
which may crystallizeout.
Ergonomics
A user interfacecan only be consideredwell-designedwhen
it can be operatedwithouterror, quickly, and without personal
danger.Two examplesare worthyof mentionwith respectto the
HP 1050. The opening in the side of the autoinjectormodule
allows the iniectorto be loaded via robotics,for example the
autosampler,but primarilythis opening is for loadingthe auto-
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The second exampleis the keyboard.We had to find the best
compromiseamong severalparameters.Everymodule can be
installedat the top or at the bottomof the stack,can be installed
on a high or a low bench,and might be operatedby a tall (95%)
or a short (5ol")person, both of whom should be able to read
the display.Differentmountingangleswere simulatedin several
testsof the keyboardand display(Fig.2), as weredifferenttypes
of displays.The best combinationwas found to be a vertical
vacuumfluorescencedisplaywitha blue/greenf ilterand a touchsensitivemembraneswitchkeyboardinclinedat 10 degreesf rom
the vertical.We decided to avoid using grey areas around the
keys since we wished to give the impressionthat the keyboard
would be simpleto use (thereare 35 keys in the confinedspace
oi eachkeyboard)and to reducethe likelihoodof erroneousinput.
Conclusion
The HP 1050 LC systemrequireslittlebench space since it
stacks easily.All importantparts are easilyaccessibleand the
user interfaceis easilyunderstood,comlortableto use yet functional.The automationinterfaceand case conceptare as futureproofas we could makethem,and last,but not least,the product
has an attractive,up{o-date appearance.We are pleased that
designprizes.
the HP 1050has been awardedinternational

Fig.2. Viewing angles for the keyboard. Heights are in millimetersabove the floor
injectorwiththe sampletray by hand.The tray is designedsuch
that it always fits right the first time. lt is keyed such that there
is automaticallyonly one way to lowerit onto the spindle-in the
zerostartingpointfor subsequentrotationduringsampling.This
Thewide openavoidsincorrectmountingand preventsinjuries.
and the tray'sgrip{asthandleavoidhaning in the autosampler
dling errorssuch as slippageor impactswhile placingthe tray
in such a confinedspace.

rificing the cooling. The front part of the module contains
the user interface, a door for accessto the mechanical parts,
the hydraulic interfaces for the capillaries, and the leakage
interface.
The technical details of how the individual modules use
the standard components and are designed for their specific
requirements are covered in the other HP 1050 articles in
this issue.
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QualityEngineeringfor a Liquid
System
Chromatography
FortheHP 1050SeriesLC system,customerexpectations
weretranslatedintomeasurablequalitygoals,which were
then verified by special fest methods.
by Helge Schrenkerand Wolfgang Wilde

USTOMERSATISFACTIONis the ultimate benchmark for product quality. This sounds straightforward, but it is far from a trivial task to translatethe
customer's voice into product quality. It requires finding
out, in quantitative and measurable terms, what quality
properties the majority of potential customers want, translating these customer expectations into terms, measures,
and goals that are meaningful to design and manufacturing
engineers, and assuring throughout the design and transfer
phases that these goals will be met by the future product.
For two product generations, we have been using the
same set of quality criteria. With each generation, we have
refined the measures and test methods. Fig. 1 shows the
key quality criteria and measures that were applied to the
HP 1050 Series Liquid Chromatography System. Using
some of these criteria and measures as examples, we will
briefly describe how specific quality goals for the HP 1050
Series were set and verified through specially developed
test methods.
Setting Quality Goals
Design goals for each of the five quality criteria listed in
Fig. 1 were set using three information sources:
r A specific, well-aimed customer survey
r Inputs from senior sales and service people on their perceptions of customer expectations

Quality Criteria
Performance

Reliability

Measures
Conlormance to Published Specifications
Result Precision and Confidence
Consistency over Longer Operating
Periods
Mean Time between Failures (MTBF)
Usetul Life of Product

User Friendliness

Time for Standard Tasks,
UnfamiliariFamiliarOperator
system InstallationTime
Number of Cables and Capilliary
Connections
Noise Emissions

Serviceability

Repair and MaintenanceCost to the User
Average Downtime per Yeal
Mean Time to Repair

Regulations/Safety

Contormance to Relevant Standards

Fig. 1. Key quality criteria and measuresapplied to define
and verify the quality of the HP 7050 Senes LC sysfem.

Analysis of presently available LC instrumentation
(strengths, weaknesses, potential for improvements).
The customer survey was aimed at gathering current customer expectation data on such sensitive criteria as reliability, uptime, measurement reproducibility, cost for service
and maintenance. and so on. Since our resources were
limited, we decided to survey only a selected, representative sample of about 100 individuals from our customer
base. Our experiences with such small samples in earlier
surveys were good. The advantages are low cost and the
possibility of enhancing the return rate and results by a
mix of mail, telephone, and personal survey methods.
We achieved excellent consistency of survey results. The
responses, even to sensitive questions, were very consistent, and compared well with the perception of senior HP
field and marketing people and with the results of a
thorough technical analysis of a current similar product.
(The technical analysis was an analysis of the failure modes
of a current product assuming a complete redesign with
elimination of all known failure mechanisms for which
solutions seemed feasible.)
It was interesting to learn how dramatically customer
expectations for the useful life of the product can change
from generation to generation. Expectations for product
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Fig. 2. Resu/tsof the customer survey on expected analysis
precision, showing the cumulative percentage of customers
whose applicationsare such that they could accept precision
eeual to or better than a particular level.
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lifetime were more than three times as long as the equivalent data from a survey we had conducted about nine years
ago. Setting the right goal for useful life is critical for
mechanical assemblies. Higher-lifetime components are
often more expensive,so overdesignmust be avoided. On
the other hand, early wear-out means dissatisfied customers.
One important aspect of surveys is the statistical evaluation of the responsedata.In this survey, the responsesof
customers from different markets and different environments for such criteria as expected reliability, service cost,
and the like were consistent enough to justify calculating
the mean and confidence interval. This was not so for some
other results,for examplethe expectedanalysisprecision,
where the responsesdiffered widely basedon the respondents' major applications. This was not surprising, since
a QC analysis of a drug may require a precision level of
0.3%,while in an analysisof a biological sample in a complex matrix, which requires several sample preparation
steps that are all prone to statistical variation, overall expected analysisprecision may be only 5 to 10%. In such a
situation it is meaningful to plot a cumulative distribution
of the survey results as shown in Fig. 2. This plot indicates
what percentageof potential users could accept a product
designed for a certain performance level (assuming that
users with lower performance requirements would accept
the product as long as the price were acceptable).This plot
is useful for cost/performanceoptimization.
Similarly, designgoalswere defined for eachof the quality criteria listed in Fig. 1, resulting in a set of benchmarks
for HP 1050 Seriesquality.

tem levels, we do mainly the secondtype of strife testing.
The same product-level stressconditions are also used
to check the robustnessof specifications againstaging.This
is possible becausewe now have more than eight years of
experience with this type of test, and we can verify by
comparisonwith field failure resultsthat a typical acceleration factor for a product under our stressconditions lies
between 5 and 10. For example, Fig. 3 shows the wavelength calibration accuacy of the HP 1050 Series diode
array detector over a simulated operating time of two years.
The result is better than -t-1 nm, equivalent to the design
goal. Fig. 4 is a flow chart of the test procedure.The reason
for the additional testswith subassemblies
is that, to acceleratea specialfailure mechanism,specificstressconditions
may be necessaryand/or more data for failure analysis may
be needed.
As mentioned before,we want to be able to predict reliability, that is, reach a good estimate for the annualized
failure rate (AFR) during and after completing the test.
There are many obstacles to achieving high confidence
Ievels.One has the option of either testing many products
in parallel or of applying high stressto a few samplesto
get results in a reasonably short time. Neither alternative
is ideal; it is too expensiveto test a large number of complete systems,and very high stresslevels risk introducing
unrealistic failure mechanisms.Another problem is determining the accelerationfactor for a product under high
stress.We decided to stay with our moderatestresslevel
and find a good model to monitor reliability growth. We
selectedthe Duanemodel. It is an advantageof such models

Reliability Verification
There are two main approaches to strife (stress + life)
testing. The first is the test-to-fail philosophy: the stress
applied to a product is increased until a failure occurs.
The aim of this test type is to find designweaknessesusing
high stresslevels. The secondapproachis a strife test with
fixed stressconditions (constantaccelerationfactor*J at a
more moderate stresslevel, which most likely finds only
failure mechanisms potentially occurring under normal
operating conditions. The focus is not only on finding design weaknessesbut also on being ableto predict reliability
(annualizedfailure rate, or AFR). On the product and sys.Accelerationfactor is the ratio of the annualizedfailure rate under stress conditionsto the
annualizedfailurerate in normaluse.
AI (nm)

64 Days

Fig. 3. P/ot of the wavelengthcalibration accuracy of the HP
7050 Serles diode array detector. The test time of 64 days
correspondsto over two yearsof normaloperation,assumtng
an acceleration factor of five and 3500 operating hours per
year.
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Fig. 4. fest procedure for strife testing under f/xed stress
conditions. For additional tests wlth subassemb/les, stress
conditions are adapted to the failure mechanism.

that test datafor a product under testis accumulated(giving
more confident results)to calculatean instantaneousAFR,
which successivelyimproves. The model also indicates
the effectivenessof the reliability program.t
For the HP 1050 Seriesmodules we decided on the following constantstressparameters:temperaturecycling between 5 and 70'C, line voltage and frequency variations,
power on/off cycling, and instrument-specificstressfor accelerated operation (for example, repetition rates for the
injector, pressurefor the pump, etc.).For any failure found
during the test we did an analysisof the failure mechanism
and implemented the fix. The resultant improvement of
the reliability of the instrument using this test-fix-test
method is called reliability growth. For data evaluationwe
used the Duanemodel, which assumesthat the cumulative
mean time betweenfailures (MTBFcl is proportional to xo,
where x basically is the test time and a is the reliability
growth estimator.2Plotting MTBF6 against x on log-log
paper leads to a straight line with the slope a (seeFig. b).
With these results we were able to predict an AFR at the
time of releaseof the HP 1050 Series.Now, more than a
year after the introduction of the HP 1050 Series,we have
sufficient datato checkthis predictedAFR. Analysis shows
that we are within +7oo/oof the predicted AFR for the HP
1050 pump. Theseresults encourageus to continue using
this method.
User Friendliness
In 1986we startedto developmeasuresand testmethods
for user friendliness, to be included later in the design
objectivesfor new product development.The first stepwas
to assemblea group of experiencedpeople from marketing,
R&D, sales,and service,and brainstorm on factorsrelevant
to the user friendliness of an analytical instrument. The
result was a list of about 20 factors that all seemedmore
or Iess relevant. To narrow these down to a few testable
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Fig. 6. Resu/tsof the pilot userf riendlinesstestfor fourdifferent test modulescorrespondrngto four different setsof operating parameters. Themeasured quantityis the time for correct
entry and verificationof the respective parameter set.
measures that are most important for our customers, we
interviewed some large industrial customers. According to
chemists in analytical labs, three main factors determine
their requirements for ease of operation:
r Most instrument operators are nonprofessionals
r There is relatively high operator turnover
I The sample mix requires frequent changes of analysis
method.
User friendliness is mainly perceived as the effort (that
is, time) required by a relatively untrained operator to set

Measure
a) Number of Cable
and Capillary
Connections Divided
by Number of
Modules

Installation
r
6

b) Time fo. Installation
to First Test Run

E
o

Time Required
for Checkout

J

a) Time for Standard
Tasks, Unfamiliar/
Familiar Operator
b) % Designationsof
Functions Familiar
to Test Persons

Log Test Time

Fig.5. Duaneplot for the HP 1050 Seriesquaternarypump,
relating cumulativemean time between failuresMTBF6to test
ttme.

User Maintenanceand Service
(Exchange Cost ot Parts)

a) Time per 1000
Operating Hours
b) Cost per 1000
Operating hours

Fig,7. HP 7050Serlesuser friendlinessmeasures
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Design for Manufacturing
The developmentof a new product means a challengefor
manufacturing,because new processes and manufacturing
methods are introduced.The inclusionof three productionenteamfromthe begingineersin the HP 1050Seriesdevelopment
ning ensuredthat manufacturingexperiencewas reflectedin the
design.
JIT (just-in{ime) and designjor-manufacturabilitymethods
and had a decisiveimpacton the strucwereappliedconsistently,
tured designof the HP 1050Seriesmodules.A product-oriented
production layout guaranteeslow productioncosts, increased
productivity,and high flexibility.The numberof assemblylevels
was reducedto three.Thus,assembly,materialsupply,and order
Productionlinepersonhandlingcould be simplifiedsignificantly.
nel were trained to assembleand test the new modules in the
prototypephaseand were able to provideimportantsuggestions
for improvementsto the developmentteam. Special emphasis
was put on the developmentof tools and test equipment.
Automated Testing and Networking
Increasedproductivityand continuousevaluationof product
qualityare based on automatedtests.HP 9000 Series300 Computersand HPVectraPersonalComputersare usedas controllers
to test the HP 1050Seriesmodulesand assembliesduringthe
course of the manufacturingprocess.
Test data is evaluatedboth to increaseproductqualityand to
supply timely informationto controlthe manuJacturingprocess
by statisticalmethods.A comprehensivenetworkstrategysupportsthe computerizedtests in the manufacturingarea (see Fig.
1).
All LC stationsare connected to a central HP-UXstationby
an HP SRM (SharedResourceManager)network.At the central
station, all test data is collected and stored on a data base.
lnformationis retrievedfor monthlyqualityreportsand analyses.
Thus, the responsibleproductionengineerscan react to problemsquicklyand properly.
Anotheradvantageof the SRMnetworkis centraltest program
management.This makes sure that all programsare subjectto
a weekly backup cycle.

t

I

Weekly
TestProgram,
BackuP
Fig. 1, HP 1050 Series production computer netvvork.
All test stationswere alreadyworking at the beginningof the
productionprototypephase.This leedback enabled production
engineeringand R&Dto receiveand evaluateimportantinformaand testabilityat an early stage. This
tion on manufacturability
made it possibleto improvethe testsand increasetheirefficiency
by continuousdevelopment.
Continuous Flow Manufacturing (CFll)
A prerequisitefor continuousjust-in{ime (JlT) productionis a
line layout (Fig. 2). The materialfor HP
material-flow-oriented
1050 productionis conveyeddirectlyfrom the stockroomto the
line by a materialelevator.Thus, long and awkward material
flows are avoided and the locationof the materialis knownat all
times.
The straightforwardmaterialflow is also supportedby the materialliststructurefor the HP 1050modules,which has onlythree
levelsat most.
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Fig. 2. The line layout cotresponds to the material /ist strucure.

Robot

Screwing Device Programs

F19.4. Robot station data tlow.

Fig.3. lnstalling a dampet screw.
Robotics
.1050pumping
In the HP
system,the state of the membrane
betweenthe damper head and the damper body determinesthe
performanceof the high-pressuredamper.To avoid placingthis
membraneunderincorrecttension,it is necessaryto tightenthe
eightscrewsof the damperin differentsequenceswithincreasing
torques.The use of the high-pressure
damper in both the HP
1090and the HP 1050 led to a drasticincreasein the number

up and run an analysis.
Based on this information, we developed a test method.
It consists of defining standard tasks for the unit under test
and measuring the time required to perform these tasks by
test persons without any operating experience on the unit
under test, relative to very experienced operators. A pilot
test with 10 test persons was then performed on an LC
workstation, to find out whether such a test is feasible and
gives meaningful results, and what test procedure would
work best, including:
I How much familiarization for test persons is optimal (15
minutes)
r Whether to do video monitoring or not (no)
I How to measure time (monitoring by an observer)
r How to record specific operating problems.
Fig. 6 shows some results of this pilot test. Since we
observed quite a wide range between the quickest and the
slowest first-time users, we decided to use both the average
ratio and its range as our measures. Later tests showed that
the range (slowest minus quickest first-time user, relative
to experienced user) may be an indicator of the product's
learnability.* In addition to these measures, the most frequent operating problems experienced by the test persons
were recorded as a basis for improvements of the user interface.
The next step was to calibrate our test results against
user perceptions of how user friendly the LC workstation
was. Several hundred users were surveyed, with regard to
the parameters tested, on how easy to use they perceived
the workstation to be. The survey also contained questions
'Also see

of units.To maintainquality,the manualscrewingprocedure
formerlyused had to be abandoned.
To ensurea stable levelof quality,the tighteningis now done
by an electronicallycontrolledscrewingdevice connectedto a
robot (see Figs.3 and 4). This robotis also used for preassembly
of the high-pressuredamper. The programs for the screwing
device and the robot were written on an HP Vectra oersonal
computer and are retrievedfrom the hard disk as needed. By
monitoringthe screwingprocedure-in particularthe torque,the
angle of rotation,and the screw-indepth-each irregularityof
the damper and screw threadscan be detected.
Heiko Breckwoldt
Manfred Seitz
ProductionEngineers
WaldbronnAnalyticalDivision

that helped us define an averageoperatorprofile. This was
important in selectingthe right test persons.The survey
results and the test results together gave us the basis for
setting design goals for user friendliness of the HP 1050
Series. In addition, several other factors from our
brainstorming list were included in the HP 1050 Series
user friendliness measures(Fig. 7).
The test procedurewas successfullyused by the HP 10S0
detector design team during user interface prototyping to
improve the user interface.Fig. B indicates the significant
progressin user perception that was achievedby this process.
Finally, a test of the completesystemwas also done with
L3 test persons.Figs. 9 and 10 show some results of these
tests.In most test categories,the HP 1050 systemmeetsits
design goals.We will completethe test with a user survey
identical to the one answered by the test persons after
finishing the test.This calibrationstepwill provide further
datato comparetest resultswith user perceptions,and will
allow us to make further refinementsin test methods and
goal setting.
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Fig. 10. Resu/tsol part three of
the HP 1050 Series user friendliness lest for the PumP module.
The large span of times required
by the test persons for task 1 is
significantly reduced for task 2,
which was similarto task 1. This
is an indication of the learnability
of the product.

A Compact,Programmable
Sample
Injectorand Autosamplerfor Liquid
Chromatography
TheHP 1050Seriesaufosampleris capableof manualor
automaticinjectionfromupto 119samplevialsat injection
volumesup to 2000 microliters.
by WolfgangKretzand GerhardPle
HE HP 1O5OSERIES AUTOSAMPLER MODULE
(Fig. 1) is a compact,stackable,fully programmable,
microprocessor-controlled
stand-aloneunit designed
to inject liquid samples automatically onto the column in
a liquid chromatographic system. It performs routine
analysis for quality control as well as analysis method development in research laboratories. It can either work in
an HP 1050 Series LC system environment or together with
HPLC modules from other instrument suppliers.
The autosampler is programmed via its front-panel
keypad. A two-line display prompts the user in setting
parameters and provides the required status information.
The standard sample capacity is 21 sample vials, which
can be randomly accessed for analysis. If required, the
number of available sample locations can be expanded to
119 by adding a dedicated sample tray with a robot-like
manipulator. This tray also allows temperature control for
its vial positions.
The standard autosampler allows injection volume settings from 0.1 pl through 100 pl without the need to change
any hardware. Optionally, the injection volume can be extended to 2000 rr.l with a hardware modification.

Design Goals
From the beginning the main design philosophy was to
offer our customers an instrument with all major functions
at a moderate price. When sample throughput or other
requirements grow, the system can also grow, up to the
highest degree of automation with a robotic system serving
the autosampler. The main design goals were to provide:
r A stand-alone module capable of working in any HPLC
system
r A simplified hydraulic path to reduce maintainance and
increase reliability
r A design that conforms to HP 1050 Series common design guidelines for minimum footprint
r Upgradability to adapt to changes in customer demands
r A wide injection volume range to minimize the need to
modify the instrument
r Maximum use of standard components to reduce cost of
ownership
I Access for a robotic vial handler
r Fast random access to minimize the time required to
carry out an injection
r No extra wash mode, thereby simplifying operation
r A maximally safe design with built-in leak drainage and
leak detector.

Melering Device

From Solvent
Delivery System

(i
J

Waste

F,g, 1. HP 1050 Series injector and autosamp Ier moduIe. The
standard tray holds 21 sample vials.

<-

To
Column

Fig. 2. Preparelo-inject condition.
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Mainframe
The autosamplerfollows the generaldesign philosophy
establishedfor the HP 1050 Series.However, unlike the
other modules, the autosamplerhas a large opening at the
left front corner. This is to make the operating area easily
accessibleto the user,so that vials and trays can be inserted
and removed very conveniently and simply. There is also
accessfor the optional 100-vialtray and for a robotic system
to manipulate the vials and trays.
All HP 1050modules are required to have random stackability, so special attention was paid to the mechanical
stability of the autosamplermodule. As in the other modules, there is strict separation of the chromatographic area
and the electronic area.Manufacturability, electromagnetic
compatibility, leak handling, and accessibility for repair
were also important considerations throughout the entire
development cycle.
Theory of Operation
The hydraulic path of the standard autosampler consists
of three main assemblies:the six-port valve, the metering
device, and the sampling unit. The six-port valve switches
the solvent path to go through or bypassthe other elements.
The sampling unit acts as the interfaceto the vial. It transports the selectedvial to the needle position, where the
needle can move into the vial. The metering device then
drawsthe programmedamountof sampleinto the system.
A complete injection cycle starting with an initialized
systemworks as follows. The first step is the prepare-to-inject step (seeFig. 2). The six-port valve is switched to the
bypass position so that the pump delivers flow directly
onto the column and the remaininginjector elements-metering device, sample loop, needle,and seatcapillary-are
bypassed.The liquid volume in this area,which is under
a high system pressureof up to 400 bar before switching,
can expand through the waste outlet of the valve. The metering device plunger is moved to its front (home) position,
displacing a small portion of solvent to waste.
The next step is the load-samplestep (seeFig. 3). In the
sampling unit the needle is lifted and the sample tray is
rotated until the selectedvial is directly under the needle.
The needle is lowered into the sample liquid in the vial
to allow the meteringdeviceto draw up the desiredvolume
by moving its plunger back a certain distance.The needle

Fig. 3. Load-sample condition.
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Fig. 4. lnject-and-run
condition.
is then raisedagain,the tray is moved to its home position,
and the needle is moved onto the seatto close the sample
loop.
The final step is the inject-and-runstep (seeFig. a). The
six-port valve is switched to its mainpassposition, which
directs the flow back through the loop, which now contains
the samplevolume, The solvent streamtransportsthe sample onto the column, and separationbegins. This is the
beginning of the analysis. In this hardware condition,
which is also the starting condition for the next injection,
all major performance-influencinghardware is flushed by
the solvent tlow. Therefore, no additional flushing
hardware and proceduresare required.
Extended lnjection Volume
The standardinstrument allows injection volumes up to
100g.l,which is the meteringdevicevolume. In somecases,
larger volumes are required. This can be achieved by repeatedly drawing and storing partial volumes in the capillary connectingthe seatto the valve.This mode of operation
is called the multiple-draw mode. Beforethis can be done,
the capillary must be extendedwith a larger one that can
hold the largestvolume to be injected (seeFig. 5).
In the multiple-draw mode the load-samplestep is mod-

Fig.5. Loading a partial sample into an extended seat capillary

ified. After drawing up and reseating the needle, the
plunger is moved to the front position to place the 100-pr.l
samplevolume, or "plug," in the seatcapillary. Then more
sample is drawn from the vial and another 100-pl sample
plug is placed in the capillary. This is repeatedfor the
required number of 100-pl partial volumes.The last partial
volume remainsin the standardloop and the conventional
inject-and-runstep follows.
Sampling Unit
The samplingunit (Fig.6) hastwo major functions. First,
it opensand closesthe sampleloop by meansof a movable
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stand high pressure (up to 400 bar or 5800 psi). Second, it
stores sample vials and moves the desired vial into the
inject position.
The stainless-steel needle, fixed in an arm, is moved up
and down by a stepper-motor-driven leadscrew and guided
by bushings on a shaft. The lower needle position is determined by a multifunctional optical sensor and a spring
which is loaded when the needle moves onto the seat. This
spring applies the required force to ensure a leakproof seal
of the needle on its seat with zero motor current. The same

optical sensor is also used to determine the upper needle
position to ensure enough clearance for vials to be moved
underneath. In addition, there is a missing-vial sensor,
which is actuated only if a vial is present when the needle
moves down to the draw position.
The sample vials are held in an internal tray with 21
positions. The tray is manufactured as a precision plastic
molded part. It can be removed very easily from the instrument to be Ioaded with sample vials. It can also be used
as a sample container to be stored in a refrigerator. Several
trays can be stacked easily and used to store vials on the
lab bench. The driving mechanism for the sample tray is
a
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feedback sensor. The encoder resolution is 2000 counts per
revolution, which corresponds to an angle of 0.t8 degree.
This allows very precise and reproducible rotation of the
tray to the programmed vial location starting from the home
position. Correct vial positioning eliminates the possibility
of needle damage resulting from mispositioning caused by
accident or user interaction during rotation. In addition,
the absolute positioning ensures that the correct vial is
selected. The home position and presence of the tray are
checked by a Hall-effect sensor which is actuated by a small
Cutaway View ol Detail

Bearing

Standard Tray

Fig.6. Cutaway view of the sampling unit
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magnet fixed in the tray. By evaluating the polarity of the
sensor signal, two types of trays can be distinguished. All
functional parts are integrated onto a machined aluminum
permanent-mold casting.

ball, which transfers force. This design compensatesfor
mechanical tolerances and increasesthe lifetime of the
plunger seal. The overall resolution is 7 nl displacement
of the plunger with one step of the motor.

Metering Device
The metering device shown in Fig. 2 is a key element
that strongly contributes to the precision of an autoinjector
system. It must meter exactly the desired volume to be
injected. The metering device consists of the analytical
head assemblyand the metering drive (Fig. 7). The analytical head assemblyconnectswith the sampling needle and
the solvent delivery system. It contains a plunger to draw
up the required amount of sample and subsequently inject
it onto the LC column. The metering drive drives the
plunger.
To draw up a sample,the metering drive displacesthe
plunger in the head a certain distance.The metering drive
is a high-precision linear actuator with a stepper motor
driving a leadscrew via pulleys and a toothed belt. It is
integrated in a canier made of sheet-metal parts and
aluminum permanent-mold castings. A vane mounted on
the guiding nut of the leadscrewinterrupts an optical sensor in the farthest stroke position and defines the home
position.
Since the analytical head assembly has to withstand the
high system pressureof up to 400 bar, its design is very
similar to the solvent pump head, The sapphire plunger
and its seal are the sameparts used in the HP 1050 solvent
pumps. When drawing up sample, the plunger is forced
by a spring to follow the leadscrewexactly without backlash. The leadscrew and the plunger are decoupled by a

Electronic Design
In addition to the electronicsfound in all HP 1050 Series
modules-power supply, microprocessorboard,keyboard,
and display-the autosampler contains module-specific
electronicsto support the injector hardware.Fig. B shows
the autosampler electronic block diagram. The central
motherboard, which interconnects all of the boards in the
card cage, also has connectorsfor the electronic components located in the hardware area.
The standard configuration has two additional boards.
The first board controls the metering drive and the six-port
switching valve, while the secondboard interfacesto the
sampling unit. The first board also carriesthe injector-specific firmware on a small piggybackboard. When the optional 100-vialtray is installed, a third board is added.The
module-specificboards contain the steppermotor drivers
and control logic to run the motors at speedsin the 1000steps/secondrange while also monitoring and responding
to the limit sensors.This design reduces the real-time
hardware-servicingrequirements on the microprocessor
and frees it from a lot of simple, periodic work.
l0GVial Tray Integration
The 100-vial sample tray (Fig. 9) was first introduced to
increasethe samplethroughput of the HP 7673AGasChromatographinjector. This tray was developedby HP's Avondale Division. Becauseof its modularity, we found the trav
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to be an ideal way to increase the sample capacity of the
HP 1050 injector and provide temperature control of the
vials. The opportunity to leverage an existing, available
product instead of duplicating the design effort was an
additional benefit.
The tray offers storage, transportation, and temperature
control of tOO sample vials. The vials are placed in four
removable quadrants. A circulating bath can be connected
to fill and drain adapters at each quadrant. The transport
mechanism is a small manipulator consisting of an arm
and a gripper operating in cylindrical coordinates. The
manipulator is mounted on top of the drive mechanism
located in the center of the tray base. To transport a vial,
the arm moves radially and turns around the tray axis to
place the gripper close to the selected vial position. The
gripper moves vertically down and the vial is engaged at
its neck. After it is raised, the vial can be placed anywhere
within the arm's accessible area.
The 100-vial tray is adapted to the HP 1050 autosampler
by a compound design (Fig. 10). Sheet-metal parts used for
the support ensure proper positioning and the required
stability. A polyurethane foam part between the two sheetmetal parts spans the distance and adapts the tray's appearance to the HP 1050 industrial design. This support assembly is attached to the autosampler base with only four

\
Ouadrant

,,",

screws. The tray slides into the bracket to its defined position and is fixed with a spring-loaded clamp. The tray is
controlled by an additonal printed circuit board in the
cardcage.
If the 100-vial tray is installed, the user can specify not
only internal vials but also vials within the external tray
area. In the internal tray, a transfer position is defined for
vial exchange. For a sample injection from an external vial
the arm picks up that vial and places it into the transfer
position of the internal tray. Then a standard injection is
done using the vial in the transfer position. After injection,
the vial can be returned to the external tray or kept for
additional iniections.

Automation Gapabilites
The major use of an automaticinjector with autosampler
is to permit an LC systemto run unattended,doing a series
of analyses in a predefined way, say overnight or during
the weekend.The HP 1050 autosampleroffers two modes
of automation. One mode, which is very easy to set up,
can be used to analyzea set of samplesunder presetconditions. The user only has to specify the first vial, the last
vial, and the number of injections per vial. Once started,
the system analyzes the specified range automatically.
There is no chance of changing analysis parameters,but
this mode is very usefulfor doing a few injectionsrapidly.
A more sophisticatedway of automating an LC system
is to use the full sequencecapability of the autosampler.
This mode allows programmingof parameterchangesand
periodic insertion of calibration injections.There are more
parametersto be set up, but the versatility is high. The
overall analysissequenceis built up by chaining parameter
sets.A set always works with the same analytical conditions. Chaining of up to nine setsis possible,and setscan
be disabled to prevent their execution.A set contains the
following parameters:
set i
waittime
firstvial
lastvial
#of inj
injmeth
overlap
calib
firstcalv
lastcalv
# of inj
after

""""

->

on/off
x min
xxx

vvv
zz
m
on/time
offlmulti/alter
ccc
ddd
ee
ff vials/runs

Fig. 11 shows an example of a set that includes periodic
recalibrations out of calibration vials (calv) and results in
the following series of injections (ci stands for calibration
vial i and si stands for sample vial i. The calibration mode
is set to multi.):
-c1-c2-c2-c3-c3-s1
0-s11start-c1-c1-c2-c2-c3-c3-s4-s5-s6-s7-s8-s9-c1
-c1-c1s12-s'l3-sf 4-s15-c1-c1-c2-c2-c3-c3-s1
6-s17-s18-sl 9-s20-s21

Sheei-MetalParts

Fig. 10. HP 1050 Serles supporf for the 100-vialtray

ApRtL
1990
JoURNAL
22tewten pACKARD

c2-c2-c3-c3-finished

M
Mil

@
@

o

Fig. 11. Typical setup of sequenceand vials for unaftended
analysis.
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Flexible,PreciseSolventDeliveryfor
Liquid Chromatography
TheHP 1050SeriesLC pump mergesreliable,known
technologywithpowertd controlcapabilitiesfhat
compensatefor solventpropertiesand physicalside
effects.A customlC implemenfsfhe motorand pump
controlfunctions.
by Fred Strohmeierand KlausWitt
IKE ALL HP 10s0 SERIESMODULES,the pump module (Fig. 1) is a microprocessor-controlledstandalone unit with full programming capabilities.It is
compact in size and stackable with other HP 1050 Series
modules to form a chromatographic system.
The module can be used for analysis method development in research laboratories and for routine analysis in
quality control. It can work either in HP's system environment or together with instruments from other manufacturers.
Parameter setting and programming are done using the
functional keyboard on the front panel. A two-line display
prompts the setting of parameters and provides feedback
by displaying parameter values.
The instrument is available with two different levels of
complexity to meet the needs of customers' applications.
At the entry level is the isocratic version, which can only
pump one liquid from a bottle. The more flexible quaternary version is able to blend liquid from up to four different
bottles in a selectable and time-programmable mixture.
The main design goals for the pump were moderate cost
and flow performance that does not limit the chromatographic applications. Because the range of chromatographic

applications is wide, the flow rate of the liquid delivered
to the column is adjustable over a wide dynamic range.
The HP 1050 pump is designed for a factor of t0,oo0 between the lowest and the highest flow rates. It delivers up
to 10 ml/min in l-pllmin increments.

PumpDesignOptions
Althoughthe flow rateof an LC solventdeliverypump
should be adjustable, it is very important that once selected,
the flow rate be kept constant. If the flow rate through the
separation column fluctuates, variations in the retention
times and the areas of the chromatographic peaks will
occur. Since the peak areas are representative of the concentrations of the separated sample components, fluctuations
in the flow rate would impair the accuracy and the reproducibility of quantitative measurements. The various detector types show different sensitivities to flow rate variation. Commonly used detectors in liquid chromatography
are absorption detectors, fluorescence detectors, electrochemical detectors. and refractive index detectors.
Some pumping systems, such as reciprocating pumps
with single pistons, have inherent flow rate variations because the piston delivers only during a portion of the pump

100

380
IE

Eso
o
!

o
!40
(t

0.1

5
F l o w R a t e( m l / m i n )

Fig. 1. /socratic HP 1050 Serles LC pump module

24 HEWLEn-pAcKARDJoURNALApRrL i99o

Fig.2. Stroke volume as a function of flow rate, showing the
variable stroke capability of the HP 1050 pump.
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The HP 1050 pump design is a serial type because it
requires only half as many valves and therefore has lower
cost and higher reliability.

DesignPhilosophy
There is a difference in design philosophy between the
earlier HP 10S0 pump designl and the iuirent Hp 1050
pump design. For the Hp 1090, the approach was
to use
whatever hardware was needed to make ihe pump,s perfor_
mance independent of liquid properties and phvsical
side
effects. For the HP 1050, the approach is to use vlry simple
and reliable hardware and to compensate for liquid properties and major physical side effects in other wavs, based
on knowledge and understanding of liquid prope.ties and
characterization of side effects.
The HP 1090 pump design splits the performance_determining elements into a metering pump, which meters
a
precise flow rate against low pressure, and a boosrer pump,
which pumps the metered flow against the high system
pressure. The HP 1050 pump consists only of two pistons
and two valves driven by a servo motor bymeurrs ol u g"u.
and ball screw spindles. The two pistons both meterlhe
flow and generate high pressure. Because high pressure
has a big impact on metering quality, compensation is re_
quired to deliver a precise flow rate independent of solvent
properties. For compensation purposes the user is required
to enter a parameter for solvent compressibility.

IntegrationEffects
For quantitative chromatographic analysis, an integrator
is used. An integrator is a reporting device that integrates
the detector signal over time. Integration starts when a peak
is detected and stops when the end of that peak is found.
The integration result can be influenced by the pump's
flow performance in several ways. The malor influence is
the flow rate itself. Because the detector signal is integrated
over time, the same peak area may represent different com_
ponent amounts. The correct relation is found by compari_
son with standards. However, while this can compensate
for the average value of the flow rate, the pump,s flow
ripple will still be reflected in the reprod,r.lbility of thu
area results. If the detector signal is flow or pressure sensi_
tive, this will add to the flow variation. If the pump ripple

is found on the detector's baseline, the beginning
and end
of a peak may be misinterpreted and again the
leak area
will change. Integration inherently rr.pp.urru, ali frequencies that are high relative to the peak width well
enough
not to disturb the results. Therefore, a high pump ripple
frequency is desirable. However, this cause-sthe valve
clos_
ing performance to have a greater influence on flow
rate
stability. With a fixed stroke and a wide flow rate ranging
from 50 pllmin to 10 ml/min, the pump frequency
will
vary by the same factor-ZO0. A special variable_stroke
function of the HP 1050 pump reduces this ripple frequency
range by a factor of five. The stroke is 100 pi at tt e trlghest
flow rate and only 2O p.l at the lower end (Fig.
2). This
increases the ripple frequency, especially at the lower
flow
rates, and thus decreases the influence of ripple on quan_
titative results.
Variations in the composition of the solvent mixture verv
strongly influence chromatographic results. The variabll
stroke volume leads to smaller liquid packages that
can be
better mixed in a given delay volum". No ot.u mixing
is
required.

PumpDesign
The HP 1050pump is a dual-pistonsyringetype pump

with an active inlet valve and a passive out-let valvl (sel
Fig. 3). The two pistons are connected in series. The pri_
mary piston defines the flow and the secondary piston
is
used for damping purposes only. Therefore, the second
piston needs no valves.
Both pistons are driven by ball screw spindles. These
are connected to a gear system that drives the spindles 180
degrees out of phase and the second piston at half the speed
of the primary piston. This requires a drive motor that
is
able to reverse rotation within a very short time. The digital
servo system has a high bandwidth of about 2OOHz and,
the motor shaft can be positioned with a resolution as low
as one quarter of a degree. The result is a very linear drive
for the piston displacement with the high reliability
of a
ball bearing.
The liquid is drawn in through the opened active inlet
valve into the primary pump head when ihe primary piston
is moved down. In the isocratic version the liquld
"o-",
directly from the solvent reservoir, while in the optional
Active
Valve

--+[E

Address

ilotol

Y

Fig- 4. Simplified block diagram
of the pump control chip.
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quaternary version the multichannel gradient valve
(MCGV) selectsone of four solvent reservoirs at a time.
When the primary piston reachesthe end of the selected
stroke, the direction of movement is reversed,the active
inlet valve is closed,and the liquid is pressedthrough the
outlet valve towards the secondarypump head. There are
no valves at the secondary pump head becauseit is for
damping purposes only. On the way to the chromatographic system the liquid passesthe hydraulic damper,
which has the additional function of measuringthe system
pressure.
The primary piston runs at a displacementspeedthat is
twice the flow rate becauseit only draws in liquid during
half of the pump cycle and delivers liquid during the other
half of that cycle. While the primary piston is delivering
twice the flow rate, the secondarypiston, running backwards, draws off half of that volume. Thus the remaining
outflow is the nominal flow rate. During the intake phase
of the primary piston, the secondarypiston displacesliquid, keepingup the flow rate until the first piston chamber
is filled again.
The flow rate quality of such a pump relies on the switching characteristicsof the valves. Therefore,an active inlet
valve was chosen.A specialbipolar drive allows this valve
to operatein milliseconds.The pump control chip switches
the valve with a delay as low as one microsecond.
For the quaternarypump, in which two or more solvents
can be mixed in varying proportions to form gradients,the
specially designedflowstream through the pump head allows very precise gradient formation becausethe flow direction of the proportioned solvent volumes does not
changeon the way to the system.The solvent reachesthe
pump chamber near the piston seal and leavesat the top
of the pump head. Very good mixing of multiple solvents
is achievedby the double active mixing characteristicsof
the two pistons in series.During the intake phasethe solvent flows through the ring gap around the first piston.
This forms turbulence at the top of the piston that mixes
the solvent in the right order, the old composition at the
top and the new composition at the bottom. This order
resultsin smoothtransitionsduring programmedgradients.
During the delivery phasethe first piston delivers the premixed liquid in the proper order while the secondpiston
does the mixing. The ring gap and turbulence behave in
the same way as for the first piston, but the main mixing
mechanismis that the outflow half of the liquid passesthe

Position

half that is withdrawn by the second piston. This works
almost like integrating a noise signal over exactly one
period. Becausethis mixing is inherently synchronized
with the proportioning of the solvent volumes, no additional mixing device is neededto reach a composition stability of -+O.25o/o,
even though the composition is formed
by low-pressureproportioning.
Drive Motor Position Control
The HP 1050 pump is driven by a position-controlled
motor. The motor, encoder,and digital servotechniqueare
almost the same as in the HP 1090 pump,1 but the pump
drive control is different. Early prototypes showed that it
is essentialfor the flow performanceand especiallyfor the
gradient composition that the motor control system have
fast responseand fine time resolution.Following the design
philosophy, the influence of solvent propertiesis compensated by control means. Where the HP 1090 design only
required a constantstep frequency,the HP L050also needs
a preciseupper dead volume and a variablebut reproducible stroke volume. The increasedflow range of up to 10
ml/min addsa factor of two in dynamic range,so the control
responseis required to be faster than 40 ps.
The low pressuregradientrequiresthat the solvent selection valve be controlled so that the volumes of the various
portions of solvent are reproducible. Becauseof the compensation,the flow rate is multiplied by correctionfactors.
Therefore,with fixed valve timing a given portion's volume
will change.With position dependentvalve switching, the
portion's volume is independentof the speedof the motor.
2S-nl reproducibility in volume requires B0-;ls reaction
time in position. The valves are not switched that fast
(switching time is 1 to 2 ms); however,the reproducibility
of the valve switching points is better than 100 ps.

Solvent
Flow
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Piston
Speed

0

Compensation 1

DualPiston

Stroke 1
Compensation 2

slnsteeish\

Stroke 2
7500 Steps

Fig.5. Typical plot of motor position as a function of time

Fig.6. lnfluence of solvent compressibilityand elasticity
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The pump control system performs the following functions:
I Servo position control for the motor
I Step frequency generation(15-bit and 1-Hz resolution)
I Range detection and direction control at the ends of the
stroke
I Position jump function to a selectablecompensationposition at the beginning of the compressionphase
I Synchronized control of the active inlet valve
I Position dependent generation of valve timing signals
I Bidirectional bus interface to the microprocessor.
All thesefunctions are implemented in a single application-specific integrated circuit (ASIC, see box, page 30),
All functions influencing flow reproducibility specifications are incorporated. The ASIC can control the pump
with a constant set of parametersindependent of the microprocessor.Fig. 4 is a simplified block diagram of the ASIC
control chip.
The set of parameters required by the control chip consists of the motor speed, the distance between the zero
position and the stroke end, the compensationposition to
which the position is set when the compression phase
starts, and up to three different position marks for the gradient control. Fig. 5 shows a typical plot of motor position
as a function of time.
Parameter changes input through the user interface or
by run programming become active with the next pump
cycle. The microprocessordoes not influence the stability
of flow, and therefore it is free to handle the user interface,
the parameterset, and the compensationcalculationsthat
are required to make the outflow independent of the back
pressure.New setsof parametersare loaded to the chip in
synchronism with the pump cycle. When the pump starts

the intake cycle, the new step frequency, stroke length, and
compensation position are written to the chip. When the
pump starts delivery, the position marks for gradient formation areupdated. This ensuresthat the new data is available
well ahead of the time when it is needed.
Solvent Properties and Physical Effects
With regard to flow accuracy, the dual-piston serial type
pump can be considereda single-pistonpump with active
damping (by the secondpiston, which has no valves).The
second piston only influences the short-term flow stability.
The two major effects are ripple and roll-off.
As in single-pistonpumps, the internal pump head volume has to be compressedto system pressurebefore any
liquid is deliveredto the system.This compressionvolume
(seeFig. 6) can be calculated as the sum of the elasticity
of the pump head and the total volume in the pump
chambermultiplied by the solvent compressibility,multiplied by the systempressure.During the time that the piston needs to travel this distance,the first-order damping
characteristicof the system reduces the pressure,which
changesthe flow rate. This flow variance synchronized to
the piston's movement is known as the flow ripple. The
secondpiston can help reducethe ripple, as shown in Fig.
6. However, some ripple remains, its magnitude determined by the compressionvolume and the responseof the
first-order damping characteristic of the hydraulic system.
Roll-off is the reduction of outflow dependenton system
back pressure.After the compressionphaseand during the
remainder of the delivery phase the pump delivers com-
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Fig.7. Ripple compensation with compressionjump.
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Fig. 8, lnfluence of ripple compensationon the pressureplot

pressed liquid, which expands on its way through the column. Becauseof the expansion,the flow deliveredis higher
than the volume displacementof the piston (seethe compressedstroke volume in Fig. 6). At the end of the stroke
the piston changesdirection and the intake phase starts.
Becauseof the pump head's dead volume, the liquid is
decompressed,which meansthat its volume expands,and
the elasticity of the pump chamberis released.During this
time no new liquid is drawn in. Liquid that is not drawn
in cannot be delivered. Therefore, in the Iong term the
outflow is reduced by
r : (Vo1r + elasticity) x pressure x pump frequency.
where Vo, is the dead volume of the pump and r is the
solvent compressibility.The liquid part of this effectvaries
with the solventusedwhile the elasticity is only dependent
on the mechanical construction.
To reduce the magnitudeof this effect the pump's internal deadvolume must be minimized. In the HP 1050pump
design, this volume is as low as 40 pl. This is achieved
using a special absolute referencing method (explained
Iater). Using isopropanol as a liquid, the mean compressibility is 100x 10-6/bar and the decompressionvolume is
only 4 nl/bar. With such a low solvent effect,the physical
elasticity is no longer negligible. Becauseof the plastic
material used for sealing,the elasticity has a value of about
I nl/bar.
To compensatefor thesetwo negativeeffects,the pumpspecific ASIC chip supports a special function. Instead of
moving the piston back and forth with constant speed, a
Dirac impulse function having an area equal to the compression volume is added to the speed function (seeFig.
7). Theoretically,this causesa position jump, a controlled

movement within zero time. In operation, the mechanics
needonly 40 millisecondsmaximum to performthis action.
The distancebetweenthe stroke end and the compensation position is calculated by the microprocessorevery
pump cycle. The servosystemcausesthe motor to perform
this jump using its maximum power. The resolution is 13.5
nl, which allows precisecompensationfor any stroke,pressure, and solvent.
The function just described compensatesfor compression volume. To compensatefor compressedstroke volume, a new running speed is set. The new speed is the
original speed reduced by the compressionfactor, so that
the flow rate of the decompressedliquid at the detector
remainsconstant,independentof systempressure(seeFig.
8). This compensatedflow is set during the intake phase
and is activated when the next delivery phasestarts (after
performing the compensationjump). Thesetwo chip functions reduce the pump's ripple to a very narrow and sharp
pressurepeak that is small and fast enoughto have almost
no influence on the chromatographicresults.
To compensatefor roll-off, a new function of the HP
1050 pump-variable stroke volume-is used. The roll-off
problem is that, becauseof the decompressionphase,the
pump cannot draw in as much liquid as the stroke length
would indicate. The intake stroke is effectively shortened,
and therefore, to compensate, the stroke has to be
lengthenedby the sameamount.The variablestrokefeature
makesit easyto setthe pump control chip to a strokevalue
that is the sum of the nominal stroke plus the decompression volume (seeFig. 9). During the time it takes to draw
in this added volume, the second piston keeps the flow
constant.When the ripple compensationiump is executed,
the decompressionvolume is compressedagainto the sysMechanical
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Pump Control Chip
Thedesign,mechanical
construction,
and compensation
functionsof the HP 1050pump modulerequirea high-performance
motorand controlsystemwith high resolution,
dynamicrange,
and power.
Dynamic performancecan be divided into two parts. One is
the abilityto accelerateand decelerate,which is mainlydetermined by the torque and internalinertiaof the motor.The other
is the usefuloutputtorque as a functionof f requency.Dc motors
havean advantagein this area,whilesteppers,especiallywithout
feedback,are weak here. Stepperstend to show resonancesat
variousfrequencies,
and reversingthe currentin theirinductive
windingswith a limitedvoltagetakestime.The HP 1050pump
would require a stepper motor running at a 125-kHzstep frequencywith morethan 1000steps per revolution.
Evenwith no
loadand a longrampuptime,thlsis difficultto achieve.Standard
dc motorsare not allowedin analyticallaboratoryinstrumentation
because of sparks and the risk oi explosion.Stepper motors
generallyhave good resolutionor dynamic range but not both,
and are difficultto use with variableloads.
To meet the requirementsit was decided to use a position
control servo system of a type used in many HP applications
includingrobotics,plotters,and the meteringpump in the HP
1O9OHPLCsystem,predecessor
of the HP 1050Series.lForthe
high-dynamic-range
requirements,
it was foundthat a variablereluctance(VR)motor,which is drivenwith controlcircuitrylike
a brushlessdc motor,providesthe best performance.
The HP 1050pumpdesignrequireshighpoweito pump liquid
againsthigh pressure.The runningspeed is selectablefrom 0
to 10 ml/minwitha resolution
of 1 pllmin.Thisoperatingdynamic
range is increasedby the compensationcalculations,
so the
internalresolutionis 0.4 pllmin for a 1-Hz steppingfrequency.
This impliesa maximumsteppingfrequencyunder a 200-bar
load of 25 k1z, or 12,5 kHz with a 400-barload.The VR motor
meetstheserequirements.
lt alsohas enoughpowerto acceleratethe pumpf romzerospeedandjump 1000stepswithin40 ms.
The servo systemrs all digital.This makes it easy to integrate

o

intoan ASIC(application-specific
integratedcircuit)chip,which
savescost and increasesreliability.
Therewereservochips available, includingthe positioncontrolchip designedfor the HP
1090meteringpump, but thesewouldhaveneededcompanion
microprocessorsrunningwith at least a 1-k1z interruptrate to
achievethe pumpingperformance.
Therejore,
it was decidedto
designa newstandard-cell
chipthatincorporates
allthe required
control functions to operate the pump hardware.An external
microprocessoris only needed for parametersetting and the
compensation
calculations
with a timingrequirement
of 200 ms.
Thesecan be done by the system'smain processorand no extra
chip is required.
Chip Design
Our experiencewith standardcell design was very helpful.
We worked togetherwith HP's CupertinoIntegratedCircuits
Division,and the first designwas functional.No changeswere
needed.Whenwe startedthe chip design,HP technologyhad
just changedfrom CMOS-Hto CMOS4O,
and the designstation
from HP EGSto HP EDS Sinceall our experiencewas on the
EGSsystemand the old HP 1090chip designwas to be a third
of the new HP 1050chip, it was decidedto designfor CMOS-H
on EGSand convertthe designto CMOS4O.
Fig 1 showsa functionalblock diagramof the pump control
chip.The heartof the chip is a 14-bitpositionservosystemthat
is designedto drive a special VR motor developedby HP
Laboratories
in 1984and manufactured
by Warner.The built-in
commutator
is f ixedfor a three-ohase
motorand an encoderthat
has a factor-of-60higher step count than the motor steps (for
example,a 3-phaseVR motorwilh 24 steps/revand a 360-slit
encoderwith 1440steps/rev)
The setpointpositioncountercan be accesseddirectlyvia the
interfacebus by writingto it throughthe compensation
position
registerin positioncontrolmode.The motorwill performa lump
to the writtenposition.
The chip containscircuitrythat makes the servo frequency

Motor
Currenl

o
o

o

=

Phase
Switches
Current
Controller
Position
Encoder

Gradient
Board

Fig. 1. Functionalblock diagram
of the HP 1050pump controlchip.
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controllable,so the motorspeed can be the controlledparameter
ratherthan position.This is the main mode of operationwhen
drivinga pump. The motor speed is settablein a wide 1S-bit
A controlsignalappliedto one of the
rangewith 1-Hzresolution.
chip's pins causesthe frequencyrangeto be scaled up by a
factor of 16. The motor direction is anothercontrol bit, so the
.16-bit
range (+32,767
runningspeed is selectableover a full
counts).
Two positionmarkerscan be set with 14-bitrange.One is the
position.Whenthe
strokeend and the otheris the compensation
motor'ssetpointpositionreachesthe strokeend, the motordirection is reversed.At the zero position,the directionis again repumping action.When the
versed, giving the back-and-forth
comoensation
oositionis set to a numbersmallerthanthe stroke
end, the motorwill iump to that positionbeforeit startsmoving
backwards.Thisfunctionis used for flow compensation.
Threemore registersallowthe settingof positionmarksfor the
motor.When a mark is reachedthe chip sends out a pulse.

tem pressure. The intake volume, therefore, is exactly the
nominal. The pump frequency remains constant-there is
only a slight phase shift of the intake phase. Since flow
rate is volume times frequency, it is also exactly the nominal, and there is no roll-off.

AbsoluteReferencing
Duringnormaloperationthe drive systemof the pump
works in an absolute position control mode. For this mode,
it is necessary to know at least one absolute position reference. Former designs used light switches or magnetic sensors for the absolute feedback. For the HP 1050 pump, price
and reliability considerations led to a new solution.
The absolute position reference has a direct influence
on the primary piston's dead volume, which leads to flow
disturbances like the roll-off and ripple explained earlier.
The HP 1050 pump is designed to compensate for these
disturbances, but it is required that the dead volume be
known, constant, and as low as possible. The tolerances
of regular position sensors would require complex adjustments, because the primary piston's top dead center is
designed to be only 77 pm away from the top of the pump
head. A reference signal is available from the motor position encoder, but it occurs every revolution, 6 or 7 times
during the stroke (see INDEXsignal in Fig. 10). Because it
occurs more than once during the stroke, this index signal
cannot be used directly. It is necessary to find the first
occurrence. Therefore, a special algorithm is required for
absolute referencing.
For this algorithm, special functions are implemented in
the motor controller chip. The motor current can be read,
the encoder index signal is visible to the microprocessor,
and in a certain position range the setpoint position counter
can be loaded with a predefined offset value. During assembly, the pump mechanical gear system is adiusted so that
the first encoder index signal occurs within about 160 to
660 encoder steps away from top dead center. To find the
absolute reference position, the primary piston is moved
slowly towards the pump head while the microprocessor
monitors the motor current. When the motor current, an
B-bit digital word, increases in value, the piston is at top
dead center. The piston is then pulled back and the micro-

Thesepulsesare usedin the pumpto switchthe gradientmixing
valvessynchronously
with the pump'ssuckingaction.
Somecontrolbits roundout the functionsof the chio so that
atcan be used for universalmotioncontrol,specializedfor the
particularmotorused for the pump. The chip lncludesall functionsneededto drivethe HP 1050pump. Once the parameters
are set,the chip willensurestableflowfor daysor yearswithout
any furthermicroprocessor
action.Thus the pumping performanceis totallyindependent
of processorloador interruptpriority
Reference
1 W Geiger and H. Vollmer, "A New Solvenl Delivery System,' Hewtetpackard
Journal.Vol.35 no.4, April 1984, pp.13-20.

Fred Strohmeier
Klaus Witt
Development
Engineers
WaldbronnAnalyticalDivision

processor measures the exact distance moved until the first
index pulse occurs. This distance is used to calculate the
numeric value to which the setpoint position counter must
be loaded each time the piston reaches the index pulse
that occurs inside the sensing range (see Fig. 10). Subsequently, the servo always reverses direction when the
setpoint counter reaches a count of zero. Thus, for example,
when the first index pulse is found 2qO steps away from
the top, the setpoint counter is loaded with 200 to ensure

Fig. 11. The quaternaryHP 1050pump module can mix up
to four solvents to form grcdients.
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that the piston reverses direction exactly 46 steps before
top dead center. The referencing algorithm is accurate
within four steps, which is 53 nl in dead volume or 6.7
pm in piston position.
When the pump head is changed to one with different
tolerances,it is not necessaryto readjustthe position sensor. The referencing algorithm aligns itself in a wide range
of 0.8 mm.
This initialization (computation of the numeric value)
is performed whenever the pump motor is started. The
position referencing (loading of the numeric value into the
setpoint counter) is performed every time the piston approachesthe top. Therefore,disturbanceson the encoder
lines are not accumulated, and long-term operation is not
a problem.
Gradient Formation
Most chromatographicanalysis requires solvent blending. At least during method optimization, it is useful to
have a free choice of solvent composition. Some applications require the solventcompositionto be modified during
the analysis.This mode is called gradient programming.
The HP 1050 pump design is a low-pressure gradient
system, which means that the solvent mixture is formed
ahead of the pumping apparatus. The mixture is formed
by sequential proportioning of the different liquids during
the intake phaseof the pump. Becausesome liquid combinations as a mixture can solute less gas than the separate
liquids, the gascontent has to be lowered below the saturation limit. This is doneby purgingthe solventswith helium.
It has been found that helium is able to replacethe gas in
a liquid such that the final amount of helium in the liquid
is much lower than the original amount of gas.Somedetection systemsdo not allow oxygen in the mobile phasebut
helium is well accepted.The HP 1050 quaternary pump
(Fig. 11) is shipped with a solvent preparationcabinetthat

uiiuic,o""oD"r'ry] i ;ilU
Decompression-.-i\
i
volume
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solventpropotttoning.
dependent
Fig. 13. Position
includes solvent bottles, bottle caps with solvent filters,
and a set of helium flow control valves. As an option, the
solvent cabinet can have a manual inlection valve, and
there is a column compartment that holds the analytical
column and a leak tray to collect leaking solvent.
A dual-piston serialtype pump draws liquid during only
half of the pump cycle. This increasesthe switching requirements for the proportioning valve. The number of
different portions also affectstheserequirementsbecause,
as the number of portions increases,the probability that
some of the percentagesare low also increases.At a flow
rate of 10 ml/min and a stroke of too r.cl,the switch-on
time for one channel is as low as three milliseconds per
percent in composition. To achievethe specified !o.25oh
absolute composition precision, the valve is required to

+24V
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Fig. 12. Schematic diagram and waveforms for the inlet valve of the quaternary pump. The
waveforms indicate transistorstates, not voltage levels.
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switch within 1 ms.
To achieve such fast switching with magnetic solenoids,
the overdrive technique is used. For on times up to 10 ms,
the valve is driven by a voltage five times nominal. For
longer on times, the voltage supply is chopped after 10 ms
at a rate oI 25 kHz and the duty cycle is 2oo/o.When a
changeover from one channel to the next occurs, at first
all channels are switched off to avoid crossflow between
the different solvent containers. This "all channels off"
situation allows all four solenoid drivers to be combined
so that only five power transistors are needed (seeFig. 12).
If there is a small solvent proportion right at the beginning of an intake phase or right at the end, there is a chance
that the proportion will be influenced by the switching of
the inlet valve or by the decompression phase, which prevents the drawing of solvent for a certain time. This effect
can be large enough that no solvent will be drawn for that
portion, thereby spoiling the composition accuracy. To prevent this, a function called the primary channel is implemented. The primary channel is the one that is opened
at the beginning of the intake stroke, and therefore is the
one that is influenced by the pressure dependent decompression phase. It is selected by an automatic function or
by the user. This primary portion is split, and is drawn in
partly at the beginning and partly at the end of the intake
stroke (see Fig. 13). Up to two smaller portions can follow
in sequence between the two parts of the primary portion.
Because the same channel is opened both times the inlet
valve is switched, the influence on composition is automatically compensated. Any change in the decompression volume because of changing pressure reduces or enlarges the
first channel's portion. By the compensation calculations
described earlier, the stroke is adapted to the decompression volume, and therefore the last channel's portion is
enlarged or reduced correspondingly. Since the first channel and the last are the same, the effects compensate. The
same occurs when the valves have a delay between the
electrical signal and the mechanical switching action. This
changes the phase between the proportioning and the pump
cycle, but all portions remain the same. The user is expected either to use the automatic function or to decide
which channel is primary (first).
One channel is always open, even when the pump is in
the delivery phase. This ensures that the pressure between
the gradient valve and the inlet valve does not rise even
when the inlet valve has backflow because of dirt or a
malfunction.

Diagnostics and Monitoring
The HP 1050 pump is designed on the basis of a complete
understanding of the effects and parameters that influence
the performance of a high-pressure pump system. The system internally handles all the values that influence the
performance as single and known parameters. These parameters are given as digital values to a pump control circuit that forces the precision pump mechanism to produce
the expected solvent flow accurately. The simple structure
of the pump mechanism and the open design of the pump
control logic allow the microprocessor to compare expected
events with the real situation for a variety of parameters
and thus generate diagnostic information that is of real
value to the user.
Faults are detected either during self-tests or when unwanted events occur. The goals are to find faulty components that need to be replaced, or to detect events that for
safety reasons require that the system be switched off before
it destroys others or itself. In nearly all cases, when a fault
is detected the system will stop normal operation and inform the user that some action or service is needed. The
operating and service manual contains suggestions for
further diagnostic actions to point out the faulty element.
The system can detect 24 different error states, some of
which may indicate faults. In all cases, detection of one of
these states places the instrument in an error state. In some
cases, a predefined error method will be called for and
executed. The system will print the reason for entering the
error state on the display to inform the user. The error
conditions can be placed in three categories:
r Start-up errors, such as RAM test failed
r Initialization errors, such as pump reference lost
r Operating errors, such as pressure exceeds 42Obar.
There are always some effects that cause the performance
of a pump system to become worse with time, eventually
becoming insufficient for the application. If the instrument
is able to detect these changes early enough and inform
the user, the user will be able to plan for corrective action
or repair. The HP 1050 pump has a number of continuous
monitoring functions that watch for such effects. The results of these monitoring functions do not have a direct
influence on the pump's operation. They will not cause
the pump to switch off. They are placed in the internal
memory "logbook" and can be accessed by the user, who
can initiate further actions. There are four diagnosis levels:
I Level 0: On-line monitoring is switched off.
r Level 1: On-line monitoring results are written to the
logbook and can be called for using the STATUSkey. No
further actions are taken bv the instrument.

o"tiu"ryflrlnt"t
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Fig. 14. A typical pressuretrace and its relationto the pump
cycle (right side time scale expanded).
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Fig. 15. Gas bubble detection using ripple information
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I Level 2: On-line monitoring results are written to the
key. The
logbook and can be called for using the STATUS
system goes to the not ready state. The N'READYLED is
lit and the N'READYcontrol line of the remote control
bus is pulled low to prevent further injections.
r Level 3: For use only by production or service personnel, mainly to measure the available stroke to check the
pump drive adjustment.
On-Line Pressure Monitoring
In normal operation, the system pressureis continuously
monitored and displayedin selectablepressureunits (MPa,
bar, or psi). There is an analog output at the rear of the
instrument for plotting the pressureon an integrator, which
can be the same one that is used to monitor the detector
output.
A major reason for monitoring the pressureis safety.The
user can type in upper and lower limits for the pressure.
The upper limit is used to protect the column againsttoo
high a pressure,while the lower limit is used to detect a
dramatic leak in the systemor that the solvent reservoiris
empty and the pump is drawing air.
This absolutepressuremonitoring does not require precise time resolution. However, short-term pressurevariations are also monitored for such purposesas gasbubble
detectionand flow symmetryanalysis.So asnot to overload
the microprocessorwith complex calculations at a high
speed, a specially designed analog-to-digital converter
(ADC) is built into the pump. Called the relative ADC, it
delivers a data word proportional to the relative difference
of the input voltage and a reference.Absolute values are
calculated from this relative data about once per second,
while the relative information is availablewithout calculation about every 10 ms.

high-speed precompression phase right after the primary
piston begins to deliver. This phase is less than 35 ms in
duration. Becausethis action will not always perfectly compensatefor the solvent'scompressibility,the systempressure after the compressionphase will vary. The HP 1050
pump exhibits a positive ripple if the pressure after the
compression phase is higher than before and a negative
value otherwise. A peak-to-peakvalue normally is positive
only, but the extra sign indicates whether the pump is
overcompensatedor undercompensated.
With a gasbubble in the primary cylinder, the compressibility of the volume will increasedramatically (seeFig.
15). Therefore,the mismatch between the ripple compensation and the actual ripple can give information about the
gas content. To detect gasbubbles,the last pressurevalue
before the pump changesto the delivery phase is stored.
This value is compared with a pressurevalue measured
about 40 ms afterthe direction change.Becauseall pressure
values are availableas percentagesof the mean value, the
ripple can be calculatedas simply the differencebetween
these two values. If the ripple is greaterthan a limit that
dependson the compressibility,a gasbubble is suspected
and a messageis stored in the logbook.
If the bubble is an isolated phenomenon,that is, if gas
is not entering the pump head continuously, then after
some time the cylinder will be filled completely with solvent and a messagewill be enteredinto the logbook indicating that the gas problem has been solved.
The secondaryripple, that is, the pressuredrop when
the secondpiston startsdelivery, is used to check the closing function of the outlet valve. This ripple is normally
well below 1%. If the valve is closedby backflowing liquid,
this secondaryripple is increased,as shown in Fig. 16, and
a messageis generated.

Ripple Measurement and Gas Bubble Detection
In a normal HPLC system, the hydraulic resistanceis
linear, and thereforethe pressuresignal is a good tool for
monitoring the flow stability. However, the absolutevalue
of the resistancedependson solventpropertiesand temperature, as well as variations in the flow path, so the absolute
value of the pressurecannot be used.The relative information, on the other hand, is very useful for monitoring functions.
Fig. 1a shows a typical plot of HP 1050 pump pressure.
Most of the short-term variation is synchronouswith the
pumping action.This peak-to-peakvariation is the ripple.
In the HP 1050 pump, ripple compensationcalls for a

Flow Symmetry Analysis
Continuous backflow through the outlet valve shows a
different pressureshape and is detectedusing flow symmetry analysis.Flow symmetry analysisis a monitor function that derives the end value of the pressureunder the
assumption that each piston will deliver the same flow
forever. Essentially, this is the value the pressure approachesasymptotically during the time a given piston is
delivering. The values are calculatedfor each piston sepa-

Fig. 16. lmproper closing of the outlet valve leads lo secondary ripple.

Fig. 17. An example of flow asymmetry caused by a leaky
first piston.
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points are selectedso that three equally spacedpoints are
spreadover eachhalf pump cycle. This avoids the need to
calculate an exponential function of an unknown firstorder damping system (seeFig. 1B).
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rately and are called asymptote #1 and asymptote #2.
Asymptote #1 is calculatedfrom the pressuretrace of the
primary piston and asymptote#2 ftom the pressuretrace
of the secondarypiston.
An optimal pump systemwill show pressuredifferences
between the two phases of the pump cycle if the mean
values or the final values of each cycle are compared.This
is becauseonly the primary piston compressesthe solvent
to systempressure.However,the asymptotesof both phases
should be identical under stableconditions.If thesevalues
differ by more than 1% (Fig. 17), a logbook messageis
generatedindicating either that the primary piston leaks
or that there is outlet valve backflow, dependingon which
asymptote is greater.Trends, such as pressureslopes,are
filtered out using the values from the last cycle.
For flow symmetry analysis,the microprocessorhas to
calculate the asymptoteof an exponential function twice
per pump cycle. To reduce the calculation effort, the data

The HP 1050 pump module is a very simple but precise
mechanism driven by a high-dynamic-range servo drive.
The design merges reliable known technology with powerful new control capabilities. An active inlet valve, custom
IC technology for the position servo, and a complex control
algorithm running on an MC6B00B microprocessor result
in a pump that performs well, is easy to operate and maintain. and offers automation features to address a varietv of
applications.
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A New Generationof LC Absorbance
Detectors
Twoabsorbancedefeclorsare availablefor the HP 1050
programmable
SeriesmodularLCsysfem;a high-sensitivity
scanning detector and a high -speed,mu ltip Ie waveIength
diode arraydetector.
by Axel Wiese,KonradTeitz,Volker Brombacher,Giinter H6schele,and HubertKuderer
HE MOST IMPORTANT DETECTIONPRINCIPLEin
liquid chromatography(LC) is absorbancedetection
in the ultraviolet and visible wavelength ranges.
Sample molecules with chromophore groups absorblight
and are excited into higher electronic energy levels. The
observedspectrum, a plot of light absorbedas a function
of wavelength,is characteristicfor any speciesand is therefore helpful in identifying compounds previously separated in a liquid chromatographycolumn.
There are two types of LC absorbancedetectors,each
having its own special features and characteristics.The
first is the forward optics detector.White light is separated
by a wavelength dispersiveelement-typically a gratingand one selectedwavelengthpassesthrough the sample in
a flow cell of an LC system.This type of detector is set to
one wavelengthat a time. Spectracan only be acquiredby
stopping the pump flow and turning the grating from one
position to the next to changethe wavelength in the cell.
In the early 1980s,HP introduced the reverseoptics detector. White light first passesthrough the flow cell, where it
is attenuatedat wavelengthscharacteristicof the sample
molecules. It is then separatedand directed by a grating
towards a diode array. Each diode detectslight in a very
narrow wavelengthrange,and there are enoughdiodesthat
all wavelengths of interest are detected simultaneously.
Originally used for pure research,diode array techniques
are beginning to be used for routine analysis in quality
control laboratories.An invention of the 1970s,the holographically fabricated concave grating, can resolve the
wavelengthrangeon a nearly linear focal curve. This kind
of self-scanning photodiode-array detector can produce
dozens of spectrain a second,on-line. With a microcomputer handling the resulting data stream,a speedunattainable with forward optics detectorsis achievedin the measurementof separatedcompounds.For the HP 1050 Series
Liquid Chromatographs,the forward optics technique is
now driven to its highest sensitivity so far with the HP
79853A Variable Wavelength Detector (VWD), while the
HP 798544 Multiple WavelengthDetector (MWD), the reverse optics solution, featuresa wide rangeof spectral capabilities.
Theoretical Background
The basic equation for absorbancespectrometry is the
Lambert-Beerlaw:
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where A()t) : absorbancein absorbanceunits (AU) asa
function of wavelength
€ (\) : extinctionormolarabsorptioncoefficient
asa function of wavelength
C : molar soluteconcentration
P : pathlength(mm)
Io : incident photon flux
I : transmittedphoton flux.
In terms of the photocurrentsof the array diodes and the
associatedpreamplifier circuitry, the above equation is:
I
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:photocurrentreferencesignal
: photocurrent sample signal
: photocunents produced by stray light
: additional offset currents produced by
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the signal electronics
darkcurrentscausedbythephotodiodes.
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Fig. 1. Output signal noise of a diode array detector as a
function of photocurrent.

The absorbance signal can be corrected for offset and
dark currents simply by measuring these currents during
an analisis. Stray light is the main factor limiting the detector's linearity. Stray light is an intrinsic property of
wavelengthdispersiveelements,which meansthat gratings
of the highest quality are absolutely necessary.In the HP
79854A MWD, stray light is lessthan 1/1000of the sample
light, resulting in a linearity error of less than 1% up to
1 . 5A U .
Flow Cell Trade.Offs
According to the Lambert-Beerlaw, a longer path length
gives a correspondingly higher signal. However, longer
path lengthsresult in largervolumes,increasingthe dispersion of the separatedpeaks.Reducing the volume with a
long path length reducesthe light throughput, corresponding to a relatively higher (absorbance)signal level, but at
a higher noise level. A further constraint comes from an
"Iron Rule" of chromatography,which saysthat no more
than 10% of the original resolution must be lost in the
detection system.This meansthat the volume of the flow
cell must be:
V."y1( 0.5

V,

F

where V. : retention volume

N = number of theoretical plates (a column
parameter).
For these reasons,all absorbancedetector designs are
trade-offs between path length, cell volume, and total
photon flux, which is controlled by the element with the
smallest iight conductivity, the flow cell.
Signal-to-Noise Ratio
In addition to the path length of the flow cell and the
dispersionof the eluted peak,signal-to-noiseratio is a limiting factor in detectorperformance.
In modeling the noise contributions in a photometric
absorbancedetector,three types of noise need to be considered: Schottky noise, independent noise, and proportional noise.Thereis alsoa relationshipbetweenphotometric noise (noise associatedwith the photometric signal)
and output signal noise:
Diffraction
Grating

Plane
Mirror

Entrance

slir

Output Signal
Noise (AU)

PhotometricNoise
2.3 x [PhotometricSignal)

Schottky Noise. Schottky noise is always associatedwith
direct current flow, for example in diodes and transistors.
In this casethe Schottkynoise is associatedwith the photocurrent generatedby the photodiodes. The rms Schottky
noise current I" .-" on a photometric signal Io6 is:
I".*" (amper"s)= VzqLr,gW
where q is the chargeof the electronand BW is the electrical
bandwidth. In detectors.it is more convenientto work with
the peak-to-peakvalue of the noise,which is approximately
I" o-o(amperes): 6I"

"*.

: 6V2qIonB-vV.

The responseon the chromatographicbaselineis:
r's / a'-r rr
p-p\' '

I" o-o(amperes) _ 6V2qlrrBW
2.3lor,
2.3Io6(amperes)

Independent Noise. This noise term is seen as a fixed
amount of noise superimposedon the photometric signal.
It is mainly generatedbythe electronics(amplifiers,analogto-digital converters,etc.) and is independent of the level
of the photometric signal. It can be expressedas:
Ii o-o(amperes): constant * f(InrJ.
The responseon the chromatographicbaselineis:

:
r1o.o(AU)
Hffi*
Proportional Noise. This noise term is proportional to the
photometric signal. It comes mainly from lamp instabilities
and gain variations in the electronics. It canbe expressed as:
I o o - o ( a m p e r e s ): k l o r , : 2 . 3 x 1 0 - s l p h
The response on the chromatographic baseline is:
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Fig. 2. Optical system of the HP
798534 Programmable Variable
Wavelength Detector, a forward
optics, scanning absorbance
detector.
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Total Noise.The total noiseon a chromatographicsignalis:

It (AU): \/rJ +T + r 'zThe result of this model is shown in Fig. t. Within the
operatingrangeof the detector,the total noise of the system
approachesvery closely the theoreticallimit, which is the
Schottky noise.

Variable Wavelength Detector
Features of the HP 79853A Variable Wavelength Detector
include high sensitivity with low noise and drift, and versatility in the form of programmable wavelength, autozero
capability, and interchangeable cells. This detector has a
single-channel output. Time-programmable wavelength
switching and stop-flow scanning make it possible to take
a spectrum to find a wavelength with optimum sensitivity
for a given chromatographic peak, thereby achieving
maximum sensitivity.

slit, which has an 8-nm optical bandwidth. The beam
passes through a flow cell which has an B-pl volume and
a 1O-mm path length, and the transmitted light is converted
by a sample photodiode into an electrical signal. To compensate for intensity fluctuations of the light source, a
beamsplitter in the monochromator directs part of the light
to a reference photodiode. Wavelength selection is made
by rotating the grating, which is driven by a stepper motor.
An optical unit casting contains all items: mirrors,
beamsplitter, grating assembly, and two photodiode assemblies. The deuterium lamp is located in a separate compartment attached to the casting.
Flow cell construction follows a classical steel cell concept. A steel housing contains the Suprasil windows, gaskets, screws, and other parts. The inlet capillary is coiled
around the housing, forming an efficient heat exchanger.
The assembly is part of a cassette that can be removed from
the instrument for cell inspection. A simple sheet-metal
case, which follows HP standard appearance design
guidelines, contains all subassemblies: the optical unit
with its cell cassette, the power supply, analog-to-digital
and digital-to-analog converters, the microprocessor, and
the user interface.

DataAcquisitionand Processing
ScanningAbsorbanceDetectorOptics
In the optical system of this detector (Fig. 2), radiation
from a deuterium lamp is focused on the entrance slit of
a monochromator by means of spherical and plane mirrors.
In the monochromator, a 1200-line/mm grating in a highly
efficient Monk-Gillieson optical system spatially disperses
the beam and focuses the selected portion of it on the exit

One of the main goals in designing a signal path is to
find a solution that provides operation as near as possible
to the theoretical noise limit, which is the Schottky noise
of the photocurrent. This means that the electronic circuits,
including the light source and the photodiodes, must add
a minimal amount of noise above this limit. Other goals
are to provide signal filtering matched to the chemical ap-
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plications and time tables to change parameters during an
analysis.Fig. 3 shows the block diagramof the HP 79853A
Detector.Light energyis convertedto photocurrentby silicon pin photodiodes, which generatephotocunents as
large as 10 nA. Becausethe light intensity varies significantly with wavelength,the preamplifier gain is increased
from a normal value of L to 2,4, or B dependingon the
actual photocurrent. The next stageis a channel selector
connecting the analog-to-digitalconverter (ADC) input to
the sample or referencephotodiode or to analog ground
for offset compensationmeasurement.The ADC is an integrating type with a basic conversionfrequencyof t.z kHz,
generatinga pulse width signal proportional to the input
voltage.Twenty-four conversion cycles and some waiting
time are summed, resulting in an l8-bit ADC with 25-ms
conversiontime. This speedis more than adequatefor LC
purposes, even for the fastest chromatographicapplications.
As mentioned earlier, compensationusing a reference
photodiode provides advantagesin suppressingcommonmode effects.It is best to use identical parts for measuring
the sample and referencephotocurrents.Therefore,only
the photodiodesand the first op amps are individual parts.
All other parts in the signal path, including the ADC, are
identical. With this design it is possibleto guaranteedrift
values of less than 5 x 10 4 AU per hour.
A 7810 one-chip microprocessorclocked at 12 MHz is
used for all control and data handling operations.Corresponding to the user-selectedsignal responsetime (0.25,1,
or 4 seconds)the 18-bit ADC data is low-passfiltered and
convertedto absorbancedata accordingto the equation
A(I) : log(referencedata) - logfsampledata).
This doesnot normally result in A(tr) : 0 for a nonabsorbing probe, as required by the Lambert-Beerlaw, because
the solventitself and the cell absorbsomelight. To compensate,a balanceis performed.Justbeforestartingan analysis
the actualabsorbanceis measuredand stored,and all future
absorbancecomputationsare correctedby this value.
The data output of the CPU consists of two different
types: data to be displayed and data for the analog output
signal of the detector.The display is a LB-charactersingleIine vacuum fluorescent display with 5 x 7 dot matrix
characters.For the analogoutput signal,a digital-to-analog
converter (DAC) operateson the digital data.
The dynamic requirements of the DAC are determined
by signal and noise considerations.The value represented
by one least-significantbit must be small comparedto the
minimum signal level, which here is noise. The full-scale
analogoutput correspondsto 2 AU (by definition), and the
minimum noise is 2 x 10 5 AU. The result is that 1 LSB
must be less than 1x L0-5 AU or the dynamic range must
be greater than 200,000.Consequently,an 18-bit DAC is
needed.To obtain this dynamic rangewith monotonic behavior, a two-stageDAC principle was chosen. The first
stageis an 11-bit pulse width modulated DAC with 20-bit
accuracyoperatingat a 183-Hz repetition rate. The output
of this stage enables7 bits of a second monolithic DAC.
The two DAC outputs are added, resulting in the required
1B bits. Low-passfiltering suppressesthe ac content to a

negligible amount.
Besides signal data handling, the microprocessorhas
some further tasks to perform. For safety reasons,a leak
detector near the cell is monitored with a built-in B-bit
ADC. In case of any malfunction, appropriate not-ready
and error messagesare activated.The microprocessoralso
generatesthe bit pattern for the step motor to changethe
wavelength, and takes care of deuterium lamp control,
shutter movementfor suppressionof optical second-order
diffraction (optical low-pass filter), and remote control
input and output for synchronizing the operation of all
connectedLC modules.
Detector Gontrol
Usersof LC detectorsare commonly chemistsor persons
in chemical labs.They need easyaccessto the most important functions with a self-explanatory display and
keyboard.This is quite difficult becausethe spacefor the
keyboard is limited and becauseaccessto 26 different parameters and functions must be provided. In addition,
about ten special functions for service purposesare available. In the HP 79853A, the most frequently neededfunctions are directly accessed via corresponding keys
(deuterium lamp on/off, start/stop analysis, wavelength
selection,and balance).The remainingfunctionsareaccessible via a specialcontrol key plus an identification number.
All control functions can be reachedeither in this way or
by scrolling forward and backward with up and down keys.
The first five control functions arethoserelatedto spectrum
acquisition and spectral data output. There are also automatedfunctions allowing taskslike finding the wavelength
with maximum absorbancein a measured spectrum and
switching on or off the deuterium lamp after a predefined
time interval to extend the life of the lamp.

Multiple Wavelength Detector
The HP 7sB54A Multiple Wavelength Detector is designed for customerswho need not only signal sensitivity
but also spectral sensitivity and more information. This
detector featuressimultaneousdual-wavelengthmonitoring and on-line peak purity checks.

Grating
Fig.4. Optical systemof the HP 798544 Multiple Wavelength
Detector,a reverse optics,diode array absorbancedetector.
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The main objectives for the development team were to
achieve the highest possible sensitivity in terms of noise,
wander and drift, to reduce spectral noise to its theoretical
minimum. to make the instrument insensitive to refractive
index changeswith temperature, and to implement enough
functionality to make the instrument a useful tool in both
research and quality assurancelabs.
MWD Optical System
Fig. 4 shows the optical system of the HP 798544. The
radiation source is a deuterium discharge lamp that has a
wavelength range of 190 to 600 nm. Light is collected by
an achromaticlens systemand directedonto the spectrometer slit, which is 120 pm wide and 635 pm high. In the
plane of the slit a 1:2 reduced image of the lamp aperture
is formed. The slit is part of the cylindrical flow cell, which
is made of quartz and has a path length of 6 mm and a
cylindrical volume of a pl. By designing for an optimum
fit betweensolid angle,imagesize,and flow cell geometry,
wall effects(reflectionsat the cell walls and refractiveindex
sensitivity)areavoidedand a high photon flux is achieved.l
A holographic concave grating dispersesthe emergent
radiation linearly onto a photodiode array, The array consists of a row of 211 individual silicon photodiodeswith
a center-to-centerspacing of 0t pm. 2O5diodes are used
for the 410-nm-wide wavelength range, so the dispersion
factor is 2 nm per diode. Becauseof the 1,2o-pmslit width
the signal bandwidth is 4 nm, a trade-off between spectral
resolution and high light throughput.l A cut-off filter
placed before the array removessecond-orderspectra.
The required spectral dispersion as a function of
wavelength determines the groove density of the grating.
Gratingaberrations-spectralplane focus,astigmaticfocus,
and coma-have to be minimized over the spectral range
of interest.Fabricationof a flat-field mastergratingis done
via holographicrecordingtechniques,that is, a 3D interference pattern is produced by two coherent point sources
(their positions can be calculated from known imaging
properties and the required dispersion), By means of an
Photodiode Array

appropriategrooveprofile the amountof light into a desired
spectralorder can be controlled (70%efficiency at 225 nm).
Final grating production is by replication processes.
A shutter positioned between the lens system and the
flow cell can cut off the radiation for dark current compensationor interposea holmium oxide filter into the radiation
path. With its characteristicspectrum,the filter calibrates
the photodiode array for a correct wavelength scale.
The casting containing all optical components is
mounted on a sheet-metalbase.The cell areaand all capillaries are easily accessibleby opening the front door. AII
electronics, including the power supply, ADC and DAC,
dataacquisitionunit, and centralprocessingunit, is located
behind the optics in the rear half of the box and is easily
accessiblefor service and upgrades.
For a good noise profile, the temperaturevariation in the
optical setup needsto be as low as possible.Heat dissipation occurs at the lamp position (100'C) and in the cell,
the latter causedby the flow of solvent previously heated
in the LC column oven (up to 100"C).There is also dissipation over the capillary steel walls. Active cooling is done
separatelyby two fans. The first is adjacent to the lamp
compartment, and the second is behind a large heat exchanger. Both take in air from the front of the box. A small
heat exchanger is attached directly to the cell for fine-tuning the temperatureprofile.
Signal Electronics
The self-scanningphotodiode arraysare built on silicon
semiconductormaterial and consist of a number of photocells connectedto a common output (video lineJ by means
of electronic switches. The switches of the individual
photocells are controlled by a shift register so that the
photocellsarereadsequentiallyaccordingto the shift register clock signal. The common output is connected to a
chargeamplifier.
A schematicdiagramof a self-scanningphotodiodearray
is shown in Fig. 5. Each photocell has an associated
capacitor C6, which representsthe junction capacitance
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Fig. 5. Schematic diagram of a
self- scannin g photodiode array.

of the photodiodeor, in somecases,is a capacitorseparately
addedon the chip. In operation,the capacitorsof the photocells are initially chargedto a fixed value by scanningall
photocells.
When photons penetrate the photosensitive material,
charge carriers are generated, which discharge the
capacitors according to the number of photons within a
given integration period. When a particular photocell is
connectedto the common output, its capacitoris recharged
from the charge amplifier and the amount of charge required representsthe dischargelevel of that cell's capacitor,
which is proportional to the incident light level during
that integration period. Before each charge transfer from
the chargeamplifier to a photocell, the reset switch RS is
closed to null the chargeamplifier and prepare it for the
next transfer.
The charge amplifier integratesits input signal so that
the voltagechangeat its output is proportional to the integral of the incident light level during the integrationperiod.
This signal is further processedby an amplifier, a sampleand-hold circuit, an analog-to-digitalconverter(ADC),and
a microprocessor.
Analog-to-Digital Converter
The ADC combinesthe benefitsof the successiveapproximation technique and the advantagesof the dual-slope
algorithm. The benefits of successiveapproximation are
high resolution of 16 bits, or stepsof 76 pV over a 5V input
range, and a high conversion rate of 18,000 readings per
second. The dual-slope algorithm provides low noise, a
good temperaturecoefficient,excellent differential linearity, and low manufacturingcosts.The ADC is only required
to make relative, not absolute,voltagemeasurements.The
dual-slope-basedconversion principle is called tripleslope integration becauseof the three different parts of the
integrator voltagewaveform (Fig. 6).
A schematicdrawing of the ADC is shown in Fig. 7. The
input voltage coming from the photodiode anay passes
through a level shifter and a variable-gain stage before
charging the integration capacitor. A very fast comparator
detects the zero crossings of the integrator voltage (critical
areas around the zero level are amplified to avoid comparator toggling) and triggersthe digital timing logic, which
switches the dischargecurrents and controls the counters.
After the conversion the corrected counter content is

+ CorrectionBil
Time(rrs)
Fig.6. lntegrator voltage waveform for triple-slope integra'
tion.

loaded into the output data register as the 16-bit conversion
result.
One difference between the triple-slope integration
technique and common dual-slope techniques is that the
integrating capacitor is charged by a constant voltage instead of by a voltage dependent current during a fixed
charge time. Therefore, no autozero step is necessarybetween readings to remove the charge remaining from the
previous conversion. Thus the number of error-inducing
high-speed switches is minimized and a typical overall
noise level of t0.5 LSB (least-significantbit : 76 g.V) is
achieved.
The other main differencesolvesthe great disadvantage
of the dual-slopeprinciple, the relatively slow conversion
rate, by using two bipolar dischargingcurrents with a constant ratio of 11 = - 728,lz.The conversionrate is increased
by a factor of about 64. An internal correctionbit makesit
possibleto eliminate various switching delay errorsby providing additional time to drive the integratorvoltageto the
zero level.
The capacitor dischargetimes are measuredby a single
comparatorcircuit to eliminate offset voltages.The output
digital data word is the result of multiplying the upper
nine data bits by the weight of 128 and adding the conection bit and the lower seven data bits.
To achieve the full speedadvantagesof this technique,
a pipelined signal flow preparesthe next diode voltageto
be switched to the integratorwhile the cunent conversion
is running. At the sametime the data word resulting from
the previouscycle is kept in the output latchesto be fetched
by the front-end microprocessor.This pipelining concept
Input Voltage
trom Diode
Array

Data Bus and Control Lines to/from Processor

Fig, 7. Block diagram of the analog-to-digital converter
(ADC) of the HP 79854A detector.
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reduces the timing requirements for the processor enormously by keeping the computed result stable for the time
needed for a full conversion cycle.
A small on-board diagnostic circuit is provided to test
the ADC with two constant internal voltages and an additional ramp voltage covering nearly the full input range,
using only the digital output data as test results. Thus a
good ADC test is possible even if there are malfunctions
elsewhere in the electronics.

lated and the background scan is subtracted. The result,
the absorbance spectrum, is stored in spectrum memory,
which holds up to ten spectra.
Calibration values, used to set the correct gain for each
diode and to correct the raw intensity values, are measured
during a special calibration cycle on request and the results
are stored in control and correction tables for continuous
use during normal measurements.

DetectorFunctions
Data Processingand Architecture
Processing
is split betweena smallpreprocessor
system
and the main processor system (see Fig. 8). The preprocessor takes care of array data readout and control of the diode
array. The main processor is responsible for data calculation, I/O, and user interface handling.
HP's first fast scanning detector, the multiwavelength
HP 79BB0A, had a similar architecture, using a fast bit-slice
front-end processor and a ZB0A main processor. For the
new HP 79854A, the costly and chip-consuming bit-slice
preprocessor is replaced by a standard 6809 preprocessor.
The main processor is a standard 68008. Performance is
maintained, but the chip count is reduced by two thirds,
reliability is increased, and the cost is reduced by one third.
The 6809 preprocessor system controls the array and
gain switching hardware to set the couect gain for each
diode, and it synchronizes the array cycle with the L2.S-ms
data processing cycle. It also captures data coming from
the ADC with a period of 55 ps (18,000 words/s), filters
the values separately for each diode, and block-transfers
20 raw intensity-scan records per second to the main processor.
The 68008 main processor, running under a multitasking
operating system, handles the local keyboard input, display
output, and DAC control and does the complex calculations
necessary to provide chromatographic signals and spectra
at the analog outputs. Since the main-processor load is
critical, the main processor is interrupted by the preprocessor only when a complete scan record is available for processing.
The main processor corrects the raw intensity data from
the preprocessor for dark and electronic offsets. The corrected record represents the light intensity distribution
over the wavelength range from 190 to 600 nm. This record,
called a raw intensity scan, is used to build chromatographic signals and spectra. Six raw signals are generated
by bunching (adding) intensities in the wavelength domain
to get the desired center wavelength and bandwidth. These
raw signals are filtered in the time domain according to
the required peak width, that is, the filter length and output
data rate are set to produce the number of data samples
needed to reconstruct the peak shape, height, and area
correctly. To get the absorbance values, the filtered raw
signals are log-converted and referenced to the background.
Finally, the data rate is converted from the current sample
rate to the DAC output rate to make the chromatographic
absorbance signal available for analog output.
As shown in Fig. B, the first step in spectrum processing
is bunching the intensity data for each wavelength in the
time domain up to the desired acquisition time, which also
depends on the peak width. Next, the logarithm is calcu-
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The user can predefine three different sample wavelengths and three different reference wavelengths and
change them in a time program. Unwanted impurities
within a chromatogram can be subtracted from the sample
signal by simply setting the reference to a wavelength
where only an impurity spectral band exists. Arithmetic
is possible not only with signals but also with spectra.
Spectra are taken instantaneously on demand or can be
programmed and stored. Subtraction of spectra from the
same or other runs (baseline spectra) is done off-line.
For identification of unknown compounds, a quick
means of creating a chromatogram with the highest signalto-noise ratio per peak is desirable. Diode array technology
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Fig. 8. Slgna/ processing in the HP 79854A Detector

offers on-line information about the wavelength with the
highest absorbancein the cell for each peak. This helps in
choosing the right wavelengthsfor a successfultime proglam.
Troubleshootlng
Unfortunately, the detector can't tell whether unnatural
noiseor signalbehavioris causedby an LC systemmalfunction or a detectorfailure. For example,the noise might be
too low or too high, the baseline might be randomly or
regularly spiked, or microwander and jumps might occur'
For the multiwavelength detector, troubleshooting starts
by exchangingthe flow cell with the test cell and cutting
off the flow path from the detector.Then the detectorselftest or various test functions can be invoked. Error messages,such as leak detected,error in other module, Iamp
ignition failed, low intensity, or wavelengthcalibrationout
of range,may be helpful in correctinga malfunction. There
is a lamp intensity test to check the output of the light
source.The holmium spectrumcan be measuredto monitor
stray light in the UV range,and for an electronicnoise test
the lamp is disconnectedand the signalpath from the diode
array to the electronics is checked. The printed circuit
boards have their own specializedtests. The gain factors
of the ADC can be measured,and the DAC can be tested
using a built-in test pattern as input.
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FirmwareDevelopmentfor a Modular
Liquid ChromatographySystem
Morethanhalfof thefirmwarefor theHP 1050SeriesHighPertormanceLiquid ChromatographySysfemis common
to all modules./f is cusfomizedfor individualmodulesby
meansof module-specific
tables.
by ChristianBUttner,FromutFritze,and GerhardPle
ACH HP 1050 SERIESMODULE is a stand-alone
unit, performing one specific task required in a liquid chromatography system.There are three types of
modules: solvent delivery system, automatic liquid sampler, and detector. Combined, the modules form a complete, working analysissystem.Therefore,the scopeof the
firmware implementation is the combined functionality of
a complete LC system,but the firmware physically resides
in specific modules.
Based on our experiencewith earlier products and the
large number of new functions, which had to be implemented by up to ten engineers working in parallel
within a time frame of two years, we took the trouble to
establish a robust firmware development process with
some significant new approaches.Some key objectives
were to reuse as much code as possible,to aim for easily
maintainablecode,and to insist on identical processorand
user interface hardware for all modules.
Code Reuse. One of the most important goals was code

reuse. We adapted design concepts from a previous product
and emphasized strongly common solutions for all devices.
For common functions, we aimed to reuse code unmodified
from device to device. Even functions that only have common concepts got identical code and are tailored to the
device-specific needs by tables.
Easy Maintainability.
Both to remove defects and to enhance the product's functions, postrelease work may be
necessary on the code. In addition, the control firmware
for future instruments may be derived from an existing
version. This motivation affected the structuring of the
firmware and led to the decision to write code in pascal.
limiting the amount of assembly language code to the absolute minimum.
Identical Hardware. A prerequisite to making and handling a large amount of common code is the use of identical
keyboards, displays, and microprocessor architecture in all
modules. Fig. 1 shows the generic electronic hardware
block diagram. The processor board, which is common to

Fig. 1. Block diagram of the
generic HP 1050 Series module
electronics.
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all modules, occupiesone slot of the cardcage.It is based
on a Motorola 68008microprocessor,has 64K bytes of RAM
with 32K battery powered, and can handle up to 512K
bytes of ROM. To keep the processorboard absolutely device independent,the ROM is physically located on a device-specilic board in another slot. Integrated on the processor board is the remote interface circuitry. The remote interface provides common communication lines between
the HP 1050 modules. Additional electronics monitor a
safety sensorto detect solvent leaks.
Fixed addressrangesare allocated to the different printed
circuit board slots (Fig. 2). They range in size from 12BK
or 64K for option slots to 16K for device-specificslots.The
internal bus systemis designedto acceptadditional processor cards in all option slots. The bus system includes all
the necessarysignalsfor data,addresses,interrupts, resets,
monitoring, and control.
Development Environment
The firmware can be classified as either hardware independent or tightly coupled to the hardware. For software
developmentwe had a number of UNIX workstationsand
terminals, while we used emulators for integration and
testson the targethardware.In addition, we used a central
UNIX machine for file archiving. All UNIX machineswere
Iinked by local area networks, while the emulators were
linked via a high-speedlink. Fig. 3 showsthe development
system architecture.
Because only a limited number of prototypes and
emulators were available, we made every effort to do as
much developmentwork on the UNIX workstationsas possible. The Pascalcompiler for the UNIX workstations and
the crosscompiler for our targetprocessorhad someincompatibilities-for example, different imporUexport declarations-so to achievecompatibility we built a softwarepre-
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F8000H
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Fag..2.CommonmemorymapfortheHP7050Seriesprocesprocessorthat handled the differencesautomatically.This
gave us the confidencethat a procedure developedon the
UNIX workstations could be painlessly transferred to the
target hardware without error-prone manual intervention.
Since we didn't want to expendtoo much effort in building
a simulation of the target hardware, software verification
on the UNIX workstations was restricted to the lesshardware-dependentparts.
Beyond the common UNIX directory structure, each developer had the same user's directory structure to contain

UNIXis a registeredtrademarkot AT&Tin the U.S.A.and othercountries.

Terminals
HP 64000 Logic DevelopmentSystems

Fig. 3. Workstationand emulator network for development of the HP 1050 Seriesfirmware.
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sources,documents, and tools. The source directories were
set up to contain either common code used by all modules
or module-specific sources. Fig. 4 shows the directory
structure.
To support the Pascal preprocessor we added include
and object directories in parallel with each source directory. The include directories contained constants,types,
functions, and procedure declarations exported by a given
source file. These were automatically generatedby the preprocessor and helped to adjust for the different compilers'
import/export concepts. The object directories contained
either purely UNIX or target-processorrelocatablecode and
made the distinction between the two more obvious.
The preprocessorconcept and its imporUexport requirements had the advantage that we could trace all imports
of a given file. Doing this recursively starting with the main
program finds all needed sources.Thus, we could easily
compile the complete system by just referring to the main
program. Alternatively we could automatically check for
changed sources and update the affected and dependent
files. In the same way we were able to link all necessary
object files into an executable file, without the burden of
maintaining and updating make files. Again, we just re-

obiects

ferred to the main program when calling the link utility,
and it collected all required relocatablesautomatically. To
add a new source file, we only had to add a new include
statement to the calling source file and the tools took care
of the compilation and linking.
Becausewe baditionally use a proprietary multitasking
operating system within our firmware, we faced the difficulty of simulating that operating system on top of the
UNIX operating system. This allowed us to use the UNIX
workstations to verify entire tasks including their communications. Since Pascal doesn't support switching the
stack pointer and the program counter (necessaryto swap
tasks),we used assemblylanguagefor our target machines.
Unfortunately, no assemblerwas available for our HP 9000
Series 5o0 machine, so we had to look for another solution.
Thus we used one fork-created process per task on the
UNIX workstations. Control between the processes was
transferred by UNIX signals while shared memory emulated the target processors' common RAM. Although this
isn't as speedyas an assemblylanguagesolution for switching contexts,it worked fine for our simulation purposes.

declarations

Fig.4, Directorystructurefor HP 1050Seriesfirmwaredevelopment
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RevisionControl System
wasquiteheaviTheUNIXrevisioncontrolsystem(RCS)
ly used and very valuable, since we had different teams
for the various modules working simultaneously. For all
functionality we added scripts to access the RCS from any
UNIX machine within the network. We also added procedures to check out all files for a given source directory at
once. This gave us the ability to maintain software packages
as a single source directory (e.g., operating system, dialog,
parser, etc.). From time to time, for example when new
functionality was added, we had new incompatible versions of a given package. To handle this we simply incremented the major number of that package's internal release and came up with rules like: "For parser version 4.X
you need operating system version 5.X." A major benefit
of the revision control system is its ability to update a string
containing condensed status information for a file version.
We put this string into the object code and the final executable code by placing it into a string constant within each
10:58:30tfritzeExp
file (e.g., c-rcsid: "$Header:env,v1.1 89/06127
$"). Thus we had the ability to backtrace the files associated
with a given release by simply scanning the executable
code or EPROM for that string constant.

DesignOverview
In the beginning of the design process we identified all
common function blocks and tried to structure these so
that we could easily tailor them to each specific instrument's needs.
Functions were segmented to minimize the interfaces
between them. We assigned related functions to tasks handling a given set of data (e.g., parameter handler) or resources (e.g., remote control task). By assigning priorities
for the tasks we made the real-time behavior of the module
more responsive to hardware and user interaction.
To allow reuse of the common generic tasks and utilities,
we had to find a way to adapt their behavior to each instrument's individual needs. To ensure a stable and maintainable platform, we voted against individual modifications
of common code. Instead, we designed the tasks so that
their behavior could be modified by supplying appropriate
information within tables. Good performance is achieved
by using mostly hash tables or indexes to address entries
rather than interpreting through a whole table. The instruments' behavior was completed by adding specific tasks
(e.g., execution tasks) and interrupt routines (e.g.,hardware
scanner).

update of the display. Once the user has completed the
instruction it is not only echoed by the display, but also
sent to the parser.Dependingon the contentsof its tables,
the parsertask checksfor valid rangeand builds an internal
instruction. This is mailed to the parameterhandler, a central task dealing with all instrument parameters.The parameterhandler checksthe instruction for correctnesswith
respect to other dependencies.To find incompatible settings before execution of a measurement,the instruction
is sent to a verify task. Once this check is passed,the
setpoint is stored within the parameter handler. An
acknowledgmentis sent to the parserand forwarded to the
dialog task, the display, and the user. If the new setpoint
belongsto the currently activeparameters(calledthe active
method) it is also transmittedto the executiontask. Otherwise, the method handler gathers the settings for later
execution.
Simultaneously,depending on the dialog state,the update task may query the parserfor actual readings.These
requestsare forwarded directly to the responsibleexecution task.The answer is translatedbackwardsby the parser
and mailed to the update task, which displays it via the
display task.Independently,the hardwareis monitored by
periodic routines such as the remote control scannerand
the leak scanner,Any errorsor triggers(e.g.,sample injection) are sent to the event handler task, which performs
system state transitions (e.g.,waiting into run) according
to its statetable. Triggersmay also be loggedinto the logbook task, while state transitions may be reflected, for

Task Structureand Interaction
The systemconsistsof severalindependenttasks,as
shown in Fig. 5. These tasks and their interactions are
managedby a proprietary operatingsystem.
To explain the interaction of the different tasks, let us
assumethat a user has just presseda key. This is sensed
by an intenupt routine servingas keyboardscanner,which
sendsa key mail messageto the dialog task. Dependingon
the contents of its tables,the dialog task changesits state,
executessome macros, and builds up a new display by
sending mail to the display task. The display task thus
reflects the entry of the key to the user. In parallel, the
update task is informed of a new stateand stopsits periodic

Fig. 5. HP 7050 Series task interactions.
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example, by LED changesor remote control line settings.
The logbook task maintains a logbook file, which can be
accessedby a user to get information on the history of the
system.
Task Configuration
To provide a useful building block for severalchromatographic modules,we had to considerthe systemintegration
process.It was obvious that our softwaredevelopmentprocesshad to support parallel work on severalspecific and
common tasks. All intertask communication is accomplished by sending and receiving mail. To decouple
system integration from the progressof an individual task
or of other modules, we took a new approachto task configuration. In contrast to the more traditional close ties
between correspondingtasks (i.e.,by static tables),we deliberately tried to decouple the individual tasks as much
as possible.Thus we cameup with an automaticmail configuration process.
At start-up,eachtask registerswith the operatingsystem
to reservethe required resources(e.g.,RAM, stack)and get
the needed priority. In this process,each task declaresits
needswith respectto mail. A task may contain severalmail
producers and consumers. These are announced to the
operating system.As the mail manageris informed about
the type of mail to be receivedor sentit performstwo main
services:it generatesmail routes leading from each producer to all mail consumersinterestedin the same sort of
message,and it assignsan appropriate number of buffers
to each producer. This guaranteesavailability of the requestedresourcesto each producer better than a common
pool of buffers,which could be easily emptied by a single
producer.
After initialization the multitasking starts and the tasks
competefor CPU time. Our multitasking is not time-sliced,
so a task continues to operateuntil a higher-priority task
is scheduledor it suspendsitself waiting for mail. A more
important task is only scheduled once it receives mail,
either from an interrupt-basedscanneror from the currently
executing task. The executing task thus gets interrupted
and suspendedwhile the higher-priority task is awakened
with mail received.Thus we usea mail-driven multitasking
system.
Mail Management
The smart mail managementsystem handles all kind of
situations:producerswithout consumers,consumerswithout any producers, several producers for a given type of
mail, multiple consumersfor somemail, consumersof several different types of mail, and producersof multiple mail
types (seeFig. 6). This built-in flexibility allows easyaddition and integrationof a new taskwithout modifying tables.
If a consumer never receivesmail, it is not bothered and
never awakened.In contrast,a producer'smail that has no
consumer is simply short-circuitedback to the producer.
This flexibility made it possible to have early working
prototypes by, for example, defining returned mail to be
an acknowledgment although no one had ever received
that mail. It also allowed easyadding of functionality. For
example, assumewe want to trace what keys are pressed.
We simply write a task that registers for key mail as a
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consumer. It will automatically receive all key mail, and
its only responsibility is to forward the mail after tracing.
One can look at tasks simply as objects to be added to a
system, while the system resolves all connectivity and resource issues.

Table-Driven
Applications
As already explained, the objective of writing reusable
code led to a firmware system composed largely of generic
parts that are tailored to specific uses with the help of
tables.
Several ways of building ROM tables were considered:
r Pseudoinstructions. The tables are built by defining constants with the help of the compiler or by defining the
memory contents with the help of assembler pseudoinstructructions such as
DS.B VALUE
DS.W #PROCESS_XY

t Cross generation. The tables are generated on a remote
computer with the help of tools on that computer (UNIX
shell scripts, lex/yaccetc.).
r Generate tables with the help of Pascal. The tables are
generated by a Pascal program that runs on the target
processor. The program initializes a memory area for its
own variables, which will later be used as the table.
In the past, we have used the first method, pseudoinstructions, for presetting memory locations (small tables, structured constants). The pseudoinstruction technique has the
advantage that the assembler/linker places the defined
bytes and words in the ROM area automatically, whereas
with the other two alternatives this must be managed separately after the tables are built. The problem with this approach is that there is no automatic link between the assem-
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Fig. 6. Producerlconsumer configurations for mail. A: one
producer,one consumer.B: one producer,severalconsumers. C; one producer sending mail on different mail routes.
D: one producer, no consumerfor this type of mail. E; consumer for mail that is never oroduced.

bler statements and the data structure of the final table.
There is no automatic way of detecting errors in those
tables once they are written. Typically the errors show up
later at run time. With this experience in mind we rejected
this alternative.
The second alternative, cross generation, has the potential of a powerful computer with all of its tools, but still
has the disadvantage of not having a link between the data
structure of the cross-generated table and the data structure
of the programs that later interpret that table.
The third alternative has all the disadvantages of a (typical) target environment, including reduced memory space,
no or poor operating system, and no tools. On the other
hand, there are some important advantages. First, the procedures building the table use the same data structure (Pascal type declaration) as the interpreting procedures. Second, the table generation process can use the features of
the Pascal programming environment, including the compiler (type checks). Because of these advantages, this alternative was chosen.
Table Generation
Every generic Pascal procedure that has to be customized
by a predefined table has to provide a set of Pascal procedures that can be used to build up the table. When generating the tables, the parameters passed to these procedures
and the sequence of the procedure calls determine the contents of the table. This process of table generation has to
be done once before calling the generic procedure, for
example during the start-up phase in the emulator.
Typically the code for table generation is much bigger
than the amount of memory used for the final table. Therefore, the table generation code is excluded from the final
instrument firmware. This is achieved by burning the tables
into ROM after a "protostart" program execution in which
only the table generation code is executed (see Fig. 7). This
burning into ROM is done together with the step of burning
the whole firmware.

The following is an exampleof table generationfrom the
parsertable generationprocess:
PROCEDUREselcmd_table:
BEGIN
lev-1, lev17,
node('LIST',lisLtoken,
syn-colon
);
leaf('SlG1',tolLwl1,
lev_1,mc-ltarLinstr,syn_signa t l
'RTIO',
leal(
lev_1,mcjarfuinstr, syn_ralio
tolLrthres,
);
leaf('PKWD',tok+kwidth, lev_1,mc+ara-instr, syn+kwidth );
'OFCl',
leaf(
tolLfcodel ,
lev-1, mc_parlinstr, syn_fcode
);
leaf('ME l ', lolLazerol ,
lev_.l, mcJara-instr, syn_daczero ) i
leat('ATCA',tolLautocal, lev_1,mc+arlinstr,syn_on_otf
);
leaf('PLSP',tok-plotp,
lev-1,mc+arilnstr,syn-plotp
);
leaf('FMXP',tok_maxp,
lev_.l,mcfarLinstr, syn_maxp
);
leaf('SCNP',lolLscanp, lev_l,mc-para-instr,syn_scanp ) ;

END{selcmd-table};
Nodeand leaf are Pascal procedures that are called to build
up the parser tables. The parameters passed to these procedures are instruction keywords, syntax descriptors and internal tokens for them, and the mail routes to the execution
tasks.

Results
Fig. B shows the amount of code written for the HP 1050
modules in thousands of noncomment source statements
(KNCSS). More than half of the code (60%) is common to
all three modules. This common code is tailored to the
special needs of the modules by tables which are generated
by about 1,5"/oof the code. The rest of the code (25%) is
module-specific.
Almost all of the firmware is written in Pascal. Assembly
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languageis only used where necessary,for example in the
operating system for stack pointer manipulations and interrupt handling or for performancereasonslike the RAM test
during the start-upphaseand dataacquisition in the detector.
Strict use of the revision control system(RCS)helped us
managethe potential problems of incompatible versions
of up to 20 tasks. Automatic task configuration and the
automatic include and compile-if-necessarymechanisms
helped the firmware engineerschangeor add taskswithout
knowing aboutthe completesystemin detail.Thehigh level
of common code gaveus:
r Three times as much test time on the common firmware
partsason instrument-specificparts.Therefore,the common firmware parts turned out to be very robust.
r Commonunderstandingand knowledgeof the firmware
in each instrument on the part of all firmware engineers
working on that project. This put us in a position to
balancemanpower among the teamsworking on a specific instrument.
r Early prototypes for both hardware and user interface
testsas a result of concentrationof effort on the common
firmware parts at the very beginning.
r The basis for future enhancementsthat are common to
all instruments (e.g.,communication interfaces),
r The basis for new instruments to be developed.
In the future, the extensiveuse of tables will allow us
to enhancethe functionality of the instruments incrementally, or to modify, for example,the user interfacewithout
altering the common firmware parts. Our experiencehas
shown that modifying the tablesis almost always bug-free
the first time. Also, improvementsof the common firmware
parts in termsof performanceor functionality alwayscount
three times.
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HP OpenViewNetworkManagement
HP OpenViewis HP's firstsel of integratedhardwareand
softwareproducts designed to address fhe needs of
managing open, standards-based,multivendornetworks
in a consistenf,user-friendlymanner.
by Anthony S. Ridolfo

ETWORK OPERATORS RUNNING a large computer center are often confronted with questions
like the following:
Why can't I connect to the system?
How come response is so slow?
What's wrong with the electronic mail system?
What computers can I connect to from my terminal?
Network managers are also confronted with questions
dealing with network planning, inventory control, and accounting. Some typical network management questions include:
What is the overall load on the network?
Which systems are bottlenecks in my network?
How can I plan for new components in my network?
What equipment do I really have, and where?
As departments, sites, and whole companies (referred to
as "enterprises") integrate and interconnect their data processing tasks, the job of managing these complex networks
of computer and data communications equipment becomes
increasingly more important to a company's bottom line.
Monitoring the health of a network, diagnosing problems
as quickly as possible, controlling the individual components, adjusting network-wide parameters and configurations, accounting for use of network resources, and planning for future expansion are the objectives of network
management applications.
These tasks would be relatively simple if all the components in a network came from the same vendor. However,
it is indeed rare that all links in a network such as modems,
modem cables, multiplexers, pads, LAN connectors, LAN
cards, LAN cable types, hubs, bridges, servers, gateways,
and PBXs come from the same vendor. There are also different personal computers, workstations, minicomputers,
and mainframes. And there are different wide area point-topoint networks, public and private X.25 packet switching
networks, and a company's enterprise-wide networks that
may even link to their suppliers' and distributors' networks.
The computer industry and international organizations
such as ISO (International Organization for Standardization) recognize the need to standardize communication and
network management protocols. It is HP's stated objective
to be the leader in open, standards-based, multivendor networking. This includes the capability to manage and be
managed by standards-compliant applications running on
equipment supplied by any vendor.
However, having applications that can access and control
a network is not enough to address the needs of network

managers and network operators. Each type of equipment
to be managed has its own particular command interface
and management capabilities. Therefore, a unifying, consistent, user-friendly interface is needed for these applications.

HP OpenView
The HP OpenView network management family is designed to address these needs of managing open, standardsbased, multivendor networks in an open, consistent, userfriendly manner. The HP OpenView products provide a
consistent user interface and an integrated environment
for monitoring, diagnosing, controlling, and measuring the
performance of network components. From a single display, a network operator can see a graphical representation
of the network components and their interrelationships,
make configuration changes, and run diagnostic and performance gathering applications.
The design philosophy for the HP OpenView products
is to create for the end user an easy to learn, easy to remember paradigm for accessing sophisticated network
management applications. HP OpenView Windows, which
is the HP OpenView product that provides the user interface, runs on an HP Vectra ES/12 personal computer as a
MicroSofto Windows application. Each of the HP OpenView products, in turn, runs under HP OpenView Windows. The user first runs the HP OpenView Windows draw
(OVDraw)program that allows the user to draw a map of
the network, with specific icons representing network devices, such as an HP 3000 business computer or a bridge
(see Fig 1). The user then saves this map, and runs the HP
OpenView Windows run-time program (OVRun).The map
becomes a dynamic, graphical shell for accessingthe applications running under HP OpenView Windows. In addition, if there exists an application reporting the state of a
device to the HP OpenView system, the current operational
health of the device is indicated by the color of the specific
icon (e.g., red for critical, yellow for warning, and green
for OKl.
Suppose the network operator wishes to set some parameters on a specific bridge on the network. The operator
would click the mouse on the symbol representing the
specific bridge and select the menu item Set Parameters....
This selection causes HP OpenView Windows to pass program control to the HP OpenView BridgeManager software,
which puts up a dialog box for this function. Suppose now
the operator needs to set parameters on a specific HP 3000
is a U.S.registeredtrademarkof i,4icrosoft
N/icrosott
Corp.
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datacom and terminal controller (DTC). Again, the operator
menu
selects the specific icon and then the Set Parameters...
item. Program control now passes to the HP OpenView
DTC manager, which puts up the relevant dialog box for
this function. At no time does the operator need to know
which product to invoke, or how to invoke it. HP OpenView
Windows and the graphical shell perform this function by
controlling what menu items are enabled for which devices
or icons. The user is relieved of the need to know what
actions are legal or illegal for a particular type of device.
The article on page 60 describes HP OpenView Windows
in more detail.
This type of intelligent user interface is important in
network management because network operators usually
do tests as a response to an alert of some kind, such as an
icon changing color on the display. They do not perform
testing and diagnostic functions all the time, or even on
the same equipment. It is therefore important to maximize
the familiarity of the user interface as well as to minimize
the number of ways the user invokes functions to do similar
tasks. HP OpenView Windows and its supporting applications help with this task by providing a context sensitive,
interactive system for guidance.

Applications
NetworkManagement
The HP OpenView articles in this issue describe the development efforts and the underlying architecture of the
initial set of network management products in the HP
OpenView family. These products include:
r HP OpenView Windows. This product provides the user
interface to network management applications and a set
of utilities that enable developers to create network management applications to run in the HP OpenView Windows environment. HP OpenView Windows is divided
into two main parts: the end user run-time product and
the HP OpenView Windows developer's kit. The end
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user run-time product includes the hardware and software required to use HP OpenView Windows. The developer's kit includes the end user run-time product and
the necessary libraries, include files, sample source code,
and documentation to facilitate the developer's task of
creating a Microsoft Windows application that can be
integrated into the HP OpenView end user run-time
product. The HP OpenView developer's kit includes a
style guide for helping developers ensure that the detailed look and feel of their dialog boxes are consistent
with other, independently developed applications.
I HP OpenView Windows BridgeManager. This product
provides centralized monitoring and control of HP
286488 10-Mbit/s LAN Bridges and HP 286478 StarLAN
Bridges (revision B bridges only). Using the network map
feature of HP OpenView Windows, bridges can be easily
labeled and identified. Menus allow quick access to a
variety of bridge management features, including configuration, monitoring, control, performance management,
and problem identification. The HP OpenView BridgeManager is described on page 66.
I HP OpenView Data Line Monitor. This product provides
the ability to monitor 4-wire leasedpoint-to-point analog
data lines using an HP 4948A In-Service Transmission
Impairment Measuring Set controlled from the HP OpenView workstation. It is a network monitoring system that
can measure performance and aid fault isolation during
troubleshooting while the network is being used. The
HP OpenView Data Line Monitor is described on page 71.
I HP OpenView DTC Manager. This product provides centralized and integrated network management for both
terminal connectivity and X.25 networking. It configures, monitors, diagnoses,controls, and downloads software to DTCs (datacom and terminal controllers). From
a single HP Vectra running HP OpenView Windows and
the DTC Manager, an operator can manage local and
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Fig. 1. An HP OpenViewWindows
map showing the network configuration for a computer center.

remote terminal connections and remote system-to-system communications across multiple DTCs on a LAN.
The HP OpenView DTC Manager is described on page 76.
I HP OpenView NS Monitor. This is an internal HP tool
developed to test and refine the HP OpenView architecture and the facilities provided by the HP OpenView
Windows software. It is not available as a product. It
provides network management services in the form of
centralized or distributed network status, diagnostic, and
performance monitoring for HP 3000 computers running
the MPE V operating system. The user interface software
runs on an HP Vectra personal computer under HP OpenView Windows, and the programs that perform the diagnostic and performance monitoring run on an HP 3000
computer that is designated as the management node.
The systems being managed are called managed nodes.
The user interface software on the Vectra and the programs on the management node communicate with each
other via HP OfficeShare on the Vectra and NetIPC on
the HP 3000. These products are described on page 85.

Conclusion
A directresultof the HP OpenViewdesignphilosophy
is that application developers have to learn to split the
functionality of their products between the network management functions and the user interface code. This is in
alignment with HP's NewWave philosophy and the vision
of truly distributed applications. Although network managernent products address a very specific end user, the

architecture and implementations used to develop the
products mentioned above represent the future of computer
applications. The article on page 54 describes the HP OpenView network management architecture that provides the
models to guide the planning, analysis, and design of network management products developed to run in the HP
OpenView Windows environment.
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HP OpenViewNetworkManagement
Architecture
Thisarticlehighlightsthe principalobiectivesof the
architectureand the referencemodelsused to support
the HP OpenViewproductdevelopment.
by Keith S. Klemba, Mark L. Hoerth, Hui-Lin Lim, and MaureenC. Mellon

HE USE OF INFORMATION NETWORKS in commercial, government, and academic organizations
hasexplodedin the 1980s.With wide and local area
networks, computing power has migrated from a centralized
to a distributed environment. This has reduced costs' enhanced competitiveness, and renewed organizational
creativity. The explosion in the number of networks and
network devices from a variety of vendors has caused a
dramatic increase in network complexity and an acute need
to manage these distributed resources more effectively.
The need for network management is apparent today
throughout any organization deploying networks. The en-

terprise network in use by many organizations includes
both local and wide area networking technologies and an
assortment of network devices from different vendors, and
is managed by a team of professionals in different geographic areas. Fig. 1 shows the domain of a typical enterprise network.
Companies are now using information management to
gain a competitive advantage by delivering goods and services faster and rnore efficiently. While the benefits of network management are most apparent during a crisis, they
are no less important in day-to-day network operation to
control network faults, configurations, performance, or se-
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curity. An integrated network management system can save
time and money by reducing downtime and performance
problems.
Problems of Stand-Alone Element Management
During the last decade, most of the computer and networking industry focused on the rapid evolution of network
technology to the neglect of networkmanagement products.
As the need for network management became apparent,
the first products made available were stand-alone element
managers. These products manage a particular set of network elements, such as bridges, modems, or routers. As
more devices are included in the network. the network
manager must add more stand-alone element managers.
With no correlation, aggregation, or prioritization of information across applications or consoles, it quickly becomes
impossible for the network manager to use this large
number of element managers effectively. Typically, each
element manager uses a different user interface and style
of operation, so that different training and expertise are
required for each system.
In contrast, an integrated network management system
like HP OpenView combines and consolidates the management of network elements from various vendors. It allows
the customer to monitor, control, automate, and repair network segments and equipment from a single console and
user interface.
Dimensions of Integrated Network Management
The problem of managing the enterprise network can be
divided into three components: the users of network management, the objects to be managed, and the functional
needs of network administrators. Each component influences network management architecture by imposing requirements for effective management.
Users. There are several users of network management.
The corporate network manager works at the executive
level and is concerned about network costs, uptime, and
strategic planning. The main objectives are to control the
network asset and obtain consistent, maximal performance.
Telecommunications and MIS directors implement and operate large portions of corporate wide area networks. These
managers are concerned about network growth, uptime,
and planning. At the local area network level, data communications specialists, system operators, and site telecommunications managers oversee work-group networks
in environments ranging from engineering research and
development to manufacturing plants to business offices.
Users of local area networks rely on their managers to maintain the connection into the local EDP environment, provide assistance with personal computer software management, and keep the network operating during critical
periods.
Resources to Be Managed. These fall into four categories
or layers, as shown in Fig. 2. The transmission layer, which
corresponds to the first layer in the ISO OSI model, includes
the physical media, such as T1 multiplexers, modems,
broadband cable, fiber optic cable, and the like. The data
network layer, which includes transports and services,
covers LANs, X.25 and SNA networks, and OSI services.
A growing number of customers are adding voice elements

to this category. The computation network layer includes
networked systems and networked data bases. The networked applications layer consists of distributed applications in areas such as X.400 electronic mail. electronic data
interchange, and office automation.
Functional Requirements. HP defines several specific functional areas for network and system management. Fault
management provides the ability to identify, diagnose, and
resolve network problems quickly. It also includes status
monitoring, alarms and alerts, and predictive expert system
tools. Configuration management delivers the ability to
track network and device configurations from a central
control point. Performance management provides the ability to optimize network performance through the collection
and analysis of device performance data. Accounting provides the network manager with network use information.
Security protects the network and its components from
unauthorized intrusion or surveillance. Inventory management addresses the need to track, monitor, and maintain
assets over a wide geographic area.
The foundation for integrated network management is
vendor support and service. Faced with budget constraints
and a shortage of skilled staff, network managers need planning, implementation, and operation support. Consulting,
training and support services can speed the implementation of integrated network management and ensure its effective use.

A Standards-BasedArchitecture
The HP OpenViewnetwork managementarchitecture
(NMA) is rooted in international and de facto industry
standards.l'2'3HP OpenView NMA is based on the Open
Systems Interconnection (OS! management framework
and models developed by the International Organization
for Standardization (ISO). Standards provide HP OpenView NMA with a solid foundation for providing interoperabilityin heterogenous,multivendor enterprisenetworks by defining network management protocols and
mechanisms for sharing managementinformation. As a result, products based on HP OpenView NMA can be used
to manage any type of network that conforms to the OSI
standards. HP OpenView NMA derives three essential elements from the OSI standardson which it is based:a network management framework, a well-defined mechanism
for describing managedobjects,and a set of servicesand
protocols for communication.

Fig. 2. Netuvorkresources
to be managed fall into fout layers.
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OSI SystemManagementModel
In 1988, the ISO specified the OSI System Management
Model as a basic framework for network management. In
the OSI model, a monoger process is responsible for realizing the specific management functions requested by the
user through interactions with ogent processes. The agent
processes represent the management services offered by
monoged objects.aPossible management services include:
r Operations such as reading a counter
r Actions such as resetting a network device
r Notifications (known as events) such as an indication
that a threshold has been exceeded.
Fig. 3 illustrates the OSI System Management Model.
The manager process and the agent process use a Common
Management Information Protocol (CMIP) to exchange
management information.s The interface labeled A is the
only open integration point in the OSI System Management
Model. The management services offered by managed oblects at this interface are defined through the use of a standard specification scheme known as the OSI Structure of
Management Information.6 The interface labeled B is an
unspecified integration point that can be implemented
using industry-standard or proprietary protocols.
OSI Object Model
The Structure of Management Information is a set of rules
or guidelines for defining closses of managed objects. The
rules are used when defining each class of managed object
to ensure specification uniformity Classes of managed objects can be defined for any manageable network tesource.
For example, there can be a managed object class that describes LAN bridges, another that describes computer systems, and a third that describes network equipment in general.
Object classes are defined by specifying their attributes,
operations, actions, and events. Once an object is defined,
it is placed within a registration hierarchy and a unique
class identifier is assigned by the registration authority.
For example, a managed object describing a piece of network equipment might have:
r Attributes detailing its physical location, state, and percentage of utilization
r Actions to request its activation or deactivation
r Events such as alarm and change reporting.
The use of an obiect model is important because it brings
with it the concept of inheritance. In the context of network
management, inheritance allows refinement of existing
classes while ensuring compatibility with existing software. The inheritance relationship that exists between obiect classes is important because it allows existing management applications to work with the new object class, and
it provides a mechanism for software reuse.
The set of managed objects within a system constitutes
that system's Management Information Base.' Instances ot
managed objects exist within a containment hierarchy referred to as a contoinment tree. For example, a real open
system (computer) would contain numerous managed objects such as a routing table, which would contain entries,
or an n-layer protocol, which would contain n-layer connections. Some of the benefits associated with the containment relationship are:
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If a managed object is deleted, all managed objects contained within it are also deleted.
Management requests can be directed to a group of objects related by containment using scoping.

Beyondthe osl standards
HP OpenView NMA specifies a complete environment
of services and facilities available to management applications distributed throughout the network. This vision of
HP OpenView NMA requires the addition of architectural
components beyond those described in the OSI System
Management Model.
The HP OpenView NMA reference model, illustrated in
Fig. 4, has nine components. It refines the OSI model with
three major extensions, which are essential to the management of complex, multivendor enterprise networks. First,
HP OpenView NMA creates a distributed network management communication infrastructure consisting of three
components known as supervisor (S), postmoster (P), and
communicotion profiles (C). Second, HP OpenView NMA
adds an additional point of integration by dividing the
manager process into a monogement opplicotion (A) and
a user interface (U). Third, HP OpenView NMA extends
the object-oriented paradigm in two ways. The need for
managed object persistence is addressed with the specification of managed object dato stores (D). The scheme used
to define managed objects (O) is also used to specify key
application functionality in the manager process as a managed ^bject, making the management services (M) it provides available for reuse. This provides another open point
of integration. Finally, environmentol services [E) are the
services provided by the native operating system and these
can be used by any of the other components.
HP OpenView Object Model
Object-oriented concepts and technology
are fundamental to HP OpenView NMA. The
architecture reduces the multidimensional
problem illustrated in Fig. 1to a single dimension by using a common object model for describing all resources to be managed. HP OpenView NMA
uses the concepts defined by the OSI standard for describing managed objects. HP OpenView NMA supports the
structures of management information used by the OSI
model and the Internet Engineering Task Force (IETF). HP
OpenView NMA also provides support for managed objects
defined in the ISO and IETF management information bases
and is expandable to include objects defined by developers
for special purposes.

AA
lntormationProtocol
CMIP= CommonManagement
Fig. 3. OS/ SystemManagementModel.

Managed objects are an abstraction of the real resources
being managed. The management services (M) offered by
a managed object consist of the software (programs) necessary to provide the services defined in the managed object
specification. This software may contain several parts, such
as the infrastructure interface, an object manager, and environmental services (E) necessary for communication with
the real resource.
HP OpenView NMA extends the OSI object model by
describing managed obiect data stores. These are identical
to managed objects except that they are persistent. In the
OSI model, managed objects are volatile. The managed object data stores model a mechanism for maintaining information about managed objects even when networks or systems are powered down.

Infrastructure
DistributedGommunications
Network management is a distributed activity in that the user interfaces, management
applications, and management services can
be located in different systems throughout a
network. The HP OpenView NMA communications infrastructure (Fig. 5) provides the facilities for establishing and maintaining communication between these
components. The communications infrastructure consists
of the postmaster (P), the supervisor (S), and communications profiles (C). These components draw heavily upon
the environmental services (E) to carry out their functions.
The postmaster (P) provides basic message routing services between the network management components listed
above. It operates as a table-based object-oriented message
router. The routing table shown in Fig. 5 is the focal point
of the postmaster's functionality and is itself a managed
object. Given a message (perhaps from an application) addressed to a specific managed object, the postmaster looks
up the managed object name in the routing table to find
the information necessary to deliver the message to the
managed object. The fields in the postmaster's routing table
provide the managed object name, the communication profile number, and profile-specific data.
The information required to perform the name-to-address
translation can be obtained from a directory service. The
postmaster can make use of the directory service through
the supervisor, which has the responsibility for creating
and maintaining the routing table. However, the postmaster
must be able to operate independently in case these supporting services fail. The routing table can be considered
a cache of information derived from directory services and
other sources.
The supervisor (S) administers the existence of and access to all the components associated with the communications infrastructure. It has the authority and the ability to
initiate, cancel, lock and unlock, and control accessto management services within its supervisory domain.
The HP OpenView NMA process of exchanging management information is adopted from the OSI framework. An
application layer network management protocol supports
transaction-oriented exchanges between the distributed
processes.HP OpenView NMA supports formal and de facto
industry-standard protocols with a common network management communications application program interface

based on the OSI Common Management Information Services (CMIS).t In an OSI environment, CMIP (as shown in
Fig. 5) would be the network management protocol of
choice. In an Internet TCP/IP environment, the most widely
used protocols are the Simple Network Management Protocol (SNMP, specified in RFC 1098) and CMIP over TCP/P
(CMOT, specified in RFC 1095). HP OpenView NMA supports not only these network management protocols but
also the addition of proprietary protocols under the common application program interface for complete integration
in a multivendor, heterogenous network. Each protocol
stack is modeled as a communications profile managed
object; this allows extensibility of the communications infrastructure illustrated in Fig. 5.
The environmental services (E) represent the facilities
provided by the environment in which the network management solution must operate (e.g., HP-UX, MPE, MSDOS). The capabilities provided by these environments
can be used by any of the components of HP OpenView
NMA. In this context, these services could include the file
system, the X.500 naming system, or proprietary network
management protocols. It is also possible that some of these
services could become part of a managed object. For example, a managed object that is responsible for report generation and delivery service would collate the information
to be presented in the report, create a file, and deliver it
to any requesting application using a file transfer environmental service such as FTAM fFile, Transfer, Access, and
Management).

System

Fig,4. Componentsof the HP OpenViewnetworkmanage'
ment architecture reference model.
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MultipleUserInterfaces
HP OpenView NMA specifies the user interface as a separate component of the network
management solution. This addresses the
need to allow users to accessnetworkmanagement solutions from a varietv of devices.
which may include dumb terminals, workstations with
graphic displays, voice, or any appropriate devices. It also
addresses the need to be able to build solutions that meet
individual users' requirements so that only relevant information is provided.
The separation of the user interface from the management
application provides an additional point of integration so
that several management applications can drive a single
display or several displays can be driven by a single management application. User interfaces can be distributed
throughout the network using environmental services (E)
to access remote management applications (A).

managed objects also opens functionality for wider use by
more applications. Consequently, HP OpenView NMA
facilitates the development of applications upon a base of
existing managed objects. For example, a traditional fault
application would include event processing capabilities.
When a configuration application is to be installed in the
same system, it would not normally have access to event
processing in the fault application, and would have to duplicate that functionality. HP OpenView NMA encourages
the specification of event managers as managed objects,
thereby making event management services available to
other management applications.
These managed objects can provide services not only to
management applications but also to other managed objects. HP OpenView NMA describes a scheme in which
the most significant value-added portions of a network
management solution are described as managed objects, so
they can be linked into management chains, providing comprehensive services to management applications.

Extensionof the Obiect-Oriented
Paradigm
HP OpenView NMA extends the power of
the object-oriented paradigm as specified in
the OSI model by treating portions of application functionality as managed objects. These
managed objects are defined using the same
object specification techniques described previously. The
result of this approach is that value-added application functionality that was previously only available within a given
application now becomes available as a source of information or services to other management applications. This
encourages the full integration of products into a hierarchy
of management solutions while reducing duplication of
functionality and many concerns about consistency. Thus,
what was previously a monolithic application is decomposed into a much reduced management application with
an accompanying managed object that offers management
services identical to the value-added functionality that was
previously locked within the application.
The additional point of integration provided by HP OpenView NMA between management applications and these

Conclusion
It is importantto stressthat HP OpenViewNMA is intended as a reference model for developers of network management products. It is not intended to mandate the implementation of all the components described above.
Neither are the components intended to define program or
process boundaries. Products implementing HP OpenView
NMA may range in complexity from bridges to complete
systems. Bridges, for example, may only implement the
management services defined for the bridge managed object
class along with a specific protocol stack. The remaining
components could be distributed on other systems as
needed.
Initial HP OpenView products implement portions of HP
OpenView NMA. For example, HP OpenView Windows
(see article, page 60) provides a rich environment for developing graphic user interfaces customized for network
management. Newer HP OpenView products will implement more features of the architecture.
In summary, HP OpenView NMA uses the OSI standards
Postmaster Routing Table

C o m m u n i c a t i o nP r o fi l e s
Profile Number

Fig. 5. Distributed communicationsinfrastructureof the HP OpenView network management
architecture.
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to manage multivendor environments. It refines the standards to introduce additional points where integration of
products can take place and by doing so reducesduplication of product functionality. It also allows for customization to support specific network managementactivities by
building on an existing base of managedobjects.
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HP OpenViewWindows:A User Interface
for NetworkManagementSolutions
HP OpenviewWindowsprovidesa consistentgraphicsbaseduserinterfacefor usersof networkmanagement
applications,and a set of utilitiesthat enabledevelopers
to createnetworkmanagementapplicationsfor the HP
iew Windowsenvironment.
OpenV
by GatherineJ. Smith, Arthur J. Kulakow, and Kathleen L. Gannon

P OPENVIEWWINDOWS is a graphical user interfacebasedon the Microsoft Windows environment
that provides facilities for handling the user interface for network management applications. For application
developers, HP OpenView Windows provides programs to
carry out tasks such as drawing a network map or handling
alarms. From the end user's perspective. HP OpenView
Windows combines the functionality of many of the user's
network management applications under one easy-to-use
interface, simplifying the learning curve.
This article describes the features provided by HP OpenView Windows to developers and users. Some of the other
HP OpenView articles in this issue describe the details of
interfacing to HP OpenView Windows.
Overview
HP OpenView Windows consists of three programs: OVDraw, oVRun, and OVAdmin.These three programs provide
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the following functionality:
r OVDraw.This program allows users to create maps made
up of one or more pictures that represent a data network.
I oVRun. This program provides the facilities that allow
users to monitor, diagnose, and control their networks.
OVRunuses the maps created with OVDraw.
r oVAdmin.This program is used to set operating characteristics for HP OpenView Windows and HP OpenView
applications. These include functions such as assigning
passwords and setting up network management parameters.
The graphical user interface consists of maps, pictures,
and symbols used to represent a network. A map depicts
the whole network and is made up of pictures, each of
which shows a portion of the network. For example, a map
may represent a network for a group of buildings, while
each picture of the map shows the network for one of the
buildings. Pictures are composed of symbols that portray
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Fig. 1. Someof the symbolsused
by HP OpenView Windowsto represent network components that
ate managedby networkmanagement applications.
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network components, such as computers, modems, bridges,
X.25 switches, lines, or a portion of a network (subnet).
The symbols provided by HP OpenView Windows are
shown in Fig. 1. Subnet symbols are special symbols that
are used to signify what is contained in another picture of
the network and to help the user navigate around the network. As will be shown later, subnet symbols can be used
to represent the network configurations in different locations (e.g., different buildings).
Symbols also provide configuration and status information. Network topology information is provided by the way
in which symbols depict connections between components
in a network. Status information is provided by the colors
of the symbols, which represent the condition or state of
each device. Network status is discussed later in the article.
The user gives instructions to HP OpenView Windows
and HP OpenView applications via a combination of symbols, menus, and dialog boxes. Symbols represent the network components described above, and they are used to
select the network component the user wishes to work on.
Menus and menu items represent the operations the user
can select to perform network management functions.
Menus and menu items may be standard HP OpenView
menus or menus added by an application. Dialog boxes
allow the user to give instructions to an application. The
overall structure and capabilities of dialog boxes are provided by Microsoft Windows. The content of a particular
dialog box is provided by the application.
HP OpenView Windows provides a large part of the user
interface for applications, but applications must provide
part of the user interface. Applications can add to the HP
OpenView Windows user interface by creating new menus
and adding new menu items, and by adding dialog boxes.
The articles on pages 66,77, and 85 describe adding menus
and dialog boxes to HP OpenView Windows.
The HP OpenView Windows product is divided into two
categories: end user products and application developer
products. The end user products contain the hardware and/
or software components required to use HP OpenView Windows. The software component includes the three programs OVRun,OVAdmin,OVDraw,and one or more HP OpenView applications. The recommended hardware configuration consists of the HP Vectra model ES/12 personal computer with a 40-megabyte hard disk and a 2M-byte expanded memory board. For developers the key product is
the HP OpenView Windows Developer's Kit, which contains the HP OpenView Windows end user software and
the pieces needed to develop HP OpenView Windows applications.

[OpenViewApps]
Exe
AppName: AppBun.Exe,AppDraw.Exe,AppAdmin.
AppNameis the application name, AppRun.Exe
is an executable file to be started when the end user runs OVRun,
AppDraw.Exeis an executable file that is started when OVDraw
is run, and AppAdmin.Exe
is the executable file started when
OVAdminis run. Applications don't need to have executables
for all three HP OpenView programs.
When an HP OpenView Windows application is installed, it is registered with HP OpenView Windows
through the entry in the WlN.lNl file. HP OpenView Windows applications also register for graphic symbols and
menu items. Registration for symbols (or objects in Microsoft Windows terminology) and menus is accomplished by
calls to HP OpenView Windows intrinsics.
When one of the HP OpenView Windows programs
(OvRun,OVDraw,or OVAdmin)is started, HP OpenView Windows checks the wlN.lNl file and invokes all the HP OpenView applications installed there. When an application is
invoked, its WinMainloop is entered and the first HP OpenView Windows intrinsic called is Ovtnit(), which sets up
communications between the application and HP OpenView Windows. The application then calls OVRegiste() to
inform HP OpenView Windows what object types (symbols) the application manages, and OVMenuAdd() and OVMenuAddltem(
) to inform HP OpenView Windows which
menus and menu items are valid for the given object types.
The application informs HP OpenView Windows that the
initialization is done by calling OVlnitComptete(
).
Four main facilities are provided by HP OpenView Windows: map handling, menu integration, status, and context
sensitive help.

Map Handling
When we started considering the requirements for a user
interface for network management applications, it was obvious there was a need for a graphics-based user interface.
Typically the way network managers and operators use a
network management application is to draw a picture of
the network on paper, annotating the drawing with identification and other information. The data from the drawing
is used to tell the network management application which
network components to manage.
HP OpenView Windows simplifies this task by supplying
the network map composed of graphics symbols that represent the network components. Associated with each symbol is a network management application that is invoked
when the particular symbol and a menu item are selected.
Thus, the network manager no longer needs to run an application and then identify the network component of inApplication Installation
terest. Also, when a network manager is monitoring a netWhen the HP OpenView Windows software is installed
work and the state of some network component changes,
on the Vectra, it creates two sections in the Microsoft Winit is much faster for the network operator to identify the
dows WlN.lNlfile. The two sections are called OoenViewand
node having problems by looking at a network topology
OpenViewApps.
The OpenViewsection contains information
rather than having to look up a node name or address.
such as the default network map and the name of the file
In Fig. 2 the user wants to identify a computer system
used for logging. The OpenViewApps
section contains entries
Delta (i.e., get details on the machine type, version number,
for HP OpenView applications, which are filled in when
etc.), and so selects the computer symbol labeled Deltaand
applications are installed. An entry in the OpenViewApps
ldentifymenu item under the monitor menu. After the
the
section is in the following format:
user selects* the ldentitymenu item, HP OpenView Windows
"Selectionis accomplishedby clickingthe left mousebuttonon a symbolor menu item.
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passes the information to the application registered for that
symbol type/menu item pair. The application then has control, and can use HP OpenView Windows routines to access
the device or stored data to accomplish the actions associated with ldentify.In the example in Fig. 2, the application registeredfor the Delta computer system is NS Monitor,
which is listed at the top of the dialog box in Fig. 2b. If
the user wanted to identify a bridge, a bridge symbol and
then the ldentifymenu item would be selected. The article
on page 66 describeshow the HP OpenView BridgeManager
implements the ldentifyfunction.

The map can be organized in any way the customer wants
to view the network: physical, geographical or organizational. For example, suppose a company has four computer
systems-two in building 1 and two in building 2, and the
two sites are connected via a LAN bridge. The user can
draw a hierarchical map (Fig. 3) or a network model map
(Fig. a). These examples also demonstrate that the user is
not limited to placing a symbol in only one picture. In Fig.
4 the subnet symbols BLDGIBand aLocza and the bridge
symbol BRIDGBshow up in more than one display. BRIDGB
represents the same physical bridge each time it appears.
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Fig. 2. (a) The user se/ecls fhe
computer symbol labeled Delta
menu item. (b) This
and the tdentity
symbollmenu item combination
providesthe user with some identification tnformation about the
computersyslem Delta.

The map functionality in HP OpenView Windows allows
the user to navigate through the map in many different
ways. The user can double click on a subnet symbol to
display the network that the subnet symbol represents, or
the user can navigate through the map by using the following menu items contained in the map menu.
r Go To Top allows the user to view the top picture of any
network currently being viewed.
I Go To Previousallows the user to view the previous picture
displayed.
Go To Pictureallows the user to view a picture listed in a
dialog box. By clicking on one of the items in the box
and then clicking OK on one of the the pictures listed,
the selected item is displayed.
r Go To allows the user to find pictures containing the symbol for a selected node or device. A dialog box will be
displayed listing all the pictures containing the symbol
if the symbol is in more than one picture.
Based on feedback from developers, two features were
added to the map handling facility: treating lines as symbols
and allowing multiple applications to register for the same
symbol.
r

Lines. In the early versions of HP OpenView Windows,
many different line types were defined, but they couldn't
be managed like other network symbols. We discovered
that many network management applications wanted to be
able to manage lines. This was especially true of HP's telecommunications divisions. Where the systems divisions
thought in terms of boxes, the telecommunications divisions thought in terms of lines.
Since we wanted the user interface to be useful to all
network management applications, lines were made equal
with other network component symbols. Lines can change
color to reflect the status of the line. They can be named,
registered for, selected, and managed. Lines can also be
labeled and split into different internal types. For example,
obj-line can be split into line types obj-line1, obl-line2, and
so on. This feature allows multiple applications that register for lines to coexist together. Without this feature, two
applications that want to manage lines and use some of
the same menu items would not be able to run in the same
HP OpenView Windows together. The article on page 71
provides an example of the use of HP OpenView Windows
line types for network management.
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Multiple Symbol Registration. Since more than one application can run at a time, more than one application may
want to register for the same symbol. This is especially
true for applications that manage system symbols like HP
DeskManager, SNA, and TCP/IP. Therefore, we allow multiple applications to register for (and to manage) the same
symbol with the limitation that they cannot register for the
same menu items. This means that if application A is registered for the menu item/symbol combination ldentity/DTC,
application B cannot cannot register for this same combination, but it can register for another menu item/DTC combination. This limitation ensures that HP OpenView Windows knows to which application to send the selection
message.Allowing multiple applications to register for one
symbol also works well for integrating foreign applications
that need very different functionality. For example, an application that manages a computer system can run together
with a terminal emulator connected to that system. When
the user selects the computer system, the menu items for
both the system management application and the terminal
emulator can be enabled.

MenuIntegration
Customers
buy networkmanagement
solutionsto gain
increased use of network resources and lower the cost of
maintaining networks. Lower maintenance costs come
through minimizing the time required to train operators
and managers. Making the user interface as easy to use as
possible is one way of lowering the training costs. Another
way of lowering training costs is through the use of a consistent user interface across all network management applications. This means that if a user is tracking down a network
problem, there is no need to switch back and forth between
different tools with different user interfaces to accomplish
the job. There are a wide variety of devices in a network
that need to be diagnosed or configured, and if a user has
to learn many different user interfaces for each device and
type of activity performed, training becomes a significant
cost to the customer.
To help ensure a consistent user interface, HP OpenView
Windows provides three types of menu items: standard HP
OpenView Windows menu items, application dependent
menu items, and application-added menu items. Standard
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HP OpenView Windows menu items appear regardless of
what applications are being used. The functionality of standard HP OpenView Windows menu items is always
supplied by HP OpenView Windows, not by the application. The OVRunmap menu items such as Go To Top and Go
To Previousare examples of standard menu items,
Application dependent menu items are displayed by HP
OpenView Windows but rely on applications to provide
functionality. They appear on the menu regardless of what
applications have been installed. The Indentifymenu item
described earlier is an example of an application dependent
menu item. As shown in Fig. 2 the functionality for ldentify
in this example is provided by the application NS Monitor.
Application-added menu items are added by an application,
and appear only when that application has been installed.
Menu items may be object-specific or nonobject-specific.
Object-specific items remain disabled (greyed out) until
the user selects a symbol in the map. If there is an application that provides the functionality for that type of symbol,
it is enabled. An example of an object-specific menu item
is the ldentifymenu item, which is enabled only if an object
to be identified has been selected.
Nonobject-specific items are always enabled and can
only be handled by one application. An example of a
nonobject-specific menu item is the ShowAlarmsmenu item.
It is always enabled since the alarm list doesn't refer to
any specific object.

Figs. 3 and 4, if coMPlA had a critical error, the symbol
COMP1Ain the BLDG1Apicture would be red. The subnet
symbol BLDGIA in picture ToPA would also turn red, indicating to the user that at least one symbol in picture BLDG1A
had a critical severity. Because the user may have multiple
levels of subnets, status information must be propagated
up through multiple levels. If the user had drawn the network in a network model map like the one in Fig. 4, this
would mean that every subnet would be red. If coMPlB
were critical (red), BLDGIB would be red because it contains
coMPl B. and gLocza would be red because it contains subnet symbol BLDGIB. In HP OpenView Windows, the user
can configure the map to propagate status up one level or
all levels.

Status

box.

A graphical user interface allows the network operator
to gain a large amount of information about a network from
the components on the display. The use of color helps the
operator absorb this information quickly. Color representing the state of network elements is a key part of HP OpenView Windows.
When HP OpenView Windows is initialized the status
of all of the devices is unknown. This state is represented
by the color blue. Once the applications start coming up
and informing HP OpenView Windows of the states of the
devices, the colors are changed to represent the true state
of the devices. Red is used for critical, yellow for warning,
green for OK/normal, and magenta for an informational
state. The informational state might be used to indicate
that the device is off-line or under test, or has messages
queued that don't represent a warning condition. If a device
changes to a critical or warning state, in addition to changing the color of the symbol, a warning message is displayed.
Since lines are treated the same as symbols, their colors
represent the same state information. The only difference
is that the initial color for lines is black.
Since HP OpenView Windows allows the user to have
many different pictures representing different parts of a
network, it is possible that the user may not be viewing
the picture that contains a device whose status has just
changed because the device may be at another level of the
network hierarchy or on another network. One of the features of the HP OpenView Windows map is status propagation. This means if a symbol in a picture changes state
(color), all subnet symbols representing that picture will
have their color changed to represent the highest severity
contained in the picture. In the map examples shown in

Conclusion
HP OpenViewWindowsis a tool for bothnetworkman-

Help Facility
The last area where HP OpenView Windows provides
integration of applications is in the area of context sensitive
help. The NewWave help facility' is used to allow applications to format and integrate help text. The user is able to
access the help facility by either pulling down the Help
menu or by clicking on the Helpbutton within a dialog box.
The Helppull-down menu has menu items for HP OpenView
Windows and for each HP OpenView Windows application
installed. Selecting a menu item under the Helpmenu brings
up the index for HP OpenView Windows or the HP OpenView Windows application. Clicking on the Help button
within a dialog box brings up the help screen for that dialog

agement application developers and end users. For developers, HP OpenView Windows simplifies the task of
developing a graphical user interface for network management applications by providing functionality in the areas
of map handling, menu integration, status, and help. End
users also benefit from HP OpenView Windows, since the
resulting applications have a consistent user interface that
is easy to learn and use.
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Network
HP OpenViewBridgeManager:
for HP LAN Bridges
Management
SrnceLANbridgesreceiveallthedata packetstransmitted
interconnect,they
areanideal
onthe LANsegmentsthey
packetintegrityandthenumber
focalpointformonitoring
of packetsforwardedand filtered.
by Andrew S. Fraleyand Tamra l. Perez
S LOCAL AREA NETWORKS (LANs) grow to the
limits of their physical and electrical specifications,
traffic levels can reach a point where throughput is
significantly impaired. A LAN bridge logically separates
segmentsof a very large LAN so that optimum throughput
is maintained. A bridge allows intersegment communication only as required. For example, if two nodes on the
same LAN segment are communicating, there is no need
for their packets to be forwarded to other LAN segments
(seeFig. 1). Thus, a bridge restricts traJfic to only the necessary LAN segments.
To separateLAN segments logically, a bridge monitors
traffic on the network and builds an internal addresstable.
In essence,the bridge learns the MAC addressesand port
locations of nodes communicating on the LAN, and only
forwards traffic to other LAN segmentsif source and destination nodes are on different bridge ports.
Recently, an IEEE 802.1 committee defined a standard
spanning tree algorithml that allows redundant bridging
to increase LAN reliability (see Fig. 2). A spanning tree
algorithm is typically used to determine the shortest path
between any two LAN nodes. The spanning tree standard
adds the capability for two bridges to interconnect the same
LAN segmentsand protect LAN operation in the event of
a bridge failure. The spanning tree standard places one
bridge in active bridging mode for forwarding packets and
the other bridge in backup state for monitoring traffic and

maintaining its address table. It is important to note that
connecting two bridges that do not support the spanning
tree standard could result in an infinite cycle of packets
between redundant bridges. This would create an increase
in the traffic levels on adjacent LAN segments,bringing
down both segments.
Hewlett-Packard builds a number of two-port LAN
bridges. These bridges interconnect IEEE 802.3 10-MbiUs
networks, IEEE 802.3 1-MbiUs networks, and IEEE 802.b
token ring networks. The HP products and the networks
they support are given in Table I. The 10-to-10and 10-to-1
bridgesthat bridge IEEE802.3 1O-MbiVsand 1-Mbit/s networks support the spanning tree algorithm and network
management.
Table I
HP LAN Bridges

HPLAN
Bradge

Network Connection

HP 286478 StarLANBridge
FIP 286488 LAN
Bridge
HP 28649A Token
RingBridge

802.31O-Mbit/sto 802.3
1-MbiVs
802.310-Mbit/sto 802.3
10 MbiUs
802.31o-Mbit/sto 802.5
+-MbiVs

Network
Management
Yes

Yes
No

Why Managea Bridge?
There are two reasons to manage a bridge: to monitor
the network and to configure the bridge. Becausebridges
receive all the data packets on the segmentsthey connect,
they are an ideal focal point for monitoring packet integrity
and the number of packets forwarded and filtered. This

Flg. 1. How a LAN bridge isolatestraffic.
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Flg. 2. Redundant bridge configuration.

information can be used to tune the network and isolate
problems. For example, if a bridge port seessustained traffic levels over twenty-five percent, this indicates that the
segment may have too many nodes. Any subset in which
the nodes generate a lot of traffic communicating among
themselvesshould be broken into a separatesegmentsand
isolated by a bridge. For another example, if a new node
was added yesterday, and today the bridge port to which
it is attached is reporting a high level of CRC errors, this
indicates a problem with the transmitter on the new node.
Bridge management can also be used to customize the
configuration of the bridge's operating parameters. For
example, if there is a set of nodes containing sensitive data
that should be accessedonly by a handful of privileged
users, these sensitive nodes can be placed on a private
segment and isolated by a bridge. The bridge's address
table can be configured to forward only packets from the
sensitivenodes and from the handful of privileged nodes.
Consider a LAN that has grown so large that the worst-case
forwarding time between two bridges exceedsa second. In
this case,it might be necessaryto adjust the spanning tree
algorithm time-outs upward for optimal spanning tree performance.
HP OpenView BridgeManager
The HP OpenView BridgeManageris an FIPVectra computer-based HP OpenView application that managesHP's
10-to-10and 10-to-1LAN bridges.The BridgeManagerprovides the ability to poll bridges,readparameters,setparameters, upload and download complete configurations,log
on and log off, log counters, and monitor alarms. The
BridgeManager also supports the HP NewWave help system, which has been integrated into the HP OpenView
product.
The BridgeManageris divided into two parts: the user
interface and the network interface. The user interface interacts with the HP OpenView system and Microsoft Windows. The network interface managesthe communication
with the LAN bridges.
User Interface
The BridgeManager user interface provides a graphical
interface based on a network map consistent with other
HP OpenView applications.About half of the BridgeManager user interface code provides links to Microsoft Windows, HP OpenView Windows, and the BridgeManager
network interface (seeFig. 3). The other half of the user
interface code implements a table-driven formatter that formats packetsreceivedfrom a bridge and parsesuser input
into packetssent to a bridge.
The parsingand formatting functions were implemented
in a central formatting mechanism for two main reasons:
to reduce code size and to ensure flexibility. In Microsoft
Windows, segmentscan be discarded or swapped from
systemmemory and new segmentsloadedfrom disk. When
Microsoft Windows runs low on system memory, this
swapping or discarding begins to occur and performance
degrades.Therefore,it is imperative to keep the size and
number of codesegmentssmall.The formattingmechanism
meets the code size goal by trading off code size for data
size.Insteadof hard-codingformatting statementsfor each
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Fig. 3. Layersof softwareinvolvedin the HP OpenView
BridgeManagerapplication.
packet type, the formatting directives are described in a
data table and a shared formatter interprets the table.
The network management protocol used by the
BridgeManager is loosely based on an HP proprietary network management protocol that was targeted for use in
HP's network management products until standard network protocols became available.
Throughout the project, the BridgeManager protocol
changed to add or delete functionality. The BridgeManager
user interface was designed to minimize the time required
to adapt to a changing protocol. The formatter achieves
this flexibility goal becauseif the packet format is changed,
no code is affected. Odly the table must be modified to
describehow to format and parsethe modified packet.
The formatting table is an anay of field descriptors.A
field descriptor contains information describingthe field
type (word, string, MAC address, etc.), the default,
minimum, and maximum values for the field, the offset of
the field in the result string, a pointer to the location of
the field in the incoming packet buffer, and a flag that is
TRUEif the field is the last field in the string being created
(eachstring may have multiple fields). The following fragment of a real formatting table describes the formatting of
the two lines:
lEEE802LinkAddress
ProductNumber

080009-0033c4
HP286478

contained in the list box of the BridgeManager ldentifydialog
box shown in Fig. 4.

ApBrL1990HEWLETT-pAoKARo
louRunr 67

slruct t
/. Flagthatdelermineshowthe 'l
.I
/'formatterhandlesthe data
/- identifiedby the packet
'l
/" locationfield
char*min-max*default;/' Pointertoa stringcontaining -I
'l
/" information
describino
the
/' boundsof thedatafield
int field-offset:
/'Thecharacterpositionofthe'l
'l
/' formattedfieldin the outout

intfield_type;

char*packeLlocation;

intlasLfield;

/'line
/t A pointerto datain an incoming*/
/* packetor an identifier
/* of a resourcestring
/'ABooleanvariablethatistrue-/
'/
/- if the currentlieldis the last
/' fieldintheoutputline
I

J

counters: {
FORM-RESSTRING, /'Stringfromstringtable
NULL,
/* No min/maxinformation
"I
-I
0,
/" Fieldat beginning
of line
(char')STRING_IEEE_802_LINKJDDRESS, flDot'l
'l
/-stringtablestring
'l
FALSE,
/-Notthelaststringinline
FORM-ADDRESS,
/- MACaddress
NULL,
/. Nomin/maxinlormation
"l
'l
23,
/. Position23 in line
(char.)packet.ieee_802_source_addr,
/"Dataposition-/
/.in packet
TBUE,
/. Lastfieldin line
FORM-RESSTRING, /'Stringlromstringtable
'l
NULL,
/. Nominimaxinformation
0,
/- Fieldat beginning
of line
"I
(char')STBING_PRODUCT_NUMBER,
/.lDofstringt/
/'tablestring
FALSE,
/. Notlastfieldin line
FORM-STRING,
"20,"
23,

/.Stringfrompacket
/' Maxlengthol stringis 20
/. Position23 in line

-l
-I
"I

(char.)packet.produclnumber, /- Datapositionin packet-/
TBUE
/. Lastfieldin line

);
Consider how this table is used to interpret an identify
Knowing
packet. The first field is of type FOBM-RESSTRING.
the field is a resource string, the formatter interprets the
packellocation pointer not as a pointer into a packet, but as
a constant identifying which string is to be loaded from a
Microsoft Windows resource string table. This string is
loaded at offset 0 in the result string. Because the laslfield
flag is FALSE,the formatter realizes that the resulting string
is not yet complete. The next field is of type FOBM-ADDRESS.
The formatter interprets the packellocation pointer as a
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pointer to a MAC address and formats the packet data into
the string at offset 23 in the result string. Because the laslfield
flag is TRUE,trailing spaces in the result string are trimmed
and the string is output by the formatter to a list box or
file (as directed by the code that invoked the formatter).
It
The next field is another field of type FORM-RESSTRING.
is handled exactly like the first resource string field. The
The formatter treats the
last field is of type FORM-STRING.
packellocationpointer as a pointer to a string. This is the
only field in the example whose min-max-defaultsbing
pointer is not NULL.The "20" is scanned from the string and
the formatter ensures that the string in the incoming packet
is 20 characters or less. If longer than 20 characters, the
string is truncated. The lasLfieldflag is TRUE so the second
result string is trimmed and sent to a list box or file. The
two result strings produce the two lines shown above.
When the user wants to change parameters on a bridge,
the formatter also takes strings that have been modified
through interaction with the user and parses them into
outbound packets. The rest of the user interface deals with
the network interface to send and receive packets, to interact with Microsoft Windows objects such as list boxes, edit
fields, and pushbuttons, and to interface to the network
map and the HP OpenView C-tree data base.
To illustrate how the BridgeManager user interface interacts with these three entities to implement a function,
consider the ldentityfunction. When the user wishes to read
identity information from a bridge, the user selects the
bridge from which to read in the network map and then
selects the ldentifymenu item in the Monitormenu. When the
HP OpenView system detects that a bridge is selected, it
sends a message to the BridgeManager's message queue
indicating that the ldentifymenu item was activated. The
BridgeManager responds to this message by calling Microsoft Windows to create and display the ldentifydialog box.
Each BridgeManager dialog box has an associated dialog
box function that handles messages for that type of dialog
box. When the ldentifydialog box is displayed, Microsoft
Windows sends an initialization message to the dialog box
function. When the ldentifydialog box function receives the
initialization message, it loads the selected bridge's text
label and MAC address into the window's BridgeLabeland
Bridge Address fields shown in Fig. 4. To do this, the
BridgeManager uses HP OpenView function calls to get an
object identifier specifying which bridge was selected. The
BridgeManager then uses this identifier to look up the
bridge's label and MAC address by calling an HP OpenView
function. The dialog box function then retrieves an identify
packet from the selected bridge using the network interface.
When the packet is returned, the formatter formats the
information into the list box for the user to view.

Networklnterface
netThemostimportantfunctionof theBridgeManager's
work interface is to manage the communications exchange
between bridges and the management node. A management
node is the system from which a network manager uses
the BridgeManager application to monitor a network. A
large part of this functionality is devoted to the maintenance of incoming packets.
Before beginning a discussion of internal packet manage-

ment, it is helpful to understand the architecture and general operation of the BridgeManager network communication process. As shown in Fig. 3, the BridgeManager network interface resides in several layers of code. HP OfficeShare is HP's network transport software. The transport
interface compatibility layer (TICL) in the HP OfficeShare
software provides access to the network hardware via interrupts. The datagram interface running on top of the HP
OfficeShare software limits access to TICL as a protection
mechanism. To send a packet across the network, the
BridgeManager network interface makes a call to the datagram interface, which filters down to a hardware transmission request. When the networkhardware receives a packet,
it interrupts TICL. TICL then interrupts the upper layers
of software until the packet reaches the destination application, which in this case is the BridgeManager.
Recall from the discussion of the user interface that the
Microsoft Windows memory manager dynamically swaps
code and data segments. Interrupts from the network
hardware would fail if the network interface code and data
segments were allowed to move dynamically in memory.
Therefore, the network interface is implemented as a static
Microsoft Windows library that is separate from the user
interface. The user interface must poll the network interface
to receive any packets that may have anived asynchronously. When the network interface receives a poll request

and has a packet availablefor the user interface,it copies
the packet from its buffer structure into the pointer provided by the user interface. The network interface then
frees the packet buffer to accept another packet.
Two types of packets are received at the BridgeManager
network interface:a responseto a previously postedrequest
packet (hereafter known as a response packet) or an event
notification packet.Event notification packetsarrive asynchronously. They are sent when the bridge detectsa change
in the network state that might be of concern to the user.
Event notification and responsepacketscoexist in the network interface buffer structure. Therefore, an array is used
to maintain four maximum-size IEEE 802.3 packets.Two
of the array elements are used for responsepackets and
the remainder for event notifications. The following is a
code fragment containing the packet buffer declaration.

l'lap l'lonlt0r Dlagnosec0ntr01 I'leasureHelp

Fig. 4. BridgeManager ldentify
dialog box.
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struct{
intcommand-id;
intbuffer-state;

)

charpackelbufier
[1518]
receive-bufiers[4];

/. TICLidentifierof receive
/* commandoostedto this buffer 'l
/- Perbutferflagwhichcantakeon ./
/" valuesWAITING,EVENT,or
'I
RESPONSE
/. Receivepacketbuffer

'/

/.Allocatefourreceivebuffer 'l
/' structures(allowingapplications"/
/" lo bufferuoto fourback-to-back'/
i'packets)

The network interface uses the buffer-stateand command-id
elements to control the packet buffer structure. The command-idelement is returned from TICL and is used in the
event that the receive request must be canceled. The bufferstaleelement is used to determine whether a buffer is waiting to receive a packet and also to maintain the balance of
buffer use between event notification and response packets.
It is critical that the incoming packet buffers not be filled
with only response packets or only event notification packets. If the network interface packet buffers were filled with
response packets, event notification packets would be
locked out of the management node, thus crippling the
management feedback system. On the other hand, if the
packet buffers were filled with event notification packets,
the user would not receive responses to management commands issued on the network. To avoid this problem, the
interrupt service routine responsible for validating and accepting incoming packets is designed to monitor the state
of the packet buffer with every packet arrival. Currently,
two packets of either response or event notification type
are allowed to coexist in the buffer structure. If two packets
of the same type exist in the buffer and a third arrives, it
will be thrown out to maintain the buffer balance.
A major design goal of the BridgeManager was that it
coexist with other management nodes and be a well-behaved application with respect to CPU and memory use.
The network interface library resides in static nonswappable memory. Therefore, a major design goal was to keep
the library as small as possible. The code size was not a
problem, but the data structures, specifically the packet
buffer, were our major concern. During development, we
determined that two buffers per packet type were more
than sufficient to ensure that the network interface did not
become a a performance bottleneck. However, if this condition changes in the future, the number of buffers for each
type of packet is easily altered. A recompilation is required
to implement the change.
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Conclusion
Bridgesareimportantnetworkcomponentsthat segment
local area networks into logical subnets, filter traffic between subnetsand the network segments,and add reliability to the network through redundant paths. Since a bridge
observesnetwork traffic during operation,adding management to bridgesprovides valuable network information to
the user.
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HP OpenViewDataLine Monitor
Monitoringlarge and complexnetworkconfigurationsis
crucialtomaintaining
theintegrityandperformance
of data
communication
lines.TheHPopenviewDataLineMonitor
is a hardwareand softwaresolutionfor monitoringthese
data communicationlines.
by MichaelS. Hurst
I NFORMATION NETWORKS are becoming larger and
I more complex and efficient management of these net_
I works is crucial as organizationsbecomemore dependent on them. At the heart of any network are the physical
data communication links that connect the computers together. For wide area networks these links often consist of
point-to-point leased analog lines and it is problems with
these lines that are the most common cause of trouble in
data communications. Network managers and datacom
managersin places such as corporate data centersare therefore increasingly concerned with the performance and integrity of their data communication lines.
Point-to-point leased lines connect data equipment in
separatelocations. Normally four-wire lines with two circuit pairs are used, one line for each direction of transmis_
sion. Modems interface the data equipment to these lines.
Imperfections that cause data errors on analog lines fall
roughly into two groups: steady-stateimpairments (e.g.,
noise or amplitude modulation) and transient impairments
(e.g.,impulses or signal dropouts).In addition, telephone
companies may condition lines to meet the attenuation
distortion (frequencyresponse)and delay distortion (envelope or group delay) characteristics required by modern
high-speedmodems.
The HP OpenView Data Line Monitor (OVDLM) is an
analogleased-linemonitoring systemfor multivendor net_
works, basedon the IIP 494SAin-servicetransmissionimpairment measuring set (ITIMS).I The Hp 4g4BA permits
the testing of lines while they are still in use. Conventional
testing of analoglines requiresthe lines to be taken out of
service while test signals,such as test tones, are applied.
Alternatively, modem-basedline monitoring and manage_
ment systemsare available from manufacturers of datacom
equipment. However, these systemsare usually proprietary
and may require specializedand expensivesmart modems.
The HP 4948A works with ordinary modems in the range
of. 2.4 to 14.4 kbits/s that are compatible with AT&T or
CCITT standards.HP OpenView Data Line Monitor is com_
patible with the other HP OpenView network management
applications and can run concurrently with them.
The HP OpenView Data Line Monitor softwarecontrols
a single HP 4948A and one or more Hp TZZTA channel
selectoraccessswitchesto monitor or troubleshootanalog
datacom circuits at one location. Each Hp g7Z7A switch
can accessup to 30 four-wire circuits and can be cascaded
to achieve the required accesscapacity to a maximum of
31 switches.The functionality of OVDLM is provided en_

tirely by the software running in the Hp OpenView work_
station. Unlike some of the other Hp OpenView applica_
tions, OVDLM is not split into two parts, with one part
running on a remote computer. Instead, the ITIMS and
switches are controlled directly from the Hp OpenView
workstation via the HP-IB IIEEE 488, IEC 625). The Hp_IB
has the advantage that its high speed enables the ITIMS
and up to 1.3accessswitchesto be controlled from just one
interface card in the IIP Vectra pC. (Becauseofthe eiectrical
limit of 15 devices on one HP-IB, two interface cards are
required for up to 27 switches, and three for the maximum
of 31 switches). In many installations it is possible that the
HP OpenView workstation might be situaied at some dis_
tance from the communications rack where the ITIMS and
switches are located. The distance limit of 20 meters with
HP-IB cable can be overcome by using lIp-IB extenders.A
pair of HP Z7ZO4Amultipoint Hp-IB extenders using fiber
optic cable allows HP-IB extension up to 1250 meters with
negligible loss in performance. For greater distances, such
as when the HP OpenView workstation and the ITIMS are
at different sites, a pair of lfp 372O7AHp-IB extenders can
extend the IIP-IB to unlimited distancesover ordinary tele_

fJS. t. n gpical equipmentconfiguration
for usingtheHp
OpenView
DataLineMonitor(onlyone accessswitj, tneUp
3777Achannelselector,is
shown).
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Fig. 2. Screenused to enter transmlssion /lrnlts.

phone lines, albeit with a loss in performance'Fig' 1 shows
atypical equipmentconfigurationwith one accessswitch'
monitoring, OVDLM can be set to test
Ft. torrti.tt
"larm
a
all lines automatically in sequence'For troubleshooting'
continuously'
monitored
and
selected
be
can
line
single
is particularly powerful for trapping intermittent
fhi
faults. A description of all lines to be monitored is stored
in the HP OpenView Windows database,including details
of the modem type and transmission performance limits'
When OVDLM detects a problem with a particular line'
the color of that line is changedto red and a messageis
displayed in the HP OpenView alarm window' OVDLM
t"po.t line performance in two ways' First' routine
"ur,
day-to-daymoniioring typically usesan alarm-only mode'
*hi.h indicates when any of the key analog parameters
for each line go outside their predefinedlimits' Secondly'
when data is required for line performance benchmarks or
trend analysis, OVDLM is able to store the maximum'
minimum, and average values of all line characteristics
during a selectedmeasnrementperiod' The resultsfor each
line aie stored in a common log file which can be viewed

at any time.
Liie all HP OpenView applications, OVftLM is divided
and OVRun'The artiOVDraw,
into three programs:OVAdmin,
programs'
these
cle on page 60 describes
OVDLM andovAdmin
the user (a network or datacom manager)can
In OVAdmin
define setsof transmissionand conditioning limits' Transmission limits include specificationssuch asthe minimum
and maximum siSnal level, minimum signal-to-noiseratio'
maximum number of dropouts allowed in a 1S-minuteinterval. and so on. Conditioning limits define attenuation
distortion and delay distortion masks.Typically thesesets
of limit values are basedon AT&T or CCITT specifications
for analogleasedlines. Each set of limits is given a name'
which is then used to specify the limits for a particular
line. Many lines can thus sharecommon setsof limits' The
sets of limits are stored in a special OVDLM data file rather
than the HP OpenView Windows data base'Where the data
is storedis not apparentto the user.Fig' 2 showsthe screen
used to enter the transmission limits and Fig' 3 shows the
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Fig. 3. Screen used to enter conditioning limits.
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screen used to enter the conditioning limits. The data
shown entered in Fig. 3 is the attenuation and group delay
mask from CCITT recommendation M.1020 for international leased analog circuits.
OVDLM and ovDraw
In HP OpenView Windows, lines drawn on the network
map can be managed in the same way as computer or component icons. OVDLM registers with HP OpenView Windows to manage these lines. In OVDrawthe user draws the
datacom lines on the network map, describes their details,
and enters configuration information about the ITIMS and
switches. Lines are described in exactly the same way as
computer or component icons are described in other HP
OpenView applications, that is, the user selects the Describe
menu item from the Edit menu, moves the pencil cursor
over the line and clicks the mouse button. This brings up
the line Describe dialog box. OVDLM extends the default
line description of HP OpenView Windows to include details of the line impedance, the modem type, and the names
of the line transmission and conditioning limits (as set up
in OVAdmin).Fig. 4 shows a sample network map with a

49444)

SHitch

line Describedialog box. Note that the modem type is set
to AUTO.When this line is monitored in OVRun,the ITIMS
will automatically search for the correct modem type by
examining the live line signal.
A difference between lines and most other managed objects is that lines are passive because they need separate
tools (the instruments) to do the management. The ITIMS
and switches therefore have to be described in oVDraw.To
accomplish this an Instrumentsmenu was added to the OVDraw
menu bar containing the DataLine Monitormenu item. Selectdialog
ing this menu item will bring up an ITIMS Instruments
box on which the HP-IB interface select code and the address of the ITIMS and first-level switch can be entered
(see Fig. 5). From this dialog box a ConnectLine dialog box
can be accessed for connecting lines to the ports of the
first-level switch. A ConnectSwitchdialog box can also be
selected for connecting a second level of switches to the
first-level switch. Subsequently lines can be connected to
the second-level switches.

OVDLMand ovnun
The OVRunpart of OVDLM controls the program's
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monitoring activities. The user sets up global monitoring
parameters and starts and stops the monitoring via a Control
dialog box accessedthrough a data line monitor menu item
on the Controlmenu. The Set Parametersmenu, which is a
default menu item supplied by HP OpenView Windows, is
not used for this function because it requires a network
line name to be selected first. Entering a line name was
found not to be intuitive for setting the global monitoring
state because the global status information is not associated
with any particular network line.
The Controldialog box allows the monitoring state to be
set to line scan mode or single-line mode, along with the
required results and a test interval. The name of a disk file
to hold the results can also be entered. Fig. 6 shows a Control
dialog box with the Line Scan menu item selected, Alarms
Only results, and a 1S-minute test interval selected. The
ResultsType and Test Intervalcontrols are greyed (dimmed)
because they can only be altered when monitoring is
paused.
In line scan mode OVDLM will monitor each line in turn
for a duration set by the test interval (5, 15, 30 or 60 min-
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Fig. 6. Controldialog box with tine
Scanmenu ltem se/ected, Atarms
Onfy resu/ls, and ls-minute test
intervals.

CEil

utes). For example, if there are 30 4-wire circuits and a
five-minute test interval is selected, a complete scan of all
the circuits will take about six hours (assuming both the
transmit and receive circuit pairs of each line are to be
tested and allowing a minute per test for ITIMS training).
If alarms-only results are selected, a summary of the impairment violations is written to the results log file at the end
of the test interval (C:\o\AGREECE
in Fig. 6). If conditioning
is selected as well as alarms only, the attenuation and delay
results will be checked against the conditioning limits (see
Fig. 3) and a pass/fail result will be written to the log file.
If detail results are selected, the maximum, minimum, and
average values of the steady-state line impairments, along
with the number of transient events, are recorded at the
end of the test interval. If conditioning and detail results
are selected together, the complete attenuation and delay
data is recorded as well.
In single-line mode OVDLM will continuously test only
one line that has been selected on the network map. The
ResultsType selection works similarly to Iine scan mode,
except that in AlarmsOnly, each individual violation is re-
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corded in the log file. This is useful for tracking down
intermittents on a particular circuit.
Once started, monitoring runs in the background even
if all the OVDLM dialog boxes have been closed and the
user is working in another HP OpenView Windows application. Thus the user is not normally aware of the monitoring process. However, during HP-IB inpuVoutput, the Vectra can appear busy for a few seconds, especially when
reading back the line conditioning data from the ITIMS.
This is because asynchronous HP-IB input/output is not
supported in the Microsoft Windows environment. To inform the user when HP-IB input/output is in progress,
OVDLM changes the cursor icon to an HP-IB busy icon
consisting of an hourglass and an HP-IB logo. At the end
of the test interval the color of the line on the network map
is changed to green if the measured performance is within
limits and to red if it is outside one or more limits. In the
latter case an alarm message is sent to the HP OpenView
Windows alarm window.
During monitoring the user can choose to view either
real-time results for the line currently being tested or historical results for a line taken from the log file. These results
are accessed through CurrentLineand LineHistorymenu items
on the Diagnosemenu.
Selecting the CurrentLinemenu item will display a current
line window and a line conditioning window. The current
line window shows the steady-state and transient results
and is refreshed from the ITIMS every twenty seconds. Any
results that are outside the limits for the line are shown in
red. The conditioning window displays a graph of attenuation versus frequency or delay versus frequency, using
the ITIMS data-spectrum results and the conditioning mask
limits for the line. This window is only refreshed every
minute, the period with which the ITIMS remeasures the
data spectrum. Fig. 7 shows an example of a current line
window. Here the impulse noise and retrains counts are
above limit and hence shown in red. As a result, the line
on the map is also turned red. Fig. B shows a sample Iine
conditioning window. Note that the delay graph moves
outside of the mask below about 1000 Hz.
The Line Historymenu item allows browsing through the

L: **

fr.O*lav

I {*,qg!" I

Fig. 8. An example of a line conditioning window. The data for the
upperJimit mask comes from the
delay upper column in Fig. 3 and
the lower-limit mask comes from
the delay lower column in Fig.3.

OVDLM log files for historical results of a particular line.
Filters are availableto selectthe types of results required.
For example, there are filters that can be used to narrow
the selectionto alarmsresultsor detailsresultsfor a particular transmit or receive pair.
Using Log Data
It is important for datacom managers to track the longterm performanceof their lines. The OVDLM log files are
in ordinary ASCII text and organized so that they can be
easily read by other application programs. For example,
the data can be imported into a spreadsheetprogram,such
as Microsoft Excel, and trend analysis done on the detail
results for each line. This trend analysisallows lines with
deterioratingperformanceto be spottedbeforethey become
critical. DemonstrationExcel macrosto do this aresupplied
with the OVDLM software.
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NetworkManagementfor the HP 3000
Datacomand TerminalGontroller
TheHP OpenViewDTCManagersoftwareis responsible
for controlling,monitoilng,and diagnosingthe DTCson a
local areanetwork.lts functionscan be exercisedeither
froma localworkstation
on the LANorfroman HPFesponse
Centeror otherremoteworkstation.
by SergeY. Amar and MicheleA. Prieur
in the DTC: X.25 access,PAD (packet assembler/disassembler) support, terminal I/O switched connections, back-toback connections, and others. All of these services can be
shared by multiple MPE XL systems connected to the LAN.
In keeping with its expanded capabilities, the DTC has
been renamed the dotocom nnd terminol controller.
The DTC now offers LAN-accessible shared services. and
is no longer tied to one host system. With the back-to-back
feature, it can even work without any hosts on the LAN.
For these reasons, a new way had to be found to manage
the DTC and its services. This is the function of the HP
OpenView DTC Manager workstation.

NEW GENERATIONOFHP3000COMPUTERSwas
born in 1986.The distinctive featuresof this generation are HP Precision Architecture.l the MPE XL
operating system,2 and the input/output structure.s
One of the peculiarities of the input/output structure is
the way terminals and printers are connected to a host HP
3000 computer. They are connected through a controller
(originally called the distributed terminal controller or
DTC), which is connected to a local area network. Originally, because the DTC code and configuration file were
too big to fit in nonvolatile memory, the host was in charge
of downloading them to the DTC at power-up. The host
was also responsible for building the DTC configuration
file and for managing the DTC (reset, upload, self-test, etc.).
For the first release of the MPE XL software, the LAN
was used more as an I/O bus than as a network, in the sense
that a terminal plugged into a DTC could establish a connection to one and only one host computer even if the LAN
was shared by more than one host. Moreover, some important features were missing, sucb as wide area network access[X.25J.
With the release of the MPE XL 2.0 operating system in
October 1.989,major new functionalities are implemented

The HP OpenViewDTCManager
The HP OpenView DTC Manager is the network management software for the new services of the DTC. It is responsible for controlling, monitoring, and diagnosing the DTC.
The HP Openview DTC Manager software runs on an HP
Vectra ES/12 personal computer with a VGA display, a
40-megabyte hard disk, an HP LAN access card, and a 2Mbyte expansion board. It runs under the Microsoft Windows
environment and the HP OpenView Windows umbrella. It
implements a graphical user interface, allowing the user
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Fig. 1. Mosf HP OpenViewDTC
Manager functions begin with the
display of the DTC rear panel,
which shows the types of cards
and devices that are plugged into
the DTC. DfC stands for datacom
and terminal controller.

to trigger managementfunctions on the local areanetwork
DTC components.
The contributions of the HP OpenView DTC Manager
include:
r The use of HP OpenView Windows to allow the user to
"touch" the network.
a Easy accessto the DTC componentsthrough a graphic,
logical view of the DTC rear panel.
r Remote accessto all of the DTC management functions
through a modem connection using the same graphic
user interface.
I The ability to add a support tool at any time without
modifing the HP OpenView DTC Managercode.
HP OpenView Windows is a network shell that mainly
displays and managesgraphic maps of networks. At initiali
zation, it spawns the applications that have an entry in the
OpenViewApps
sectionof the WlN.lNl
file (seearticle,page60).
It provides servicessuch as map object management,menu
and menu items addition, alarms,single-keydata baseaccess,and others.
Almost all of the HP OpenView DTC Manager'sfunctions, triggered by the user from the HP OpenView network
map, begin with the display of the DTC rear panel, which
allows the user to see at a glance the types of cards and
devices that are plugged into the DTC (Fig. 1). Using the
mouse, the user can easily select the part of the DTC on
which to executethe managementfunction. The selectable
componentsare:the CPUboard,a card (X.25,direct connect
card, modem connect card), a terminal, or a printer. Each
of these is representedby a specific icon.
All features of the HP OpenView DTC Manager can be
accessed remotely through a 1200-baud or 2400-baud
modem. The user interfaceis completely separatefrom the
input/output functions so that it can be run in a remote PC
without the need to pass graphic data through the serial
modem link. This structure was chosen to optimize the
exchangeof information in the caseof remoteaccess----only
relevantbinary datais transfened.A major problem of such
a structure is that it is not possible to take advantageof
some Microsoft Windows features.For example,a list box
can contain more information than can be transferredall
at once over the serial link to load the list box. Therefore,
the HP OpenView DTC Managerhandlesthe scroll bars of
list boxes to navigatethrough the lists, and only list data
to be displayed is transferred.
Hooks havebeenimplementedin the HP OpenView DTC
Managerso that a DTC support tool can be addedat initialization time, using the DtcManagerApp
section in the WlN.lNl
file. For example, if a dump formatter were implemented
following the guidelines,it would be ableto takefull advantage of the remote accesscapability of the HP OpenView
DTC Manager.
Software Structure
The HP OpenView DTC Managerconsistsof four Microsoft Windows components(Fig.2):
r PCMPRMP.This module is responsiblefor interfacing
with the HP OfficeSharedriver and implementing the
two managementprotocols MP and RMP.4'5
r DTCMGRIO.This module is responsiblefor maintaining
the data baseassociatedwith DTC managementand for
translating requests coming from the user interface to

requeststhat can be understood by the PCMPRMPmodule. It is also responsiblefor deciding whether a download request coming from a DTC must be serviced or
rejected.
r DTCMGRUI. This module is responsible for handling
the user interface-for example, interpreting requests
coming from the user, requesting additional information
when needed,and displayingthe resultsof the requests.
r RLS/CA.This module hastwo parts.RL Switch is responsible for managingthe local and remote modes and for
switching messagesbetweenDTCMGRIOand DTCMGRUI
either on the same PC or through a serial modem link.
Data is never exchanged directly between DTCMGRUI
and DTCMGRIO.CA stands for connect application. It
is responsible for the logon and logoff process in both
local and remote modes.
Two of thesemodules,DTCMGRUIand RLS/CA,are HP
OpenView Windows applications.An HP OpenView Windows application is, first of all, a Microsoft Windows application,that is, it hasa WinMain,
which performsinitialization
and implements the GetMessage/DispatchMessage
loop. However, during the initialization process,it must call some
HP OpenView intrinsics, and it does not create its own
main window. The application's main window is created
by HP OpenView Windows and acts as a communication
window betweenHP OpenView Windows and the application. The application must provide the window procedure
for this communication window.
Because an HP OpenView Windows

Fig.2. The HP OpenView DTC Manager conslsts of four Microsoft Windows componenls: PCMPRMP(protocol controller), DTCMGRIO (data base manager and translatot),
DTCMGBUI (user interface),and RLSICA(communication
and logon).
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main window of its own, it has no menu bars. Instead,it
requestsHP OpenView Windows to add menu items to the
main HP OpenView Windows menu bar. An HP OpenView
application has to provide for the processingof all the
menu items it has registered,and for the processingof some
HP OpenView generalmessages.
User lnterlace Structure
The structureof the user interfacemodule (DTCMGRUD
is highly modular (seeFig. 3). It is basedon the property
of Microsoft Windows that once created,a window is an
independent entity able to receive and process its own
messagestransparentlyto the processthat has createdit.
DTCMGRUI consistsof a main window and a seriesof
child windows. The main window is the communication
window createdby HP OpenView Windows during initialization of the application. It is an invisible window and it
is mainly dedicatedto receivingmessages
coming from HP
OpenView Windows. When the user selects a function
managedby the application,HP OpenViewWindows sends
a messageto the communication window.
The window procedure of the communication window
is just a dispatcher that createschild windows of the requestedclass. These are invisible child windows, shown
as level 1 windows in Fig. 3. Once it has createdthe right
level 1 child window, the communication window procedure sends it a trigger. Then, it no longer worries about
the requestedfunction since it will be processedby the
createdchild window. The communication window simply waits for the Donemessagesent back by the child window, and then destroysthe child window, sincethis means
that the requestedfunction is completed.Every child window is a function of a certain type. For example,there are
child windows of type Configure,
SetParameters,
DTC,
Upload
and so on.

Level 1 child windows are only created and destroyed
by the main level. Although a child window could destroy
itself, for consistency this is never done in DTCMGRUL
The main level is always aware of what is active below it.
In a similar manner, level 1 child windows can create
invisible level 2 child windows, which are independent
entities for independent subfunctions. Level 1 child windows can also create visible level z child windows, which
are dialog boxes. Dialog boxes can also be created by invisible level z child windows.
One of the main differences between an invisible child
window and a dialog box is that an invisible child window
is destroyed by its parent, whereas a dialog box destroys
itself. Moreover, an invisible child window, when it has
completed its function, sends a predefined message to its
parent. A dialog box child window, when it is created,
receives as a parameter the message it must send back to
its parent once it has completed its function. Dialog boxes
do not have predefined completion messages.
Each of the child windows, either invisible or visible. is
able to communicate with DTCMGRIO through the RL
Switch module without the help of the communication
window by giving its own handle in any DTCMGRIO request.

RemoteAccess Structure
One of the objectives for the HP OpenView DTC Manager
was remote access to network management applications.
Two PCs with modems running the HP OpenView DTC
Manager can communicate and the same DTC management
capability is available at both (Fig. ). For example, from
an HP Response Center PC, an HP engineer can manage a
customer's DTCs. In fact, only the user interface (DTCMGRUI)
and RL Switch run on the Response Center PC. Commands
are sent to the DTCMGRIO module of the customer's PC

Main Level

Fig. 3. Sfructurc of the user interface module DTCMGRUI.
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through the serial link.
This functionality is implemented in RL Switch, which
is able to switch from local to remote mode and to send
orders and replies between DTCMGRUI and DTCMGRIO
either locally within the same PC or remotely over the
modem line (Fig. 5).
The user is able to log on locally or remotely using the
connect application, CA. At initialization, this module
adds four menu items to the control menu of HP OpenView
Windows: Logon,Logotl,RemoteConnect,and RemoteDisconnect.
When Logonis activated, RemoteConnectand RemoteDisconnectbecome inactive. When RemoteConnectis activated, both
Logon and Logoff are inactive. Finally, when the user is
neither locally logged on nor remotely connected, both
Logonand RemoteConnectare enabled.
When a user at the Response Center PC chooses the Remote Connectmenu item, the DTCMGRUI module in the
Response Center PC receives the following sequence of
messages:
with Param:
RLPREPAREFORCONNECT
RESPONSE_CENTER_PC

ResponseCenter PC

Customer PC
Modem Connection

Response
Center
LAN

Customer LAN

Fig.4. The HP OpenView DTC manager allows remote access to alt DTC functions. For example, from a PC in the HP
ResponseCenteran HP supportengineercan accessa customer's DTCs.

RLLOGONSTATUS
On the first message, DTCMGRUI just stores the fact that
it is no longer in local mode but not yet in remote mode.
On the second message, DTCMGRUI stores the fact that
remote mode is now active. All HP OpenView DTC Manager menu items are enabled and the inactivity timer is
started.
The DTCMGRUI module located in the customer PC reparam
ceives only the message RLPREPABEFORCONNECTwiTh
: CUSTOMER-PC.This message is ignored.
Thereafter, except for some very rare cases, whether the
HP OpenView DTC Manager is working in remote or local
mode is absolutely transparent to DTCMGRUI' There are
only two exceptions. First, the display of the FunctionIn
Progressdialog box depends on the mode for some requests
to DTCMGRIO. Second, inthe dialogboxes of type OpenView
DTC ManagerList,when the items are read one after another
and the HP OpenView DTC Manager is in local mode, the
items are displayed only when the list box is full to avoid

fiickering effects. In remote mode they are displayed immediately.
A remote connection is closed if (1) the Response Center
engineer completes the job and activates the RemoleDisconnectfunction, (2) the customer requests that the connection
be aborted, or [3) the connection between the two modems
breaks. In case (1), DTCMGRUI receives RLLOGOFFREQUEST
In
from RL Switch, and then RLREMOTECONNECTCLOSED.
RLREMoTECoN(2)
(3),
receives
only
DTCMGRUI
and
cases
DTCMGRUI is free
On RLLOGOFFREQUEST,
NECTCLOSED.
to accept or reject the logoff. If no function is active, the
logoff is accepted. If any function is active, the logoff is
rejected and the remote disconnect procedure is interany active funcrupted. On RL-REMOTECONNECTCLOSED,
tion is aborted and DTCMGRUI assumes that its new status
is local and logged off.
Figs. 6, 7, and B show the sequence of messages exchanged between CA, RL Switch, and DTCMGRUI in the
cases of a remote logon, a remote logoff, and a customer-

Remote Mode

Local Mode

Response Center PC

Customer PC

Fig.5. fhe RLSwitchmodule has
the ability to switch between local
and remotemodesand route mes'
sages accordingly.
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Response Center PC
CA

RL Switch

Customer PC

DTCMGRUI

RL Switch

DTCMGRUI

Connect Request

(cusroMER
Pc)

Connecl Reply
+

(RESPONSE.CENTER_PC}

(Lo9in)

Fig. 6. Messages exchanged for a remote logon.
forced abort or a modem line failure.
Dialog Boxes
Microsoft Windows provides two types of dialog boxes:
modal and modeless. Modal dialog boxes do not allow the
application (here DTCMGRUI) to do any processing except
for handling the dialog box, while modeless dialog boxes
allow the application to process both the dialog box and
other application windows concurrently.
In compliance with the HP OpenView App.licotion Style
Guide, all dialog boxes in DTCMGRUI are modeless dialog
boxes. Modeless dialog boxes consume less stack space
than modal boxes. They behave as standard child windows
and are more bug-free than modal boxes. However, the HP
OpenView DTC Manager often needs modal behavior. For
example, when a dialog box is displayed, the user is not
Response Center PC
CA

RL Switch

Customer PC

DTCMGRUI CA

RL Switch

allowed to do anything except enter information in the
box. To meet this need, modal behavior is simulated by
creating a modeless dialog box and disabling the window
that has created it.
The modeless dialog boxes inside DTCMGRUI can be
classified into three categories: classical, HP OpenView
DTC Manager lists, and backplane.
The classical dialog boxes are normal Microsoft Windows dialog boxes. They implement list boxes, radio and
check buttons, edit fields, and so on. All of these controls
are handled by Microsoft Windows after the dialog box is
created and initialized. Most of the dialog boxes fall into
this category.
HP OpenView DTC Manager lists are dialog boxes that
contain list boxes handled by DTCMRGUI instead of Microsoft Windows. These list boxes are initialized with 13 items
and are always reset and reinitialized with 13 items
maximum. The scroll bar on the right side of the list box
is not part of it, but is a scroll bar control handled by the
dialog box as an independent scroll bar. The items in these
lists are not stored in memory by DTCMGRUI but are requested one by one from DTCMGRIO through RL Switch.
Every time the user wants to add, delete, or modify an item
or scroll up or down the list, the whole list is reset and
orders are sent to DTCMGRIO to reread the displayed part
item by item (Fig. 9). This mechanism is used because each
record in the list may be quite long and lists may have
many records, so the amount of memory required to load
all the items at once in memory and to have Microsoft
Windows handle the list would be too large. Moreover, in
remote mode, if the amount of information requested at
one time is too large, the time between the start of a function
and the function's actually becoming active would be too
long. With this principle, in remote mode, each item is
displayed as soon as it anives, so it seems to be faster, and
in any event, a maximum of 13 items will be transferred
even if the list is 512 items long.

SupportTool Integration
Support engineers sometimes need to run special appli-

OTCMGRUI
Response Center PC

Customer PC

Logoff Request
RL Switch

DTCMGRUI

RL Switch

RL_LOGOFFREO
+

-

Forced Abort

RL-LOGOFF

(RLoKToLogotf)

Connection is broken
Connection

RL_REMOTECONNECTCLOSED
+

RLREMOTECONNECTCLOSED
+

RLREMOTECONNECTCLOSED

-

Logoff
Logoff

-

DTCMGRUI

Logoff

Logoff

Fig. 7. Messages exchanged for a remote logoff.
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Fig. 8. Messages exchanged for a customerJorced abort or
a modem line failure.

cations-for example, a light formatter for the dump files
coming from the DTC. These applications must be integrated into the HP OpenView DTC Manager, even though
they were not defined at the time the HP OpenView DTC
Manager code was written. To accommodatethis need,
hooks were implemented in DTCMGRUI and DTCMGRIO
so that these applications can be added dynamically and
integrated into the HP OpenView DTC Manager.
Except for somespecial proceduresduring initialization
and shutdown, a DTC Manager application is a normal
Microsoft Windows application that doesn't need to deal
with HP OpenView Windows. Like the DTC Manager,DTC
Manager applications are structured in two parts, one for
the user interface and one for everything dealing with the
files and the DTC (the second part is referred to here as
the VO part of the application), This allows them to be
used in remote mode as well.
The structure of the solution is shown in Fig' 10. The
DTC Manager application is accessedthrough a menu in
the Toolssubsection of the HP OpenView main menu. The
Toolsmenu and its submenus are added by DTCMGRUI
secduring the initialization phase when the DtcManagerApp
tion is found in the WlN.lNlfile.
When the DTC Managertool (or application) needsto be
used, the user selectsthe application from the Toolsmenu.
DTCMGRUI receives the request from HP OpenView Windows and sends a messageto DTCMGRIO requesting it to
spawn the I/O part of the application. All HP OpenView
DTC Manager menu items are grayed. DTCMGRIO spawns
the VO part of the application, passesthe RL Switch window handle to it, and replies to DTCMGRUI that the spawning was successful.With the reply, it sendsthe handle of
the I/O part of the application.
DTCMGRUI spawns the user interface part of the application and passesto it the handle of the I/O part of the
application and the handle of RL Switch. The modules of
the application can now exchange messagesdirectly
message.
through RL Switch using the RLSENDDATA

Get Element x

When the application is no longer needed, the user
selects a close function in the user interface part of the
application, which notifies DTCMGRUI that it wants to
quit. It does not quit yet. DTCMGRUI sends a request to
DTCMGRIO to kill the VO part of the application.
DTCMGRIO kills the I/O part of the application and notifies
DTCMGRUI. DTCMGRUI then kills the user interface part
of the application and reenables the HP OpenView DTC
Manager menu items.
The advantagesof this solution are:
r The DTC Manager application modules are Microsoft
Windows modules, not HP OpenView Windows modules. The DTC Manager application menu item will appear only if the WlN.lNlfile contains a DtcManagerApp
section.
r The DTC Manager application code is loaded only when
needed, so no memory is allocated to it while the HP
OpenView DTC Manager is processing a management
function.
r The DTC Managerapplications don't have to deal with
HP OpenView Windows, so they are independentof HP
OpenView Windows and HP OpenView DTC Manager
releases.
section of the WlN.lNtfile has the folThe DtcManagerApp
lowing syntax:
lDtcManagerAppl
APPIO.EXE
Appl : Applil, APPUI.EXE,
where Appl is the name of the DTC Managerapplication,
Applilis the name of the menu item to be added to the Tools
and RPPlo,exEare the names of the
menu, and APPUI.EXE
application's EXEmodules. It is mandatory for these files
to be in the subdirectory EXE of the DTC Manager data
base.During the initialization process,DTCMGRUI looks
section.If it exists,
in the WlN.lNlfile for the DtcManagerApp
the Toolsmenu is added to the HP OpenView menu bar.
For each valid entry in this section,DTCMGRUI adds the

Read Element x
Display
Element x

Element x

Fig. 9. HP OpenView DTC Manager /lsts are dialog boxes that
contain list boxes that are managed by DTCMGRUI instead of
Microsoft Windows. The items in
the list are requested one by one
from DTCMGRIO (through RL
Switch).
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corresponding menu item in the Toolsmenu.
HP OpenView DTC Manager Data Base
The HP OpenView DTC Manager does not use the file
access facility provided by HP OpenView Windows for
three reasons. First of all, the file access facility provides
single-key indexed file access and the HP OpenView DTC
Manager would have needed multikey access.Second, the
configuration data for a DTC can be very large and retrieving
it via HP OpenView file access would have drastically
slowed the initialization of a remote access if the user
choosesto transfer the HP OpenView network topology map.
Finally, not using HP OpenView file access means that the
DTCMGRIO and PCMPRMP modules can be Microsoft
Windows applications and not HP OpenView Windows
applications, so that even if HP OpenView Windows is
inactive, they are always active and ready to receive DTC
events and service DTC download and upload requests.
This allows the user to free memory by closing HP OpenView Windows to run another Microsoft Windows application while the PC continues to serve DTC-triggered management functions.
The HP OpenView DTC Manager data base takes advantage of the MS-DOS@ directory hierarchical structure and
stores data within a tree of subdirectories of the DTCMGR
directory. The DTCMGRdirectory with its subdirectory tree
is created at installation time in the directory specified by
the user; the default is the root directory. The user may
not specify more than one level of directory-for example,
C:\MYDIR.In this case the data base will be installed in
C:\MYDIB\DTCMGR.
The following list illustrates a typical HP OpenView DTC
Manager data base containing a DTC named DTCNAMEon
the HP OpenView map, loaded with two serial interface
cards in slots 0 and 1, one X.25 card in slot 4, and slots 2,
3, and 5 empty. The DTC code and configuration have been
downloaded and X.25 protocol has been started on the
X.25 card but the PAD support protocol has not. In this
list, lowercase is used for files and uppercase for directories:

Openview DTC Manager

Applicaiion

Fig. 10. lntegrationof applications such as support tools into
the HP OpenView DTC Manager.
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...\DTCMGR\mao802
\acclist
\copyhdr
\DTCNAME.DTC\$CONF$TgIobaI
\globhdr
\backplan
tSLOTO\Iioconf
\SLOT1\tioconl
\sLoT4\t123
\switinfo
\stsinout
\oadinsec
\padacc
\padswat
\DTCNAM
E.DTC\$DWLD$rgtobal
\gtobhdr
Vcackplan
\SLOTo\tiocont
\SLOT1\tiocont
\sloT4\t123
\swilinfo
\stsinout
TDEFAULT\cpu.def
\term.det
\printer.def
$ost.del
\globhdr.def
\acclist.def
\DC\struct.det
\MODEM\struct.def
W25\l123.def
\stsswit.def
\stsinout.def
\padswit.de{
\padacc.def
\padinsec.del
\COPY
\MONITOR
\UPLOAD
\CODE
\EXE
The file map8o2contains one entry per configured DTC
containing: the DTC name (e.g., DTCNAME),
the DTC's current LAN IIEEE 802.3) address, the downloaded LAN address, and the DTC's LAN node name. It is updated and
used by the DTCMGRIO module. Each time a DTC is
created, its HP OpenView map name is written in this file
with the two LAN addresses equal to 0. When the user
saves a configuration, DTCMGRIO gets the LAN address
contained in the DTC CPU configuration and puts it in the
current LAN address in the map802file. When the DTC
requests a download, DTCMGRIO copies the current LAN
address into the downloaded LAN address.
The file acclist is the security list file, which is downIoaded to all the configured DTCs.
The DTCNAME.DTC
subdirectories contain the DTC configuration data. They describe a DTC and consist of up to
three subdirectories: $CONF$,$CONF$.TP,and $DWLD$.
The gCONFgsubdirectory contains the DTC off-line con-

figuration files. This configuration will be downloaded into
the DTC on the next download operation. The contents of
this directory and its associated subdirectories are modified
when the user selects the Configuremenu item. The $CONF$
subdirectory consists of three files and several subdirectories, one for each configured card of the DTC. The file
backplanstores the information needed to display the backplane of a DTC. It contains 56 bYtes:
I Byte 0: DTC Type. This is for future use, if we need to
distinguish between multiple types of DTC.
r Byte 1: Verify Flag. Indicates whether the configuration
associated with this backplane has been verified.
I Six records of I bytes each, one record per card. Record
0 is for card 0, and so on. Each record contains the card
type (empty, direct connect, modem connect, or X'25),
and the port types (|erminal, printer, or host) for ports
0to7.
The file globalcontains the configuration of the CPU board
(node name, IP address, logging classes, user prompt, welcome message). The file globhdrcontains the LAN address
of the DTC.
Each configured card has a SLoTx subdirectory, where x
is the card number ffrom 0 to 5). The files contained in
each SLoTx subdirectory completely describe the card. The
number of files and their contents depend on the card type.
If the card is an B-port direct connect card, its SLoTx subdirectory contains the file tioconf, which stores the configurations of ports O to 7. If it is a 6-port modem connect
card, its SLoTx subdirectory contains the file tioconf,which
stores the configurations of ports 0 to 5 and two dummy
configuration blocks. If the card is an X.25 card, its SLOTx
subdirectory contains six files:
r 1123stores level 1, level2, and level 3 configuration data
and the permanent virtual circuit list used by X.25.
r switinfois a list that stores the host resolution table (system-to-system switching information) used by X.25.
I stsinoutis a list that stores the LUG table (system-to-system
local user group) used by X.25.
I padinsecis a list that stores the PAD security table (PAD
incoming security) used by PAD support.
r padacc is a list that stores the PAD device table (PAD
access) used by PAD support.
r padswitis a list that stores the PAD switching table (DTC
PAD switching information) used by PAD support.
The $CONF$.TPsubdirectory contains the temporary configuration files. This directory is used for temporary storage
of the modifications when the user is in the off-line configuration function. The $CONF$.TPsubdirectory is created by
DTCMGRIO when the user starts modifying a DTC configuration. It has the same structure as the $CONF$subdirectory.
The gDWLDgsubdirectory contains the downloaded configuration files. This is the image of the DTC configuration
data. This set of files is updated during dynamic configuration functions. The $DWLD$ subdirectory is created by
DTCMGRIO when the user creates a new DTC. Upon successful completion of a download operation DTCMGRIO
will copy files from the $CONF$directory into the $DWLD$
directory, which keeps an exact image of the configuration
data downloaded to the DTC. When dynamic changes are
menu item, only the data condone using the Set Parameters

tained in this directory is updated unless the user requests
that the modifications be copied to the off-line configuration as well.
The COPY subdirectory is created by DTCMGRIO when
the user selects the COPY function fin the configuration
menul for the first time. Thereafter, it is never removed,
allowing the user to make several copies of the same item
conusing the PASTE function. The file ..TDTCMGR\copyhdr
tains the type of item copied. The type can be DTC (the
entire DTC configuration), Slc-Dc (direct connect card), StcModem (modem connect card), Sstc (X.25 configuration),
Term (terminal configuration), Printer,or Host. This file is
checked when the PASTEfunction is executed, since the
COPYaction and the PASTEaction mustbe consistent. Then,
according to the type of item, the subdirectory COPY is
filled with all or part of a $CoNF$ subdirectory.
The DEFAULTsubdirectory contains all the default values
for the configuration of a DTC. It has three subdirectoriesDc, MODEM,and x2s----and six default files, which contain
the default configurations of each type of card in the DTC.
The DC and MODEMsubdirectories both have a file called
struct.def(9 bytes), which contains the default structure for
each card type and port type. The x25 subdirectory contains
the default files to be used for an X.25 card.
The UPLOADsubdirectory receives the files containing
upload data. These files are named depending on what
kind of upload data they contain. DTCNAMEand ttOSTNAtrle
are the names used by the user on the HP OpenView map'
The MONITORsubdirectory contains event logging files
and trace files.
The CODE subdirectory contains the code files to be
downloaded to the DTC.
The EXE subdirectory contains all the executable files of
the HP OpenView DTC Manager and some support tools.

MemoryOrganization
The PC memory organization was one of the most difficult challenges of this project. The goal was to have the
HP OpenView DTC Manager run on an HP Vectra ESl1.2
personal computer equipped with a zM-byte additional
memory board (the HP 459444 Vectra ES expanded memory card6).
Microsoft Windows can run in two different modes: Iarge
frame or small frame. In small frame mode, the memory
area from C8000 to EFFFF is used to map expanded memory. The data segments of Windows applications, Windows
libraries, and applications' dynamic libraries are loaded
into conventional memory, that is, below 640K. This optimizes the use of expanded memory, but it uses a large
amount of the shareable memory and minimizes the parallelism of applications.
In large frame mode, Microsoft Windows sets what is
called a bank line, specifying how much space will be used
in the 256K-to-640K slot for expanded memory mapping.
Once this line is chosen, everything below the line (from
0 to the line) is considered shareable memory (called nonbankable memory, below-the-line memory, or global memory). Everything above the line (from the line to 640K) is
used for page banking (called bankable memory or abovethe-line memory). In this model the applications' data segments and dynamic libraries and the Windows libraries
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are banked, meaning that they are loaded in expanded
memory.
The advantage of running in large frame mode is that it
frees a lot of the conventional memory, thereby increasing
the parallelism of applications.The disadvantageis that it
usesa lot of expandedmemorybecauseMicrosoft Windows
duplicates some Windows library segmentsin every bank
and the smallest application will take no less than 112K
bytesof expandedmemory.Moreover,when an application
needsmore pages,Microsoft Windows will allocatepages
to this application until it reachesthe maximum number
of pagesthat can be banked simultaneously. Thereafter,
Microsoft Windows is not able to free thesepagesfor other
applications.
Code and resources(dialog box descriptions,text, etc.)
are always banked in expanded memory whatever the
mode.
The HP OpenView DTC ManagerneedsMicrosoft Windows to start in large frame mode, becausein small frame
mode it runs out of globalmemory.Dependingon the memory setting of the PC, Microsoft Windows/286 2.1 decides
at start time in which mode it is going to run. Someof the
criteria are:
I The amount of conventional memory left when Microsoft
Windows is started.This dependson how many drivers
arepresentand whether HTMEM
is in use (the HTMEM
driver
saves64K bytes of conventional memory).
r The version of the expansion memory driver available.
This should be EMS 4.0 to be in large frame mode.
r The type of expansion board used. It should support
EMS 4:0 to be in large frame mode.
I The amount of expandedmemory available.
I Whether backfilling is in use. It should be in use to be
in large frame mode. Backfilling is the ability to replace
the upper 256 or 512K bytes of the CPU memory by an
equivalentamount onthe expansionmemoryboard.This
is mandatory to enable windows to set the bank line
(also called the EMS line) below 640K bytes. In this
situation, the memory from 0 to the EMS line is consideredto be shared,and the memory from the EMS line
0
On the CPU Board
40000
EMS Line 7C000

On the Expanded Memory
Board (babkfillingfeature)
8 pages of expanded memory

4 pages ot
expanded memory

5 pages ot
expanded memory

Fig. 11. HP Vectra ES personal computer memory map for
the HP Openview DTC Manager.
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to 640K is used to bank expanded memory.
Taking all these parameters into account, the memory
organization shown in Fig. 1L allows the HP OpenView
DTC Manager to run correctly.

Summary
A new generationof HP 3000 computersneeded a new
generation of network management. The Hp OpenView
DTC Managerprovides easy-to-usegraphicalinterfaces,allowing the user to have comprehensiveknowledge of the
network and its components.
The important new sharedservicesprovided by the DTC
also needed a managementstation that was independent
of the host. The HP OpenView DTC Managerworkstation
provides this. However, a host may continue to managea
DTC when it is not necessaryto share its services.
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Developinga DistributedNetwork
ManagementApplicationUsing HP
OpenViewWindows
lJsingconcepfsfrom the HP OpenViewarchitectureand
providedby HPOpenviewWindows,
network
thef acilities
managementservicesand distributedapplicationswere
developedfor user feedbackand validationof the
architecture.
by Atul R. Garg and Lisa M. Cole

HE HP OPENVIEWNETWORKSERVICESMONITOR
(OVAfS Monitor) provides network management
functions for distributed HP 3000computers.OVAIS
Monitor is divided into two parts: the main application
and the user interface. The main application resides on an
HP 3000 computer that is designated as a management
node and the user interface resides on an HP Vectra personal computer. The main application performs network
management functions via the software residing on the HP

3000 computers designated as managed nodes. OV/NS
Monitor is for internal use only and is not available as a
product.
This article describes the approach used to develop the
OVAIS Monitor network management application using
some of the concepts from the HP OpenView architecture
and the facilities provided by the HP OpenView Windows
software. Many of the ideas and concepts used in developing this application are being incorporated in the develop-

HP Vectra Computer

HP3000 MPE V

Managed Node

ManagementNode

Managed Node

Managed Node

Managed Node
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Fig. 1. The main componentsof
the HP OpenView Network Services Monitor(OVINSMonitor).
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ment of other integrated and distributed network management products.
System Overview
A typical network consists of many nodes or computer
systems. One (or more) of the nodes in the network is
designated as the management node, and the other nodes
in the network are referred to as managed nodes. The set
of managed nodes can be connected to the networkmanagement node by a LAN, a set of point-to-point links, an X.25
link, or a gateway. Fig. 1 shows this configuration and some
of the maior OV/I{S Monitor modules.
HP OpenView NS Monitor/Vectra (OV/NSIWVectra). This
portion of the OV/NS Monitor runs on the HP Vectra personal computer and uses the HP OpenView Windows utilities to interact with the user and IPC software to communicate with the portion of the OV/NS Monitor running on
the HP 3000. OV/NSMiVectra's function is to provide the
user interface.
HP OpenView NS Monitor/3000 (OV/NSIW3K). This portion of the OV,rl.iSMonitor runs on the HP 3000 computer
that is designated as a management node. This portion of
the OVAIS Monitor interfaces with OV/ITISM/Vectra to service user requests, and it interacts with a module called
the network control manager to retrieve network information from the managed nodes.
HP OpenView NS Monitor/IPC (OV/NSIWPC). This software provides transparent interprocess communication between OV/NSMA/ectra and OV/NSM/3K. The IPC mechanism uses HP OfficeShare on the Vectra, and NetIPCl on
the HP 3000 to provide reliable communication between
the HP Vectra personal computer and the HP 3000.
HP OpenView Windows. HP OpenView Windows runs on
the Vectra and provides a set of utilities and functions to
display application menus and interact with the user. It
provides a common user interface for all network management functions.
Network Control Manager (NCM). The network control
manager runs on the management node and handles communication with the network control server on the managed nodes.
Network Control Server. The network control server runs
on the managed nodes and performs functions on the managed node in response to requests from the management
node.
HP OfficeShare. This application provides communication
services between HP Vectra personal computers and HP
3000 systems.
The architecture of the OV/NS Monitor permits multiple
management nodes to control overlapping areas of the network-that is, two or more management nodes can receive
data from the same node. The design also permits several
Vectras to connect to the same management node and multiplex the communications in an orderly manner. Each Vectra can connect to a management node via a LAN, a direct
connection. or a modem.
OV/NSMA/ectra requires a connection to the management node. If the user tries to perform a function that requires the use of the management node and the node is
not already connected, a logon dialog box is displayed and
the user is given an opportunity to connect to the manage-
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ment node. HP OpenView Wind6ws doesnot provide any
security of its own and expectseachapplication to implement the required level of protection. In OV/NSM/Vectra,
usersare authenticatedas they try to log on to the management node. As part of authenticatinga user, each user is
given a level of securityclearanceat the managementnode.
Three capability levels are recognized:reader, writer, or
super user. If a user doesnot have sufficient capability for
a particular menu item it is not selectable.This is done by
a Microsoft Windows conceptcalled grayingout (dimming)
the menu item.
The following sections describe the overall design of
OVAISM/3K and OVA.,ISM/Vectrain more detail and provide someinsight into the operationof theseapplications.

HP OpenView NS Monitor/30oo
To provide an extensible architecture that enables new
distributed management applications to integrate easily
with HP OpenView NS Monitor, a modular approach was
employed to design the OV/NSM/3K modules. For the highlevel design, HP Teamwork/SA was used to create data
flow diagrams and to validate the consistency of these diagrams. For low-level design, finite state machines were
used to design each individual module, and in some cases,
state tables were used to settle several design issues. Since
OV/NSM/3K is modular, a message-based interprocess
communication (IPC) mechanism was adopted because it
proved to be more flexible and easier to use than other
alternatives, such as procedural IPC. Pseudocode and text
specifications were also used to help promote and explain
the design and interfaces between the modules.

Operationof OV/NSM/3K
OVAISM/3Kis startedby runninga streamjob afterthe
network control manager and network control server software have been successfully started. The stream job sets
up some file equations and logging options, and then starts
the Monitorprocess, which in turn starts other OVAJSM/3K
processes. Once initialization is done, a message is printed
on the operator console indicating success or failure of the
start-up process.
OV/NSM/3K is stopped by executing a UDC (user-defined
command) script. When this is done a HALTmessage is sent
from the Monitorprocess to all of its child processes. Each
process, after receiving the HALT message, is responsible
for cleaning up before exiting.
Before any messages can flow between the Vectra and
the management node, a connection must be established
between OV/NSMA/ectra and OV,4{SM/3K. A connection
is initiated when the user logs on to OV/NSMA/ectra. OV/
NSMA/ectra formats the logon request and sends it to OV/
NSM/3K. After validating the request, OV/NSM/3K sends
a confirmation logon back to OV/NSMA/ectra that indicates
the connection is established and more requests can be
sent from the Vectra to the management node.
When the user invokes a network management service
(e.g., Try Connection),the request is sent to OV/NSM/3K,
which tries to establish a connection with the network
control server on the targeted (managed) node. If the connection is successfully established, the request is sent to

the network control server on the target node. After processing the request, the target node will send back a response
*hi"h it forwarded to the user on the Vectra via OVAtrSM/
3K.
As shown in Fig. 2, OV/NSM/3K consists of five processes. The Monitor,Status,and Opt Loggerprocesses are required
to be running at all times. The Diagand Configprocesses are
started when the user logs in and are terminated when the
user logs off. All of these processes use a message-based
IPC mechanism to communicate with each other'
ilonitor Process
The Monitorprocess is the parent process of the other
processes in OV/NSM/3K. It is started by the stream job
described earlier. During initialization it starts the Status
and the Opt Loggerprocesses. The Monitor'sprimary function
is to receive requests from any OV/NSM,{/ectra trying to
establish a dialogue with the Configor Diagprocesses' After
verification of the user password, the Monitor process
spawns the Configor Diagprocesses and passes the information to them so that they are able to communicate with
OV/NSM,A/ectra. Fig. 3 shows the data flows for setting up
a connection to a Configprocess. If there is a status or configuration change made, the Monitorprocess will broadcast
the change to all the active Diag processes. Regardless of
the number of Vectras running OV/NSM,A/ectra, there is
only one Monitorprocess running at all times.

Status Process
The Statusprocess has two principal tasks: maintaining
the state of each object that can be displayed on the network
topology map and acting as a centralized collector of remote
-Lrr"g"t. The Statusprocess changes the state of an object
based on events received from local or remote nodes'
Anytime a node changes state, the Statusprocess sends
a message to OVAJSlWVectra (via the Monitorprocess) and
writes a message to the event log. The Statusprocess also
conveys the state of all nodes to a Diagprocess on request.
The Statusprocess's second task of acting as a centralized
collector of remote Iogging messagesinvolves logging only
those messages that it considers critical enough to be of
interest. The Status process writes these messages to log
files, which are protected from being written to by any
other process. Some messages that are sent to these files
are generated by the Status process itself in response to
time-outs or other local events.
Opt Logger Process
The Opt Loggeris the process that collects network performance data. Its basic functions are to request the network
control server on a target node to start a data collection
run, stop a running data collection run, and collect the
data produced by a data collection run. A data collection
run is both the process of collecting network performance
data and the storing of that data in a Turbolmage data base.
Diag Process
The Diag process provides the diagnostic functions for
troubleshooting a specific network problem. The Diagprocess is started by the Monitorprocess when a valid logon
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request is received from OVAtrSM/Vectra. If the Diagprocess
does not encounter an error, it will send a logon confirm
messageto OV/I.JSM/Vectra, thus establishing a connection.
After this, all messages to or from OV/NSMA/ectra will go
through the Diagprocess.
There can be multiple instances of the Diagprocess runper Vectra connection. Since the
ning at one timHne
Diag process is started by the Monitorprocess, it can also be
brought down by the Monitorprocess via the HALTmessage.
The Diagprocess can also terminate if it detects its connection with OVATISMA/ectra is broken or it receives an EXIT
message from OVA.ISM/Vectra when the user logs off.
Config Process
The Conligprocess implements OV/NS Monitor configuration functions that include user management and network
topology file management.
The Config process is started up by the Monitorprocess
when it receives a valid logon with a request to start the
Configprocess. Only one Configprocess can be active on the
management node at a time. The Configprocess can be shut
down in the same manner as the Diag process.

InterprocessCommunicationfor OV/NSM/3K
processes
All OVAISM/3K
usea setof IPClibraryroutines
to send and receive messagesto and from each other, to
set up a timer that causesa processto be notified when
the timer expires,and to interfaceto NetIPCfor communication between QV,/f,ISM/3Kand OV/NSMli/ectra and the
communication ports on the HP 3000.The IPC library provides a uniform IPCinterfaceand centralizesthe IPCrelated
code.Collectingall the IPC in one place enablesthe underlying IPC mechanismsto be changedwithout affectingthe
other processesand having the same IPC interface in all
modulesmade it possibleto integratethe OVA.ISM/3Kmodules with little difficulty. The IPC library also minimizes
the processingoverheadthat takesplace on the Vectraside
of OVAtrSMonitor. This objective is achieved by using a
fixed-size header in every message.Thus, the addressof
where function dependentdata beginsin a messagecan be
easily determined by adding the fixed number of bytes
representingthe size of the messageheaderto the address
of the first byte of a message.

changesresulting from user feedbackwas to modularize
the architecturebasedon the natural divisions present in
OV/NSM/Vectraapplications. While doing this, the constraintsimposedby both Microsoft Windows and HP OpenView Windows had to be accommodated.
OV/NSMA/ectra is required to handle two main interfaces:the user interface and the interfaceto HP 3000 software. The interface between the Vectra software and the
HP 3000 software is message-based
and the interface between OVA.JSMA/ectra
and the user is arrangedin terms
of dialog boxes. Thus, the basic design clusters the parts
for a particular activity into one module to createa specific
interface to the user. This includes the dialog box and its
associatedresources,the dialog box procedure, and the
messageinterface to the HP 3000. This arrangementis
shown in Fig. 4. Modules are as independent as possible,
and each module assumesvery little of its environment.
Global state data is reduced to a minimum and, where
applicable, is manipulated by accessprocedures rather
than directly by the various modules.
To help meet the goal of timeliness,code reusewas employed and implemented in two ways: linkable libraries
and extensiveuseof codetemplates.Codethat is commonly
used by many modules was put into linkable libraries to
reduce code spaceuse. For modules that were similar in
structure but differed slightly in specifics,templateswere
created. Dialog box proceduresare the best examples of
this. All the OV/ITISM/Vectra
dialog box procedureshave
the samebasic structure, differing only where required to
perform the unique task or service provided by that box.
This increasedcode size but leveragedlarge amounts of
design and coding effort.
Wherever possible, an attempt was made to exploit
the featuresprovided by Microsoft Windows. For example,
Microsoft Windows provides natural and easy ways of
creating object classescalled subclasses.OVA.JSMA/ectra
used this feature extensively to leveragethe amount of
original codingthat neededto be donefor the userinterface.
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HP OpenView NS MonitoriVectra
The OV/NSM/Vectra software is an integral part of OVAtrS
Monitor, yet it is distinctly different from the OV/NSM/3K
portion of OV/NS Monitor in a few key respects.First,
OVAJSMA/ectraruns on a single-userpersonal computer
running MS-DOS@,Microsoft@Windows, and HP OpenView Windows. OV/NSM/3K operatesand was developed
on a multiuser HP 3000 business computer running the
MPE V operating system. Second, OV/NSMA/ectrais the
user interface portion of the OVA{S Monitor, while the
OV/NSM/3K software is used to monitor and control the
nodes being managedby the user on the Vectra. Because
of thesedifferences,distinct requirementswere developed
for the OVAtrSMA/ectrasoftware.
The basic strategyused to provide for extensibility and
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Fig.4. The design strategy for modularization in OVINSMI
Vectta for a particular user activity. The dialog box, the dialog
box procedures, and the Vectralo-HP 3000 routinesare combined into one module.

Structure
OV/NSMA/ectra
Each of the OVATISMA/ectra applications consists of three
and
OV/NSMAr'ectraDraw,
separate processes: OV/NSM/VectraRun,
This set of processes, together with the
OV/NSMA/ectraAdmin.
OVAISM/3K processes, provides the OVA"IS Monitor network management facilities.
The division of functionality between the three processes
is based on the guidelines recommended in the HP OpenView Windows Developer's Kit Writer's Style Guide. A
common application structure for developing the three processes was created without regard for the functional differences between them. There are three areas of interaction
in this common application structure with which OVAISM/
Vectra is concerned: interacting with the user, interacting
with the management node, and interacting with the network.

Interactingwith Users
to inInteractingwith the userrequiresOVA',lSMA/ectra
terfacewith both MicrosoftWindows and HP OpenView
Windows, with the majority of the interaction taking place
directly with Microsoft Windows.
Microsoft Windows Interface. Most of the OV/l',lSMA/ectra
tasks are simple Microsoft Windows applications. They
use the intrinsics provided by the Microsoft Windows 2-0
Softwore Developer's Kit, and the standard Microsoft Windows obiects such as dialog boxes, menus, and icons.
The most common operation performed by OVAJSM/
Vectra is to solicit user input and display user output using
dialog boxes. The dialog box is used as a unit of modularization in OV/NSM/Vectra. That is, a dialog box, along with
its dialog box procedure, IPC routines, and printing
routines, forms a dialog box module. Each dialog box module is responsible for handling the requests and responses
between the Vectra and the management node. It does this
using the services of the transaction manager module and
the IPC interface, which are described later. Fig. 5 shows
this structure.
Sometimes there was a need to modify the default behavior of Microsoft Windows as in the case of the predefined window classes called controls. An example of a
control is a single-line edit field that allows an application
to display information to the user and receive input of any
type from the user. The properties of controls can be
changed by a process known as subclassing, which allows
the application to inherit the current set of properties associated with a control and modify those properties to
create a new type of control. An example of a subclassed
control is the password subclass, which is a single-line edit
control that allows the user to input only alphanumeric
characters, the first of which must be an alphabetic character. This subclass does not echo the keyboard input to the
user.
OV/NSM/Vectra uses subclasses frequently. The benefits
of subclassing to OV/NSM/Vectra are twofold. First, OV/
NSMA/ectra adds syntax checking to all of its new controls.
Thus, syntax errors are detected as soon as an incorrect
character is entered rather than resorting to primitive,
forms-based methods of reporting errors. Second, the use
of subclasses allows OVA',lSMAy'ectrato add or remove functionality without having to create new controls from

scratch, reducing the amount of time required for design,
coding, and testing of new code.
Some of the features of Microsoft Windows did present
large design and implementation problems during the development of OVAISMA/ectra. One of these problems is
that Microsoft Windows provides no true communication
capabilities of its own, nor does it provide an interface to
any of the commonly accepted methods of communication
for personal computers (e.g., NetIPC or NeIBIOS). Integrating one of these communication mechanisms into a Microsoft Windows application proved to be quite a challenge
and is described in more detail in the section on interacting
with the network.
IIP OpenView Windows Interface. To operate in the HP
OpenView Windows environment with other applications,
there are certain standard Microsoft Windows functions
that applications ask HP OpenView Windows to perform
on their behalf, such as adding menus to the menu bar'
This gives HP OpenView Windows some measure of control to present a consistent look and feel to the HP OpenView environment. Applications use the intrinsics provided by the HP OpenView Windows developer's kit to
access these normal Microsoft Windows features, as well
as some administrative tasks required to operate as an HP
OpenView Windows aPPlication.
HP OpenView Windows applications are unlike normal
Microsoft applications in some respects. One difference is
that the main window for an application (the window most
applications create when they come alive) is invisible. This
window has zero coordinates and is used for taking advantage of the messaging facilities of Microsoft Windows. It is
and is created bymakknown as a communicationwindow
ing a call to HP OpenView Windows. The actual window
displayed on the screen with the map and menus is wholly
owned and operated by HP OpenView Windows. Since
Microsoft Windows associates a message queue with an

User Request Formatted
into IPC Message

Messages Forwarded to
Appropriate Process
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Fig. 5. Ihe modules involved in providing interaction with
the user and interaction with the network in the OV|NSMI
Vectra software.
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application's main window and posts all messagesdestined
for an application to this queue, all messagesresulting from
user interaction with the map and menu items are received
by HP OpenView Windows. HP OpenView Windows then
forwards messages that arrive in its queue to the appropriate application's communication window for subsequent processing.
Interacting with the Management Node
The bulk of the OV,/IJS Monitor resides on the HP 3000
management node. The OVA.JSMA/ectra applications establish communication with the management node using TCP/
IP via the NetIPC interface. AII communications to and
from the management node are in one of the predefined
OV/NS Monitor messageformats. The normal mode of operation is request/response oriented, with all requests being
initiated from the OV/NSM/Vectra side. These requests are
received and processed by OV/NSM/3K and the results are
formatted and returned to OV/NSMAy'ectra.
This appears to be straightforward. However, a fundamental design feature of OV/NSMA/ectra is that multiple
requests can be outstanding on the management node.
OViNSMA/ectra cannot, therefore, block on anv individual
reply. A method of pairing requests with responses and
associating these request/response pairs with their originating dialog boxes had to be developed. To complicate matters further, there are a few asynchronous event messages
that originate on the management node, such as the notification of the shutdown of the OVAISM/3K software. These
asynchronous messages have no associated dialog box, but
need to be handled in as efficient a manner as any other
response. Satisfying these requirements placed some additional constraints on the design of the net'"vork interface.
Interacting with the Network
OV/NSMA/ectra handles the receipt and sending of packets across the network by encapsulating network packets
as Microsoft Windows messagesto a dialog box procedure.
This interface is defined and supported by two modules:
the IPC library and the transaction manager shown in Fig. 5.
The IPC library is a thin layer of software that interacts
with the HP OfficeShare communications software. HP
OfficeShare is divided into two layers: the transport layer
and the NeIIPC/RPM layer. The transport layer supports
either an HP Thinlan link or a serial link. Based on the
physical connection between the Vectra and the management node, one of these transports must be loaded into
memory by the user before running Microsoft Windows.
Only one type of link can be loaded at a time, and it resides
in Vectra EMS memory.'zOV/NSMA/ectra assumes nothing
about the transport except that it expects it to be present.
Since the transport software is sitting outside of Microsoft
Windows, there has to be a way of requesting data to be
sent on the link. This is provided by a dynamic library
included in the NeIIPC/RPM development package. This
library provides a standard NetIPC interface for use with
Microsoft Windows-based applications. This is the only
communications interface OVAJSM/Vectra deals with.
Like the NetIPC interface library used by OV/NSM/3K,
OV/NSM/Vectra's IPC library provides a set of procedures
for accessing the NetIPC interface. These access procedures
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hide the complexities of connection establishment, termination, and other network operation from the rest of the
application, thereby allowing them to make simple open,
close, read, and write calls to the network.
The transaction manager is responsible for creating and
destroying transactions associated with dialog boxes as
well as distributing packets from the network along with
a transaction identifier to the correct dialog box. Each
dialog box procedure requests a transaction from the transaction manager when it has a request to send to the management node. The transaction manager associates this
transaction, identified by a unique transaction identifier,
with the dialog box handle. The packet is then sent to the
management node. The response to this request is also
identified by the transaction identifier. At some point the
response packet is retrieved from the network by the IPC
library module. It is given to the transaction manager module, which then looks at the transaction identifier and posts
the messageto the dialog box registered for this transaction.
The dialog box procedure then processes the message as
it processesall Microsoft Windows messages,completely
unaware that the messageactually came from the network.
Combining the Interfaces
When HP OpenView Windows is started from Microsoft
Windows, the user is actually executing one of the HP
OpenView Windows processes OVRun,OVDraw,or OVAdmin
(see article on page 60). These processes will spawn all
other Run, Draw, and Admin applications, respectively. For
the OV,4llSMonitor these include OV/NSM/VectraRun,
OV/NSM/
VectraDraw,or OV/NSM/VectraAdmin.
The list of applications
that are spawned is kept in the Microsoft Windows initialization file WlN.lNlalong with the location of the user's default map, the NewWave help files3 used by all HP OpenView Windows applications, and the time and date localization information.
When actions performed by the user on the HP OpenView
Windows map are of interest to OViNSM/Vectra, HP OpenView Windows forwards a message to OV/NSM/Vectra's
communication window. In the order received, these messagesare appended to the queue and are processed,along
with any other Microsoft Windows messages posted directly to the queue.
Once the user's selection has been passed to OV/NSM/
Vectra, HP OpenView Windows fades into the background
and OV/NSM/Vectra makes calls directly to Microsoft Windows to display dialog boxes,solicit user input, and display
results. OV/NSM/Vectra requests are packaged into IPC
packets and sent to the management node. When the responses are returned from the management node, they are
received by the HP OfficeShare transport. When the network polling mechanism in OV/NSM/Vectra discovers that
a packet has been received from OV/NSM/3K, it copies the
packet contents into its own data space. The transaction
manager then reads the packet header to locate the transaction identifier to determine which dialog box should receive the packet. Once it knows where to send it, the transaction manager encapsulates the packet into a Microsoft
Windows message and posts it to the dialog box that originated the request. Once this message is received by the
procedure associated with the dialog box, the message is

disassembled and its results are displayed in the dialog
box display area.
If the transaction manager discovers, after reading the
packet header, that the packet contains an asynchronous
message rather than a response to an earlier dialog box
request, the packet is encapsulated in a Microsoft Windows
message and passed to the OV/NSM Vectra asynchronous
message handler for further processing'

Conclusion
Developing the HP OpenView NS Monitor applications
helped to identify the common functions that are required
to provide a framework for the development of distributed
and integrated network management functions. We found
that it was essential to provide a common interprocess
communication facility between the user interface, the
management node, and the managed nodes. In addition,
validation of users and their access rights, handling of
events and status monitoring, and data storage and retrieval
must be designed and developed uniformly to support the
needs of all applications that are to be integrated.
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HP Openview Windows

-

Arthur J. Kulakow
ArthurKulakowdeveloped
the graphicslibraryand the
map routinesused in HP
OpenvrewWindows.He is
now researchingmethods
that will enable so{tware
d e v e l p e r st o u s e C + + i n
the developmentol network managementplatforms.BeforejoiningHPin
1985,Art was a softwareengineerwith Bell
Laboratoriesin Naperville,lllinois,and at Digital
ResearchCompanyin Monterey,California.He
earneda BSdegree(1980)and MSdegree(1982)
in computersciencefromthe University
of Wisconsin in lvlilwaukee.
He is a memberof ACM and his
professionalinterestsincludeuser interfacedeprogramming,and computer
sign,oblect-oriented
graphics.Born in Milwaukee,Wisconsin,Art lives
in SanJose,California.
He enloysscubadiving,hiki n g ,c a m p i n g ,a n d a e r o b i c s .
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Afterdesigningand implementingLANhubs,PC LAN
cards,and drivers,Andrew
Fraleyworkedon the design and developmentof
the HP BridgeManager's
userinterface.
Andyjoined
HP'sRosevilleNetworksDiv i s i o na s a d e s i g ne n g i n e e r
in 1986,soonafterearning
a BSdegree(1986)in computersciencefromthe
Massachusetts
InstituteofTechnology.Bornin Colu m b u s ,O h i o ,h e a n d h i s w i f e r e s i d ei n C i t r u s
H e i g h t sC
, a l i f o r n i aA.n d y e n j o y ss o c c e r ,s k i i n g ,
t e n n r sa, n d g u i t a r .

HP Openview BridgeManager-

71

-

HP Openview Data Line Moniior:::::

Michael S. Hurst
M i c h a eH
l u r s jto i n e dH Pi n
the QueensferryTelecom
Divisionin Scotlandshortly
alter he receivedhis
Bachelorol Sciencedegree with honors(1978)in
i.**d
computerscaencefrom
'
l'
EdinburghUniversityin'
Scotland.lilike was the
projectmanagerlorthe HP
OpenViewdatalinemonitorsoftware.Inthe oast.
he designedmicroprocessorhardwareand
f irmwareforthe HP3779tuBand HP3776A18primarymultiplextestsets,and HP 1000apolication
soltwareforthe HP37100S remoteaccessand test
system.He is currentlydirectingnew developmentsforthe HP37100ssystem.N4ike
is a member
of the ACM and the BritishComputerSociety,
wherehe serveson the EdinburghBranchCommittee.Bornin Wiltshire,
England,he residesin Edinburgh,Scotland,wherehe enjoysskiingand running. One of Mike'sambitionsis to spend two
weeks skiing in Colorado.

f
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HP Openview DTC Manager-

Tamra l. Perez

Serge Y. Amar

Developingfirmwareand
network sottwareare
TamraPerez'majorprofessionalinterests.She developedthe networkinterf a c ef o r t h eH PB r i d g e m a n ager project,and is now
designinga user interface
to manageHP's new highspeedand remotebridges.
A f t e rj o i n i n gH Pi n 1 9 8 6i nt h eR o s e v i l lN
eetworks
D visron,she codevelopeda wire test tool for HP
StarLAN-1 products.Belorethat,Tamraworkedin
I B M ' sd i s kt e c h n o l o gdyi v i s i o n
a s a s u m m e ri n t e r n
for twoyears.SheearnedherBSdegree(1986)in
computerengineeringfromSanJoseStateUniver
sity,and will receiveher MS degree in computer
e n g i n e e r i nfgr o m U C D a v i si n J u n e 1 9 9 0 .T a m r a
w a s b o r n i n S a n J o s e ,C a l i f o r n i aa,n d l i v e si n
Roseville.
Sheis a memberol the SweetAdelines
women'ssingingquartet,a flute player,and a
memberol theTauBetaPiEngineeringHonorSociety.

As the technicalleaderin
the developmentof the HP
OpenViewDatacommunicalionsand TerminalController(DTC)manager,
Serge Amar was responsible for its overalldesign
and implementation.
He is
now a projectmanagerfor
the OpenviewDTC manager.Beforethat,Sergewas a foreignserviceemployeewith HP's lnJormation
NetworksDivisionin
Cupertino,California.
He developedthe DTCmanagementmodulefor the first releaseof MPEXL.
Priorto joiningHPin 1983,he designedelectronic
credit cards for home bankingfor HoneywellBull
Co. Serge receivedhis diploma in electronics
(1979)from Orsay Universitysouthof Paris.Born
in Colomb-Bechar,
Algeria,he now livesin Grenoble,France,withhiswifeand twochildren.His professionalinterestsincludepersonalcomputersand
networkmanagement,and his leisuretime activit i e si n c l u d es k i i n ga n d d i v i n g .

Michele A. Prieul

M i c h e l eP r i e u rh e l P e d
developthe HP OPenView
and
Datacommunications
TerminalController(DTC)
m a n a g e rJ. o i n i n gH P ' s
GrenobleTerminalDivision
i n G r e n o b l eF, r a n c e i,n
1980,sheworkedas a dev e l o p m e netn g i n e efro rt h e
HP 2392Aterminaland as
a t e c h n i c al le a d e rf o rH PA d v a n c e l i n kS h ei s n o w
a projectmanagerin the developmentol network
m a n a g e m e nsty s t e m sS. h er e c e l v e da ne n g i n e e r e
i n g d i p l o m a( 1 9 8 0 )f r o mt h e E c o l eS u p 6 r i e u r d
, r a n c el'V i c h e l ae n dh e r
ElectricitB
e .o r ni n L y o n F
husbandand childnowresidein Grenoble.Sheeniovs horsebackriding,reading,and sports'
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Lisa il. Cole
A graduateof Nilerrimack
Collegein NorthAndover'
Maine,Lisa Cole earned a
B S d e g r e e( 1 9 8 3 )i n c o m puterscience.Afterjoining
H Pi n 1 9 8 7a s a d e s i g ne n ii gineer,she worked on the
VectraportionoI the HP
OpenViewNSMonitor,and
rJ is nowdevelopingsecurity
portiono{ Opensoftwarefor thecommunications
sheworkedon networkmanageVrew.Previously,
mentwithDigitalEquipmentcorporation,on communicationsapplicationsand SNA wlth Wang
Laboratories,Inc.,and on compilerswith Honeywell InformationSystems Lisas protessional
tntereslsincludenetworkmanagementand
standards-basedcommunicationsA nativeof
she livesin ScottsValley,
Salem,Massachusetts,
C a l i f o r n i aS. h e a n d h e r h u s b a n da r e e x p e c t i n g
t h e i rf i r s tc h i l di n J u n e .L i s ae n j o y ss k i i n g ,t r a v e l ,
and handicra{ts.

Atul R. Garg
A projectmanagerlor the
HP OpenViewdistributed
networkmanagementservices,Atul Garg has
worked in the area ol network protocolsano architecturesince he joined
HP in 1981. He worked on
HP AdvanceNetand on
HP's design of the internet
architectureand IEEESlandard802 3 He also
contributedto the developmentof the distributed
NS monitorapplicationsunder Openview Atul
coaulhoredan articleon HPAdvanceNetin the HP
J o u r n a il n O c t o b e r .1 9 8 6 a n d p u b l i s h e da n o t h e r
articleon LANinternetprotocolsfor a Midconconferencein 1982. He earned a bachelor'sdegree
( 1 9 7 9 i)n e l e c t r l c aeln g i n e e r i ntgr o mt h eI n d l a nl n stituteof Technologyin Kanpur,India,and an MS
degree (1981)in electricalengineeringfrom the
o{ Hawaiiin HonoluluBornin NewDelhi'
University
wlthhis
lndia,Atullivesin SantaClara,California,
w i f ea n dd a u g h t e rH. i sh o b b i e si n c l u d eb a d m i n t o n
and bridge.
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