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Abstract

Current methods to develop standard Architecture, Engineering, Constriétit®) product models focus on the
definition of product model semantics without concurrent and formal consideration of the engineering analyses that
such models must support, or formal consideration of the requirements for sharing information between applications.
We present two case studies that demonstrate a service to extract data from product models and provide inputs to
component analysis applications. The service was validated in a proof-of-concept application called the Internet Broker
for Engineering ServicedBES) that extracts information for component analysis from product models that are exter-

nal to the application and accessed across the Internet. IBES was tested for two research cases. The product model for
the first case, control valve selection is based on STEP Application Protocol 227. The product model for the second
case, control valve diagnosis, specifies additional semantics that support the operations and maif@&Mnphase

of the facility life cycle. The cases offer evidence that large standard data models can support routine analyses for
control valves. However, the amount of shared information between the case applications is small and is largely de-
pendent upon the concurrence of component behaviors that are necessary to model analysis. The IBES reference model
and reasoning to support information extraction was consistent for both cases. This consistency suggests that it is
possible to define a general set of computational methods that integrate project information models with external com-
ponent analysis applications across the product life cycle. We argue that enabling a web-based link between product
models and applications requires a set of capabilities, including bi-directional communication between separated data
and analysis nodes, query generation, data translation, and validation of data extracted from semistandard models. We
discuss the tentative implication that minimal shared information calls into question the assumption that large core
product models will work effectively in practice.

Keywords: Architecture; Engineering; Construction; Product Models; Engineering Analysis; IBES; Integration
Service

1. INTRODUCTION as possible to reduce production risks. Often component ven-
dors perform final component specification, contingent upon
The Architecture, Engineering, ConstructiokEC) indus-  the quality of information received from the engineer. How-
try is changing as the complexity, costs, and risks associgyer, the design engineer frequently postpones final com-
ated with project delivery drive the search for businessponem specification to accommodate late design and
practices and technology that increase the speed of produgyuipment changes. Traditional methods “push” engineer-
tion and reduce the cost of new facilities. ing information from the engineer to the vendor. The con-
For example, consider component selection for a procesgicting pressures result in suboptimal coordination, errors,
plant. Contractors and component vendors need to identifmesign data duplication, re-work, and ultimately, poor
component configuration and installation methods as ear')ﬁerformance.
Industry initiatives such as STEP define product descrip-
tion standards. These standard models assume that a shared
Reprint requests to: J. Andrew Arnold, Center for Integrated Facility core modelvill enable AEC application integration. A core
Engineering, Stanford University, Stanford, CA 94305, USA. model represents products from multiple engineering disci-
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plines and thereby enables multiple engineering analyse3. BACKGROUND
using the same product model. For example, a core mOdellhe engineering problems of developing design details and
enables detailed design and subsequent operations-phag,le g _gep ltiole kind of'pfo?n t'og'
diagnosis of a component such as a pump. Thus, a sharegf9nos!s require muitipie kinds ot information-
core model would make it possible to “pull” vendor exper- o Form: Component featurése., valve-closing mecha-
tise and information on demand for engineering analyses  nism), topology, physical layout, material, and for pro-
across the facility life cycle. The Internet enables such cess plants, the stream being carried by components
sharing among information providers and consumers. Our  (e.g., steam, watgr
research presents preliminary empirical evidence for char- ¢ Function: the engineering function or design intent of
acterizing the information sharing requirements between like  the component in the facilitye.g., pumping and the
and unlike AEC engineering analysis applications. Our in- function of the engineering proceés.g., valve sizing
tent is to define useful strategies that enable AEC applica-  and selection, diagnosis, or data extraction
tion integration. e Behavior: the measured or computable properties of
Figure 1 illustrates our view of the process of brokering the component&e.g., predicted valve inlet pressure, co-
engineering content between standard data models and spe- efficient of flow). For most engineering processes, it is
cific requirements for analysis. useful to distinguish between predicted and measured
Efforts to define standard product models in the AEC in- values of behaviorée.g., nominal vs. actual valve ac-
dustry expend considerable resources on the development tuator travel.
of large core product models; however, there is little evi-
dence to indicate what information is shared and what is Generally, AEC efforts to define product models pre-
distinct between applications. This paper examines the inscribe component semantics in specialization hierarchies
formation requirements for two component analysis appli<Bjork, 1989; Amor et al., 1993 Most approaches attempt
cations for the process industries, preliminary valve selectiomo define a shareable core model for extension by different
and diagnosis. We developed a systematic method to eXAEC disciplines. Other approaches investigate evolution-
tract project data for use by component analysis applicaary product model developmefEastman & Sheng Jeng,
tions, and found that in fact, few data items were shared 998 or interactive CAD model annotation as an out-
between the two applications. growth of cognitive design processgdayton et al., 1994
We developed the Internet Broker for Engineering Ser-Certain prescriptive models are sufficiently mature to sup-
vices(IBES) prototype application to automate the processport engineering applications. For example, STEP for the
for this research. It systematically extracts project data fronprocess industry has produced two Application Protocols
remote component and plant models to enable their use b{AP) 221, functional design descripti@i50O, 1997 and AP
component analysis applications. IBES extracts design dat227 physical and logical plant layoUtSO, 1994. A com-
(Fig. 1A for the valve-sizing case. It extracts design datamittee draft version of AP 227 provides the data model for
and valve assembly informatidifrig. 1B) from an opera- the first case described in this paper.
tions and maintenand®&M ) library of components for a Standardization efforts, for example STEFRL: http://
valve diagnosis application. Diagnosis is required during thevww.mel.nist.goysc5/soap’) and IFC (URL: http://
0&M phase of the product life cycle to determine mainte-www.interoperability.com), describe form, and they provide
nance and repair requirements. We found that few data itemsome description of function. Normally, they provide little

were shared between the two cases. description of behavior, and they make no standard provi-
Preliminary control Control valve
valve sizing inputs diagnosis inputs
A | B
IBES reference model (PLIB) with extensions
{ Design| Data ¢
Desi Input requirements (STEP | AP227) Input requirements
esign Data . .
— (STEP AP227) IBES - for component —+ Operation & maintenance IBES |~ for component —»
selection —  component liorary  — diagnosis
(based on PLIB)
IBES methods for content extraction, validation
Research Case I: Preliminary Control Valve Sizing Research Case II: Control Valve Diagnosis

Fig. 1. Source information shared between analysis applications.
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sion for defining computational methods to compute pre- e Packing friction;
dicted behaviors. The two analysis examples we describe e Stem-nut adjustment;
each require appropriate specification of form, function, and e Air supply pressure;
behavior. o Positioner calibration, linearity, and hysteresis;
The following section describes the control valve-sizing e Seat load.
and diagnosis test cases.
The research case application evaluates a subset of these
factors, specifically, valve stem travel and friction, bench
3. PRELIMINARY VALVE SIZING set load, and the valve plug seat load for balance and un-
The control valve-sizing case uses a textbook problem fobalance forces. It relates variant behavior to the degrada-

selecting the correct valve size under conditions of turbulion of valve assembly parts, and recommends maintenance
lent liquid flow. procedures for valve stem packing, adjustment of the link-

ages, and calibration of the input signal and seat loads. The

An eight-inch schedule 30 pipe has a flow of a maximumanalysis application was tested for two examples of valve
1600 gallons per minutégpm) of river water. The pres- Pperformance that were described in the vendor technical pa-
sure immediately upstream of the control valve is 27.9per(Fitzgerald, 1990 One example described nominal valve
pounds per square inch gagm|g), or 42.6 pounds per performance, while the other described a valve with oper-
square inch actudpsia. The pressure in the pipe imme- ating problems. _ _
diately downstream of the valve is 20 psig, or 34.7 psia For example, Table 1 provides nominal and actual values
(Driskell, 1983. for valve component behaviors, and diagnosis heuristics for
a 2’ globe valve with an air-to-close actuator, flowing up,

The engineering task is to determine the required controlhat is performing suboptimalljFitzgerald, 1990
capacity behavior for the valve by computing the coeffi- Given the diagnosis, the repair recommendation is to take
cient of flow (ISA, 1991), q = CuFpyVAp/G, from the given the valve off-line for disassembly, repack the stem, readjust
conditions and subsequently to select a control valve thahe linkages, and recalibrate the input signal and the loads
meets the requirements. If a design engineer wants to usef@r new bench set.
60-degree butterfly valve, & Glominal diameter valve is
satisf_qctory. 'I_'he sol_ution is obtained by e_ntering the desig%_ SOURCE MODELS
condition variables into a product selection program pro-
vided by a publisher, or by using the equation to computeAs noted above, the first case used component form and
flow manually and inspecting the proper selection table in gunction information extracted from a product model based
publisher’s product catalog. An engineer typically calcu-on STEP AP227. The second case used information from
lates theCv values for the minimum and maximum process AP227 and a second model that represented additional O&M
control conditions. component operation behaviors. The following section de-

scribes these models.

4. CONTROL VALVE DIAGNOSIS
5.1. Case 1 data model

The second case, control valve diagnosis, was developed ) )
from a technical paper provided by a control valve vendor! he first prototype integrates a CAD representation of a pro-

(Fitzgerald, 1990 The engineering task is to analyze and ¢€SS and instrumentation diagréf&ID) with an underly-
evaluate valve behavior during plant operation and recomiNd Product model. The product model structure is based on
mend a maintenance and repair plan. The diagnostic methd§j€ object model, or Application Reference Mod&RM ),
compares current valve assembly behavior with historicaff the STEP standard for plant spatial configuratiék 227
performance behaviors. This procedure, called signature analf'SO; 1994. The intended scope of AP227 is the physical
sis, “. . . measures valve stem travel in response to the in@nd logical layout of process plant components and systems
strument signal while simultaneously measuring instrument® SUPPOrt componentinterference analysis. The model also
air to the positioner, supply pressure and actuator pressur@onta'ns some functional design mfo_rmatlon. l_\IommaIIy, ISO
(Fitzgerald, 1990 From these measures, any two of the fol- S 1 EP AP2211997) represents functional design data, how-
lowing parameters can be analyzed and compared to an 05yerAP221 was not available when this research began. The

timal case(Fitzgerald, 1990 model for the case adds@ping_specificationclass for
pipe_classandpipe_materialpropertieq Fig. 2) to support
e Actuator spring rate and bench set; product model interpretation for valve sizing.
¢ Valve stroke and friction; Figure 2 shows part of the AP227 model. It highlights
¢ Stroking speed; structural redundancy and many levels of indirection be-
¢ Inputsignal to pressure transducer calibration linearitytween the Start nod@\ ) and Goal nod¢€B) for the research
and hysteresis; case query that extracts information for valve sizing. Links
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Table 1. Nominal and actual conditions for & @jlobe valve with an air-to-close actuator, flowing up,
that is performing suboptimally

Component Nominal
Behavior Value Actual Value Diagnosis
Actuator stem travel  0.75 0.86' The stem is over traveling by 14%. Because the valve is plug characterized,
little additional flow is gained. This portion of the Input signal is wasted.
There is also a risk of putting the stem connection in tension by over stroking
to the point where the top of the plug could interfere with the bottom of the
bonnet.
Valve friction 320 1b 238 1b The valve friction is lower than the nominal. The packing might be leaking.
Bench set 3-17 psi  5.9-26.2 psi Bench set values are higher than nominal. The spring rate, Max: 1403 Ib, is
too tight. It absorbs more of the air pressure than it should during the closing
stroke. The maximum bench set value, 26.2 psi, results in 632 |b seat load
when the valve is fully closed.
Plug seat load Seat load: 632 Ib. Unbalance force exceeds seat force. This condition causes the plug to bounce
Unbalance force: on the seat, damaging the valve body.
794 |b.

between objects represent named relationships. Thick linstraight_pipeby database joins tplant_item_connection_

weights indicate the path used by the test case query to linkiccurrence Alternatively, the model also describes piping

the Start node to the Goal. The indirection requires multiplecircuits in the functional topologyRipe instances also as-

database query joins to link the Start to the Goal. Currentlysociate with functional design information object instances

developers write usage guides to resolve implementation anvia joins throughline_less_ piping_systemlternatively,

biguity caused by redundancy. pipe associates with functional information by a database
The data requirements of the cases necessitate consistgain throughline_ piping_system_component_assignment.

methods to extract information from the source model. In

the presence of redundancy, and hence ambiguity in the mod-

els, automation requires standardization of the query pro2-2. Case 2 data model

cedure. In addition, the large number pf database joins t.h Jhe O&M model for Case 2 required a detailed description

are necessary for a query to succeed introduce the possibil-

. . ) . ... ~of features of the control valve desigwalve body, actua-
ity that models have incomplete information. We explicitly tor, positioner, etd, shown schemat?c‘ﬁly in Figyure 3 so

Implemented a data validation process to check for SUCCESH At operation behaviors of the parts could be measured and

ful data extraction. For this research, validation denotes pat; . . . : .
. _— . derived for diagnosis. Using PLIB modeling resources,
tern matching data definitions and values from views of dat&

. : shown diagrammatically in Figure 4, we built an object-
extracted by query from a product model with the input con-" . : ) .
- . N oriented symbolic model to describe the valve assembly in
ditions for a component analysis application.

The query for valve sizing links thelant_itermtopology, an O&M library of components that comprise a plant system.

representing logical plant components, to tient topol-
ogy, representing component function. To begin a query, thg 3 comparison of input conditions
user selects a control valve symbol from the CAD P&ID
that serves as the front end for the model. The graphic mod@iable 2 lists the properties that describe the valve assembly
object links to a symbolic representation, for exampbdye  for the diagnosis case and compares them with the func-
in Figure 2. tional design properties for preliminary valve sizing. The
The system presents a dialogue box list of engineeringesearch case analyses share only the logical identifier and
services that are registered in a component library based oralve clasgstyle) properties that IBES extracts from sev-
the ISO Parts Library Standaf®LIB) (1SO, 1995 for the  eral large data models. The valve class implicitly describes
valve class. When the user selects preliminary valve sizingthe type of process control that it provides. There is an ap-
the system calls a query, given the service and schema @iroximate correspondence between inlet and outlet pres-
the product model. The query searches the model of theure for minimum, maximum, and upset operating conditions
pipe circuit upstream and downstream of the val8¢art  in Case 1 with inlet and outlet pressure for a fully open and
condition for pipe components. Then it searches for thefully closed valve in Case 2. However, they were catego-
associated functional design informatig@oal condition rized separately because their values would be different for
that supports preliminary sizing. ®alve associates with a given sampling.
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plant plant_item
UsedAs
functional_plant
MadeUpOf plant_Item_Instance
1+
definedAs
contains
artOf,
[_catalogDefinition | [ planned_physical_plant_item p—

p 1+
—=@|_pipingSystemComponent

MadeUpOf cdmposedOf
1+
piping_system_line

[line_less_piping_system Jo
definesPotentialmaterial

[piping_component ] [pipe]

A

ransportsMaterial For

stream_design_case defines ana\ [valve] [[straight_pipe |
ComposedOf
stream_case_type eedsiicf N+ il
description . i ) satisfies
L. piping_system_line definesNeedEar
flow_description segment J—ﬂne_piping_system_component_assignment ]
flow_rate r -
ine_size
pressure [plant_item_connection |

\ FComposedOf [‘plant_item_connector H:+—‘
1+ as
stream_phase B

lant_item_connection_occurence
stream_case_type piping_specification pran_fem.. =
description - —
specific_gravity p[pe_spl)eC|flcat|on_1d oy
ipe_class . —
temperature I :ipe_material tIanthltem_cv::nnector_occurence I piping_connector ]
connects

Fig. 2. AP227 model fragmeniOMT notation.

Both the predicted and measured component behaviots. BROKERING ENGINEERING CONTENT
are disjoint for the two analyses described in this paper. Sim-
ilarly, the computational methods for analysis require dis-The IBES service dynamically extracts and validafes,
tinct descriptions of project information, for example, Inlet customizes relevant information from product models to
pressure for valve sizing versus Inlet pressure, fully operuse as input to component analysis for both applicatises
and closed valve for diagnosis. Finally, the analysis algoFig. 1).
rithms themselves are clearly distinct. The brokering service evolved from the observation that
component analysis input conditions could constrain the
search for relevant data. To support reasoning for informa-
tion extraction in IBES, we added templateee Fig. 5
and control objects to the PLIB modeling resources. Atem-
Actuator plate represents a class of engineering analysis function, for
example, size a valve. Each attribute that describes a tem-
plate class has structure, normally including name, unit, and
datatype. Templates, query, and translation rules map stan-
dard product model instancés.g., STEPto an engineer-
ing software service interface, for example, a particular
CORBA (URL: http;//www.omg.org object.
The conceptual framework for mapping product model
instances to software service interfaces adapts heuristic clas-
L1 sification, described by Clancé$985. He noted that suc-
Data squison cessful expert systems abstract domain data into a set of
concepts that map to a hierarchy of pre-enumerated solu-
Fig. 3. Schematic valve assemblFitzgerald, 1990 tions by nonhierarchical, heuristic match. The solutions are

Volume
booster

NE

Actuator stem

4:20mA SIGNAL

Supply
1A

Valve body

Positioner
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Template
specification
(diagnoseValve template)

Internai
application
representation
of component

(valve)

Friction:

MNominal: 32016
Input Actual:  238Ib
% conditions Tr;e vatlv?h{ri{:::]nn is Izwerghalthe r:nrr;lpal and coutd
. indicate that the packing has been leaking.
Product model with CAD for component
representation (1) Query! analysis

Benchset:

Nominal: 3-17 psi

Actual:  5.9-26.2 psi

Measured values for benchset are higher than nominal.
The spring rate, Max: 1403 I, is too tight. It absorbs more
the air pressure than it should during the closing stroke
benchsetvalue, 26.2 psi, results in 632 Ib

seat load when the vatve is fully closed.

(2) MonitorQueryResults!
-(3) Translate!

(4) Validate!

(5) Resolve!

- )_Is
(diagnoss
i V&.'VE)‘\:“

Plug Seat:

Seat load: 832 1b

. Unbalance force at close: 794 1p

Analysis Unbalance force exceeds seat force. This condition
results causes the plug to bounce on the seat,

damaging the valve body.

___Analysis
application

Maintenance Recommendation:
Tear down the valve assembly
Redo the packing

Readjust the linkages, and recalibrate
the input signal

Recalibrate loads for new benchset

Fig. 4. IBES process to develop data input for analy$BEF0).

then refined. IBES applies similar principles for mapping ables the use of separate analysis applications implemented

product model instances to analysis application inpufas an Internet service.

conditions. For example, the valve-sizing application requires a valve
Figure 4 illustrates how we use data extraction and transhlet_Pressurevalue (see Fig. 6 for the minimum, maxi-

lation concepts from database integration rese@tlaudhri  mum, and upset design cases of the valve. plessure

et al., 1998; Genesereth et al., 1997; Maluf & Wiederhold attribute of astream_design_casestance in the source

1997 to abstract source information from generic data mod-STEP model provides this information, see Figure 2. The

els to information views that satisfy the input requirementsinlet_Pressurattribute of thecvSizingTemplateonstrains

for component analysis. In an abstraction framework to supthe external queryl) of project information through aim-

port knowledge composition, Maluf and Wiederhold defineterpretationMapobject(see Fig. 5that relates the attribute

articulation axiomgrules that translate domain databasesto a query expression for the AP227 schema.|Rl@t_Pres-

to an object-oriented reference model. Based on a dictiosure the query searches in the AP227 model fat@am_

nary of terms, they then unify knowledge in the referencedesign_casénstance that relates to the pipe component

model for interoperation. This step occurs through articu-upstream of the valve.

lation rules that unify terms with respect to an explicit rep- In summary, IBES reasoning to extract product model data

resentation of their definition context in the dictionary. The for component analysis includes the following steps:

knowledge abstraction process produces a common work-

space for knowledge manipulation and use accordingto an 1 gglect a predefined query given system identification

ontology algebraMaluf & Wiederhold, 1997. _ of the product model schema and the user’s choice of
IBES applies query and translatigh and 3 of domain a component engineering analysis:
data in a standard modg@lata extractionto views in a ref-

erence modelPLIB). It checks for incomplete information 2. Generate goal conditions for each data element of a
resulting from query?2), and validates views against the tem- query expression to monitor and report incomplete in-
plate specification of input condition@). Extraction en- formation that results from a query;
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Table 2. Shared and distinct input conditions for the test cases after extraction from source models

Shared

Input
Preliminary Valve-sizing Conditions Conditions Valve Diagnosis Input Conditions
Logical identifier 4 Logical identifier
Valve type(clasg v Valve type(clasg
Inlet pressure at valvenaximum, minimum, and upset controlled flpw Inlet pressure, fully open valve
Outlet pressure at valv@gnaximum, minimum, and upset controlled flpw Inlet pressure, fully closed valve
Stream temperature Outlet pressure, fully open valve
Steam flow ratémaximum, minimum, and upset controlled flpw Outlet pressure, fully closed valve
Stream material Valve shutoff class
Stream phaséon turbulent, turbulent, gas, and vapor Valve port diameter
Nominal valve inlet diameter Nominal actuator travel
Nominal valve outlet diameter Actual actuator travel
Pipe class Nominal bench set
Pipe material Actual bench set

Actual actuator pressure

Nominal actuator pressure
Actuator stroke period

Actual actuator stem friction
Actual actuator seat load

Nominal actuator seat load
Actuator stem diameter

Actuator diaphragm effective area
Nominal actuator stem friction

3. Translate project information returned by query to therelations with other objectés_a, is_part_of, contains, is_
reference model vocabulary; case_of, et¢. We added template and view classes as a spe-

4. Validate (see also Table)3data to match translated cialization of thedictionaryEIementopoIogy. I.:u.r.thermo_re,
information against the template specification of analy-PUB supported our requirement for the definition of views
sis input conditiongFig. 6); from generic models by describing component features, func-

: : N . _tions, and views through three classification hierarchies:
5. User interaction to resolve ambiguities found during g

validation. o General model representation that defines component
] . features and materials by product family;
We used the PLIB resources to define the component li- , Fynctional model representation that defines the con-
braries and the IBES reference model. PLIB served asanat- ot parameters for placement of a component in a
ural reference notation for our modeling purposes because,  gesign;

by definition, PLIB models abstract the representation of ¢ vjiews that add system attributes to represent a general

components and component functional models from a prod- and/or functional model in an application context, for
uct model that represents such information in the context of example, a CAD 3D coordinate system.

a facility design.
Figure 5 describes the primary PLIB schema fragments
used for our research and shows additiogisay) that we  6.1. Case reference models
added to implement IBES. The object definitions in Fig-
ure 5 enable understanding of the instance models in Figwith our semantic extensions, the PLIB representation syn-
ure 6. Note the minor addition&emplate, view, and tax and standard set of entities provided a common work-
viewComponentClass definitignhat support view extrac- space for IBES reasoning to monitor extracted data for
tion from product model data for bi-directional communi- completeness and validate it for correctness against compo-
cation with component analysis applications. nent analysis input conditions specified by templates. This
In the PLIB architecture the definition of any semantic reasoning enables bi-directional communication and a web-
concept derives from the root clagitionaryElementfor  based link between separated product model and analysis
example, a component, a component property, or a compaiodes.
nent functional model. AldictionaryElementsare funda- Figure 6 is an instance diagram that describes a template
mentally defined by an absolute identifi@ttribute of abasic and the template propertinlet pressure after IBES ex-
semantic unit objeg¢t a prescribed list of properties, and tracted information from the source model and generated
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Dictionary schema

contentltem dictionaryElement

[ classAndPropertyElements |

[dataTy}peBqu | suppli‘erBsu ]
... LClassBsu | [_propertyBsu [ IBESClass | [ propertyDet ]

A

[
[ View »—1{ Tempiate

conditionalDet
dependentDet

DependentDet

l componentClass

[_componentClassCaseOf |

[ viewComponentClass |

ropertyBsu propertyValue rimitiveValue

Instance Resource Schema

simpleValue

complexValue

I |
numberType stringValue | [ collectionVaiue " | -

Fig. 5. PLIB schema fragment®©MT notatior) and IBES extension@ray).

views of information for inputto component analysis. Theele- The rules(for example Table Bpattern match informa-
ments with a shaded background represent instances of thien represented by a vieleft side of Fig. 6 with the in-
control valve-sizing templateySizingTemplat@and the def- put condition specifications of a templateght side of
inition entities for thdnlet_Pressur@roperty. The elements Fig. 6). Validation for assembly objects, such as the valve
with a white background represent project information re-assembly in Case 2, requires match of a more complicated
trieved by query and translated into the reference model synsiew and template representation.
tax. ThepropertyValuereferences aealValuethat contains The rules reference control objectgntainer_match_
the real number, 20.0 fdnlet_PressureThe consistentrep- controllerandproperty controller defined by IBES to sup-
resentation for the template definition and view instances proport validation reasoning. IBES generates these control objects
vides a common workspace for extraction reasoning. at run time to monitor the match status of views, view prop-
Table 3 describes in pseudo-code three of the productioarties, and view property characteristics that are generated by
rules that validate information retrieved by query. The ac-query. Amodification or change inthe value of a property char-
tual product models, IBES model, and production rules arecteristic changes an associated control object via depen-
written using Rete-+, an inference engine and Windows dency rules. The state of the control objects, whether a control
95™ C* " application programming interface that extendsis satisfied, not satisfied, or has an “unknown” state, governs
the ‘C’language Integrated Production Syst@hlIPS). The  the activation of the validation rules.
pseudo-code assumes that varialil@®ceded by &) are Validation is complete when all the properties of a view
assigned values through pattern matching with other clauseasatch a template’s input condition specification. For exam-
throughunification (Stefik, 1995. CLIPS uses unification ple, activation of the validation rule set for preliminary valve
to assign values to variables. sizing begins with the goal to invoke the application. A ser-
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r

(View) (cvSizingTemplate)
identified_by = v1 identified_by = t1 (R
names = ControlValveSizing names = ControlValveSizing 14+|Hd ; pl Inlet P
definition = Minimum flow definition =Template for control valve sizing gofeA—_ L
described_by = p5... described_by = p1... il 8l = i
template = t1 created_view = v1...
1+ |_J
(propertyBsu) w (conditionalDet) (realMeasureType) (conditionalDet)
id = p5 identified_by p5 id= dt1 identified_by = p1
code = Inlet_Pressure describes_classes = t1 type = real_measure_type describes_classes = t1
 definition = t1 domain = dt1 unit = dut ; domain = dt1
[ (dicUnit)
id = du
(propertyValue) structured_representation = ut
prop_def = p5 _
Lits_value =vi . (unit)
J id=ul
[ its_unit = psi
(realValue) A
oid v1
Jts_value =20.0

D View extracted and translated by query D IBES template specification

Fig. 6. Template definition and extracted valve foet Pressureresearch Case (DMT notation).

vice match controller monitors the satisfaction of this goal7. DISCUSSION
by indicating whether all of the view instances generated
by query match the specification furnisheddwSizingTem- To support life cycle engineering, we looked at two engi-
plate.Aview, for example vA(Fig. 6), is validated when all neering processes that are typical for different phases of the
its properties, for examplelet_Pressurematch their tem-  facility life cycle and the standard product models that are
plate specifications. The rulgjew Match(Table 3, checks designed to enable such processes. The models for each pro-
that all properties of a view have been validated. As the ruleess required modest extension: the definition of standard-
indicates, a&ontainer_match_controllanonitors the satis- ized queries, and structural modification to add semantics
faction of this subgoal for each view. Similarly, a property and reasoning that support bi-directional communication for
is validated when all its characteristic values match theicomponent analysis. IBES reasoning for information extrac-
specification. The second rule in Tablef3l Property Char-  tion and integration with component analysis was consis-
acteristics Match checks for this state of a property. The tent for the research cases. We conclude that it is possible to
third rule in Table 3Code Matchis an example of a prop- design a general set of methods that integrate routine com-
erty characteristic check. Specifically it validates the codeponent analysis with project information models, and sup-
characteristic. Other rules check for domain and unit repreport Web automation for AEC engineering services.
sentation characteristics. For example, the value real_mea- We were pleased that only modest extensions to product
sure_type and psi for thdomainandunit characteristics of data representations were necessary to enable these repre-
Inlet_Pressurenust match their template specification. The sentative engineering analyses. However, the prospect of
rule shows how @roperty controllemonitors the satisfac- many developers of engineering services requiring modest
tion of this subgoal for each property instance. changes suggests that the current vision of standard product
Because template and view representations abstract imodels will be difficult to realize in practice.
formation from an implementation context, the validation Inthe Backgroundsection, we arguedthatengineering analy-
algorithm is general for any view—template relation. Prop-sis requires a suitably detailed representation of the form, func-
erty characteristic validation assures that information obtion, and behavior of the modeled product. We observed that,
tained from the product model is relevant and sufficient forfor the two test cases described in this paper, little form rep-
invoking the analysis application. Additionally, the state- resentation was shared, and no function and no behavior were
based nature of the system makes the validation process dghared. These distinct applications shared only object iden-
namic. Finally, the pattern matching validation algorithmtifier and name, evidence that large and complex informa-
facilitates easy identification of incomplete and mismatchedion models did not contribute in this case to integration of
data and the invocation of the application according to thalistinct analysis applications. One additional realistic exam-
successful match of the underlying data. ple of engineering analyses that share behavior is bi-directional
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Table 3. Sample validation rules (pseudo code)

Rule Comment
VIEW MATCH
FOR container_match_controller 2c WHERE The view match rule checks that all properties of a view match the
?c.spec_object= ?id template specification.

AND ?c.container== ?vid
AND ?c.spec_prop_count= ?x
AND ?c.spec_prop_courit= 0
AND ?c.container_prop_match= ?x
AND ?c.container_matck = FALSE
AND Template ?t WHERE
?t.identified_by== ?id
AND View ?v WHERE
?v.identified_by== ?vid

THEN ?c.container_match TRUE

ALL PROPERTY CHARACTERISTICS MATCH

FOR container_match_controller ?c WHERE A property matches when all of its characteristicy cogtehdomain
?c.spec_object= ?id and unit representation if applicabl@he “all property characteristics
AND ?c.container== ?vid match” rule checks that all characteristics of a view property match a
AND ?c.spec_prop_count= ?count corresponding template property.

AND ?c.container_prop_match= ?m
AND ?c.matched_properties= $?props
AND Template ?t WHERE
?t.identified_by== ?id

AND ?t.identified_by/= nul

AND IBESClass ?ic WHERE
?ic.identified_by== ?vid

AND ?ic.described_by== $?list

AND FIND ?vprop in $?list

AND property_controller ?pc WHERE

AND ?p.is_matched_property = FALSE
AND NOT MEMBER(?vprop $?props
THEN

If (OR (AND (?unit_satisfied== TRUE)
(?applicable== TRUE))(?applicable== FALSE)

THEN int ?x= (?matchesr- 1)
?c.container_prop_match= ?x
APPEND(?c.matched_properties ?vpjop
?pc.is_matched_property= TRUE

CODE MATCH
For property_controller ?pc WHERE The code match rule checks the code characteristic of a property. Similar
?pc.spec_property: = ?prop rules exist to check domain and unit representation if applicable. In the
AND ?pc.container_property = ?vprop event a characteristic is not extracted from the product model, or does
AND ?pc.code_is_satisfied = ?cis not match, the match status remains “UNKNOWN" and is flagged for
AND ?cis == UNKNOWN user modification.

AND property_bsu ?bsul WHERE

?pbsul.code== ?code

AND property_bsu ?bsu2 WHERE

?pbsu2.code== ?code

AND IBESclass ?c WHERE

?c.described_by=$7list

AND ?c.definition== ?definition

AND MEMBER (?vprop $?list
THEN ?pc.code_is_satisfied TRUE
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