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Abstract. This paper presents the Bill of Experiments, a concept aiming at
Knowledge Management of Scientific Experiments, representing knowledge
about and used by scientific experiments; and a first prototype of its
implementation. Experience drawn from environments for scientific and
engineering software development and reuse suggests that this is a promising
approach for scientific knowledge representation and reuse. In analogy with
data modeling concepts, such as the classical "Bill of Materials", a recursive
aggregate, we propose "Bill of Experiments". An abstract workflow is used to
represent the relationship between: data, models and experiments, as well as the
instantiated workflow represents a study case of relating data, models,
programs, institutions and researchers. The prototype translates the workflow
into production rules to be processed by the inference engine built into a
relational DBMS. It will be integrated to the SPeCS environment as a tool for
reuse of models, programs, data and workflow definitions.

1 Introduction

This paper is based on original concepts of the experience on the development of
scientific software, when research in software reuse for High Energy Physics
environments, HEP, in the European Organization for Nuclear Research - CERN was
happening. In that occasion the aim was the development of workstations configured
for development of scientific software environments, related to construction,
evaluation, documentation and management of this category of systems, as described
in the TABA-HEP project (SOUZA et al., 1990; SOUZA et al., 1991; WERNER et
al., 1990).

The integration effort of hundreds of international scientists’ work, that could be
considered a technological Babel because of platforms and development methods
heterogeneity, was a research problem. There was a consensus in the necessity of
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Software Engineering and Artificial Intelligence techniques, mainly in Expert
Systems (SOUZA et al., 1990), that allowed the construction of an heuristic for reuse
of software pieces, whose knowledge contained in the source code could be termed
currently as business rules (SULAIMAN et al., 2000).

In the context of scientific experiments reuse and, in analogy with fundamentals of
data modeling, specially the recursive relationship part-component (CHEN, 1976), as
well as its natural unfolding in “recursion using aggregation” (RUMBAUGH et al.,
1991), the classic concept of Bill Of Materials, or BOM is being used, as cited in
(SULAIMAN, 1999), integrated to an inference machine based on production rules
(PASSOS et al., 1995; SULAIMAN et al., 1995).

The Bill of Experiments, or BOE, prototype is the first result of a research where
the focus is on Knowledge Management for Scientific Experiments. The main
objective of this tool is to improve the access, sharing, reuse and innovation of
scientific knowledge, helping researchers to represent, share and retrieve the
knowledge on models, programs, definitions of workflow and data on scientific
experiments.

The remainder of the paper has the following structure: section 2 presents the
concept of Scientific Knowledge; section 3 presents the concept of Bill of Materials,
BOM; section 4 describes the tool for reuse of scientific knowledge, the Bill of
Experiments, BOE; section 5 shows the architecture of the BOE tool; section 6 shows
examples of BOE’s use; section 7 talks about future work and combines BOE with
other research, such as cooperative decision (PALMA et al., 2000; PALMA et al.,
2001) and the use of domain models and ontology for scientific experiments
(MANGAN et al., 2001); and section 8 is the paper’s conclusion.

2 Scientific Knowledge

We have reached the knowledge era. Research centers, not only the operational
enterprises, are more and more involved with this reality. Researchers create and
change information quickly and in a larger volume than before. Although the biggest
part of this interchange is being made under documentary form it also has been
observed a great occurrence of informal or tacit knowledge in the interactions
between people. The main target of knowledge management for scientific purposes is
to answer dynamically and efficiently the changes in a highly unexpected external
environment, allowing researchers to store, spread and manage the knowledge of their
specific areas.

In reality, reaching these goals, connecting all the activity areas of a research
organization, is not an easy task, given that Knowledge Management is still relatively
recent. The availability of standardized models is still limited. The scientific research
management is being critically dependent of effective scientific data and information
organization techniques.

The fast development in computers, communication and scientific instruments,
allowed researchers to collect, generate, process and share an unprecedented amount
of data. In the nineties, there was an enormous growth in computation capacity, the



data storage costs had diminished and the access to fast and reliable communication
networks became reality.

Paradoxically the data production cost is very high: satellites, particles’
accelerators and supercomputer centers represent sources of information generation
that costs billions. Scientific data are growing in quantity and complexity, through
electronic sensors’” use, simulations and experiments. Without effective retrieval,
analysis, and manipulation of those data, the investment made will not bring the
expected benefits for society.

Scientific data are not only becoming larger in volume, but the extraction of useful
knowledge is also becoming more difficult, as the data, models, tools and experiments
become more complex.

In his work, Sveiby (SVEIBY, 2001) identified two big tendencies in the concepts
of Knowledge Management: the IT researchers and the human resource management
researchers. While the IT group uses mainly computer science to develop information
systems, document management, groupware etc, the second one works in evaluation,
change and improvement of individual human competencies and behaviors.

We propose an IT approach tool based on Al and database concepts that has as the
objective to integrate the researcher with the whole knowledge contained in a
knowledge base about experiments, data and formal models related with his/her
research area. The desired contribution is the organized capture of the specific
knowledge (inherent to scientific experiments), stimulating the research community to
feed the knowledge base and benefit with the cooperation, sharing and reuse of the
organized knowledge.

3 The Bill of Materials Concept (BOM)

In the database literature, one can easily find examples to express recursive
relationships in the conceptual and logical data modeling. Examples are found in
(CHEN, 1976; DATE, 2000; ELMASRI et al., 1999), among others, and its natural
unfolding, is the “recursion using aggregation" (RUMBAUGH et al., 1991).

One of the most common instances of it is the "Bill of Materials" or BOM, that is
the relationship among items whose components, in general, can be other items, and
each new item, in return, can have other components, creating the recursive
relationship as shown in figure 1.

The instance of BOM found in (SULAIMAN, 1999) is an application for planning
components purchase for construction or assembly of electronic components. Each
BOM is an aggregate of components and each component is composed by items. A
component will be ready to be delivered only when all its items are ready and
instantiated. Consequently, each part instance is completely identified with the
respective price, estimated period of delivery, supplier origin, and availability. Each
item is done only when one part is chosen between all of the possible choices. If a
part is complex, it can be expressed as a new BOM (its recursive nature), see figure 2.

In other words, Sulaiman (SULAIMAN, 1999) specifies production rules to
represent component/item relationships, where each component of a BOM is a head
of a rule. All the items of a component together are the body of the same rule. Every



item describes a functionality (in the sense that an item can be instantiated by a part,
that is physical), not a physical piece. Therefore a part is an instance of an item. A
component is instantiated when each item is instantiated by one part.

In (SULAIMAN, 1999) the market segment of electronics is also considered, and
the existence of a search engine to find and store in a database system the offer of
parts by several suppliers, examining prices and delivery times. The transactions
between the search agent and the suppliers of pieces constitute a B2B WEB system,
and XML code corresponding to the rule bases of the model is shown in figure 3. The
customer's interaction is based on the B2C concept and it is planned so that a the
buyer can evaluate a purchase on the grounds of price, delivery times, makers, or a
combination of those variables so that a better cost-benefit relationship is reached. It
is assumed that a customer has the knowledge of which parts needs to be bought for
the correct assembly of a component.
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l..n PART Z}

® Composed Simple
11 PART PART

Fig. 1. Class diagram exhibiting the self-relationship between pieces and their components,
unfolding into a recursion using aggregation
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Fig. 2. Hierarchy of a BOM

A component is considered ready for delivery from the moment that all their items
are instantiated and, consequently, each part is completely identified with the
respective price, estimated time for delivery, supplier, and readiness. Figure 4 depicts
the search space for the example in figure 2.



The constraints of the model are the following: a) the delivery term of a component
is always, at least, equal to the largest time for delivery amongst all of the involved
items; b) the smallest price of a component is of the sum of the prices of the
component items, which aggregates to the component. Exploring the deductive nature
of the system, the user can request explanations on prices, periods and assembly of
some component.

In (SULAIMAN, 1999) one can find solution proposals for the component of
better cost-benefit, with the users inserting limits of tolerance for the price variables
and period, and assigning weights for this variable. The “weight” is understood as the
importance of a variable in relation to the others.

BOM Rule Base
<!-- each BOM has its own knowledge
## prem_id base -->
I ## clau_id (FK) <!ELEMENT know (rule)*>
<!ATTLIST know BOM name CDATA
_ #REQUIRED>
## clau_id # r“|9J.d <!-- each rule has antecedents and a
W fact ## cncl_id x cncl_id (FK) | consequent -->
prem_id (FK)|| <!ELEMENT rule ((prem)* (cncl)?)>
i cncl ‘H clau_id (FK) <!-- each rule has confidence and
AH zrem support -->
i desc <!ATTLIST rule (rule_id (#PCDATA)

conf (#PCDATA)

‘ - supp (#PCDATA)) >
_ # fact_id <!-- each antecedent is an Item,
## clau_id (FK) here -->
<!ELEMENT prem CDATA #REQUIRED>

<!ATTLIST prem prem id (#PCDATA)
Item>

Fig. 3. Relational Schema of the rule base and part of the related DTD/XML

4 A Tool for the Reuse of the Scientific Knowledge: Bill of
Experiments

In this section, we introduce the concept of Bill of Experiments (BOE), a deductive
system to support the reuse of Scientific Knowledge. As exposed previously,
conceptually, BOE is based on BOM. For a better understanding of this proposal, an
analogy is established between the preparation of the scientific experiment and the
purchase of items for the assembly of components.

The process of simulation or that of experiment application using one or more sets
of scientific data can be compared to the composite item assembly, generating new
relevant information for the research community. Just as several items can make up a
component, the composition of data, experiences using such data and the execution of
simulations can compose new knowledge.

As well as a new obtained part can serve as an item to be used in the composition
of a new component, a new mass of data generated in BOE can serve as a base for the
application of another mathematical model or experiment that will generate a third
information and so forth. In other words, each discovery using BOE’s data is



appended to the Knowledge Base and will hereafter be available to be used as given
in the generation of new results.

The focus of the present work is to present the storage of scientific data and their
relationships in a deductive environment. After that, we shall comment the emphasis
of the present work for data can and is being generalized for the other components of
a scientific environment like models, tools, workflows and others. The following
paragraphs explain each term of analogy implemented in this prototype.
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Fig. 4. Search space considering Price and delivery time

Simple item or part: In BOE instead of simple items, there are groups of data that
can serve, as a base for the application of some model or scientific experiment. As an
example, consider the value of gravity, the table of chemical elements, some
formulas, among others.

Composite item or Component: It consists of the group of data resulting from the
application of some model or scientific experiment on the simple data or on other
composed data.

Supplier: As well as a supplier manufactures a part; the scientific data can have an
origin or an owner. This way, research institutions, companies and government
entities can be represented as "suppliers" of scientific datasets. In a similar way,
several suppliers can manufacture the same item and several organizations can make
available the same scientific data, being under the responsibility of the "buyer" to
choose which "supplier" can give him/her the "item" in the way that better suits
him/her, depending on the cost and time of "delivery".

Price: In the same way that an item of the BOM has costs, the masses of scientific
data also possesses them. It may derive from its purchase, obtaining, retrieval,
discovery or availability. The metric of the cost tends to be richer in BOE than in
BOM, which makes the problem more complex. In BOE the metric of cost can be:



the price of the availability of a datum, payment of intellectual property for the use of
information, the cost of retrieving or field research, the transmission cost of the data
or the cost of a researcher's adviser. As in BOM, the smallest cost of a component
consists of the sum of the smallest prices of the items, which aggregates in a
component (Equation 1).

cost(Component) = Z min[cost(x)] 1)

VxeComponent

Time: The analogy is direct, because just as a component is not always available
for immediate use, the same can happen to scientific datasets. It may be necessary to
wait for the sending of information through electronic mail, the complete execution of
a model or the time of the accomplishment of an experiment in order to collect their
results to feed the Knowledge Base. The availability time of a composed data is
always the largest time of delivery amongst all data, plus the time for the execution of
the models or experiments (Equation 2).

2
delay(Component) = [ max|delay(y)] j + Z delay(z)

VyeComponent;y=Meta—Data VzeComponent;z=Experiment,Model

Centralized database: It is assumed that an integrated base of scientific data,
mathematical models, experiments and the relationships amongst them already exists,
or will be provided by a environment such as SPeCS (PALMA et al., 2000; PALMA
et al., 2001) with a degree of transparency.

The main objective of BOE is to provide data, models, programs, workflow
definitions and data of all the above elements from scientific experiments, and if they
don’t exist, to guide and help the researcher on how to obtain them, becoming a tool
to improve the access, sharing and consequent innovation of the scientific knowledge.
BOE is not just a database in which one can just drop information in digital form, but
is also a potential resource for researchers in their search for scientific results, which
will lead to new information of their interest, and in this way help the scientific
production.

For each new experiment, its steps are recorded, becoming a source of reference to
other registered specialists of the area; sharing innovative information and adding
value. Such information tends to be adequate in terms of hypotheses, problems,
models, times and prices, not just limited to a simple existence indicator. Besides that,
the deductive environment allows them to obtain explanations on relevant data
through a backward chaining algorithm, using an inference machine. Through the
experience contained in the Knowledge Base it is possible for the researcher to
discover all data and models that originated an experiment. Researchers will be able
to find appropriate cost-benefit relations for collecting important data for their
research and in this way to have his work less expensive and more dynamic.

At the moment, in this research, the representation of masses of scientific data,
experiments, and mathematical models were limited to their data. In other words, the
scientific data are not stored themselves, only the detailed description of the same
ones is registered with inherent attributes (owner institution, price, delivery times,
dates, validity etc).



5 BOE Architecture

In the present version the BOE prototype works integrated with a relational database
that stores the research institutions and researchers’ information, prices and delays for
data, experiments, mathematical models and corresponding tools, and the workflow of
the experiments. These are instantiated workflows, connecting instances of
experiments, data, models, tools, etc. They are the glue that put them together to form
a study case. When BOE gets integrated to SPeCS, it will be possible to represent and
query abstract workflows of experiments, besides the instantiated ones.

As cited in (WAINER et al., 1996) “Whereas office work is about goals, scientific
work is about data. Collecting, generating, and analyzing large amounts of
heterogeneous data is the essence of such work, or at least of the components of
scientific work that are more naturally the target of WFMS. Gathering and merging
data from various experiments, generating data from a computer model or performing
statistical analyses in the data, are among the activities that could profit from WFMS
support”. We can’t forget that the goals (achieved results like new particles, new
formulas etc) are still present, but in scientific work there are needs for more data.

There are tools in the market to make automated data acquisition, data analysis,
and process control software, for example, DAQLab (AZEOTECH, 2002), Citect
(CITECT, 2002) and LabView (NATIONAL INSTRUMENTS, 2002). Although such
tools work with workflows and data acquisition, they are not able to plan which data
will be used in a process managed when there is a hypothesis that BOE assumes, in
other words, various sources of the same data generating masses of data which have
costs, deadlines and differentiated qualities.
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Fig. 5. BOE Architecture



BOE stores workflows as production rules, which allows the use of an inference
machine for the attainment of detailed information on them. Besides the capacity to
expose the viability of instantiation of a workflow, pointing out better alternatives for
the tasks, the inference machine explains all its steps, demonstrating the reasons for
making its decisions.

In this architecture, the collaboration of researchers and institutions is fundamental.
Researchers and scientists are responsible for publishing their research work, with the
detailed stages of their scientific workflow. The institutions and companies interested
in selling or making available their data and experiments contribute with information
of prices and delivery time for them. At the same time, the agility in obtaining
important data for each research will improve and its cost will decrease.

Besides these capabilities, the reuse is motivated because researchers of common
areas can optionally share their workflows and know other people’s work in progress.

6 BOE in Action

In this section three examples of the use of the BOE tool are presented. The first
example is useful to show the representation with production rules of two alternatives
for obtaining a result in the seismic area. An imaginary scientific application is
presented as a second example (a toy example). Finally, a real scientific workflow is
presented as third example. For the last two cases, the results generated by the tool
will be shown.

6.1 Inverse Problems

A mathematical model for inverse problems is used to illustrate a simulation. We
defined inverse problems as those that are related with the obtaining of characteristics
or parameters of mathematical models based on the reduced knowledge of the
solutions of the corresponding equations.

A typical example of inverse problem in the area of seismic research is:
“Determination of data of oil reserves, based on superficial measures of reflection
data or of dispersal of waves” (ZUBELLI, 1999).

It is observed that in this case the application of different methods on two different
datasets provides results scientifically similar. Therefore, this example perfectly fits in
the structure of BOE, in which, the result of the application of a rule can be obtained
starting from different experimental facts.

We defined the following rules for the use of BOE with this example:

Ol _Reserv(X):-Reflect_Data(Y),|lnverse_Prob_Model (Y, X)

O | _Reserv(X):-Di sper_Waves(Y), |l nverse_Prob_MNodel (Y, X)

0il Reserv stands for the scientific data of oil reserves, Reflect Data
stands for the superficial measures of reflection data, Disper Waves are the
measures of the dispersal of waves and Inverse Prob Model represents the
mathematical model used in the simulation.



In this example, a researcher interested in data of petroliferous holds can obtain
results through the application of different simulations, as demonstrated above. In this
example, the BOE tool will make available for the user two options: one with the
smallest price and another with the smallest delivery time for obtaining the needed
data. The user should opt for one of the two alternatives.

6.2 A Toy Example

This example uses a hypothetical workflow (figure 6) with institutions, data, models
and experiments. It will bring the exact notion of the functionalities of the tool,
showing explanations about the calculations of smaller price and time.

We defined INST1, INST2 and INST3 as research institutions, and D1, D2, D3,
D4 and D5 as scientific datasets. Furthermore we define M1 and M2 as mathematical
models, and E1 and E2 as scientific experiments. The datasets D1 and D2, the models
M1 and M2 and the experiments E1 and E2 are property of the institutions described
previously. Consequently, such items are facts in our Knowledge Base and they
possess well defined costs and delays. Table 1 exemplifies the costs and periods

adopted for each item in this example.
o l/
)

D2
Legend ,
X ,
X~
Y /vcombine inputs (X and Y) Y /“’\‘vchoose among inputs (X or Y)

Fig. 6. Workflow involving Two Experiments and two Models to obtain result D5

The workflow presented in figure 6 was mapped to the following production rules:

D3 (X) : -E1 (X)
D4 (X) :-D1(z), D2 (W), M1l(Z,W,X)
D5(X) :-D4(z), D3 (W), M2(Z,W,X)

D5 (X) : -E2 (X)



INST1 INST2 INST3
Cost Time Cost Time Cost | Time

D1 $100,00 3 days $100,00 2 days

D2 $500,00 10 days $400,00 12 days
M1 $50,00 1 day $30,00 2 days
M2 $10,00 1 day $12,00 3 days
El $10,00 | 3 days $12,00 2 days $18,00 7 days
E2 $570,00 10 days

Table 1. Data for Workflow in figure 6

At the end of the inference, the tool makes available a report with all of the stages
of the deductive process (summarized in figure 7, the middle portion was suppressed).
In this example, the researcher is interested in dataset D5. The report details all the
explanation of the deduction and the wanted answers are at the end.

Inference Machine Tasks _ _ _ _._._._._.
=»%* T'm beginning the proof of D5 to find the smallest pric
@3 and minimum delays **
=>I discovered that D5 is a conclusion, I will try to prove
the existent premises.
-==%* T'm beginning the proof of D4 to find the smallest
pricez and minimum delays *=
-=I digscovered that D4 is a conclusion, I will cry to pr
owe the existent premises.
-=** IT'm beginning the proof of M1 to find the small
eat prices and minimum delays *¥
=»I discovered that the smallest price of M1 is US53
0,00 and it's available in the institutioni{s]) INST

3

...—.:-....*gqT.r'I?]E.........................................

Fig. 7.

== L,
-=CHCL === Rule: D5 :- E2 was proven with success!
-x=CHCL === I discovered that the smallest price of D5 is Us:
570,00
-=CHCL === I discoversed that the minimum delay of D5 is 10
day (=)
-=I asked the user which rule he would like me to use to con
tinue...
-=He chose the rule DE - D4, D3, M2

US$550,00 Delay = 12 day(s)

that generated Price =

Inference Report Generated by BOE for the Toy Workflow



Of course, pruning and some heuristics can be used to reduce the search space.
The complexity of the algorithm should not be a problem, given the number of
alternatives expected to be found in scientific workflows.

6.3 A Real Example

This third example demonstrates the contribution of the BOE tool for a real scientific
workflow. The stages and operation of the workflow are detailed in (AILAMAKI et
al., 1998) and summarized below.

The objective of the experiment is to produce daily forecasts of near-surface
temperatures in cranberry bogs in Wisconsin. These forecasts give cranberry farmers
advanced warning of over-night frost conditions, so they can take action to protect
their vines from frost damage.

1.

Around noon each day, satellite and ground-based meteorological
observations are processed in the Atmospheric Sciences Department of UW,
generating a 24-hour weather forecast at several heights in the atmosphere
for the whole United States;

This US forecast is fed into a Bog Forecast Extraction program that extracts
forecasts for points that are 25 meters above specified cranberry bog
locations;

These forecasts are sent to the Soil Science Department where they are
processed by CranEB, to derive a forecast for the level of the cranberry vines
(canopy level);

Later in the day, as new weather observations become available, the initial
25m bog forecast can be updated:

e Scaled CranEB output forecasts are compared with new observed
weather conditions in a package of statistical routines.

e Appropriate corrections to the original 25m bog forecast are
determined, and CranEB is rerun. With this feedback mechanism, the
canopy-level forecast is updated continuously throughout the day.

Text files generated by CranEB are fed into the DEVise Visualization tool
that generates GIF plots of canopy temperature vs. time. These plots are then
published on the Web.

The graphic representation of the workflow described above is in figure 8. The
mapping for production rules generated the following result:

gi f_graphs(X):-canopy_| evel forecast(Y),
VI SUALI ZATI ON( Y, X)

canopy_Il evel forecast (X):-25m bog_forecast(Y),
CRANEB( Y, X)

canopy_| evel forecast(X):-25m bog_forecast _upd(Y),
CRANEB( Y, X)

obs | evel forecast(X):-25mbog_forecast(Y), CRANEB(Y, X)



obs | evel forecast (X):-25m bog forecast _upd(Y),

CRANEB( Y, X)

25m bog_forecast upd(X):-25m bog forecast(Y),

ground_based_observati ons
obs_| evel _forecast (W,

(2),

STATI STI CAL_ANALYSI S( Y, Z, W X)

25m bog forecast (X):-us_forecast(Y),
BOG_FORECAST_EXTRACTI ON (Y, X)

us _forecast(X):-satellite observations (Y),
ground_based_observati ons(2),

US_FORECAST_MODEL( Y, Z, X)

When we consider only the metrics price and time, it is concluded that the dataset
“Canopy-level Forecast” will be obtained cheaper and with shorter delivery time
when the user chooses not to use the process “STATISTICAL ANALYSIS”.
However, with next version of BOE, implementing the metric for quality, probably,
the “Canopy-level Forecast”, generated starting from the successive refinement of the
entrance of the process “CRANEB” (“25m Bog Forecast (upd.)”), will provide in

more quality.

Satellite

1
Observations ' GENERATION

1

1

1

Ground-Based

Observations US Forecast

25M FORECAST

\ US FORECAST
MODEL
/"
1
1

BOG FORECAST
EXTRACTION

GIF Graphs
(temp x time)

VISUALIZATION

Canopy-level
Forecast

CranEB

25m Bog [Forecast

STATISTICAL
ANALYSIS

25m Bog Forecast (upd.)

Obs-level Forecast

Fig. 8. The Cranberry Workflow (AILAMAKI et al., 1998)

The data on institutions, prices and delays for the simple data and involved models
were defined arbitrarily. With the objective of finding a better alternative for



“Gif_Graphs”, the BOE tool generated the inference report that is summarized in

figure

9 (the middle portion was suppressed).
Inference Machine Tasks _ ... S
-=** T'm beginning the proof of gif_ graphs to find the small
aat pricez and minimum delays *=
-=I discovered that gif graphs is a conclusion, I will try ©
o prove the existent premises.
-=** IT'm beginning the proof of canopy level forecast te
find the smallest prices and minimum delays **
-»I discovered that canopy lewvel forecast is a conclusic
n, I will try to prove the existent premises.
-»** T'm beginning the proof of 25m bog forecast to
find the smallest prices and minimum delays **

-»I discovered that 25m bog forecast is a conclusion

Fig. 9.

e smallest prices and minimum delays =+
-»I discovered that the smallest price of VISURLIZATICON
ig USS5,00 and it's available in the institution{s] IN
5T2
==I discovered that the minimum delay of VISUALIEATION i
s 1 day(s) and it's available in the institution{s] IN
5T1, INSTZ
-= ==» VISUALIZATION True
=»CNCL ==» Rule: gif graphs :- cancpy lewel forecast, VISUAL
IZATION was proven with success!
==CNCL ==> I discovered that the smallest price of gif graph
s is US5232,00
==CNCL ==> I discovered that the minimum delay of gif graph

s ig 5 dayls)

Inference Report Generated by BOE for the Cranberry Workflow

7 Future Work

At this time the integration of BOE is being studied with other researches
development by the same group, such as cooperative decision (PALMA et al., 2000;
PALMA et al., 2001) and the use of domain models and ontologies for scientific
experiments (MANGAN et al., 2001).

in



Besides this integration, we are testing a larger number of metrics, such as quality,
reliability, readiness, reusability and usability, in addition to those restrictions already
available: price and time.

BOE will access distributed databases of suppliers and institutions directly, using
X-Arc (PINTO et al., 2001) a XML based layer for the integration of spatial data and
metadata, and make available its Knowledge Base on the Web.

Ontology bases are being created for the integration of similar data and the “Diary
of the Experience” Tool is being developed, which will accompany all of the steps
executed in an experiment, “learning” the researcher's profile automatically and
customizing the data that is assumed necessary for his research.

8 Conclusions

This paper presented the concept and prototype of the tool Bill of Experiments
(BOE). The main objective of BOE is to provide data about and for scientific
experiments and, in the absence of these, to guide the researcher in obtaining it,
becoming a tool to improve the access, sharing, reuse and consequent innovation of
the scientific knowledge.

An abstract workflow is used to represent the relationship between data, models
and experiments, as well as the instantiated workflow represents a study case relating
to data, models, programs, institutions and researchers.

This study is based on an analogy with the model of Bill of Materials presented in
(SULAIMAN, 1999). We showed that our analogy is valid, once the recursive nature
of parts that are composed by other parts and have a cost and delay for delivery can be
applied to scientific experiments.

BOE could help datasets, experiments, models, workflows, and other scientific
artifacts to be reused in new experiences. The institutions or researchers should
attribute a cost function for each item. We demonstrated the viability of our analogy
with a prototype.

In the representation of a workflow with production rules, the interdependence
amongst experiments was captured in a clearer and more precise way. Besides that,
obtaining explanations in a deductive environment is much easier than when one uses
some mathematical method of optimization. Even for complex computational
problems, the scientific workflows tend to be simple, what reduces the concern with
the complexity of the deductive algorithm.
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