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Despite significant advances in computational infrastructure and software tools to 

run simulations and analyses, scientists in the observatory disciplines are slowed 
down by the daily tasks required to set up their workflows. Data preparation is time-
consuming: scientists gather data from multiple sources and sensors; they must first 
clean the data, normalize it so that data from different sources is represented using the 
same units and formats, and they must integrate it and configure it according to the 
requirements of their models and simulation software. Workflow configuration is also 
time consuming: scientists assemble their workflows from components and must 
make sure to provide each component the inputs it requires in the format it requires; 
when they string components together they must ensure that the output of one 
component are compatible with the input of the next one.  

The main contribution of our work is to show that by explicitly capturing the 
semantics of the data and the workflow components, our tools enable scientists to 
focus on their science rather than on the mechanics of running their models. Karma, 
our data preparation tool helps scientists extract, clean, normalize and integrate the 
data used in the workflows. Karma uses a programming by example paradigm to 
enable scientists to perform these tasks by providing examples of how these tasks are 
performed. Karma infers general procedures from these examples that it can then 
apply to whole data sets. During this process, Karma also learns models of the data, 
aligning the data to a domain ontology, augmenting the data sets with metadata that 
records the learned models. This metadata is passed along with the data to Wings, our 
workflow system. Wings uses the metadata to ensure that the workflow components 
fit together in a semantically meaningful way. Most importantly, this metadata 
enables Wings to reason about the data being processed, and to automatically select 
analytic models and parameters that are appropriate for the data being processed. 

We present our approach in the context of a case study where scientists analyze 
stream metabolism of the Merced river in the California central valley.  

Karma is an information integration tool designed to enable users unfamiliar with 
databases, ontologies, scripting languages or any other programming concepts to 
extract, clean, normalize and integrate data. Karma uses a programming by example 
paradigm where users provide examples of how these steps are carried out, and 
Karma generalizes these examples into procedures that can be applied to whole 
datasets. User studies showed that users were able to complete three information 
integration tasks about three times faster using Karma than using Dapper/Yahoo Pipes 
(a state of the art tool). This study also revealed that the Karma users were able to the 
tasks without error. In contrast, 83% of Dapper/Yahoo Pipes users made at least one 
error in the first task, 45% in the second and 95% in the third.  
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Karma is a visual tool that offers users a table representation of their data and 
commands to import, clean, integrate and publish their data. We present the Karma 
capabilities in the context of our stream metabolism case study. 

The first data preparation step is to import the various data sets needed to drive the 
stream metabolism analysis. The first set of sources comes from the California Data 
Exchange Center (CDEC, water.ca.gov). We defined a Web service that provides 
programmatic access to the data published in this web site. Figure 1 shows how users 
can import data from this web service using Karma. After users select the appropriate 
web service from the library of web services registered in Karma, the Inputs panel 
shows the parameters of the service. In the CDEC service, users can choose the 
station, sensor and dates of interest. The data retrieved from the Web service is 

 
Figure 1: Importing data from the California Data Exchange Center. 
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Figure 3: Date and time formats need to be normalized. 

 
dddd 

 
Figure 2: Cleaning the date format by providing an example. 
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subsequently shown in a table where users can proceed with further data preparation 
steps. In our case study, users import data for multiple sensors obtaining a collection 
of tables with data for the dates of interest. Our users also use data from their own 
sensors (HYDROLAB), which comes from a comma-separated-value (CSV) file, and 
a metadata source from CDEC that records the geospatial coordinates of all the CDEC 
sensors, also a CSV file. 

The next data preparation step is to integrate the data from all these tables into a 
single table that contains the sensor values for all the CDEC sensors, the 
HYDROLAB sensors, and the location of each sensor. In order to integrate the data, 
the date and time formats need to be normalized, and changed to the format required 
by the simulation software, as shown in Figure 3. 

Figure 2 illustrates Karma’s by-example data cleaning and normalization 
capabilities. To normalize the CDEC dates to the required format, users invoke the 
cleaning command, provide an example of how the data ought to be transformed. 
Karma generalizes the example and applies the general rule to all the values in the 
column. If the generalization is incorrect, users can provide additional examples. 
Using this procedure, users can quickly normalize all the date and time formats of the 
five tables imported from CDEC and the HYDROLAB table to transform the data as 
shown in Figure 3.  

Once the data is normalized, users must join the five CDEC tables and the 

HYDROLAB table into a single table that contains the sensor values for all the 
sensors, as shown in Figure 4. To do so, they use the Karma ‘Integrate” command on 
the consolidated table. Behind the scenes, Karma has analyzed the tables to 
automatically determine that they can be joined based on the Date and Time fields 
that are common to all tables and using this information it creates a menu of the 

 
Figure 4: Integration of the sensor sources into a consolidated table. 
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columns from the CDEC and HYDROLAB tables that are appropriate to add to the 
consolidated table using database join operations. Users can successively choose from 
this menu the columns that they want to add to the table, unaware of the database join 
operations that are being performed behind the scenes to appropriately align the 
joined values based on Date and Time. Similarly, users can integrate the geospatial 
coordinates of the sensors from the CDEC metadata source. 

The next step in the data preparation phase is to build the metadata for the 
consolidated table so that it in the final step when the table is deployed to Wings it 
carries the metadata used for workflow processing. To do so, users invoke the 
ontology alignment capability in Karma that enables them to map each column of the 
consolidated table to the classes defined in the ontology. To map a column to the 
ontology, users click on the grey cells above the column headings and choose from 
the menu that appears the appropriate ontology class. Using the information in the 
ontology, Karma generates standard metadata for the source. For numeric fields and 
date fields Karma will generate metadata with the minimum, maximum and average 
values. It is also possible to associate with classes in the ontology custom 
computations that compute additional metadata. For example, we defined custom 
computations to compute a velocity metadata field.  

The final data preparation step is to deploy the table and its metadata to Wings. 
This is done using the “Publish” command in Karma that supports publishing the data 
in a variety of formats, as HTML pages that visualize the data, to a table in a 
database, as CSV files, or to a Web service. In our case, Wings offers a Web service 
to deploy data, so users will select this option. 

Figure 5 shows the Wings screen that displays on the left panel all the datasets that 
have been deployed, and on the right panel the metadata for the selected dataset. For 
this workflow, the user deployed a data set for each day, as required by the simulation 
software. The data preparation procedure for each dataset is the same. To 
accommodate this situation, Karma allows users to save the full set of data 
preparation steps for one data set as a script. Then they can parameterize the script 
with respect to the dates and replay the script for the desired days. 

 
Figure 5: Wings screen showing the deployed datasets and their metadata 

 
 


