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ABSTRACT

With a growing trend towards grid-based data repositories and data
analysis services, scientific data analysis often involves accessing
multiple data sources, and analyzing the data using a variety of
analysis programs. One critical challenge in this, however, is that
data sources often hold the same type of data in a number of dif-
ferent formats, and also, the formats expected and generated by
various data analysis services are often distinct.

We believe that the traditional approach for dealing with this
problem, which is using hand-written wrappers, is not an effective
and scalable solution for a grid environment. This paper presents
anew approach, which involves generating wrappers automatically
for enabling grid-based information integration and workflows. In
this approach, a layout descriptor is used for describing the data
format for each data source, as well as the input and output format
for each tool or service. Efficient wrappers are then generated auto-
matically for translation between any two data formats. Our design
separates wrapper generation service from the wrapper execution.
The wrapper generation service analyzes the layout descriptors and
generates a WRAPINFO data structure. The wrapper comprises
a set of application independent modules which take the WRAP-
INFO data structure as the input.

We demonstrate our wrapper generation tool with two real case
studies. Besides showing the effectiveness of our system, the ex-
periments results from these two case studies show that the wrapper
generation overhead is very small, automatically generated wrap-
pers scale well to large datasets, and for the one case where this
comparison was possible, the execution time of our wrapper was
within 30% of that of a hand-written one.

1. INTRODUCTION

Analysis of large and/or geographically distributed scientific data-
sets [8] has emerged as a key component of grid computing. Many
projects have been working on technologies to support data grids.
Most popular directions have been replica services [6, 9], reliable
and predictable data transfers [2, 36], and constructing workflows [1,
11]. Metadata cataloging and metadata services have also received
much attention lately [12, 33].

In a data grid, data from multiple sources may have to be an-
alyzed using a variety of analysis tools or services. This can in-
troduce a number of challenges. In recent years, several research
groups have initiated work addressing some of these challenges.
For examples, Chimera is a system for supporting virtual data views
and demand-driven data derivation [15, 40]. Similarly, CoDIMS-G
is a system providing grid services for data and program integra-
tion [14]. A number of projects have focused on scientific work-
flows. The workflow management research group under Global
Grid Forum’s Scheduling and Resource Management area is active
in this area, and has compiled a list of existing projects in this area'.

One of the important challenges in this area is that data formats
or layouts used by different data sources and expected by different
data analysis tools can vary significantly. We consider one example
from the bioinformatics domain, where a number of datasets and
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analysis tools are available for researchers. Biologists frequently
want to run BLAST search on SWISSPROT databases. However,
differences in dataset layouts forbid them from doing so directly,
as BLAST asks for sequences to be stored in FASTA format, and
SWISSPROT data is stored in a different and much more compli-
cated form. The common way of addressing this problem has been
through hand-written wrappers. The function of a wrapper pro-
gram is to transform the data from one source into a format that is
understandable by another. Wrappers have been used in workflow
systems, in systems like Chimera and CoDIMS-G that we men-
tioned earlier, and more traditionally, as part of database integration
or mediator systems [17, 32, 18, 38].

In this paper, we present an approach for automatic wrapper gen-
eration suitable for a data grid environment. We believe that hand-
written wrappers are not practical and scalable in a grid environ-
ment for the following reasons:

e To achieve interoperability between [N data formats, an or-
der of O(N?) wrappers have to be written. A single update
in a data format will involve rewriting of O(N) wrappers.
Thus, hand-written wrappers are not scalable with respect to
the number of available resources, because of the high pro-
gramming and maintenance effort involved.

o In the vision of grid-based or web-based computing, it is de-
sirable to discover data sources and available data analysis
services dynamically. In such a scenario, any approach that
requires a wrapper written specifically for a given data source
or a given data processing service is not going to be practical.

e For execution in a grid environment, a wrapper either needs
to be a grid or web-service, which usually means slower ex-
ecution, or needs to be ported on a variety of hardware and
software platforms, which could be very time consuming.

Our approach involves generating wrappers automatically start-
ing from declarative annotation of data layout formats associated
with each source. Our work particularly focuses on datasets avail-
able as flat-files, and analysis programs which expect text strings as
input. The descriptor we use for annotation is similar in flavor to the
Data Format Definition Language being developed by the DFDL
Working Group in the Global Grid Forum®. Such descriptions pro-
vide sufficient information for the system to understand the layout
of binary or character flat-files, without relying on any domain- or
format-specific information. Based on this information, our analy-
sis module generates an XML data structure which we refer to as
the WRAPINFO data structure. Using this data structure, a set of
application independent modules we have implemented carry out
the data transformation tasks.

Overall, our approach offers the following advantages:

e For each resource, only one layout descriptor needs to be
written, irrespective of any other resources it may be inte-
grated with. Moreover, as new data sources or tools are pub-
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lished, or existing ones move to new formats, only their lay-
out descriptors need to be written or rewritten.

e Resources can be discovered on-the-fly, and as long as they
contain the layout descriptors as part of their metadata, they
can be integrated with other resources automatically.

e Unnecessary transformation of data is avoided. In compari-
son, some approaches for integration require that all data be
converted to a single format (such as XML), which can be
very expensive if the datasets are large.

e By generating an XML data structure for each transforma-
tion, and then using a set of application independent mod-
ules, our approach allows efficient execution in a grid envi-
ronment. Only one set of modules need to be ported on each
platform, and then a variety of transformation tasks can be
carried out efficiently.

We have demonstrated our approach by two case studies from
the bioinformatics domain. They have shown that our system can
handle complex transformation tasks effectively. In addition, our
experiments results have shown that our automatically generated
wrappers scale well to large datasets, the overhead of wrapper gen-
eration is very low, and the performance of automatically generated
and modular wrapper is within 30% of a hand-written wrapper.

2. SYSTEM OVERVIEW

This section gives an overview of our approach and the system.
The overview of our system is shown in Figure 1.

In order to generate a wrapper that is capable of transforming a
dataset of a general format into another dataset of a general for-
mat, the system needs to have information about the physical data
layouts. It also needs to understand the user’s logical view of the
data (i.e. the schema) so that it can draw the correspondence be-
tween the input and output datasets. We have designed a layout
description language to achieve both of the above. The information
about both the source and the target data layouts are represented
using our layout description language. Tabular-structured input or
output schemas can also be described using the same language,
whereas semi-structured input or output schema are described us-
ing the XML DTD format. The layout parser parses the layout
descriptors and generates internal data entry representations. The
schemas are input into the mapping generator, which generates the
mapping between the source and the target data schema. The in-
ferred schema mapping is presented to the user in a flat file so that
it can be verified or modified if needed.

The internal representation of data entries and the mapping com-
pletely defines a wrapping task and the functionality of a wrapper
can be inferred from them. This inference can be carried out by
either the wrapper generation system, or the wrapper itself. For
a better overall system performance, we need to reduce the com-
putations performed by the wrapper, and also allow it to execute
independent of the wrapper generation system. Therefore, a wrap-
per generation system module, Application Analyzer, performs all
the analysis and summarizes important application-specific infor-
mation for the wrapper in a data structure, which we refer to as the
WRAPINFO data structure. The details of the underlying algo-
rithms for this purpose are presented in Section 5.

The wrappers work independently from the wrapper generation
system. Our wrappers comprise three modules, the DataReader, the
DataWriter and the Synchronizer, each of which is independent of
the specific transformation task that needs to be carried out. The
information specific to a wrapping task is already captured in the
WRAPINFO data structure. Using this data structure as the in-
put, these three modules can carry out a transformation task. The

DataReader and the DataWriter, as their names suggest, are re-
sponsible for parsing the input dataset and writing to the output
files, respectively. The Synchronizer serves as a coordinator be-
tween these two modules, as it forwards the values constructed by
the DataReader to the DataWriter, and manages the input dataset
buffer.

Our design is very well suited for generating wrappers to carry
out transformation tasks in a grid environment. Wrapper genera-
tion can be easily implemented as a grid service. As shown in our
experimental evaluation, for large datasets, the wrapper generation
time is a very small fraction of the actual wrapper execution time.
The wrapper generator only requires the layout descriptors as in-
put. In comparison, a wrapper needs to be executed at a location
where the data movement costs for the input and output datasets
are minimized. At the same time, the transformation time can be
high, and the wrapper needs to be executed efficiently. By design-
ing the wrapper with application independent modules and repre-
senting the WRAPINFO data structure in a machine independent
XML file, we make it simpler for the wrappers to be ported for
efficient execution on a variety of platforms.

3. TECHNICAL ISSUES AND CHALLENGES

This section gives an overview of the main technical challenges
involved in automatic wrapper generation. We also list some re-
strictions on the transformation tasks that can be carried out by our
wrappers.

A number of issues arise because we are dealing with flat-files.
The data fields in such files can be separated by different implicit or
explicit delimiters. Data fields can be of variable lengths, and cer-
tain fields can be optional, whereas certain fields may appear mul-
tiple times. Thus, the first set of challenges involve accurately de-
scribing such complex physical layouts, correctly parsing the data
as per these descriptions, and creating a mapping between physical
layouts and the high-level schema. Similarly, for target datasets,
we need to capture the layouts, and need to be able to output data
to match these layouts.

Clearly, there could be significant differences in source and tar-
get high-level schemas. We need to be able to create a mapping be-
tween source and target schemas. As described earlier, we consider
this a semi-automatic process, and user involvement is possible and
sometimes even necessary.

A more significant technical challenge arises because of the pos-
sibility that the source and target datasets use different types of
schemas. To consider this point, we introduce an application, which
we refer to as the TRANSFAC-to-Reference transformation exam-
ple. This application will be used as a running example in this pa-
per. TRANSFAC [21] is a database on eukaryotic transcription fac-
tors, their genomic binding sites, and DNA-binding profiles. Like
many biological datasets, it is semi-structured with many optional
data fields and a variable number of references per record. Sup-
pose, we are interested in obtaining literature information for the
transcription factors, as well as their accession number, name and
species, which are all stored in the ASCII flat file TRANSFAC-
factor40. These fields are used to recognize repeated entries from
difference data sources. They could also be used to answer queries
such as “Find all the TRANSFAC-FACTOR entries that were pub-
lished in Cell.”

To load data into a relational Database Management System, we
need to wrap the data from the original semi-structured flat file into
arelational table, which we will refer to as the reference table. This
reference table will have one reference per row.

For our wrapper, we assume that both source and target datasets
are organized as a set of records, such that the order of the records
in the dataset is not important. Clearly, this assumption holds true
for the example we have described above. It should be noted that
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Figure 1: Overview of the System

we do not necessarily have a one-to-one mapping between the re-
cords in the source and target datasets. Further, we assume that
either of the source or the target dataset uses a tabular schema.

For simplicity, we consider the case when the source dataset is
semi-structured and the target dataset is tabular. For such an exam-
ple, the data fields can be divided into two categories:

DEFINITION 1. A one-to-one data field potentially has multiple
values in each source record, and each value will appear only in
one target relational record.

DEFINITION 2. A one-to-multiple data field contains only one
value in each source record, and this value repeats itself among all
the target records transformed from this source record.

For example, when a TRANSFAC-FACTOR entry with three
references is converted, three rows are created in the reference ta-
ble. Each row has its unique reference value. Therefore, the data
fields associated with them, such as the reference title, are one-fo-
one. On the other hand, the accession number will be copied to the
three rows that are generated, and therefore, it is a one-to-multiple
data field.

During the transformation process, data fields need to be treated
differently based on their type. The value of a one-to-one data field
could be discarded once it is written to the output, while the value of
a one-to-multiple data field could be written multiple times. Based
on this observation, the two types of data fields also require differ-
ent types of buffers to store their values.

Finally, another important issue related to flat-files is as follows.
Flat-files datasets in many domains are intended for human read-
ability. Although from the perspective of the schema, each record
comprises several data fields, the representation in a layout is at
a finer level. We refer to it as the variable level. A variable is
the smallest unit in processing the dataset layout, and a large data
field can be broken into several variables. For example, in the
TRANSFAC-FACTOR-TABLE file, when the title of a reference
is too long, it is broken into several lines. We call each line one
variable, and a number of such lines or variables form one com-
plete title data field. The impact of this possibility is as follows.
After extracting a variable value from the input dataset, the wrap-
per has to decide if it is a continuation of the current data field, or it

signals the start of another data field value. Similarly, when writing
a data field value to the output dataset, the wrapper has to decide
if the value needs to be split into variables, and if so, what format
each variable should follow.

4. LAYOUT DESCRIPTION LANGUAGE

This section briefly describes the layout description language
used in our system. This language is used to describe the flat file
layouts and relational schemas. We had three goals in designing
the language: it should be easy to interpret and process, it should
be easy to write, and most importantly, it should have sufficient ex-
pressive power. Our language is an extension of a language used
previously for supporting SQL queries on flat-file scientific simu-
lation datasets [37]. Our work has significantly extended this lan-
guage to support several features of less structured datasets.

A descriptor in our language comprises of two components. The
Dataset Schema Description states the logical or virtual relational
view of the data, The Dataset Layout Description describes the
actual layout of the data within a file. In the dataset layout de-
scription, the key words are DATASET, DATATYPE, DATASPACE
and DATA. DATATYPE is used to relate a DATASET to a schema.
DATASPACE describes the actual layout associated with each file
in the DATASET. DATA is used to list the location of the files.

Many features were introduced to deal with datasets which are
not very structured. Several special tokens are used in our language.
Constant strings, such as the two-character line-type codes used by
many biological flat data files, are between double quotes (). A
repetitive structure which appears at least once, is enclosed by <
and >, and if it is optional, it is enclosed between [ and ]. A general
data field named DUMMY is introduced to represent space-filling
data that are not in the schema.

The layout descriptors used for the input and output datasets
for the TRANSFAC-to-Reference transformation problem we in-
troduced earlier are shown in Figures 2 and 3. The input TRANS-
FAC data is semi-structured and we use the XML DTD format to
describe its schema. The output reference table can be captured us-
ing a relational schema. In the layout descriptors, for example, the
data field RA, the list of authors, is across multiple lines following
the constant string “\nRA” in the TRANSFAC flat file. So, it is in-
serted between < and > in the input layout descriptor. But, in the



reference table, it is desirable to write the entire list as a continuous
string, irrespective of its length. So, the RA field appears alone in
the output layout descriptor.

Component I. Semistructured Schema Description (DTD)
< ?xml version="1.0" encoding="UTF-8"?>
<!ELEMENT transfact (AC, ID, FA, SY, OS, REF*, ...)>
<!ELEMENT AC (#PCDATA)>
<!ELEMENT ID (#PCDATA)>
<!ELEMENT SY (#PCDATA)>
<!ELEMENT FA (#PCDATA)>
<!ELEMENT OS (#PCDATA)>
<!ELEMENT REF (RN, RX, RA, RT, RL)>
<!ELEMENT RN (#PCDATA)>
<!ELEMENT RX (#PCDATA)>
<!ELEMENT RA (#PCDATA)>
<!ELEMENT RT (#PCDATA)>
<!ELEMENT RL (#PCDATA)>

Component II. Dataset Layout Description
DATASET "TRANSFACData” {
DATATYPE {TRANSFAC}
DATASPACE {
<

”AC” AC

["\nXX” DUMMY]

”ID ” ID

”\nFA ” FA
["\nXX” DUMMY]
["\nSY” SY]
["\nXX” DUMMY]
”\nOS ” OS

<
"\nRN ” RN
["\nRX ” RX]
<”\nRA " RA>
<”\nRT ” RT>
“\nRL ” RL
>
["\nXX” DUMMY]
“\n//\n” | EOF
>

}
DATA {data/TRANSFACfactor40.dat}

Figure 2: The Descriptor for TRANSFAC data

5. SYSTEM IMPLEMENTATION AND KEY ALGO-
RITHMS

This section discusses the important details of wrapper genera-
tion and wrapper execution. We first describe the wrapper genera-
tion system modules, which include the parsers, the mapping gen-
erator, and the analyzer. These modules are collectively responsi-
ble for analyzing the information provided by the layout descriptors
and presenting them to the wrapper as the WRAPINFO data struc-
ture. We will then detail how the wrapper uses this information to
carry out the transformation process.

5.1 Wrapper Generation System

5.1.1 Mapping Generator

The goal of the mapping generator is to analyze the schema of the
source and the target datasets. It generates the schema mapping in
the form of an editable text file for the user to verify and/or modify.
Currently, we use strict name matching as the criteria for schema
mapping. The schemas are first parsed by the DTD parser or the
schema parser. For every field in the target schema, the mapping
generator searches the source schema for either a simple element

Component I. Relational Schema Description
[TRANSTABLE] // schema name
AC = string // data_field_name = data_field_type
FA = string
OS = string
RA = string
RT = string
RL = string
Component II. Dataset Layout Description
DATASET "TRANSTABLEData” {
DATATYPE {TRANSTABLE}
DATASPACE {
<

”” AC

”\t” FA

”\t” OS

”\t” RA

“\t” RT

”\t” RL

”\nn

>

}
DATA {data/TransTable.dat}

}

Figure 3: The Descriptor for the TRANSFAC Reference Table

or an attribute with exactly the same name. If no match could be
found, the default value of its data type will be used as its mapping.
The mapping is presented to the users as an editable file so that
the users are able to interact with the system, and define their own
mappings.

// schema pair, [source schema]:[target schema]
[TRANSFAC]:[TRANSTABLE]

// data fields pairs, source data field : target data field
transfact. AC : AC

transfact.FA : FA

transfact.OS : OS

transfact. REF*.RA : RA

transfact. REF*.RT : RT

transfact. REF*.RL : RL

Figure 4: Automatic Generated Schema Mapping File for the
TRANSFAC-to-Reference Example

Figure 4 shows the format of the mapping file created by the
mapping generator in the TRANSFAC-to-Reference example. The
mapping for all six data fields desired by the output are found. This
file contains not only the pairing between source and target data
fields, but also the cardinality of the pairing. The one-to-one data
field pairs are indicated by the “+”, “?” or “*” sign, following
the element or the attribute where the multiple cardinality is intro-
ducegi. The use of signs is consistent with the XML DTD stan-
dard’.

5.1.2 Layout Parser

The Layout Parser is the module that extracts information from
the data layout descriptors and generates representations that can
be understood by the analyzer.

Most text based databases’ data, including semistructured data,
is stored in an entry-wise manner, often for better human inter-
pretability. For the same reason, data fields within each entry are
broken into several pieces if they are too long. In our layout de-
scriptors, this is captured by the use of tokens like “<>" and “[]”.
Further examination of the data layout shows a pattern of alter-
nate delimiters and variables, which we will refer to as DLM-VAR

3Please see http://www.w3.org/TR/REC-xml/




. root node DATASPACE root

[ Y
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Figure 5: Logical View of TRANSFAC Data Layout as a Tree

Delimiter Look-up Table

[ Node Number [ 0 T T [ 2 1.7 33 | 34
[ Delimiter [ "AC” [ "\nXX” [ ID” [ .. [ "\nRN” [ "\nRX” | ..
Usefulness Look-up Table

[NodeNumber [ 0 [ T [ 2 [ ..[33 343 . ]

[ Useful? [ Yes [ No [ No | ..[ No[No [ Yes | . |
Cardinality Look-up Table

[ Node Number | 0 [T 12T .. 33347 35 |

| Cardinality [ one_to-multiple [ - | - ] [ - [ - [ onetoone |

Label Look-up Table
[ NodeNumber O T TT2T .. K
[ Tabel [0 -[-].l-1-]

Reachable Look-up Table

Node Number | Reachable Nodes

0 1,2

] 1,2

2 3,4
33 34,33
34 34,335
35 35, 36
36 36, 37
37 33,38,39

Parameters

one_to_one_total=3, one_to_multiple_total=3, complete_in=39

Table 1: WRAPINFO data structure for the TRANSFAC-to-
Reference Example

pairs. The delimiters are special values explicitly inserted in order
to separate the values of interest, which are the variables. Excep-
tional cases may exists, but they could be generalized by introduc-
ing dummy delimiters and dummy variables.

Based on this observation, we have designed a tree data structure
to capture the layout of the text data. As an example, the tree view
of the TRANSFAC data is shown in Figure 5. In this tree, the
leaves are DLM-VAR pair nodes. The last leaf is a generalized
DLM-VAR pair with a dummy variable. The internal nodes in the
tree, also called the environment nodes, indicate how the children
are repeated.

5.1.3 Application Analyzer

After the layout and schema information is converted by the Lay-
out Parser and the Mapping Generator into internal forms, they are
processed by the Application Analyzer. As we stated earlier, the
output of the Application Analyzer is a data structure we refer to
as WRAPINFO. This data structure should capture all application
specific information needed by the wrapper. An additional goal is

store this information in a form that minimizes any execution time
analysis by the wrapper modules, and therefore, allows efficient
execution.

To understand the information that is needed for the wrapping
process, we can view the DataReader and the DataWriter modules
in the wrapper as two Turing machines, each with multiple tapes.
Their particular configuration is determined by the application. The
number of tapes are dependent on the target data schema. Further-
more, each tape serves as a buffer for an output data field. The
automata are related to the data layouts and the transition actions
mimic the process of tracing the DLM-VAR nodes along the layout
tree. Then, the goal of the Application Analyzer is to generate the
suitable configuration information for each application and store it.
The configuration of the tapes are stored as constant parameters,
and the transition actions of the automata are coded as look-up ta-
bles. The WRAPINFO data structure comprises these parameters
and look-up tables.

One important concept is the reachability of one DLM-VAR pair
from another. Consider a node a in the layout tree we had described
earlier. Then, a.DLM and a.V AR are respectively the delimiter
and the variable for this node. The reachability is defined as fol-
lows:

DEFINITION 3. A node b is reachable from the node a if there
can be a valid layout in which a.DLM and b.DLM form the
boundaries for a.V AR.

Intuitively, the set of reachable nodes contain all the DLM-VAR
pairs that could be read/written next. Thus, their delimiters form the
set of all possible strings indicating the end of the current variable
value.

The Application Analyzer performs the following actions to pop-
ulate the WRAPINFO data structure:

1. Number all the DLM-VAR nodes in the source and target
layout trees, as shown in Figure 5.

2. Create a delimiter look-up table for the source and the target
indexed by the DLM-VAR node number.

3. Mark the DLM-VAR nodes in the source layout trees as ei-
ther useful, if the corresponding data field is in the schema
mapping, or useless otherwise. Create a usefulness look-up
table indexed by the DLM-VAR node number.

4. Categorize the useful DLM-VAR nodes according to their
data fields’ cardinality counts and record the totals as con-
stants, one_to_one_total and one_to_multiple_total.

5. Label one-to-one and one-to-multiple nodes separately and
record the labels and the cardinality information in a label
look-up table and a cardinality look-up table.

6. For each DLM-VAR pair, generate a list of DLM-VAR nodes
that are reachable from it, as defined earlier. Record all of its
reachable nodes’ numbers as one row in a reachable look-up
table.

7. Find the DLM-VAR node in the source layout tree which
indicates the completion of reading one data entry. Record
its number as complete_in.

An example of the WRAPINFO data structure is shown in Ta-
ble 1. The specific values are for the TRANSFAC-to-Reference
transformation problem.



5.2 Wrapper

We now describe the actual implementation and execution of the
wrapper. Based on the WRAPINFO data structure, the wrapper
first sets up suitable buffers for the particular transformation task.
For each one-to-multiple data field, at any given time, only one
value is valid. Therefore, a single elementary data type variable
needs to be declared. For our discussion, assume the data type to be
string. Thus, collectively, a string array of size one_to_multiple _total
is declared to buffer all the one-to-multiple data fields. On the other
hand, by the time when a complete source data entry is read, a one-
to-one data field could have several valid values and they all need
to be buffered before they can be written to the output dataset. To
store all the one-to-one data fields’ value, an array of string lists of
size one_to_one_total is declared.

The string array and the string list array are shared by the Data-
Reader and the DataWriter. The DataReader scans the input dataset,
reconstructs the values for the data fields and writes them to this
value buffer. The DataWriter then retrieves the data, writes them
to the output dataset, and empties the buffer when needed. The
Synchronizer, as the name suggested, synchronizes their actions.

In the rest of this section, we will explain in details the three
general modules, i.e., DataReader, DataWriter and Synchronizer.

5.2.1 DataReader and DataWriter

While scanning the input dataset, the DataReader keeps track of
the number of the DLM-VAR node being read. From its reachable
list, the DataReader chooses the DLM-VAR node whose delimiter
appears first in the input data buffer as the next DLM-VAR node.
It considers the end of this variable as being just before this de-
limiter. If this value is useful, it will be extracted and appended
to a temporary string and the searching process is repeated. The
DataReader determines if the value of current data field is com-
pletely reconstructed by checking the labels of the nodes visited.
When the label changes, it indicates the beginning of another data
field. (Otherwise, it means that the current data field continues on
the next line.) At this time, the DataReader stores the value in the
temporary string according to the data field’s cardinality. If it is
one_to_one, the new value will be added to the correct list. If it is
one_to_multiple, this value will replace the old one.

Similarly, the DataWriter keeps track of the number of the DLM-
VAR node being written. When the DataWriter is ready to write
these values to the target dataset, it always gets the value of a
one_to_one data field by removing it from its list and gets the value
of a one_to_multiple data field by copying instead. If the value is
too long, it is splitted whenever possible, given that the data field is
allowed to continue on multiple lines.

Both modules return the number of the next node to be read/writ-
ten, which is used by the Synchronizer as signals of the progress of
the reading/writing process.

5.2.2 Synchronizer

The Synchronizer controls the progress of the wrapper by switch-
ing between calling the DataReader and the DataWriter. It is also
responsible for managing the input dataset buffer for the DataReader
to scan. The Synchronizer repetitively calls the DataReader until
the data buffer is filled with all the useful data from one source en-
try. This is indicated by the completion of data value extraction for
the data field with node number complete_in. Then, the Synchro-
nizer starts to call the DataWriter, which will write the data to the
output dataset following the desired format. The DataWriter will
also erase the values of the one-to-one data fields, The Synchro-
nizer watches for the completion of the writing process by monitor-
ing the value buffer for all the one-to-one data fields. Once they are
all empty, the Synchronizer stops calling the DataWriter and starts
a new cycle by calling the DataReader. In each cycle, one source

data entry is transformed, and one or multiple corresponding target
data entries are written to the output.

As the size of the input dataset is unknown beforehand, the wrap-
per reads the source data into the input data buffer chunk by chunk
instead of by the entire file. As the DataReader scans this buffer,
it continuously reduces it by removing the contents that have been
processed. Whenever the DataReader is unable to find any of the
reachable delimiters in the buffer, it indicates that the current vari-
able value extends beyond the current input data buffer. The Syn-
chronizer will stop the DataReader, read in the next chunk from the
source dataset, append it to the input data buffer and resume the
DataReader.

6. CASESTUDIES AND EXPERIMENTAL RESULTS

This section presents two case studies showing the application
of our system on real examples. We also present quantitative data,
focusing on 1) the scalability of automatically generated wrappers,
2) comparing the time required for wrapper generation with that
of wrapper execution, and 3) comparing automatically generated
wrappers with hand-written ones, if available. Both our case stud-
ies are from bioinformatics domain. TRANSFAC-to-Reference has
been used as a running example throughout the paper. SWISSPROT-
to-FASTA is another well known data transformation problem in
bioinformatics.

6.1 TRANSFAC-to-Reference

The challenges associated with this transformation problem have
been described throughout the paper. Here, we focus on the perfor-
mance data.

In TRANSFAC release 3.4 [13], the FACTOR flat file contains
2376 entries and is of size 6.0 MB. To evaluate the scalability of the
generated wrapper, we duplicated this file several times to generate
12.0 MB, 24.1 MB and 48.2 MB datasets. The experimental re-
sults are summarized in Figure 6. Because the wrapper generation
times are much smaller than the wrapper execution times, we have
used a logarithmic scale, and all times are shown in milliseconds.
The results show that the execution time stays very close to being
linear to the size of the dataset. Specifically, the ratios between
the execution times are 1:2.12:4.27:8.33. Figure 6 also shows the
wrapper generation overhead, that is, the time it takes for the gener-
ation system to analyze the application and write the WRAPINFO
data file for the wrapper. The overhead is a constant, regardless of
the size of the input dataset, and relatively small compared to the
actual execution time of the wrapper. In this example, because of
the large amount of optional fields in the TRANSFAC-FACTOR
data file, the input data layout tree contains 40 DLM-VAR pairs
and the largest set of reachable nodes is of size 23. As a result, the
WRAPINFO data structure is relatively complicated. For exam-
ple, the reachable look-up table is a 40 x 23 array. Despite the large
size of the look-up tables, the average wrapper generation time is
only 0.051 seconds, which corresponds to 1.2% of the wrapper ex-
ecution time for the 6.0 MB dataset.

6.2 SWISSPROT-to-FASTA

We also tested our wrapper with a common data transformation
problem in bioinformatics, which we refer to as the SWISSPROT-
to-FASTA problem. SWISSPROT database is one of the well-
known collections of protein sequences, and often needs to be queri-
ed with the popular analysis program, BLAST. However, this can-
not be done directly, as BLAST requires the sequences to be stored
in a format referred to as the FASTA format, and SWISSPROT data
is in a different and much more complicated format.

Many hand-written wrappers are developed for the SWISSPROT-
to-FASTA application. For example, SEQIO [29] package has a
file conversion program called fintseq. This case studies shows
that our automatically generated wrapper can solve this problem
just as well as these hard-coded tools. The performance of our
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Figure 6: Results from TRANSFAC-to-Reference Problem

automatically generated wrapper and the handwritten fimtseq pack-
age are compared in Figure 7. For the 153,871 sequence entries
in SWISSPROT Release 44.0, our wrapper takes 132.01 seconds,
while fintseq takes 100.44 seconds. This shows that our automat-
ically generated wrapper is still quite efficient. Our wrapper gen-
eration system also provides users with greater flexibility, such as
allowing them to customize the fields and add personalized com-
ments. Figure 7 also shows that the generated wrapper scales well
with larger dataset sizes. When we double, triple and quadruple
the SWISSPROT dataset, the wrapping time increases with a ratio
of 2.04, 3.12 and 4.13 times, respectively, as compared to the orig-
inal dataset. The WRAPINFO data structure generated for this
example is simpler than that for the previous example. The wrap-
per generation overhead is 0.042 second, which is 0.032% of the
time to transform a single SWISSPROT dataset.

7. RELATED WORK

The issues of format conversion for flat-files in a grid environ-
ment have not received much attention. IBM’s CLIO project uses
database schemas to derive the transformations needed to integrate
the datasets [26]. This work assumes that data is stored in databases
with well-defined query interfaces, and is therefore, not applicable
to flat-files. The support for external tables as part of Oracle’s re-
cent implementation allows tables stored in flat-files to be accessed
from a database*. The data must be stored in the table format, or an
access driver must be written.

The myGrid project has been developing technologies for inte-
grating a variety of services in the web, through the use of web ser-
vice composition language [39]. IBM has been developing Bioin-
formatic Workflow Builder Interface (BioWBI) for creating web
service based workflows for biological researchers’. These two ef-
forts typically require: 1) Use of XML for exchange of data be-
tween different sources, which can introduce high overheads, and
2) Java wrappers on existing applications, which can also introduce
overheads. Our proposed system can overcome these limitations,
though it cannot provide as much interoperability as is possible
through web services.

BinX and Binary Format Description (BFD) [5] is a meta-data
descriptor that gives a machine-readable view of a binary file. Our
layout description language has many similarities, but our main
contribution is to automatically generate the wrappers using such
descriptors. Other closely related efforts in the grid community
are as follows. Metadata cataloging and metadata services have

*See www.dbasupport.com/oracle/ora9i/External_Tables9i.shtml
5See http://www.alphaworks.ibm.com/tech/wsbaw.

600

Il handwritten fmtseq
Il generated wrapper

400~

Time (s)
@
s
3
T

200+
1004I4I
0

Figure 7: Results from SWISSPROT-to-FASTA Problem

Source Dataset Size (MB)

received much attention lately [12, 33]. Their focus is on mecha-
nisms for storing, discovering, and accessing metadata. Metadata
catalogs have been used by Artemis project [34] for supporting uni-
form access to heterogeneous scientific data sources in Grid envi-
ronment. Our goal is clearly complimentary, as we use metadata on
the layout for generating wrappers. We hope to integrate our work
with grid-based metadata services eventually. The SDSC Storage
Resource Broker (SRB) provides uniform access to heterogeneous
data sources. However, it does not include support for automati-
cally generated wrappers, and most of the transparency provided is
across storage devices.

A number of efforts exist on mediator-based bioinformatics inte-
gration, as reviewed in [22]. These existing mediator-based sys-
tems require hand-written wrappers. Specific examples include
K2/BioKlIeisli [38], TAMBIS [18], Biomediator [30], and Discov-
eryLink[20]. Automatic wrapper generation has also been an ac-
tive research topic. Currently, most of the automatic wrapper gen-
eration research has focused on extracting information from tab-
ular structures in HTML files [4, 28, 7, 16, 24]. ROADRUN-
NER [10] generates record layout structure by comparing HTML
pages. Arasu et al. have proposed an approach [3] where no heuris-
tics on HTML were used. However, multiple pages generated from
a same template must be collected for template construction. Over-
all, automatic wrapper generation using layout descriptors has not
been studies by any of these efforts.

Information or data integration has been widely studied for more
than two decades now. One of the early approaches to informa-
tion integration was using federated databases [31]. Use of me-
diators has been another dominant approach, and has been taken
by projects like TSIMMIS [17] and InfoHarness [32], as well as
many bioinformatics projects we listed above. More recently, fo-
cus has been on semantic interoperability. Use of ontologies and
ontology alignment [23] and semantic mediation [19] are some of
the approaches. Many algorithms for schema mapping have been
proposed, and are reviewed by Rahm and Bernstein [27]. The ini-
tial prototype of our wrapper generation system uses a strict name
matching algorithm to generate schema mapping. More advanced
algorithms can be easily incorporated into our system because of
the modular design and our future work will consider this.

Our work also has similarity with earlier work on data transla-
tion. Mamrak et al. have developed a system called Chameleon [25]
to help automate data translation tasks. A more recent system,
Configurable Chemical Middleware (C2M) is based on the same
approach [35]. The key limitation of both these systems is that a
common intermediate format is needed between the source and tar-



get datasets. The user needs to describe the relationship between
each of the source and target datasets to such a common format. In
comparison, our approach can translate between two formats whose
layout descriptors have been written independently, and does not
require a common intermediate format.

8. CONCLUSIONS

This paper has presented a new approach for information inte-
gration. We believe that our approach is effective and practical
for a number of scenarios, including, grid-based data integration,
supporting scientific workflows, and enabling data sharing in col-
laborative environments. The key advantage of our approach is
that once a layout descriptor is written for a data source or the
input/output of a service, integration and interoperability can be
achieved automatically. Unlike the traditional approaches that re-
quire manually written wrappers, our approach requires only a small
amount of effort when a new data source or tool needs to be added
to the integration system, or when the data format of a resource
changes.

Our current system requires that layout descriptors be written
manually. In our ongoing work, we are focusing on making this
process a semi-automatic one. On one hand, we are using a variety
of data mining techniques to learn the format of a data source. At
the same time, we are using techniques for error-recovery in parsing
to provide feedback when a layout descriptor needs to be corrected.
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