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Abstract 
We analyze a scientific protocol developed 
to support a service devoted to alternative 
splicing analysis. We explain the process of 
selection of resources to implement each 
scientific task and present a methodology for 
scientific tools analysis and benchmarking to 
produce sound and efficient scientific 
protocols.  
Keywords scientific protocol, workflow, 
scientific benchmark, semantic benchmark, 
sequence alignment benchmark. 
 
1. Introduction 
 
Public biological resources form a complex 
maze of heterogeneous data sources, 
interconnected by navigational capabilities 
and applications. Although this wide and 
valuable network offers scientists multiple 
options to implement and execute their 
scientific protocols, selecting the resources 
suitable to access and exploit the data of 
interest remains a tedious task. When 
designing a scientific protocol, they struggle 
to consolidate the best information about the 
scientific objects being studied and to 
implement it in terms of queries against 
biological resources. These protocols are 
typically implemented using the resources 
the scientist is most familiar with, instead of 
the resources that may best meet the 
protocol's needs. This implementation-
driven approach to express scientific 
protocols may significantly affect the 
outcome of a scientific experiment. Indeed 
similar resources (e.g., alignment tools) do 
not all perform efficiently on the dataset of 
interest, or resources that seem similar may 
return dramatically different outputs [1].  
 
In this paper we analyze a scientific protocol 
developed to support two Web services 
devoted to alternative splicing [2]. We 
distinguish its design that captures the 
scientific aim of the workflow, from its 
implementation

 
Alternative Splicing (AS) is a splicing 
process of a pre-mRNA sequence 
transcribed from one gene that leads to 
different mature mRNA molecules thus to 
different functional proteins. Alternative 
splicing events are produced by different 
arrangements of the exons of a given gene. 
Experimental approaches were first the only 
way to analyze cellular processes. It still 
works well but it is a very long and 
expensive process. With the availability of 
complete genomes and transcripts 
published on the Web, it is possible to check 
whether a transcript belongs to a cluster of 
different transcripts of a gene. The 
Alternative Splicing Protocol (ASP) we 
present in this section is currently supporting 
the BioInformatics Pipeline Alternative 
Splicing Services (BIPASS1) [2]. 
 
2.1 Design of ASP 
 
The Alternative Splicing Protocol takes a set 
of transcripts as input and returns clusters of 
transcripts aligned to a gene (see Figure 1). 
The process of alignment is simple and 
consists of an alignment of each transcript 
sequence against each genomic sequence 
of a whole genome of one or more 
organisms. This step is executed with all 
known transcripts extracted from different 
public databases. A clustering step 
immediately follows the alignment step. That 

                                                 
1 The BioInformatics Pipeline Alternative Splicing 
Services (BIPASS) are available at 
http://bip.umiacs.umd.edu:8080/. 
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step allows delimiting the transcript region of 
a gene excluding its regulation region. A 
cluster normally represents or may be 
representative of all intermediate transcripts 
(from the pre-messenger-RNA(s) to the 
mature messenger-RNA(s)) required to 
obtain one or several functional translated 
proteins from the same gene.  
 
2.2 Implementation of ASP 
 
The protocol is intended to support two 
services: BIPAS-SpliceDB and BIPAS-
Align&Splice. The former provides access to 
a warehouse obtained by executing ASP on 
public transcript and genomic resources. 
Because ASP is executed off-line to update 
the SpliceDB database, the performance of 
its execution is less critical than the 
performance of the system that processes 
the queries. In contrast, BIPAS-Align&Splice 
executes the complete protocol on-line with 
transcripts provided by the user. Because 
ASP will be executed each time the service 
is used, an analysis of its performance is 
critical to insure the quality of the service. 
 
3. Implementation issues 
 
A naïve implementation of the protocol is to 
follow the protocol design that only specifies 
the scientific objects involved (e.g., 
transcripts and genome in the protocol 
design illustrated in Figure 1) and select 
data sources to provide needed inputs and 
services to execute each task. Naïve 
implementations typically fail for syntactic, 
semantic, or efficiency reasons.  
 
Syntactic reasons are related to the problem 
of interoperability of resources. A data 
source may provide the needed input for a 
scientific task, but the service selected to 
perform the task requires a different format 
than the one used by the data source. 
Standardization efforts such as Web 
Services [4, 5] and BioMoby [6] provide a 
framework to communicate in a unified way 
the description of services and connectors 
including their input and output formats. 
Many projects have addressed problems of 

composition of services [7]. The focus of 
BioMoby is to provide an ontology-based 
messaging standard for automatic 
interaction with biological data, avoiding 
manual transformation of data formats 
between services. Workflow systems such 
as Taverna [7], Remora [8], SemanticBio  
[9], and Mobyle [10] enable the composition 
and execution of bioinformatics services. 
Combining a workflow approach with a 
service representation that guarantees 
compatibility of data formats offers a great 
value to the scientist who has selected the 
services to use and wishes to combine them 
in an executable workflow. For example, 
Taverna now allows the use of any service 
registered with BioMoby [11]. Although 
these approaches provide valuable support 
to the scientists, focusing on format-driven 
implementation of scientific protocols may 
lead to poor data quality (protocol 
semantics) and performance as a service 
may be chosen because it is compatible 
instead of its relevance with respect to the 
scientific aim of the protocol it implements or 
its efficiency. 

 
Figure 1: AS Protocol Design

 
Resource selection may affect dramatically 
to outcome of a scientific protocol [1]. An 
experiment conducted in February 2005 [12] 
demonstrates how the selection of 
resources may result in different datasets. 
Consider the simple query: retrieve 
bibliographic references related to a 
genomic disorder. To execute this query, a 
selection of resources may include OMIM 
and the PubMed Links provided by NCBI to 
retrieve PubMed entries related to each of 
the OMIM entries. These links offer a 
valuable contribution to the scientists as 
curated pre-computed joins between 
heterogeneous data sources. For the 
disease diabetes, 48,941 entries (without 
duplicates) were retrieved from PubMed 
linked to OMIM entries retrieved by 
conducting a search with 17 keywords 
related to diabetes. Alternative resource 
selections include: the same data sources 
(OMIM and PubMed) but different links, 
alternative data sources (e.g., an alternate 
resource for human genetic diseases is 
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Figure 3 - Efficient implementation of ASP 

applied to the alignment results (e.g., by 
keeping only 10% of the top scoring HSPs 
and by keeping only specific sections of the 
genomes that are aligned with transcripts). 
These filters decrease the number of inputs 
for the alignment refinement performed by 
SIM4. In summary, both queries and 
instances, i.e., transcripts and genome 
sequences, have been filtered. It results that 
the manageable implementation of a single 
scientific task “Alignment” consists of a 
workflow composed of six tasks illustrated in 
Figure 3. 
 
7. Related Works 
 
Benchmarks were first developed to 
compare hardware performances. Those 
first efficiency benchmarks measure several 
parameters such as CPU usage, memory 
access, etc. They consist of program(s) that 
will be run on the machine that is tested. 
Because the performance may vary with 
respect to the context of application, 
application benchmarks that capture a 
specific usage were developed in contrast to 
generic (synthetic) benchmarks. For 
example, 056.ear is a benchmark that 
simulates the human ear [16] using 
extensive complex Fast Fourier Transform 
functions. It takes a sound file as input and 
produces a cochleagram in an output file of 
1Mb. 056.ear is a CPU intensive single-
precision floating point benchmark and is 
executed on different hardware systems in 
order to compare their CPU usage, time, 
etc.  

Benchmarks can also be used to 
evaluate the relative performance of two 
software products running on the same 
computer. They first have been developed 
as efficiency benchmark comparing for 
example queries per minute and the 
price/performance ratio. 

Database benchmarks [16] are domain 
specific and consists of a schema, 
instance(s), and queries that capture a 

particular domain (see Definition 1). XML 
management systems (XMS) recently 
developed also required evaluation and 
benchmarks were developed to address the 
specificities of XMS [24]. Because the 
evaluation of a query (SQL, OQL, or 
XQuery) is deterministic, only efficiency was 
measured. 

In contrast, bioinformatics services use 
different algorithms and services 
implementing similar scientific tasks may 
return different results. These discrepancies 
led to the need of evaluating not only the 
efficiency of the execution of the services, 
but also the quality of the results they return. 

Existing bioinformatics “benchmarks” 
typically do not clearly describe the 
parameters they measure. Some seem to 
focus on traditional efficiency measures 
(e.g., time) and provide an instance on 
which similar applications have been run 
and for which the execution time was 
recorded. However the proposed instances 
are not designed to capture an application 
domain and rather seem to be a testing 
instance for an application calibrated to run 
very efficiently on this dataset, and more 
efficiently than known similar tools. Such an 
instance would be biased towards a 
particular tool, thus would not qualify as a 
benchmark as defined in Section 5.  

Other candidates for bioinformatics 
benchmarks focus on the quality of results 
returned by the bioinformatics tools. They 
consist of an instance, queries, and a 
curated expected output for the scientific 
task (Definition 3). Semantic benchmarks 
are difficult to develop because they require 
significant data curation which limits their 
size. Because semantic benchmarks are yet 
not large enough, they cannot be used to 
also measure efficiency adequately. 
 
8. Conclusion 
 
In this paper we analyze a scientific protocol 
developed to support a service devoted to 
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alternative splicing analysis. We explain the 
process of selection of resources to 
implement each scientific task and lay the 
ground for scientific tools analysis and 
benchmarking to produce sound and 
efficient scientific protocols. We define the 
concept of benchmark for scientific tools, 
and acknowledge the need for semantic 
benchmarks that evaluate data quality and 
efficiency benchmarks that focus on fast 
data processing. Future work will focus on 
the development of a benchmark for 
alternative splicing analysis and a rigorous 
analysis of performance of existing 
alignment tools. 
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