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Abstract. Scientific workflow (SWF) system is gradually liberating the 
computational scientists from burden of data-centric operations to concentration 
on their decision making. However, contemporary SWF systems fail to address the 
variables when scientists urge to deliver new outcomes through reproduction of 
workflow, including not only workflow representation, but also its “context” of use. 
Thus, current failure is mainly due to lack of representing and managing the 
“context”. We propose a context-oriented approach to create a SWF system more 
adaptive to the dynamic research environment. We present the feedbacks from 
interviews of multi-national virtual screening scientists, and illustrate a case study 
in which their decision making processes are modelled by contextual graphs as a 
uniform representation of knowledge, of reasoning, and of contexts. Finally, we 
conclude and highlight that sharing SWF intellectually with its context would 
make SWF as a complement to paper-based publications. 
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1. Introduction 

Scientific workflow (SWF) system is a specific workflow management system applied 
to science arena, and it concerns with the automation of scientific processes in which 
scientific tasks are orchestrated based on their control and data dependencies [1,9]. For 
years, SWF systems are widely applied to many applications, namely in physics, 
climate modeling, drug discovery process, and disaster recovery simulation [7,8]. 

Computational science [15], such as virtual screening [16], is an exploratory, 
flexible, and knowledge-intensive one that it is always re-done in an evolutionary 
pattern. However, contemporary SWF systems fail to address such dynamics and 
variables when scientists urge to deliver new outcomes through reproduction of SWF, 
including not only SWF representation and data provenance, but also its “context” of 
use. Main reason for such failure is due to the lack of representing and managing the 
context, defined in [12] as “which constrains something without intervening in it 
explicitly”. For scientists, a new result modifies the context of their decision making 
process. Thus, it is important for them to accounting for context. If not handling the 
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context during the scientific discovery, SWF system could not shift itself to a practice 
to address the specific focus and context of the scientist.     

We propose a context-oriented SWF system along a user-centered approach. 
Context can be associated with SWF in three main ways. Firstly, in the usual way, 
there is a library of SWFs, and context acts as an interface (middleware, context-aware 
system, etc.) to determine which SWF should be chosen from the library under a 
specific focus of the user. In the second way, context supports the assembling of 
components of the SWF, which must be recompiled each time. Thirdly, context is 
expressed by context graphs (CxGs), combined with SWF representation according to 
contextual elements (CEs), which will enrich the SWF representation, enhance its 
flexibility, and help to make a better decision for scientists.  

Making “context” explicit in SWF system would formalize scientists' research, 
strategies, and customization information, where elements of knowledge, of reasoning 
and of contexts are represented in a uniform way. We describe series of feedbacks from 
interviews of multi-national virtual screening scientists, and illustrate a case study in 
virtual screening. We generalize groups of contextualized information and model them 
by contextual graphs. Finally, we conclude that the potentials of intelligently sharing 
workflow with its context would make scientific workflow as a complementary of 
paper-based publications.  

Hereafter, the paper is organized in the following way. Section 2 presents the 
problem addressed in scientific discovery and why current SWF systems fail to address 
the dynamic challenges. Section 3 discusses and comments briefly previous works on 
context-based applications in order to point out what are reusable while problems 
remain to solve for SWF flexibility. We then propose our context-orient SWF solution 
in Section 4. Section 5 presents a case study in virtual screening. The general 
conclusion and future work in Section 6 closes the paper.  

2. Problem Addressed 

We are in the era of data-centric scientific research, in which hypotheses are more and 
more generated by combining and mining the pool of data already available [13]. 
However, current SWF systems fail to address such challenge for the following reasons: 

 Lack of “Context”. Current SWF systems are not capable of making the 
“context” of the case (including task at hand, environment, user's mood, etc.) 
accessible to scientists. SWF shifts scientific procedural, but without 
representation and management of context, the procedural could not shift  
itself to a specific practice to address current focus of the scientist. 

 Inflexible decomposition of workflow representation. SWF is not atomic for the 
user, who needs to carry out the actual work at a much more “fine-grained” 
level, such as "changing the parameters whenever needed in real-time". 

 Push oriented perspective. Most SWF systems force scientists to do what they 
are obliged to do rather than what they are able to do in a unique context. Such 
a “push” way gives rise to inflexible practices, and blocks the decision-making 
process. 

 Sharing of SWF representation is far from enough. Smart and intelligent rerun 
of SWF automatically is urged by scientists to deliver new outcomes when 
fresh data with new context become available [13]. 



3. Related Works 

Context has been playing an important role in a number of decision making domains for 
a long time. Context-based intelligent assistant system, a new generation of system 
which combines the strengths of knowledge based system with those of intelligent 
decision-making assistant system, has successful applications in diagnosis of equipment 
for EDF, French national power company [2], incident management on the subway [3], 
contextualization of a social network [4,5], medical image retrieval [6], etc.  

The need for flexibility and dynamicity in scientific workflow have long been 
recognized as a critical issue to adapt to changing circumstances of scientific discovery.  
A variety of artificial intelligence techniques have been brought to bear for intelligent 
SWF representation and automation, while guaranteeing data quality: 

 [18] discusses the need to assist scientists at a higher level that requires 
capturing and exploiting scientific knowledge about the software and data 
used in computational experimentation. WINGS [19] also presents the idea of 
reasoning with SWF at the knowledge level using ontologies and rules.  

 myExperiment [9] enables social networking around SWFs in bioinformatics 
applications, builds up a SWF repositories, and provides community support 
for social tagging, comments, ratings and recommendations by adopting 
content-sharing tools and other Web 2.0 technologies. 

 DECLARE [17] identifies three flexibility mechanisms for workflow, which 
could suspend the decision makings, change or ignore the workflow 
representation separately when needed in a flexible way.  

 MOTEUR [20] presents a novel scientific workflow system combining an user-
friendly workflow representation with flexible and efficient execution 
strategies, such as enabling dynamic extension of the data sets. 

 
However, it is more and more proven that the general approach doesn't work well, 

because of not closely working with the user. A context-oriented approach will not 
only make use of previous success of context-based intelligent assistant systems, such 
as capturing contextual information through context graphs, but also work closely with 
scientists to promote intelligently share of SWFs through the process of incremental 
knowledge acquisition. One contribution also embraces making available a tool for 
teaching virtual screening because students (Master and Ph.D) will know which methods 
can be used at one step and the rationale (i.e. the contextual elements) for the choice of 
any methods. Further more, this work has been carried out in an international-level 
cooperation with virtual screening scientists from both France and China. 

4. Proposed Context-oriented Approach 

We propose a context-oriented solution and believe that making “context” explicit 
in scientific workflow system could promote a SWF more adaptive to the dynamic 
environment and enhance its intelligence to facilitate an effective decision-making. 
This results following key features of context-oriented SWF system: 

 “Context” is the essential element for each scientist to represent his/her own 
“practice” (which is considered as the contextualization of “procedure”) in a 
SWF, to address a focus in a given context.  



 An “experience-based knowledge base” is designed and built, and the 
knowledge base is enriched and modified through a process of incremental 
knowledge acquisition. 

 An interface is developed  for acquisition and management of the “experience-
based knowledge base” .  

 The solution should be a user-centered one, that less “push” but more 
“participating” and “interactive” oriented SWF is represented. 

Applying scientific workflow to improve decision making outcomes in virtual 
screening is a very difficult issue. On one hand, workflow represents a compilation of 
well-established procedures, robust and usable in a number of domains. On the other 
hand, virtual screening is a domain where there is no unique solution but a very large 
number of solutions that depend on a number of factors specific of products, molecule, 
situation, software, environment, etc. Representing these factors as contextual elements, 
then assembling contextual elements as contextual graphs, seems to be the first priority 
for approaching a complete representation of SWF and make available an experience-
based knowledge base. Our recent achievement is mainly presented in a case study. 

5. Case Study 

5.1. Background 

Virtual screening scientist published their finding on crystal structure of “Polymerase 
PAC-PB1N complex from an avian influenza H5N1 virus” in Nature [10,11], considered 
as the first successful result of drug discovery research on avian influenza H5N1 virus. 
“PAC” is a protein, which is a kind of H5N1 virus, and its toxicity will only take effect 
when combining with a small molecule called “PB1N”. In general, this research aims to 
find dozens of molecules from millions of molecules in ZINC database [21], which 
could best block the binding between PAC and PB1N. As a result, the viral replication of 
H5N1 is abolished, hereafter “dozens of molecules” become candidates for anti-H5N1 
drug. Based on this finding, we are running a project entitled “Virtual screening research 
on polymerase PAC”, which aims to dock [22] about 7.7 million small molecules 
separately on PAC. The application is not only a time-consuming one in which millions 
of computings are expected to perform by docking software (such as Dock 6.0), but also 
a very flexible one that there is no unique solution for each computings because they 
vary from each other on selecting docking software.  

In order to address such flexibility challenges, we believe the starting point should 
be a representation of scientists’ workflow in formalism where elements of knowledge, 
reasoning and contexts are represented in a uniform way. Hence, we firstly generalize 
feedbacks on procedurals and decision making processes of virtual screening research, 
through questionnaires to scientists in Section 5.2. Then we make interviews to 
scientists on detailed information during their research, through which contextualized 
information, or known as contextual elements (CEs), are obtained  in Section 5.3. 
Further more, we begin to use context graphs (CxGs) to model the CEs and preliminary 
result is presented in Section 5.4.  



5.2. Feedbacks from Virtual Screening Scientists 

Through questionnaires to several scientists, we get the knowledge that there are mainly 
two rounds of screenings for virtual screening research:  

 First round screening aims to perform rigid docking between millions of  
molecules and the protein separately.  

 Second round screening selects higher-score molecules (about 10% of total 
molecules) after the first round screening, and performs flexible docking 
between selected molecules and protein separately. 

 
More in detailed, we present the general steps, including decision makings process, 

of “protein preparation”, which is a very important portion of virtual screening during 
the first round screening: 

 
Step 1. Name the targeted protein (PAC) and get its structure. 
Step 2. Execute the necessary preparation works:  
    Step 2.1 remove unrelated molecular (such as water); 
    Step 2.2 add hydrogen and charge; 
    Step 2.3 optimize the protein (PAC), etc.  
Step 3. Locate the binding site of protein (PAC) iteratively:   
    Step 3.1  

 Perform the docking calculation between the protein (PAC) and PB1N,  
 Get its RMSD value (RMSD_0, in chemoinformatics, RMSD is a measure of the 

distance between a crystal structure conformation and a docking result),   
 Compare the conformation of PB1N before the docking, with the new one after the 

docking; 
    Step 3.2  

 Do the first round virtual screening of protein (PAC)  with 1000 ligands,  
 Get the RMSD value separately (RMSD_1, … , RMSD_1000); 

     Step 3.3 compare the value of RMSD_0 with RMSD_1, …, RMSD_1000; 
     Step 3.4  Is the result good?  

 If “YES” (two indicators: conformations of two PB1N  mentioned in Step 3.1 are 
similar, and the difference between the value of RMSD_0 and Minimum{RMSD_1, ..., 
RMSD_1000} is not huge), then choose this binding site as the one which will be used 
in the large-scale docking process later (with million of ligands).  

 if NOT, re-configure the parameters and re-do Step 3.1, Step 3.2, Step 3.3 (iteratively if 
necessary), until the answer of Step 3.4 is “YES”. 

5.3. Results Generalized through Interviews 

Based on the feedbacks from scientists, we make interviews on detailed information 
during their research, through which two results are generalized: 

1st result:  Virtual screening is an adaptive research, and computing is always re-
done in a repeatable and evolutionary pattern. There are two aspects for the  1st result: 

 Scientists always ignore or add a portion of SWF when re-executing the 
SWF. For example, during the first-round screening, scientists firstly do the  
“protein preparation” for PAC. But during the second-round, there is no need 
to repeat such step for the new SWF, because the same protein will be 
performed. Another example, second-round screening would be flexible 



docking. Thus, they add a new step in the second-round called “protein 
optimization”. 

 Modifying the parameters is a necessity when performing a new-round of 
screening. For example, in the second-round, they change the parameter from 
“flexible = NO” to “flexible = YES”, because it is the time to do a precise and 
flexible screening. The reason behind this sort of modification, is mainly due 
to updating the research objectives, such as computing budget, how much time 
they have, etc. 

 
2nd result: Sharing of SWF means not only to share of representation, but also to 

share of “context”. There are two aspects for the  2nd result: 
 It is necessary to distinguish virtual screening computings under various 

“contexts”. Once, we preform two computings, one to local computer in 
Lanzhou University, the other to a distributed computer in Tsinghua 
University in Beijing. We thought two computings should be finished at the 
same time. But it turned out that the latter one is finished 3 weeks after the 
former one, because the latter computer has only one CPU while the former 
one is a cluster with 64 CPUs. Similar accident happened when working on 
different version of software (Dock 5.0 works differently from Dock 6.0). 
Obviously, such lessons learnt indicates that the “context” of use is missing.   

 “Context” plays a very important role in two ways of SWF sharing. 
Firstly, sharing of SWF with context is considered as a complementary part of 
the paper-based publication. Other scientists would evaluate your hypothesis 
in a much more precise way by re-executing the SWF when the context is met. 
In second way, it enables the reproduction, transformation, and evolution of 
other's “old” SWF to your brand “new” one. Take virtual screening on H5N1 
virus for example, since H5N1 virus shares a general structure with H1N1 
virus (95% similarity, through the protein sequence analysis of RNA 
polymerase PAc between H5N1 and H1N1), it is possible to share SWF 
representation of H5N1 virtual screening with H1N1 researchers. 

These results generated through interviews, is vital to the extraction of contextual 
information as contextual graphs, which promotes a user-centered approach of 
decision-makings for virtual screening scientists. 

5.4. Modeling SWF with Contextual Graphs 

The piece of software Contextual Graphs (CxGs) is presented, explained and available 
at www.cxg.fr. A contextual graph represents the different ways to solve a problem. It 
is a directed graph, acyclic with one input and one output and a general structure of 
spindle. A path in a contextual graph corresponds to a specific way (i.e. a practice) for 
the problem solving, represented by the contextual graph. It is composed of elements of 
reasoning and of contexts, the latter being instantiated on the path followed (i.e. the 
values of the contextual elements are required for selecting a branch, i.e. an element of 
reasoning among several ones). Figure 1 provides the definition of the elements in a 
contextual graph (actions, contextual elements, sub-graphs, activities and temporal 
branching). A more complete presentation of this formalism and its implementation can 
be found in [5].   

 



 
Figure 1. Elements of a contextual graph 

We begin to use CxGs to model our case study in virtual screening. Generally 
speaking, as Section 5.2 indicated, there are two rounds of virtual screening. However, 
the exception exists, which is demonstrated in Figure 2. By interview, scientist first 
proposes a question whether there are less than 100 thousands molecules (1). If so, 
scientist could ignore the first phase of rigid docking and directly move to the flexible 
docking (2). Else, there are more than 100 thousands molecules, it is necessary to do the 
two rounds of screening separately (3, and 4). Finally, when the screening is finished, 
scientist will analyze the result (5). In our case study, scientist has 7.7 millions 
molecules, so the path of “1→3→4→5” is followed. 

 

Figure 2. Contextual graph “The process of virtual screening” 

1 : What is your screening scalability? 
   less than 100 thousands molecules  2 : Activity: direct flexible screening 
   more than 100 thousands                 3 : Activity: first-round rigid screening 
                                                            4 : Activity: second-round flexible screening 
5 : Activity: analyze the results and virtual screening is finished 

 
Figure 3 shows what happens inside “first-round rigid screening” (Activity 3 in 

Figure 2). In our case, scientist performs first-round screening between each molecule 
and Polymerase PAC, separately. Firstly, check if it is a rigid screening (2). If “No”, quit 
for checking again (3); if “Yes” then do the following: prepare the protein (1), then 
locate the binding site (7), and perform the docking (6). Later, by analyzing the result 
of first-round rigid screening (4), select the top-scorer molecules and store them for 
second-round screening (5). 



 
Figure 3. Contextual graph “Activity: first-round rigid screening” (Activity 3 in Figure 2) 

   2 : Is it a rigid screening? 
         Yes       1 : Activity: protein preparation 
                      7 : Activity: locate the binding site 
                      6 : Activity: perform the docking 
                      4 : analyze the first-round rigid screening 
                      5 : select the top-scorer molecules, and store them for second-round flexible screening 
          No      3 : quit this screening until "rigid screening is ready" 

 
Figure 4 shows the comparison between SWF representation of “protein 

preparation” without introduction of context (Left), and contextual graph of “protein 
preparation” (Right, Activity 1 in Figure 3).  

Figure 4. (Left) SWF representation of “protein preparation” without introduction of context 

             (Right) Contextual graph “Activity: protein preparation” (Activity 1 in Figure 3) 

  1 : Can you find the protein by yourself? 
        Yes       2 : Download it from "Protein Data Bank" 
        No        3 : ask for help from your colleagues until you get the protein 
  4 : Do you need to do "protein preparation"? 
        Yes       11 : Enter series of parameters during "protein preparation" 
                      5 : Activity: remove unrelated molecules 
                      6 : Activity: add hydrogen and charge 
                      7 : Is it a rigid or flexible screening? 
                                     rigid 
                                     flexible          13 : Activity: optimize the protein 
                      9 : store the protein prepared in the database 
         No        
  10 : Are you satisfied with the result of "protein preparation"? 
         Yes 
         No        12 : Modify the series of parameters and redo the "protein preparation" 



As a result, from Figure 2 to Figure 3, then to Figure 4 (right), contextual graphs in 
different granularities work together to represent the virtual screening process. Further 
more, through the comparison in Figure 4, we could easily conclude that contextual 
graphs provide a uniform representation of elements of knowledge, of reasoning, and 
of contexts, in which SWF dynamic and flexibility is expressed in a clear way: 

 Before the contextual graphs was corresponding to SWF representation (Left 
picture of Figure 4), SWF is rigid as several pieces of components assembled 
with sequence of input data (Unprepared_protein), workflow component 
(Protein_preparation), and output data (Prepared_protein). However, the 
virtual screening research is a flexible one that scientists could not afford to 
re-design the representation every time when trivial changes (caused by the 
change of context) is urged for a reproduced SWF. By introducing contextual 
graphs (Right picture of Figure 4), scientists could easily model flexibilities 
and decision-makings in contextual elements, which would control the 
assembly of ignoring or adding a portion of SWF whenever needed.  

 Further more, when CxGs are included in the workflow compilation, the value 
of contextual element will lead to invoking a certain workflow component, 
which enables multi-outputs of decision-making process. For example, such 
outputs of whether to invoke Activity 13 (right picture of Figure 4) or not, is 
manipulated by Contextual element 7. 

The power of contextual graph has not yet come (at least not directly) in the 
designing phase of context-oriented SWF systems, but it is considered as an important 
and useful tool to assist the user in reacting quickly when facing with unexpected 
circumstances during the decision making process. To enhance this function, it is 
expected to immigrate the merits of contextual graphs with current scripts of SWF 
representation (such as BPEL [9]). 

6. Conclusion and Future Work 

Virtual screening research is an adaptive research, and decisions are always re-made in 
a repeatable and evolutionary pattern. Unfortunately, current scientific workflow 
systems fail to adapt such dynamicity and variables. 

 The potential benefits of making “context” explicit in SWF system will: 
 represent and formalize virtual screening scientists' idea, strategy, knowledge, 

and reasoning in a uniform way;  
 encourage “sharing of SWF and data under a specific context” within 

scientific communities, as a complementary form of research outcome, which 
should be curated and archived along with paper-based publications (see recent 
Nature's Editorials on “Data sharing” [14], and huge success of myExperiment 
project [19]).   

 
Context-oriented SWF open the door to significant new capabilities for automated 

scientific discovery and reasoning over data, knowledge, and discovery. Applying 
scientific workflow to virtual screening is a very difficult attempt. Representing 
dynamicity and flexibility as contextual elements, then assembling contextual elements 
as contextual graphs, seems to be the first priority for approaching a complete 
representation of SWF. The association of such a context model with scientific 



workflows, would lead to an efficient use of a robust method in virtual screening once 
not formalized at all. As soon as we get enough contextualized information during 
virtual screening, next step would use contextual graphs to build up an experience-based 
knowledge base for the context-oriented SWF systems. It is also vital to get more and 
more computational scientists (such as virtual screening scientists) and distributed 
computing scientists (such as grid/cloud computing) involved in this inter-discipline area 
to promote collaborations in a shared context. We believe that, “data-centric” and 
“knowledge-intensive” are not competitive but complementary for accelerating the pace 
of scientific discovery, such as virtual screening. 
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