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ABSTRACT 

 

This thesis investigates adaptive provenance collection in the context of scientific workflow 

systems. In particular, we show how to design and implement an adaptive provenance system 

that operates at multiple levels of granularity. 

 

Scientists in different disciplines use scientific workflows as management and 

representational frameworks for distributed scientific computations. Scientific workflow 

systems need a scientific workflow management system (SWfMS) to manage the flow of 

work among (both local and distributed) participants and resources; and to coordinate user 

and system participants. Scientific workflow systems are run over heterogeneous 

environments, which see changes over time in resources, requirement and policies (e.g. the 

cost of resources, or the policy of provenance collection in). Such changes may influence the 

way in which workflow mechanisms can best operate within the environments, and motivate 

our consideration of adaptive mechanisms to deal with such changes. 

 

SWfMSs run a scientist’s experiments. They manage sequences of complex transformational 

processes; in particular, they collect provenance information at various levels of abstraction 

(or granularity). Provenance in SWfMS is important because it enables scientists to have a 

clear understanding of results, especially to reproduce and verify them. 

 

Provenance information can be collected at different levels of detail, typically coarse, medium 

and fine grained, using specific provenance collection mechanisms. We define a Model of 

Provenance (MoP) for each level to make it explicit what is determined as provenance 

information in each level, and in addition how it is represented.  

 

We explore and survey provenance collection mechanisms and MoP, in order to provide 

sufficient understanding of the design and development of suitable provenance mechanisms 

for workflow systems. We emphasize adaptability and interoperability as important and 

desirable properties of a provenance system, especially those running over distributed 

environments.  

 



 

 

 

ii 

We propose a novel provenance architecture in scientific workflow architectures, which 

benefit from the notion of separation of concerns, which is an important principle in 

middleware architecture. The design and development of our adaptive provenance 

architecture untangles the adaptive-granularity and provenance-collection concerns, so that 

we can more easily offer adaptive provenance collection mechanisms. 

 

We use reflection (MetaObject Protocol (MOP)) and Aspect-Oriented Programming (AOP) as 

two ways of realizing the separation of concerns in our adaptive provenance collection 

mechanisms. Both the MOP and AOP oriented adaptive provenance collection mechanisms 

are explored in our scientific workflow case study, and implemented on a process network 

based workflow model. The case study demonstrates adaptive collection and representation of 

multiple levels of provenance granularity, according to our model of provenance (MoP). This 

MoP represents various levels of provenance granularity in a format compatible with a 

generic Open Provenance Model, enabling interoperability. 
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