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The Formal Specification and Verification of Transaction Processing
in Web Services by Membrane Calculus

QI Zheng-Wei  YOU Jin-Yuan

(Department of Computer Science and Engineering » Shanghai Jiaotong University s Shanghai 200030)

Abstract It is important to adopt a suitable formal method to specify and verify complex transac-
tions in Web services. The authors have developed a formal method called Membrane Calculus to
describe the abstract model in long running transactions. This paper extends Membrane Calculus
to analyze the practical atomic transaction commit protocol WS-AT. Due to the simple State
Transition Table and Chart, WS-AT can not describe the complex coordination activities between
the coordinator and several participants. Membrane Calculus is used to formally specify the be-
havior of the coordinator and participants and analyze the Safety and Liveness of WS-AT. The
Model Checking experiments show that there are 38,187 states in the authors’ model and Stabili-
ty, Consistency, Non-Triviality are satisfied while Non-Blocking is not. The reason is that WS-

AT mixes the registration and coordination protocols.
Keywords membrane calculus; transaction processing; formal methods
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in Web Service. The authors have developed a new formal
method called Membrane Calculus inspired by P-Systems.
The main contribution of this paper is to continue this way to
use Rewriting Logic semantic to verify the properties of
transactions. Membrane Calculus is used to formally specify
the behavior of the coordinator and participants and analyze
the Safety and Liveness of WS-AT. In the feature, the au-
thors will study the loose-coupled dynamic transactions in

Grid environment.



