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� Recently Service Oriented Architecture (SOA) 
attracts more and more attention as a promising 
technique

� SOA’s feature of loosely coupled promises rapid 
services composition and dynamic reconfiguration
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� However it also brings more challenges to the 
assurance of consistency and reliability
� The whole view of service flow is invisible because 

most SOA applications compose various services from 
different runtime environments 

� There are many complicated interactions between 
services of a SOA application
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� Many methods and tools have been developed aiming to handle this
problem
� Component reuse
� Behavior formalization

� In this paper, we propose an approach to verifying the consistency 
between collaborative services in SOA applications based upon model 
checking
� Define Collaboration-Contracts (Discuss later) of collaborative services 

from an Extended UML Sequence Diagram
� Use LTL Formula to present Collaboration-Contracts
� Translate dynamic behavior models (From StateChart) into formal 

modeling specification (Promela for SPIN)
� Verify the consistency of collaborative services through an integrated 

SPIN-binding tool called TMDA
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� This workflow of a flight-
ordering system implies some 
kind of relationship between 
services like pattern of “send 
and receive”
� For example: We use  OCheck

(System checks flights and 
seats) and PRequest
(Customers cancel the order) to 
represent the related transitions
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� Why UML?
� Both UML Sequence and StateChart Diagrams represent model’s 

dynamic behaviors
� StateChart Diagrams can unambiguously represent internal 

behavior of services
� Sequence Diagrams naturally imply sequential transitions between

collaborative services

� Why extending UML?
� Highly enhance modeling veracity and efficiency, as well as 

reduce possible inconsistency
� UML 2.0 does not explicitly unify naming rules to involve two 

diagrams
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� Sequential Enter State
� An extended state property of messages (in UML Sequence Diagram), 

representing that the accepting service should enter the relevant state 
(in UML StateChart Diagram) after a message has been executed
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� Sequence Enter State (SES) can 
also be understood as snapshots of 
system’s behavior status

� OrderCreating is the SES of 
message reorder, which means 
when the service Customer has 
executed the message reorder
from System, Customer will enter 
the state OrderCreating at the 
very moment 
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Definition [ESD Message] A message in ESD is a quintuple 
EM=<SO, TO, M(), SES, Sn> where

� SO : the source object of the message;
� TO : the target object of the message;
� M() : g m, where g is the guard condition of m, and m

can either be a method call like TO.m() or an action like 
create, terminate or destroy;

� SES : TO’s SES after the message has been executed;
� Sn : the serial number used to record the sequence of 

messages.

→
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Definition [Participant] A participant is a triple P=<O, G, CS > where
� O : the object corresponding to the relevant participate;
� G : the set of Boolean attribute expressions(g) of source object O, 

represents preconditions of O’s messages;
� CS : the set of current states of O through the entire process, which is 

used to present dynamic behavior;
Definition [ESD] An ESD is a triple ESD=<Ps, EMs, IO > where
� Ps : the set of Participants;
� Ems : the set of ESD messages;
� IO : interaction operators, consist of global variables and expressions 

like alt, opt, loop etc, which is used to present relationship between 
messages;
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� So the dynamic semantics of an ESD message can 
be defined as follows:

¬¬
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� Collaboration-Contracts are restrictions of SESs from an 
ESD

Definition [Collaboration-Contracts] a four-tuple CC=<I, 
E, SESs, IO> where

� I: the first element of relevant SS;
� E: the last element of relevant SS;
� SESs: the set of SESs abstracted from SS in ESD;
� IO: interaction operators, consists of global variables and 

expressions like alt, opt, loop etc. (SS represents set of 
sequential behavior states among collaborative services)
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� Dynamic Semantics of Collaboration-
Contracts (CC)
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� With the dynamic semantics defined above, 
we can use LTL formula to represent 
relevant CC easily.
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� Mapping from StateChart
Diagram to Promela

� Fork/Join can be represented 
by simple state transitions

� Composite State can be 
decomposed into several 
hierarchical states
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� FTOS is a web-based SOA application consists of two 
services: website handling and system background 
processing. We call them Web and Sys for short here. ESD 
of FTOS is shown as follows:
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� FTOS’s Collaboration-Contracts can be 
defined as follows:
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� Relevant LTL Formula can be defined:
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� SPIN is used to check the consistency among service behavior models,
including safety and liveness. If the behavior model does not satisfy its LTL
formula generated from CC, the violation traces will be shown by SPIN in the 
view of behavior model .Following is an output for FTOS.
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� Customers can simulate transition of states step by step 
and observe system’s snapshots of states changing, which 
is a great assist for inconsistency locating. A snapshot of 
simulation for FTOS by TMDA is shown as follow:
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� This paper proposes an approach to verifying the 
consistency among collaborative services behavior based 
upon model checking .

� Compared to traditional SOA verification methods which 
are mostly designed at the level of code implementation, 
we introduce UML Diagrams to represent dynamic 
behavior among collaborative services aiming to reduce 
the risk and loss of SOA applications through the lifecycle 
of development 

� Furthermore, this work provides an integrated SPIN-
binding modeling tool (TMDA) for model-based 
verification and simulation. The tool has proven to be 
sufficiently flexible and expressive, and supports a variety 
of checks through the plug-in SPIN.
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� In the future, we will study systems built on top of 
services belong to different entities which requires 
accessing the internals of each service. Different 
data types between StateChart Diagrams and 
Promela also need be handled later
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