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Abstract 

 
Efficient and effective migration of system services 

is critical to cope with intrinsic-changed nature of 
Service-Oriented Architecture (SOA). However, due to 
the large amount of configuration items, complicated 
mapping and complex dependency relationship among 
system services, migrating into a new Service Hosting 
Environment satisfying the operation requirement of 
SOA becomes an error-prone and time-consuming task. 
The SCM project in IBM develops a novel approach to 
migrate Service Hosting Environment shaped in Unix-
like systems. Firstly, this approach builds a set of 
configuration models for various system services. Then 
based on models, it presents knowledge based 
mapping to translate system service configurations 
between Service Hosting Environments. Finally, it 
designs a dependency hierarchy deducting algorithm 
to compute the dependency relationship among system 
services for migration traceability and error 
determination. A SCM prototype has performed well 
on largely reducing time, labor and errors in real 
migration cases. 
 
1. Introduction 
 

SOA is considered as a promising approach to 
construct large-scale enterprise information systems 
spanning the Internet [1]. For optimizing performance, 
improving flexibility and availability etc. to meet open 
and dynamic business requirements, a SOA system 
should be resilient enough to cope with the challenges 
which usually leads to migrate underlying system 
services [2] because a SOA system heavily relies on 
these services. For instance, the AIX Mail Service 
might be used by a web service that processes 
purchase orders to exchange messages between users. 
The authentication of WebSphere Application Server 
and DB2 database is also heavily dependent on the 
AIX User/Group Management Service.  

However, migrating Service Hosting Environment 
is a time-consuming and labor-intensive work which 
requires high skills. During migration, their exist large 
amount of configuration items, complicated 
configuration item mapping and complex dependency 
relationship among system services which greatly 
increases the obstacles to detect the errors. So it is hard 
for system migration engineers (SME) to take 
everything into consideration. And according to IDT 
data, migration cost is up to 13% of IT management 
cost in the past years [3]. 

To address the above challenges, the SCM project 
is developing a novel approach to migrate Service 
Hosting Environment shaped in Unix-like systems. 
Figure 1 gives an overall architecture of SCM. In this 
architecture, Discovery Agent discovers and captures 
configuration items of system services according to 
CIM-based system service configuration models in 
source Service Hosting Environment. Migration 
Assistant provides discovery guides from SMEs to 
Discovery Agent, builds the dependency relationship 
tree among system services to determine the migration 
sequence for migration traceability and error detection, 
queries Migration Advisory Database to get 
knowledge-based mapping to finish mapping and build 
the appropriate migration plan/process. Provisioning 
Agent provisions mapped configurations of system 
services in target Service Hosting Environment to 
build same or similar entironment for the toppers. 

The rest of the paper is organized as follows. 

Figure 1 Overall System Architecture 



Section 2 describes how to build configuration models 
of system services. Section 3 presents knowledge-
based configuration item mapping. Section 4 discusses 
a system service dependency hierarchy deducting 
algorithm. Section 5 briefly discusses related work. 
Section 6 concludes the paper. 

 
 2. System Service Configuration Model 

 
Service Hosting Environment could be regarded as 

being made up of a set of system services whose 
function and behavior are driven by their 
configurations respectively. And almost all system 
services in Unix-like systems are homologous with 
same or similar configuration syntax format and 
semantics. For example, most configuration items in 
DNS client configuration files (/etc/inetd.conf) in 
different Unix-like systems are same.  

Using such features and taking configuration entry 
format (such as inetd.conf’s configuration entry format: 
ServiceName SocketType Protocol WaitStatus 
UserName ServerProgram ServerProgramArguments) 
as an input, Source Environment Model Builder in 
SCM can automatically generate initial CIM-based 
hierarchy models for similar or same system services 
in different Unix-like systems according to the related 
configuration syntax format and semantics. The root 
model includes configuration items of a system 
service , each of which is shared in function and 
semantic by all Service Hosting Environments. Non-
root models include configuration items of a system 
service shared by one or some Service Hosting 
Environments. From the root model to a special child 
model, a full configuration of a system service in a 
specific Service Hosting Environment can be 
abstracted. SMEs can use the tool to further enhance or 
improve the generated models to meet practical 
requirements with their expert knowledge. Figure 3 
illustrates automatically generated 
SCM_InetdConfCommonModel and its child can 
effectively represent the configuration of inetd service 
in Tru64, Solaris, AIX, Redhat and HPUX. 

3. Knowledge-Based Mapping 
 

Based on configuration models for system services, 
the possible configuration item mapping can be 
summarized as follows: 

Let: MA={ C1, C2, …, Cl, A1, A2, …, Am } 
represents the configuration model of a system service 
S in a source environment. 

MB={ C1, C2, …, Cl, B1, B2, …, Bn } represents the 
configuration model of S in a target environment. 

Ci represents a common configuration item.  
Aj and Bk represent specific items in MA and MB.  
F(I1, I2, …Io) represents the combination of the 

configuration items (I1, I2, …Io) can meet a specific 
purpose or function. Then:  

 One to One Mapping  
If F(Ai)=F(Bj), Ai can be mapped to Bj directly. 

 One to N Mapping 
If F(Ai)=F(B1, B2, B3,…Bj), Ai can be mapped to 

the combination of B1, B2, B3,…Bj. 
 N to One Mapping 

If F(A1, A2, …Ai)=F(Bj), the combination of A1, 
A2, …Ai can be mapped to Bj. 

 M to N Mapping 
If F(A1, A2, …Ai)=F(B1, B2, …Bj), the combination 

of A1, A2,…Ai can be mapped to the combination of B1, 
B2, …Bj.  

 
Obviously, it is the key that how to locate the 

mapping function F to apply these mapping. In our 
implement, such functions are abstracted from a set of 
mapping knowledge tables accumulated and defined 
by SMEs. Figure 3 presents an example configuration 
item mapping table for DNS resolv.conf. For non 1-to-
1 mapping, assembled mapping can be defined in the 
table for the left column related CIs. These tables can 
be edited or refined after being introduced into SCM as 
XML files. With the guide of these mapping 
knowledge tables, SCM can automatically translate 
configuration items in models among different service 
hosting environment.  

Figure 2. inetd Configuration Model 
Figure 3 DNS Client Configuration Mapping Table 



 4. Dependency Relationship Deducing 
 

 It is clear that tight dependency relationship exists 
among system services. Migration Service Hosting 
Environment based on dependency relationship will be 
very helpful to escape possible errors or conflicts, trace 
the process, and restore the target environment. 

 
Definition 1: Base Functional Unit (BFU) 
BFU is a functional operation which serves others 

for a specific purpose, such as user account 
management function in NIS. It is an atomic function 
of a system service. A system service maybe has more 
than one BFU. Suppose A is a system service, then 
A={ a1, a2, a3,……, an }, where ai is a BFU.  

 
 Definition 2: Input and Output of a System 

Service 
For A, a request for its service (RequestForServe) is 

defined as an Input and a request for others to serve it 
(RequestForServed) is defined as an Output, which can 
be represented as Fin(A) and Fout(A) respectively. 
Based on Definition 1, the following exists: 

 Fin(A) ⊆∪Fin(ai),  Fout(A) ⊆∪Fout(ai). 
 
Definition 3: Dependency Relationship R 
A R B represents that A has a request to be served 

by B, which can be expressed as below: 
 A R B = { (ai,bj) | ∃ (f∈Fout(ai) ∧f∈Fin(bj)), ai∈

A, bj∈B } 
If given A, B, C, while ∃ ( (a,b) ∈  A R B and (b,c) 

∈B R C), it can be deducted that A has an indirect 
dependency relationship with C. 

 
Definition 4:  Dependency Loop L 
Suppose a1, as∈  A1, a2∈  A2, …aj∈Aj …an∈An, 

Aj is a system service, if the following condition is 
satisfied: 

(a1, a2) ∈ (A1 R A2 ),…, and (aj-1 , aj) ∈  (Aj-1 R 
Aj),…, and (an-1 , an) ∈  (An-1 R An ) and (an , as)∈(An 
R A1) 

Then a dependency loop L exists among A1 to An. 
If such a Loop exists, all related system services can be 
treated as a system service in logical and each system 
service will be treat as a BFU respectively. 

 
Dependency Hierarchy Deducting Algorithm 
This algorithm is used to build a depth tree to 

represent the dependency hierarchy of system services, 
in which parent nodes directly depend on children 
nodes and the depth of a node represents its level in 
dependency relationship. Its pseudo-code is as follows: 

 
1. Create an initial Tree T: an application, App is 

selected as the root node with depth 0 and its 
directly dependent system services A[1…n] with 
each depth 1; 

2. i 1 
3. CURRENT_NO  n 
4. REPEAT  

a) j 1 
b) WHILE (j<= CURRENT_NO)  

i. Aj  a system service at ith depth  
ii. IF(Aj directly depends on system services 

B[1…m]) 
THEN FOR t  1 to m 

IF ( B[t] ∉  T ){ 
[Add B[t] to T as a child of Aj] 
 [Set depth of B[t]  i+1] 

                          }ELSE IF !(Check Dependency Loop 
from Aj to B[t]){ 

[Add B[t] to T as a child of Aj] 
[Update depth of B[t]  i+1] 
[Update depth of B[t]’s sub trees] 

}ELSE{ 
[Construct a virtual system service, 
C including nodes in the loop] 

 [Update depth of C  depth of 
B[t]+1] 

[Update parent-child relationship 
of nodes having same depth with 
B[t]] 

[Update depth of sub trees of each 
node in C] 

[Record the loop and Give an alert] 
         } 
iii. j++ 

c) i++   

Figure 4 System Services Dependency Relationship UI 
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d) CURRENT_NO the number of system 
services at the ith depth 

5.   UNTIL CURRENT_NO = 0 
6.   RETURN T 
 

5. Related Work 
 

The CHAMPS [6] project proposes a “best of 
breed” approach by leveraging existing techniques, 
such as workflow etc, for an integrated Change 
Management solution of software deployment. 
Regarding the intrinsic-changed nature of SOA, an 
autonomic computing approach is proposed by Li et al. 
[7] to reconfigure web services in a distributed 
environment by dynamically provisioning and re-
provisioning their instances to meet Service Level 
Agreement (SLA). While these work target the 
deployment of web services and software in the higher 
layer, our approach focuses on constructing underlying 
Service Hosting Environment for upper application. 

Vmware P2V [8] is an industry tool targeting the 
similar scenario as this paper, which automatically 
migrate a real operating system into a Vmware virtual 
machine. It is different from ours that it merely targets 
the same operating system, while our tool involves the 
configuration mapping to support the migration among 
heterogeneous systems. In addition, the migration in 
the P2V tool actually is an image copy, while ours can 
support the selective migration of system services, and 
further use the dependency management mechanisms 
to guarantee the migration’s validity. 

 An improved approach [9] to generate 
configuration files from a database is proposed by Jon 
Finke etc. This method can be used to keep the data 
extraction and the formats of the file in the database, 
while doing the actual file generation and version 
control management on target systems.  

Automatically extracting dependencies among 
system components is considered in [10]. This 
technique can be used to complement our work by 
automatically capturing the dependencies between a 
specific application and the system services. 

 
6. Conclusion 
 

For quickly building resilient Service Hosting 
Environment to meet demand business requirements, 
this paper develops a novel approach to migrate system 
services shaped in Unix-like systems. It builds a set of 
configuration models for various system services, 
presents knowledge based mapping to migrate system 
service configurations and design a dependency 
hierarchy deducting algorithm to compute the 

dependency relationship among system services for 
migration traceability and error determination. 

Several extensions to the present work are planned. 
We are trying to integrate change management with 
IBM Configuration Management Database (CMDB) 
into our approach following ITSM processes. Another 
challenging research direction is configuration 
optimization in target Service Hosting Environment. 
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