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Abstract  

This paper brings attention on a need for engineering 
web-services design while composing (or orchestrat-
ing) composite-services from component services. 
Both manual and static - or - automated and dynamic 
service compositions demand special attention to ap-
ply all known principles to engineer well formed ser-
vices. This paper points out lack of engineering can 
result in unpredictable erroneous behavior. A few 
such errors are pointed out. Such situations can be 
semantic errors too. This paper proposes a solution by 
analyzing service-tree structure, which models consti-
tuent components of a service. This paper further goes 
to identify a few attributes that can be used to de-
scribe well formed services; and also illustrates how 
tree data structure can be used to analyze and improve 
services’ design. Literature survey gives good hope to 
couple certain mechanism with the proposed service 
tree to address dynamic situation requirements too. 

Keywords  
 Service composition; automatic composition of Web 
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1. Introduction: Problem Context 

As service orientation has been gaining importance in 
enterprises, it becomes important to engineer well 
formed services. By engineering we mean to apply all 
formal principles to the design of services. ‘Design of 
services’ refers to composing services from atomic 
component services or components. OASIS-Open 
organization’s ‘Reference Model of services’ (1) will 
serve as reference for all terms used in this paper re-
lated to ‘service.’ Web services are collections of 

business functionalities in software modules that are 
net-work accessible through standardized XML based 
messages (1), (2). 

There are two popular service composing tech-
niques: 1. SCA - Service Component Architecture (3), 
2. WS-BPEL (4).  

SCA addresses concern of agility and reusability; it 
provides facilities to produce composite applications 
from functionalities of existing enterprise systems 
mostly within or outside an enterprise. 

WS-BPEL or simply BPEL takes a process ap-
proach to compose services that are essential to ex-
ecute steps of a process. It has provision to describe a 
process in abstract or executable way. BPEL focuses 
on representing compositions where flow of process 
and bindings between services are known a priori. A 
more challenging problem is to compose services dy-
namically, on demand (5).  

Both SCA and BPEL make use of XML and pass-
ing messages between service consumer and provider. 

Some of  major reasons for issues creeping in ser-
vice compositions are: 

1. Services expose only their interfaces and not their 
implementation details to composer or consumer. 
This becomes source for semantic errors on com-
position.  

2. A large number of services are available, both 
within enterprise as well as in the community out-
side, from which one can pick needed compo-
nents to compose required service. Both for 
manual or automatic service composition, this 
poses challenges (6). One needs an efficient 
search, filtering and service comparison and equi-



 

 

valence detection facilities to compose services 
from these component services. 

3. Loose coupling by message exchanges between 
consumer and provider, can lead to a lot of mes-
sages being exchanged between them due to faul-
ty design of composition, including those pointed 
out in this paper, 

The ‘languages’ that are available for service choreo-
graphy or orchestration or composition such as BPEL 
or SCA are aimed to provide facilities for easy service 
composition using interfaces exposed by service pro-
viders. However the language constructs themselves 
won’t prevent an absurd or bug ridden composition. 
Also as we know, semantic bugs are hard to detect by 
machines and hence the bugs creep-in. The consola-
tion is, for example ‘abstract description’ of process 
in BPEL (6), helps in automating analysis of the com-
posite services. Characteristics of composite services 
can be analyzed statically or to a limited extent dy-
namically (6), (9) -outside execution environment- for 
errors such as recursion, dead-lock, and also for SLA 
and cost, scalability, impact on maintainability, 
through use of dedicated special purpose tools or si-
mulators. Engineering principles discussed in this pa-
per and others- (5), (6), (7), (9), (10), (11) -can form 
basis for designing such tools and hence designing 
well formed services. 

This paper points out one such error situation that 
can occur. It also proposes solutions for analyzing 
such possible errors in composite-services by model-
ing them as ‘service tree.’ Right now the paper con-
fines only to manual analysis; it discusses possibilities 
for automation. Also this paper discusses usage of 
service-tree to analyze various measures for well-
formed services. 

This paper is organized in the following way: the 
above introduction describes the context of the prob-
lem taken for analysis in this paper. Section-2 states 
the problem. Section-3 explains the problem through 
illustrations. Section-4 summarizes related work in 
literature. Section-5 explains proposed solution using 
service tree analysis. Section-6 discusses how to use 
service tree for calculating and measuring through 
attributes for well-formation of services. Section-7 
describes limitations and extents of this approach. 
Section-8 presents plan for future work.  

2. Problem Statement 

During service composition one can end up with ‘en-
tanglements’ as explained below. 

The word entanglement is used in analogues to a 
rope or thread getting entanglement. The sequence of 
execution of component-services in a composite-

service is equated to the rope that can be ‘entangled.’ 
(SCA uses a term ‘wire’ for composing services and 
this term ‘wire’ is closest to thread and lead us to vi-
sualize entanglement.) 

Here figures 1 and 2 describes some such entan-
glement. The key reason for such inadvertent entan-
glement is lack of visibility for consumers, beyond 
interface, how a service is implemented. 

 
Enterprise 1    Enterprise 2 

Figure 1: Indirect Recursion 

 

 
Figure 2: Mutual Recursion 

 
The figure-1 explains sequential execution of ser-

vices. Composite-Services at a higher level, in a tree 
like structure, take the help of component services at 
lower level. Nodes are coordination points or orches-
tration points of all constituent component services 
those roll up to the node.  

This service-tree structure is description of flow of 
connections and components known a priori. In dy-
namic - detect, compose and consume - situation, the 
above picture can be thought of as a snap shot at ex-
ecution time when all those (component) services 
come together to render the intended final composite-
service. 
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There are many entanglement situations such as re-
cursion or mutual-wait; some recursion situations are: 
1. Self recursion 
2. Mutual recursion on the same service-tree 
3. Indirect recursion between trees. 

A mutual recursion is as described in figure-2 
where service- C takes help of Service-F; but the ser-
vice-F itself is defined in terms of Service-C. For ex-
ample, to pay mobile phone charges, we use mobile 
phone to access banking services as mobile banking 
service and initiate payment to mobile phone service 
provider. If this is automated, the service will not get 
entangled under several conditions: when mobile 
phone does not have enough balance left out or be-
coming zero (in pre-paid service connection), as the 
fund transfer is about to happen from bank account to 
mobile service provider. 

Indirect recursion can happen between two service-
trees as shown in figure 1. The lack of knowledge 
how a service is implemented can be consumed in this 
way to result in an entanglement especially if these 
two trees are in two different organizations.  

References (5), (7) give life situations that can end 
up in entanglement. 

2.1 Problem Description 

The entanglement problem is unique in composing 
services and not in other related areas such as ‘com-
posing’ objects using conventional programming lan-
guages. 

Language compilers provide explicit or implicit re-
cursion construct. Also the caller and called module 
both execute in a common environment and hence the 
execution environment (compiler, operating system) 
can deduct these kinds of abnormal recursions and 
can terminate the execution.  Each recursion will take 
additional stack space and finally stack will over flow 
and hence execution environment will terminate the 
process. (Debugging may be a difficult.)  

But in Service provider-consumer situation, for 
each recursion messages are sent or received. There is 
no common execution environment comprising both 
consumer and provider. They are loosely coupled. 
And hence no option to recognize and create stacks 
necessary for recursion operations. Also composing 
languages such as BPEL do not provide ‘recursion’ as 
a construct. In spite of it, one could create recursion 
and hence as a consequence recursions will create a 
lot of messages that may queue both at the consumer 
(as results message) as well the provider (as request 
message) side as explained in section 3. 
Also one need to comprehend that the recursion 
pointed out could be semantic because of transparen-

cy of how services are implemented and composed 
using only knowledge of their interfaces.  

The semantic recursions cannot be deducted during 
syntax verification or compilation; and this also can 
occur whether language constructs for recursion are 
available explicitly or not for service composition as 
mentioned in section ‘introduction.’ 

3. Illustrating situations to explain problem 

Statement  

We will examine whether to use recursion or not in 
service composition. SCA or BPEL does not provide 
recursion as a structured construct. Recursion is unna-
tural in process modeling environment whereas it 
cannot be ruled out in composite applications com-
posing environment.  

If need to use recursion in service composition, fol-
lowing illustrates right or wrong implementation. The 
same is illustrated for factorial (n) that needs either 
explicit or implicit recursion. (The structured con-
structs used in the following figures are not exact con-
structs either in SCA or BPEL but it is to illustrate the 
point.) We are composing services that offer to return 
value for factorial (n). 

One wrong (Implementation 1) way is recursion is on 
consumer side; Also note the value of service pro-
vided is very low and consumer need to be almost 
aware of details of factorial; but this example is cho-
sen to illustrate a major issue - the number of messag-
es that will go back and forth between consumer and 
provider:  
 
 

 

 

 

 

Implementation-1 (wrong Way) 

 
Another wrong way is Implementation 2: recursion 

is on service provider side; and the service provider 
calls his/her own service to determine factorial (n-1) 
through a recursion. 
 
 
 

 

Implementation-2 (wrong Way) 

 
The correct way to implement is (Implementation-

3) to implement the recursion in a function in a lan-
guage based component and call it at the service pro-
vider end. 

Repeat  

If n == 0 or 1, then return (1) 

Else return (n* factorial (n-1))  

Until (n >1)  

Factorial n Service : 

(input: n)  

If n == 0 or 1 return(1) 

Return  

 

Service provider side 

Call Factorial service with n 

as input  

Factorial n Service: (input: n)  

Repeat  

If n == 0 or 1, then return (1) 

Else return (n* factorial (n-1))  

Until (n >1)  

 

Consumer side Orchestration 

or composing algorithm 

 



 

 

 
 
 

  
 
 

Implementation-3 (Correct Way) 

 
Services are not meant to be used as outlined in 

implementation 1 or 2. So designers, composing ser-
vices, need to be aware of such erroneous implemen-
tations and avoid them at design stage. 

4. Solutions in Literature 

We recognized that we need solutions for two differ-
ent situations: 1. for static situations or manual com-
posing of services, 2. for dynamic situations or 
automated composing of services 

BPEL and SCA provide facilities for category one 
(5) where flow of the process and the bindings be-
tween services are known a priori. 

4.1 Related Works 

Reference-(8) points out similarities between objects 
and services. It argues that services are one level 
higher abstraction of objects or components. Also it 
attempts to characterize well-formed service. This 
paper attempts to combine business views of services 
to ITs view. But the treatment is mostly at business 
perspective whereas the semantic-recursion problem 
can occur during implementation. 

Reference (7) brings certain key attributes of well 
formed services. But the reference views service 
composition as QoS routing problem and analyzes 
impact of services on underlying network. Also this 
reference uses the term service tree; one needs to 
work a lot to stretch these concepts to apply to soft-
ware view of services.  

(9), (10) bring a formal method based on PSM – 
problem solving method. This reference considers this 
class of problems as semantic issues. Hence recom-
mends Web Services to provide semantic information 
to consumer. In this method services (re-usable com-
ponents) and tasks are brought as a tree; the input 
output interactions between the tasks; the flow control 
that describes the task execution. Based on PSM, the 
paper demonstrates an infrastructure for Semantic 
web services development. This infrastructure is a 
kind of language environment and it is ODE-SWS. 
What is relevant and interesting to us is, it allows to 
describe service compositions and the same is made 
available to the service consumer. This frame work 

verifies completeness and consistency of composed 
services. 

However process algebra approach given in (11), 
(6) is easier to understand, amenable for machine-
comprehension and analysis of to-be-consumed ser-
vice trees. The process algebra notation is similar to 
abstract model of WS-BPEL. Hence after analysis it 
can be converted into WS-BPEL.  

5. Proposed Solution: Service Tree Analysis 

We propose visualizing a composite service as ser-
vice-tree. 
Service Tree structure 
1. Depicts hierarchy of component-services that 

make up composite-service  
2. Gives a lot of ease to analyze characteristics for 

well formation  
3. Reveals many aspects of composite-services 
4. Lists all components on which the composite ser-

vice is built 
5. Describes whether a tree connects to other tree or 

trees inside or outside parent organization 
6. Facilitates manual or automated analysis for er-

rors such as recursions or dead lock  
7. Helps to identify critical path of service execution 
8. Indicates parallel execution paths 
9. Leaves represent component services  
10. Depth indicates possible dependency of the com-

posite-service 
11. Nodes are orchestration points 
12. Can be balanced using suitable algorithms for 

‘balancing’ (out of scope for this paper) 
 

5.1 Execution Entanglement 

Presence of semantic recursions or such entangle-
ments in a given service tree can be detected by ma-
nually going through the service tree. In dynamic 
situations, one need automated recognition of equiva-
lence of component-services. See also discussions in 
‘Future Work’ section of this paper. 

6. Measuring well formation of services using 

‘Service Tree’ Analysis 

6.1 Attributes of well formed services 

Services can be characterized as well formed through 
a set of attributes. Reference (8) points out following 
attributes for well formed services: re-usable, ab-
stracted, published, formal contract, technology neu-
tral, or consumable.  (7) Identifies and discusses – 
Efficient, Robust, Adaptive, Scalable – as attributes.  

From software perspective we propose that follow-
ing attributes could characterize well formation of 

Call Factorial 

service with n as 

input  
Repeat  

If n == 0 or 1, then return (1) 

Else return (n* factorial (n-1)) 

Until (n >1)  

 

Factorial n Service: (input: n) Call function  

 



 

 

services: Execution entanglement, Maintainability, 
Performance, Scalability, and Reliability. 

For each of these attributes one need to define crit-
ical measures along with what is minimal acceptable 
or a highly desirable value. Health of wellness can be 
monitored based on these accepted values; an agreed 
formula for aggregating them will also reveal health 
of total wellness. 

6.2 Illustrating Use of  Service Tree for analyzing 
measures of well formed Service 

Of course, tree structure of modeling services makes 
them amenable for calculating these measures.  

6.2.1 Maintainability, Reliability and 

Dependability 

If one of the component-services is pulled off or de-
commissioned from service or under maintenance, 
then the composite-service cannot deliver its intended 
service. In a dynamic situation the system should lo-
cate an equivalent alternative service.  

Thus number of component-services a parent has, 
directly reveals maintainability as well its dependabil-
ity or reliability. Maintainability is also affected by 
accessibility of its components for maintenance. If 
component-services are not in same organization then 
accessing failed services to maintain is not that easy. 

Let us see how Service-tree structure can help in 
comprehending these facts: 

 Maintainability of a parent-service = ∑ (maintaina-
bility of its components).  

The depth of a tree indicates ease-of-access of 
components for maintenance. Difficulty to maintain is 
directly proportional to number of levels in the ser-
vice-tree. Number of nodes indicates service orches-
tration points. Any orchestration point is difficult to 
maintain since all parameters may not be within ones 
control to maintain. Maintain to fine-tune SLA (Ser-
vice level Agreement) is also as complex as the tree 
is. 

This is true for reliability too. The reliability of 
composite service depends on the weakest reliable 
element it constitutes. The classical definition of de-
pendability of composite-service = π (Probability of 
failure of each component). The depth of the service-
tree also indicates the reliability factor. Lesser the 
level better the reliability and hence the dependability 
of the service. 

6.2.2 SLA (Service Level Agreements) as 
Performance Measures 

SLA of a service is determined by the longest path 
(critical Path) in a service-tree; to say in popular way, 

the speed of the relay race is determined by the slow-
est runner.  

Slowest in the chain determines scope for improv-
ing SLAs. If combined SLA of a tree is more than 
desired value of SLA for the composite-service, then 
the composite-service needs to be re-composed by 
some other way or with different faster components. 

Also one cannot improve SLA beyond sum total of 
all SLAs of components in critical path in a service-
tree. This gives upper bound for performance im-
provements.  

One way to improve SLA is to reduce number of 
nodes in critical path of the service-tree. Also one can 
not commit an SLA for parent better than the slowest 
component in the critical path. Increasing parallel ex-
ecution of components will improve the SLA. This 
means ‘balancing’ the tree as we do in balancing the 
tree data structure (8), (9). Also decreasing the level 
of tree will improve the SLA. 
Quantitatively one can assign SLA value to each node  
or service component and by traversing the tree in the 
critical path one can arrive at SLA of composite-
services.  Thus use of tree structure gives a lot of ad-
vantages to induct quantitative techniques. 

6.2.3 Scalability 

The service-tree is useful in analyzing points to im-
prove scalability. Each node can be supported to han-
dle more requests for service. Balancing the service-
tree will induct parallel execution of component-
service execution paths and thus it can reduce bottle 
necks. Thus it will improve scalability. Providing ex-
ecution support at each node also will improve scala-
bility. By analyzing the critical path for taking longer 
time to execute service, one can augment those nodes 
with additional resources using queuing theory prin-
ciples too. (7) is a good resource for detail. 

7. Limitations of  Service Tree Analysis  

Experience indicates (7), (12) that all services need 
not necessarily form a tree structure. Literature indi-
cates a network is an alternative structure to represent 
services the way they are free to get combined to form 
complex services. Hence many [Petri net based] ap-
proaches are also being applied to analyze the servic-
es. Tree is a special case of network.  

Taking clue from most successful field of data 
bases, one can investigate application of relational 
model to services too. The Object tree has been con-
verted into relational model for applying proven for-
mal methods such as relational algebra. This is close 
to process algebra discussed in section ‘Related work’ 
and also in ‘Future Work.’ 



 

 

8. Future Work 

It is planned, as future work, to use process algebra 
(6) for issues pointed out in this paper.  

Interestingly this reference (6) uses process-tree 
model to evaluate semantic equivalence of two 
processes and this is essential for automation. 

To effectively use the process algebra we need ser-
vices to provide, as semantics, the implementation 
detail of to-be-consumed service as service-tree to the 
consumer. Reference (5) provides a solution for the 
same. OWL (or OWL-S) is XML based ontology to 
describe service semantics. This semantic description 
will facilitate external agents to understand both func-
tionality and internal (service tree) structure of SWSs 
(Semantic Web Services) to be able to discover, com-
pose, and invoke SWSs automatically. DAML-S par-
titions a semantic description of a web service into 
three components: one of them - the process model 
component- can be used to send service tree. Also this 
is similar to the business process model in WS-BPEL. 
Hence process algebra can be used to extract the ser-
vice tree or process algebra of the service to-be con-
sumed (6).  

9. Summary  

This paper brings the attention of engineering design 
of services.  
1. Loose coupling by message exchanges between 

consumer and provider,  
2. A large number of services from which the con-

sumer need to pick the right one to consume and  
3. Interface is the only thing services expose –  
are sources of challenges in composing a correct ser-
vice both in static as well as in dynamic situations. By 
identifying specific problem that can occur during 
service composition, it proposes solution based on use 
of ‘service tree’ depicting hierarchy of component 
services that make up a composite service. It also illu-
strates use of service tree to calculate measures of 
attributes of well-formed services. This paper reviews 
a few key approaches that are available to automate 
such verification and validation. The proposed service 
tree approach is also amenable for automation.  

Currently most of the solutions are suitable for ma-
nual or human-assisted automation for discovering, 
designing and consuming of services. 

Evolution of Semantic Web services and other re-
lated mechanisms give a good hope for complete au-
tomation in the near future. 
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