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Abstract—Timely design, development and marketing of 

new service with creative and innovative features are 

essential for service firm. Context-aware service, in which 

contextual information is used to adapt the behavior of 

service automatically to user’s situation and need, is 

recognized to open up new opportunities for the service 

creation and service innovation. However, despite of 

technological possibility, context-aware service is still in its 

infancy. Lack of systematic methodology for service logic 

design is one of problems limiting the usage of contextual 

information to greatest extent. In this paper, we propose 

petri net as formalism for building a logic model of context-

aware service. We make a further study about the dynamic 

behaviors and properties of the context aware service model, 

such as deadlock, invalid transition and inconsistency, etc. 

On this basis, we present a scenario-based method to design 

context-aware service model. A guidance system for elderly 

with dementia is designed by this method and the result has 

partly proved the effectiveness of our model and algorithm.  

 

Index Terms—context-aware, service design, scenario-based, 

petri net 

 

I.  INTRODUCTION 

Emerging systems of 3G and beyond make it possible 

to acquire contextual information from sensors, 

localization systems, RFID tags and other mobile 

devices[1]. The information can be used to adapt the 

behavior of services automatically to the user’s situation 

and need, resulting in so-called context-aware services[2]. 

Among them, location-based service, such as in-car 

navigation system which has been available and 

successful for many years, is an important type of 

context-aware application. Context-aware service is very 

similar to location-aware service, except that a wide 

variety of contextual information is utilized. For example, 

mobile tourist guide system recommends place to visitor 

based on the current location, personal preference and 

visitor distribution. Pervasive healthcare system monitors 

patient’s vital sign of life (e.g. blood pressure, heartbeat 

and temperature) through sensors anytime and anywhere. 

When any of these vital signs become abnormal, alerts 

are issued and certain reactions are scheduled. Context 

awareness may increase the usability of the service, and 

adds value. It has been recognized that context-aware 

service opens up new opportunities for the service 

creation and service innovation. 

Context-aware service environment is generally 

complicate and dynamic. Unlike static desktop computer-

based system that is driven by, or heavily relies on user’s 

explicit input as command, context-aware systems stress 

delivering services to users in natural and non-intrusive 

way, without distracting them from their tasks[3]. This 

requires the underlying service logic of context-aware 

system should be highly autonomous. Context, as implicit 

input to system, should be utilized as fully as possible to 

reduce the interaction between user and system, and 

personalize service. Therefore it is unsuitable to simply 

copy service scenario of desktop computer-based system. 

Context-aware applications need to draw on the cognitive 

science and user experience in the design process. Only 

on this basis building context-aware service that make it a 

benefit, rather than a hindrance to users [3]. 

Most of current design frameworks for context-aware 

application are predominantly software-oriented[3], in 

which service logic design process is ignored under the 

assumption that the service logic is explicit. Service logic 

formulation process is actually sensor-driven, and the 

context-awareness is generally additional function to the 

service. This is very practical and reasonable in early 

stage of the technology development, when the available 

contextual information is limited. However, with more 

and more information sources providing different types 

of context which can be used by the service, service need 

to be designed in high-level and from holistic perspective.  

In this paper, we propose a systematic approach to 

context-aware service design. Our work is based on the 

assumption that there exists appropriate technology and 

methodology to implement the service logic once it has 

been established, which is the area studied extensively by 

middleware design and software engineering.  

The rest of the paper is organized as follows. Section 2 

presents the related works in systematic methodology of 

service development. Section 3 proposes a unified logic 

model of context-aware application. We also explore the 

service logic design method based on scenario analysis in 
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section 4, and a design case is discussed in section 5. 

Section 6 concludes the paper.   

II.  RELATED WORK 

According to the widely accepted formal definition of 

context by Dey and Abowd[4], “context is any 

information that can be used to characterize the situation 

of an entity. An entity is a person, place or object that is 

considered relevant to the interaction between a user and 

an application, including the user and the application 

themselves.” 

Systematic methodology of service development is 

researched in service engineering field, where service 

engineering is specialization of software engineering that 

targets the development of applications for consumption 

by end-users[5]. Here the concept of service is narrower, 

referring to a set of software which has certain functions. 

Among various methodologies, model-driven architecture 

(MDA) is regarded as more suitable [5]. Achilleos et al. 

propose a model-driven development process based on 

MDA paradigm. Designers can define context model at 

an abstract level and the definition of proactive rules for 

modeling context-aware behavior by a dynamic petri net 

is introduced[6,7]. Serral et al. propose a method 

applying the MDA guidelines for developers to properly 

specify context information in a set of models and to 

automatically generate the code of context-aware 

pervasive systems from these models[8]. Kapitsaki et al 

propose architecture and a model-driven methodology for 

development of context-aware composite applications[9].  

In general, these efforts focus on implementing service 

logic efficiently and flexibly. The methodology we 

propose in this paper can be viewed as complementary to 

the work above. The main point of the methodology is to 

transform service scenarios into effective service logic 

model, which is independent of sensor and platform.  In 

our early research, we have proposed a context aware 

service petri net model which focuses on the structural 

aspect [10].  In this paper we also consider the dynamic 

properties of service and reflect these properties in the 

presented model.  

Ⅲ.  A UNIFIED FRAMEWORK OF CONTEXT-AWARENESS 

Context-awareness implies determining the situation of 

the user and environment, and tailoring operation to the 

current context in user-friendly and effective way. We 

present a formal model in logical level, which can cover 

the wide variety of possible applications.  

A.  Context model and Context Reason 

Let   be the set of concept representing the semantic 

meaning of context. We represent context as first-order 

logic predicate, which is often adopted in context 

model[11]. Formally, our model has basic form of 

1 2 k( )Predicate a ,a ,...a , Where 1 2, ,..., ka aPredicate a   are 

the arguments of the predicate.  

Since what is represented in service logic model is the 

relation of context and corresponding action being 

triggered, context in model is actually context type 

description, or condition that the context satisfies. So by 

using variable and set description in argument list to 

represent context type and conditions. For example, 

network_connection_device(x,{PDA,laptop,cell-phone}),   

or simply, network_connection_device(x, portable), refers 

to the context that the user access network with portable 

device, including PDA, laptop, and cell-phone. Context 

representation in following part of this paper refers to 

context type representation, which we will not mention 

specifically. 

Contexts can be classified into two categories based on 

the means by which context is obtained, i.e. sensed 

context and inferred context. Sensed context is acquired 

from physical sensor or virtual sensor. For instance, 

physical location can be got through GPS, gender and age 

can be acquired from customer database which can be 

regarded as virtual sensor here. Sensed context reflects 

the basic facts that can be detected. 

More facts about the situation can be inferred on the 

basis of sensed context and domain knowledge by context 

reasoning. This kind of context is called inferred context. 

For example, from the sensed context that there are 10 

people in Room 203 and powerpoint is running at the 

same time, it can be deduced that there is a presentation 

in Room 203.  

Generally, knowledge in the form of rule can be 

expressed as follows: 

1

k

i

 1 2 1 2( , ,... ) ( ... ),mi i i i ncontext x x x context y y y  

Where , 1,2,... ,icontext i k  and context are predicates.  

Definition 1. Let S be set of sensed context. The 

inferred context set KI  is defined recursively as follow: 

(1) If ,S  K   then KI  

(2) If  ,KS I  K   then KI                 

Where K denotes the entailment operation by the 

knowledge base K.                                                            ■ 

Knowledge base here should be interpreted in broader 

sense, including explicit knowledge, as well as implicit 

knowledge and corresponding process. According to this 

definition, if “powerpoint is running in Room 203” is a 

sensed context, through knowledge base, we can infer 

there is a presentation in Room 203, so the context 

“Presentation in Room 203” is an inferred context. If we 

know another sensed context “More than five people sit 

in chair”, then we can know there is a conference in 

Room 203. Hence, “Conference in Room 203” is also an 

inferred context. 

We define a special context, true context, denoted as 

truec , which is always true. It can be viewed as a type of 

special sensed context. 

We use _ ( , )action result a  to represent context resulted 

from taking action a in context .  

Let A be a set of action taken by the service.   

Definition 2. Let RA be a set of result context by action 

set A. RA is defined recursively as follow: 
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(1) If ,KS I   a A , _ ( , )action result a   , then 

AR   

(2) If ,K AS I R   a A , _ ( , )action result a   , 

then AR                                                                      ■ 

  From the definition, we can see that the result context 

is not just determined by the action, but also the context 

within which the action is performed. Result context can 

also be regarded as precondition to trigger another action. 

Hence, the result context actually represents process 

information, that the contexts having occurred and the 

actions having been performed.  

B.  Context-aware service model 

Context awareness exploits contextual information to 

adapt the service’s behavior. Context-aware service 

model is the logic model which represents the service 

reaction in certain contexts. 

(i). Definition of Context-aware service model 

We employ petri net, which is regarded as proper to 

model dynamic system, to model context aware service. 

In our context-aware service model, a context is 

represented by a place and an action is represented by 

transition. The flow relation reflects the condition and 

result relation between context and action. With the aim 

of adaption to the characteristic of context-awareness, we 

put some restrictions on the model. First, The place 

representing sensed context or inferred context have a 

token when it is true, have no token when it is false, and 

does not transfer token when the transition in its 

postcondition set is fired. In other word, the acquiring 

and losing of tokens in these places depends on its value 

of corresponding context, having no relation with 

transition. Therefore the indegree of every place 

representing sensed context and inferred context is zero. 

Second, we define that every place can be used only one 

time to trigger the transition in its postcondition set. At 

last, the model must be acyclic digraph. 

Definition 3. We define context-aware service petri 

net as follow: 

(1) Context-aware service petri net is a tuple 

( , , , , )P TCSPT P T F f f , where P is a set of places, T is 

a set of transitions, F is a set of arcs, which 

( ) ( )F P T T P    , :P K Af P S I R   , which is function 

assigning context to each place, :Tf T A , which is 

function assigning action to each transition. The 

precondition and postcondition of places and transactions 

is denoted as follow: 

,x P T   { ( , ) }x y y x F   ; 

,x P T   { ( , ) }x y x y F   . 

(2) Service petri net ( , , , , )P TCSPT P T F f f  should satisfy 

following rules. 

Rule 1: p P  , if ( )P Kf p S I  , then ( ) 0d p


 , if 

( )P Af p R , then ( ) 1d p


 , where ( )d p


 is indegree of p. 

Rule 2: { ( ) _ ( , )}Pt T t f action result t t      , i.e. 

the outplaces of the action transition are its result context 

places. 

Rule  3: ( , , )P T F  is an acyclic digragh.                      ■                                       

Definition 4. Given ( , , , , )P TCSPT P T F f f , we define 

a state of it as a pair ( , ),M   where M is a marking, 

: {0,1},M P  and : {0,1}P  ,which is function indicating 

the times of places having been used to fire transition.    ■                                                                

We use 0 0( , )M   to represent initial state of service 

petri net, where 0M  and 
0  are defined as follows: for 

every places p in P, if ( )P truef p c , then 0 ( ) 1M p  , otherwise 

0 ( ) 0M p  ; for every places p in P, 
0 ( ) 0p  . 

Definition 5. Given ( , , , , )P TCSPT P T F f f  and a 

state ( , )M  , a transition t is said to be enabled, if and 

only if: , ( ) 1 ( ) 0p t M p p     .              ■ 

Definition 6. Given ( , , , , )P TCSPT P T F f f , a state 

( , )M   and an enabled transition t , on firing t , the state 

( , )M   is changed to ( ', ')M  , such that: 

(1)  if p t   then '( ) 1M p    

(2)  if ( )P Ap t f P R    then '( ) 0M p   

(3)  if p t , then '( ) 1p  , otherwise '( ) ( )p p    ■ 

For example, after the firing of transition t1, the state 

shown in  figure 1-a is changed to state in figure 1-b. 

Because the tokens in sensed or inferred context places 

depend on the value of the context, there exist state 

changes not produced by firing transition. Therefore two 

states only different in number of tokens in sensed or 

inferred context places can be viewed as equal states,  

such as state in figure 1-a and state in figure 1-c are equal 

states, which are only different in number of tokens in 

sensed or inferred context places. 

Definition 7. Given ( , , , , )P TCSPT P T F f f  and two 

states 1 1( , )M  , 2 2( , )M  , the two states are equal, denoted 

as 1 1 2 2( , ) ( , )M M  , if and only if : 

1 2 1 2: ( ( ) ( )) ( ( ) ( ) ( )) p Ap P p p f p R M p M p        ■ 

Given a transition t and two states 1 1( , )M  and 2 2( , )M  , 

if t is enabled in one of equal state of 1 1( , )M   including 

1 1( , )M  itself, it is denoted as 1 1( , )M t . If 1 1( , )M t  and t 

is fired, changing to state 2 2( , )M  , we denote this process 

as 1 1 2 2( , ) ( , )M t M  .  

Suppose 1, , ...,m m nt t t  is a transition sequence, 

1 1( , ), ( , ), ...( , )m m m m n nM M M     is a state sequence, if 

1 1( , ) ( , )i i i i iM t M    , m i n  , then it is denoted as 

1 1 1( , ) ... ( , )m m m m n n nM t t t M      
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Given ( , , , , )P TCSPT P T F f f  with initial state
0 0( , )M  , 

state ( , )n nM   is a reachable state, if and only if there 

exists a transition sequence as 
1 2, , ... nt t t , such that 

0 0 1 2( , ) ... ( , )n n nM t t t M   

Definition 8. Context-aware service is a tuple 

( , , , )KCS S K I CSPT , where S is a set of sensed context, 

and K is knowledge base, KI  is a set of inferred context 

and CSPT is a set of context-aware service petri net.        ■             

Therefore, according to the above model we proposed, 

context-aware service design including determining 

sensed context set, knowledge base, inferred context set 

and service petri nets. Result context set can be 

determined when designing service petri net.  

(ii). Property of context-aware service model 

According to the definition 5 and 6, we can deduce that 

each context place can only be used one time to fire the 

action transition. Thus common context places in 

precondition sets may result in mutual exclusive relation. 

However as a precondition to invoke action, one 

context may be needed not only one time. But using  one 

place to represent this context may result in deadlock in 

execution, as shown in figure 2-a. This problem can be 

solved by representing same context in two places, as 

figure 2-b. Result context can also be used like this, i.e. 

action can produce several result context places mapping 

to same context (i.e. with same meaning) to invoke 

actions.   

Definition 9. Given ( , , , , )P TCSPT P T F f f , 1 2,t t T , 

1 2,t t  are mutually exclusive, if and only if 1 2t t    . ■ 

In order to be easy for analyzing the performance of 

the model, we use true context as common context to 

realize mutually exclusion. For example, in figure 3-a, 1t , 

2t are mutually exclusive. 

From the definition, we can easily deduce that the 

necessary condition of enabling a transition t is that all 

predecessor transitions of t have been fired. Therefore, 

for two exclusive transitions it and jt , the successor 

transitions of jt  will not be enabled if it  has been fired, 

and vice versa.  

Improper exclusion between transitions may result in 

some transitions never being enabled in any reachable 

state. Figure 3-a shows an example, in which transition 

3t  can’t be enabled no matter which transition, 1t or 2t , is 

fired. 

 

    

p1 t1

p3

t2 p4
p2

p1

(a)

t1

p3

t2 p4
p2

(b)

.

p1 t1

p3

t2 p4
p2

(c)

.

.

 

Figure 1. Some examples of the context-aware service model 

p1

t1 p3 t2 p4

p2

p1

(a)

t1 p3 t2 p4

p2

p1'

(b)

fP(p1) = fP(p1')

 

 

Figure 2. Deadlock caused by common place and solution 
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Definition 10. Given ( , , , , )P TCSPT P T F f f with an 

initial state 0 0( , )M  , t T , we call t an invalid transition 

if and only if there does not exist a reachable state, such 

that t can’t be enabled in this state or its equal states.      ■                                                                                

Proposition 1 Given ( , , , , ),P TCSPT P T F f f  t is an invalid 

transition, if and only if t has a mutually exclusive 

predecessor transition or has at least two mutually 

exclusive predecessor transitions 

Proof. sufficiency. If t has an mutually exclusive 

predecessor transition, then apparently the firing of 

predecessor transition disable firing of t, t can’t be 

enabled if the predecessor transition have not been fired. 

If t has at least two mutual exclusive predecessor 

transitions, then in any time at least one of them can’t be 

fired. Therefore t can’t be enabled.  

necessary. Since we assume that all contexts have 

possibility to be true, it suffices just to consider the result 

context. If t is an invalid transition, there is at least one 

result context place in the precondition set of t which will 

never get a token. Let N  be subgraph which is the union 

of maximal directed path to t. Since N  is acyclic digraph, 

there is 1 1 2 2, , , , ... ,kt p t p t t , which is topologic sequence of 

places and transitions in N . Therefore, we can prove that 

0 0 1 2( , ) ... kM t t t t  

According to this assumption, 0 0 1( , )M t , if 1t  is 

fired, 1( ) 1M p  . Since 1t  has no exclusive transitions in 

1 2, , ... kt t t , firing 1t will not change the tokens and times 

of firing places in precondition set of 2 , ...t  and kt . If 

0 0 1( , ) ... ( , )i i iM t t M  , then for 1 1 1{ }
pre pre

j i i it t t t    , jt  

has been fired. Hence  1( , )i i iM t  , i.e. 1it   is enabled in 

a state equal to ( , )i iM  . Therefore 0 0 1 2( , ) ... kM t t t t . 

This contradicts to the hypothesis that t is an invalid 

transition.                                                                          ■ 

For example, we can easily find out in figure 3-a, t3 has 

two mutual exclusive predecessor transitions, t1 and t2. No 

matter which transition is fired, t3 can’t be enabled. 

Another example is shown in figure 3-b. t2 has an 

mutually exclusive predecessor transition t1. If t1 is fired, 

context place p will lose the token, result in that t2 can’t 

be enabled. If t1 has not been fired, t2 can’t be enabled 

because context place p2 has no chance to acquire a token.    

With the aim of not making the model too complex, we 

require that in our model, exclusion occurs in the 

selection of two branches without common successor, not 

in every pair of transitions which can’t be fired 

concurrently. This ensures that the model having no 

invalid transition and not be too complex on the other 

hand. 

Ⅳ.  SERVICE DESIGN BASED ON SCENARIO.  

Context-aware service logic describes the service 

process in various situations, in particular the service 

reaction to the context change. We propose a scenario-

based method in logic designing process. 

Scenarios are stories about people and activities[9]. 

Each scenario describes a partial behavior arising in 

restricted situation[12], and can be regarded as a 

particular case of how the system is to be used. Scenarios 

are recognized to be very appropriate for reactive systems 

external behavior description[12].  

There are three stages in our proposed method: 

describing scenario in service petri net models, 

constructing knowledge base, and model refinement. 

A.  Scenario description in service petri net models 

Scenario is a story describing what happens to the user 

and the service reaction. The original scenario is acquired 

by experience and imagination. Developers, designers or 

the potential users can give their scenarios from different 

viewpoints.  

A scenario is composed of actors and events. Actors 

are replaced by variables in description. There are two 

types of event: internal event, which corresponds to an 

action taken by the system, and external event, which is 

the human activity or environment change.  

Let intE  be a set of internal events, extE  be a set of 

external events, resultE  be a set of result event, for each 

event in which has a corresponding event in intE .  

Suppose resultEe' , its corresponding internal event is 

e, intEe  , we define the semantic meaning of result 

event 'e  is that e has happened. This is consistent with 

result context we have defined in last section.  

An internal event which represents a system action 

may also results in other consequence, such as 

environmental change or human activity. This result is 

regarded as the external event, which can be sensed of 

inferred.  

Therefore, we can describe scenario in service petri net 

model structure by analyzing the relation of events in 

semantic level. We use nodes to represent events. Let 

t1

p2 t2

p3p1

p4

fP(p)=ctrue

p
t3 p5

p1

t1

p2

p3

t2 p4pfP(p)=ctrue

(a)

(b)  

Figure 3. Exclusive transitions leading to transition never be fired 
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( , ; )G P T F , where ,C RP E E   
intT E . Every arc 

in F is determined as follows rules. 

Rule 1: For ,i jv v P T  , if i ext resultv E E  , 
intjv E ,  

iv  is one of condition to invoke ,jv ( ) 0id v


 , then 

{( , )}i jF F v v   

Rule 2: For ,i jv v P T  , if i ext resultv E E  , 
intjv E , 

iv is one of condition to invoke ,jv ( ) 0id v


 , then insert 

an node 'iv ,i.e. { '}iP P v   such that 'iv  represents 

the same external event as 
iv  , {( ', )}i jF F v v    

Rule 3: For ,i jv v P T   , if 
int ,iv E ,j resultv E   

jv is 

result event of iv , which means iv  has happened, 

then {( , )}i jF F v v    

For example, we have a scenario: Bob’s caregiver 

gives a medicine schedule. When it is time to take 

medicine, the system checks that Bob has not got his 

medicine from medicine cabinet, the system sends a 

remind information to Bob. Bob fetched medicine, the 

system checks and determines it is right type and amount, 

so finishes the service. The above scenario can be 

represented in petri net model, as shown in figure 4.  

Apparently in the initial model developed from single 

scenario, which has no different options of every episode, 

there are no exclusive transitions. 

B.  Constructing context structure and knowledge base 

In the initial petri net models, external event is 

regarded as place representing context. We use context 

description and parameter list to replace each event 

in extE . Then we analyze each context description and 

define its corresponding context type. Context types of 

sensed context can be directly determined by sensor data. 

When we define this kind of context type, we can just 

specify its semantic meaning and acquisition method. 

By the context that we can’t acquire directly, i.e. 

inferred context, we should define how to determine it 

from sensed context and knowledge. This can either be 

done by specifying the inferred context and its 

relationship with other contexts, or making full use of 

machine learning techniques to acquire the knowledge 

automatically. 

For example, the context “party” in one room can’t be 

directly sensed. But if the sound, the light and the number 

of people in the room are sensed by the system, whether 

there is a party in the room can be deduced. Therefore, 

the corresponding knowledge can be expressed by a 

rule:

_ _ ( , ) _ _ ( ," ")

_ _ ( , )

_ _ ( ," ")

sound in room x light in room x on

number of people x

activity in room x party





  

 



 

Where ,   are predefined values. 

Not all the knowledge can be represented explicitly in 

rules. The knowledge base is a broader concept here. For 

example, the high-level context like “lying down” can be 

learned from the individual audio and video data streams, 

such as in [13]. Actually the result model after training is 

knowledge. 

Therefore, in design phase we need to specify the 

context relationship and the structure of knowledge base. 

However, some parameter and knowledge content can’t 

be determined in advance. 

 

It is possible that some contexts can’t be determined by 

current technology and knowledge. The service model is 

ineffective if there is undetermined context. In this step, 

ineffective models should be deleted. 

C.  Model refinement 

Initial models needing to be refined arise from two 

facts. First, the initial consideration may be imprecise or 

incompatible, especially in dealing with single scenario. 

Second, there may be same episode in similar scenarios, 

the corresponding model need to be synthesized. 

There are two steps in model refinement: checking 

model consistency and model synthesis. 

(i). Checking model consistency 

Let : ( ) ( )P KG P P P S I  , ( ) { ( ) }P PG X f x x X  ,  where 

( )P P and ( )KP S I  are the power sets of places P and 

KS I  respectively.  

If 1 2( ) /{ } ( ) /{ }true true
p pG t c G t c    and 1 2( ) ( )T Tf t f t , 

then we can know that either 1t or 2t is imprecise. 

1 2( ) /{ } ( ) /{ }true true
p pG t c G t c   means that not considering 

true context, the set of contexts which the places in 2t  

represent is the subset of contexts which the places in 1t  

represent. If contexts represented by the places in 2t  are 

sufficient to trigger the action, then there is at least one 

context place in 1t  is redundant. On the contrary, if each 

context place in 1t  is necessary, then 2t  is not sufficient 

t1 p2p1

p3

t2

p5

p4

t3

p6

t4 p8p7

p9

t5

p10

p1 : scheduled time                     p3 : having not taken medicine           

p4 : having taken medicine        p7 : fetch medicine                  

p9 : right medicine                     t1 : check if  having taken medicine

t2 : remind to take medicine      t5 : permitting to fetch medicine 

t3 : end of the service                 t4 :check if it is right time and right type and amount  

Figure 4. Petri net representation of scenario 
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to trigger the action. So developer should check the 

condition and the action to correct imprecise 

representation in such kind of cases. 

Besides imprecise representation, there may be conflict 

caused by incompatible action. In a consistent model, if 

there are more than two transitions fired in same contexts, 

the action that the transitions represent should be 

compatible, or, in other word, the conflict action is not 

permitted.  

Let 
1 2,t t T , if 1 2( )/{ }= ( )/{ }true true

p pG t c G t c  , 1( )Tf t , 

2( )Tf t  should be compatible. That is to say, if the contexts 

represented by the places firing t1 and t2 are same, the 

actions that t1 and t2 represent should be compatible. 

More generally, if
1 2

( ) ( ),P Pf p f p
p t p t
  
  1( )Tf t and 

2( )Tf t  should be compatible.  

1 2

( ) ( )P Pf p f p
p t p t
  
 

 means  the contexts enabling 

transition t1 are true implies  contexts enabling transition 

t2 are true, For instance, if 1( ) { ( , 30 )}CPG t temperature y   , 

2( ) { ( , 25 )}PG t temperature y C   , then we can easily 

conclude that ( , 30 ) ( ,25 )temperature y C temperature y C  . 

Developer needs to guarantee that concurrently firing the 

two actions would not lead to confliction.  

(ii). Model synthesis 

Two transitions are viewed equivalent if they represent 

same action and occur in same context.   

Definition 11. Given 1 2,t t T , t1 and t2 are equivalent 

transitions, denoted as 1 2t t ,  if and only if 1 2( ) ( )T Tf t f t  

and 1 2( ) /{ }= ( ) /{ }
true true

p p
G t c G t c                                   ■ 

Suppose ( , , , , )P TCSPT P T F f f ,and 1 1 1 1( , , )N P T F

2 2 2 2( , , )N P T F , 1N and 2N are the two connected 

components in CSPT . Let 1,2 1 1 1{T t t T   and 2 2t T   

such that 1 2}t t ,  1,2T  is the transition set of 1T  which 

has equivalent transition in 2T . If 1,2T  , then the two 

components need to be synthesized. 

Similarly we can define 2,1 2 2 2{T t t T   and 1 1t T   

such that 1 2}t t . Obviously, there exist a bijection 

1,2 2,1: T T  , such that 1,2 , ( )t T t t     

Let ( ) { ' ,SuccT t t p P   such that ( , ) ( , ') }t p F p t F     

be a direct successor transition set of t. We perform 

synthesis by algorithm SynthesizeComponent  shown in 

figure 5. 

The synthesized model is a component which can also 

be synthesized with other component having equivalent 

transitions. Thus repeating the algorithm, we will get a 

refined model.  

Proposition 2. Algorithm SynthesizeComponent will 

not produce invalid transitions in the synthesized model. 

Proof. By Proposition 1, invalid transition is resulted 

from exclusion between transitions. Since the initial petri 

net model is developed from single scenario which has no 

branches and exclusions, exclusion occurs in neighbor 

transitions when synthesizing two components by 

algorithm. So for any two exclusive transitions, neither of 

them is successor of another, and they don’t have 

common successor transitions when synthesized because 

they belong to different components. On the other hand, 

since the exclusive neighbor transitions are not equivalent 

transitions, successors of any transition will not have 

equivalent transition in successors of another. Hence the 

successors of two exclusive transitions will never be 

synthesized and the two exclusive transitions will not 

have common successor. According to proposition 1, no 

invalid transition will be produced in the model. 

Ⅴ.  CASE STUDY 

We adopt scenario-based method to perform logic 

design of a guidance system which helps elderly with 

dementia in their daily life. Impaired episodic memory, 

that is, memory of personally experienced events, is the 

symptom most commonly associated with mild to 

moderate dementia[14][15]. Older people with dementia 

often forget to do or doing something they have planed, 

such as taking medicine, visiting old friend, etc. 

Guidance system will remind them and help them to 

complete their activities. This will reduce the burden of 

Reminding, alerting and notifying caregiver (or doctor, 

etc.) are basic service of service is by no means simply 

providing reminding information as schedule. For 

example, elderly with dementia often forget to take 

medicine, and on the other hand if they have taken 

medicine, they may also forget they have done. 

Reminding without judge may lead to taking medicine 

second time which is not less harmful as not taking. 

Therefore the system should monitor the activities of 

elderly and provide proper help. In addition, providing 

minimal prompts is a one of criteria in designing such 

kind of system. This is to guarantee the elderly with 

dementia try their best to exercise their brains to delay the 

deterioration of dementia[16]. So the system should try to 

remind when the elderly really forget.  

Assume that elderly, beds, medicine cabinet and other 

items are equipped with wireless sensors and radio 

frequency identity (RFID) tags, enabling that the activity 

such as sleeping, getting medicine or putting the 

medicine back can be detected by the system. We 

develop different scenarios from various views, and each        
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including the situations that elderly may encounter and 

corresponding reactions of the system. Each scenario is 

represented in initial petri net model, as shown in figure 6. 

When it’s time for the elderly to take medicine and 

meanwhile the medicine in cabinet has not been fetched, 

system reminds the elderly in different forms according 

to the situation. Specifically, If the elderly is sleeping at 

that moment, then system deals with that information, 

else system reminds him/her to take medicine and 

scenario 1 and 2 describe these two situations. When the 

elderly moves towards the cabinet to fetch medicine, 

system responses to different conditions. Particularly, if 

it’s right time for taking medicine, then the system 

records the behavior without sending out any information. 

If it is wrong time, the system sends out remind message 

asking him/her to put the medicine back, and monitors 

the successor activity to guarantee that the medicine are 

put back in time. In addition, some medicine, called 

emergent medicine in the case, e.g. pain reliever, are not 

in schedule list but are needed sometimes. When system 

checks these kinds of medicine are taken from cabinet, it 

reminds the elderly to read drug description and records 

the event to avoid taking the second time during a short 

period. These different conditions are shown in scenario 3, 

4, 5 and 6. When the elderly puts the medicine back to 

the cabinet, the system checks whether the medicine is 

new or old, and responds to each situation. Scenario 7 

and 8 describe this process.  

In knowledge base construction phase, we just analyze 

every place in initial petri net model and determine the 

context type, without considering more details about 

acquiring every context, which heavily depends on the 

development framework. The contexts in the case are not 

complicate, and can be sensed or inferred. 

In model refinement phase, we check the consistency 

of the model. After checking the scenario 4 and 5 in 

figure 6, we can easily find out that 6 6'( ) ( )P PG t G t   , 

6 6( ) ( ')T Tf t f t .Therefore, according to model consistency 

checking rule mentioned in section 4, we can know that 

there is a redundant context place. In our case, this 

redundant context place is 16 'p . By checking our scenario 

we can see when the patient fetches the wrong medicine, 

no matter where he locates, the remind information 

should be send out immediately. Hence, the context 

away_from_cabinet(x) is redundant and it needs to be 

eliminated. In addition, some parts in the case also need 

Algorithm  SynthesizeComponent  

Input 1 1 1 1( , , )N P T F ,
2 2 2 2( , , )N P T F  

Output 1 2 1 2 1 2 1 2( , , )N P T F     which synthesizing 
1N  and 

2N  

 Begin                                                                                                                                       /* begin 0 */ 

     1 2 1 2P P P   , 1 2 1 2T T T   , 1 2 1 2F F F    

 for each t  in 
1,2T  and 

1,2( )SuccT t T          

    for each 
Succ

t  in ( )SuccT t  and 1,2

Succ
t T    

begin                                                                                                                      /* begin 1*/ 

         
result succ

P t t     

                          
1 2 1 2 {( ( ), ) }

result
F F t p p P     

1 2 1 2 {( , ) }
result

F F t p p P     

                      for each 
neighbor

t  in ( ( ))SuccT t            

                             if 
neighbor

t  and 
succ

t  are exclusive  

begin                                                                                                /*begin 2*/ 

           CreatePlace( p ) 

           ( )
true

Pf p c   

          1 2 1 2 {( , ), ( , )}
neighbor succ

F F p t p t    

                end                                                                                               / * end of begin 2*/ 
             end                                                                                                                  / * end of begin 1*/ 

1 2 1,2{P p t T     such that }p t p t      

 1 2 1 2 1 2 1,2{( , )i j iF F v v v P T       or 1 2 1,2}jv P T   

 1 2 1 2 1 2P P P     

 1 2 1 2 1,2T T T    

  end                                                                                                                                    / * end of begin 0*/ 

Figure 5. Algorithm of model synthesis 
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to be synthesized. For example, in scenario 1 and 2, we 

can see 1 1( ) ( ')P PG t G t   , 1 1( ) ( ')T Tf t f t , therefore,  we can 

facilitate synthesizing the two scenarios according to 

algorithm SynthesizeComponent, and other scenarios can 

be synthesized similarly. 

Figure 7 shows part of the final synthesized model, 

related with reminding to take medicine when it is 

scheduled time, system checking when fetching medicine 

from cabinet and putting back medicine. The component 

in figure 7-a is the synthesized result by scenario 1 and 2. 

Component in figure 7-b is the synthesized result by 

scenario 3, 4, 5 and 6 and the last component in figure 7-c 

is the synthesized result by scenario 7 and 8. 

Ⅵ.  CONCLUSION.  

Context-aware service logic describes the reaction of 

service in certain context or to certain context change. In 

requirement analysis and logic design phase, service 

scenarios can help designers to develop rich types of how 

the service maybe used in dynamic environment. In this 

paper, we propose scenario-based top-down method to 

create and refine context-aware service logic. The method 

can be viewed as complementary to current service 

engineering research, which enables developers to 

implement service logic in flexible and efficient ways. 
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Figure 6. Scenarios represented in initial petri net model service for elderly with dementia 
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By scenario-based method, developers and users can 

describe the target system from different point of views. 

Different scenarios can be systematically dealt with. The 

compatibility, consistency between scenarios can be 

checked semi-automatically and models can be 

synthesized automatically, where human activity is 

focused on semantic level. This will reduce the burden of 

developers.   

However, the design process is also state-of-art. 

Experience and technology background play an important 

role in whole process. The semantic analysis can’t be 

automatic. When designer give scenario description, 

he/she should select appropriate granularity of every 

event, which requires deeply understanding of service 

program.  

In addition, we view every scenarios having same 

importance in this method. But not every scenario is the 

best way to provide the service and bad scenario will 

result in unreasonable logic model. We need a method to 

measure the scenario before we construct the model.    

Our research work is just in preliminary stage. Further 

application of our method should be taken into account in 

future. The method need to be improved in order to be 

appropriate for more complicated applications.  
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