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Abstract.  In software process improvement, accumulating and analyzing the 
historical data from past projects are essential work. However, setting up the 
systematic and logical measurement and analysis program is very difficult. 
Many mature organizations have their own measurement program for the proc-
ess improvement. However, most of them are based on the statistical metrics-
driven approach that consequently limits logical reasoning on the detailed 
analysis on the process. In this paper, we propose a process analysis approach 
called MPAF(Model-based Process Analysis Framework), based on formal 
process modeling. In MPAF, the corresponding formal process instance model 
is recovered through data gathering from a project execution. Various formal 
analysis can be performed on the recovered and reconstructed process instance 
model for diagnosing the vitality of the project. We also performed experimen-
tal case study by applying MPAF to real world industry projects. 

1   Introduction 

To reduce the development cost and time, software organizations want to exactly 
predict and to steadily improve the quality of software and its development productiv-
ity. Because software process is only one of a number of “collectable factors in im-
proving software quality and organizational performance”[1], the quality and produc-
tivity are influenced by the software processes used for executing a software project. 
In the industrial fields, there already has been great effort in improving software 
process such as the assessment model forms, CMM and SPICE. Many software 
organizations try to improve software processes by making the gained knowledge 
from past projects persistent and thus reusable for future projects. 

For the purpose of obtaining and manipulating the knowledge from projects, prod-
uct-oriented metrics such as LOC, function point, number of errors are generally used 
in the project and process analysis. However, the methods using such product-
oriented attributes do not completely support the analysis of process because they 
lack in viewpoints of process elements such as analysis based on activity, artifact, and 
agent. To make up for these weak points in the product-oriented metrics, we consider 
the analysis methods based on the process model which visualizes the unified infor-
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mation and provides the viewpoints of process components. Since the process model 
can reduce ambiguity, it can improve the understandability of process, reduce the data 
complexity for analyzing, and support automation of analysis tasks through 
PSEE(Process-centered Software Engineering Environment). 

In this paper, we develop a Model-based Process Analysis Framework(MPAF) in 
order to analyze, assess, and improve the software processes, and conduct an empiri-
cal analysis with 10 projects. MPAF provides the analysis elements and the proce-
dure, both of which are used to construct the process model instance using the ex-
tracted information from executed project data and analyze it with the defined 
analysis factors. Through MPAF, we can analyze the complex process with the high 
level of understanding, support to easily find the points needed to improve at the level 
of process elements, and automate the analysis procedure in PSEE. As the target 
process environment and process modeling language, we have adopted 
SoftPM(Software Process Management system)[2], CogNet[2], and AG(Artifact 
Graph)[3].  

The remainder of this paper is organized as follows. The next section gives a brief 
description of SoftPM, CogNet, and AG. In Section 3, we discuss the overview, key 
elements and procedures of MPAF that we propose in this paper. In Section 4, the 
definitions and usages of some measures for the more detailed analysis are repre-
sented according to the analysis factor. The empirical study that is carried out with 
industrial data is described in Section 5. Section 6 presents the related work to our 
approach. Finally, Section 7 draws the conclusion with some future work. 

2   A Brief Introduction to SoftPM, CogNet, and AG 

2.1   SoftPM 

SoftPM is a software process design and management system, which supports to 
model, enact, monitor, and actually execute a process with a high level Petri-net for-
malism[2]. It also offers a variety of managerial analysis techniques in addition to the 
conventional Petri-net analysis. To take advantage of the complex modeling formal-
ism and reduce the difficulties of understanding it, SoftPM provides the multi-level 
modeling capability which supports three different levels for process representation. 
They are the cognitive, MAM-net and Pr/T-net levels. Each level has different roles 
in SoftPM: the cognitive level acts as the primary modeling layer, the MAM-net level 
as the core process representation formalism and the Pr/T-net level as the low-level 
base formalism. To interact with a process designer, the cognitive level provides 
CogNet modeling language that is discussed in the next subsection. 

2.2   CogNet 

In general, a process model is constructed to increase the understandability of a proc-
ess, to reduce the difficulty of validating a process, and to automate on PSEE. CogNet 
is a process modeling language which is used in the cognitive level of SoftPM with 
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activity, artifact, and agent aspects[2]. It consists of two constructs, of which one is a 
process activity and the other is an artifact flow. A process activity is denoted by a 
rectangle and an artifact flow is denoted by an arc. CogNet is defined as follows: 

definition (CogNet)  CogNet is the finite set of AN and AF: 

- AN : the finite set of nodes representing the process activities in the cognitive 
model, 

- AF : the finite set of direct arcs representing the artifact flow in the cognitive 
model such that ((AF ⊂ (AN x AN)) ∧ (AF is not reflexive) ∧ (AF is antisymmet-
ric)). 

 
The following attributes are mainly used to the analysis tasks among the properties of 
the process activity: 
 
- processName : unique name for each process activity  
- preRelation and postRelation : the relationships with other activities in terms of the 

execution order and the directions of the artifact transfer 
- expectedDuration and acturalDuration : expected and actual duration time 
- startDate and endDate : actual start and end date 
- expectedStartDate and expectedEndDate : expected start and end date 
- assignedAgents : the list of the human agents who are assigned to the activity 

2.3   AG(Artifact Graph) 

SoftPM provides an artifact graph(AG), which describes the artifacts and their rela-
tions[3]. Since these relations present the order of producing artifacts and the relation 
of referencing among artifacts, it can show artifacts that give effects to change or 
usages to produce other artifacts. In this paper, we use it for evaluating the artifact-
oriented compliance of an actual process according to a project plan. An artifact is 
denoted by a rectangle and a reference relation is denoted by an arc. AG is defined as 
follows: 

definition (Artifact Graph)  Artifact Graph(AG) is the finite set of R and F:     

- R : the finite set of artifact, 
- F : the finite set of arcs representing the reference relation. 

3   MPAF(Model-Based Process Analysis Framework)  
Using Project Tracking Data 

In this section, we give an explanation on Model-based Process Analysis Frame-
work(MPAF). As depicted in Fig.1, MPAF consists of the analysis elements and the 
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analysis procedure. The analysis elements are the sets of information which are used 
in analysis and diagnoses. The analysis procedure is composed of the tasks of extract-
ing the process model instance and analyzing it. The following subsections provide 
the detail description on the analysis elements and the analysis procedure. 

 

 

Fig. 1. The overview of MPAF. 

3.1   Analysis Elements 

According to its usage, the analysis elements are classified as the target data for a 
process model extraction, the analysis factor for a process analysis, and the standard 
for a process validation. 

 

Target Data. In order to analyze the process through MPAF, we need the process 
model instance of the target project at first. For extracting the process model instance, 
MPAF uses the project tracking data as the execution data of the target project. 
Project tracking is an integral part of project management that is required at CMM 

level 2[4]. It needs to capture the current state of the project and provide the proper 
control to the project. Therefore, Project Tracking Data(PTD) is the information on 
the actual state of the project including the basic data for software engineering that 
consists of effort, schedule, defects and size[5]. Once a detailed project plan is made, 
in which all schedulable tasks are listed along with their start and end dates and the 
assigned person, at the very least the execution of the tasks must be tracked. 
 

Analysis Factor. Analysis factor is defined from the viewpoint of process analysis to 
be used to show the characteristics of process. There are four main issues on the road 
to process improvement: performance, stability, compliance, and capability of proc-
ess[6]. Among these issues, the analysis factors of MPAF include performance, sta-
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bility, and compliance except capability that is difficult to measure using only the 
process model. Each analysis factor has the measures of its own. 
 
- Performance 

Performance is the actual result that can be acquired when software organization 
observes the software process. Particularly, it is the actual ability of a process 
within the development cost and schedule required by the customer. In this paper, 
we only consider the time-related aspects of performance and classify this with 
two categories, which are the activity-oriented performance and agent-oriented 
performance. The supported measures of activity-oriented performance are the de-
layed days of activity, idle days of activity, and concurrency degree of activity. 
The measures of agent-oriented performance are the average number of the agent 
conflict activity and average time of the agent conflict. 

 
- Stability 

To control the process, the stability about the variance of process is needed. MPAF 
provides the concept of the process pattern to evaluate the stability of a process. 
Contrary to Ambler’s definition that is the collection of techniques and activities 
for developing object-oriented software[7], the process pattern in our approach is 
defined as follows: 
 
definition (Process pattern)  Process pattern is the set of repeatable and predict-
able tendencies of the development process. It is categorized into the structural pat-
tern and behavioral pattern. 

 
• Structural pattern 

It is defined as the set of general activities(artifacts) and their relations according 
to development process(es) executed in the common conditions such as in the 
same software organization or by the same development team. The activity-
oriented pattern uses CogNet and the artifact-oriented pattern uses AG. 

• Behavioral pattern 
It is defined as the behavioral tendency of activities of the process(es) and ana-
lyzed with the managerial aspects. The examples of behavioral pattern are the 
tendency of activities’ concurrency, the tendency of idle-time interval and dura-
tion, and so on. 

 
- Compliance 

The process compliance depends on the reliable process behavior. Therefore the 
degree of compliance means that processes are faithfully executed in the standard 
way. In this paper, we mainly consider the executed order of activities and the pro-
duced point in time of artifacts against the project plan as compliance. The pro-
vided measures in MPAF are the activity-oriented and artifact-oriented compli-
ances. 
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Standard. A standard, such as international standard, basic process of common meth-
odology, project plan, plays an important role for validating and analyzing a target 
project process. MPAF uses the project plan and the software life-cycle as the 
standard for process validation. To easily evaluate the degree of compliance with a 
project plan, it is needed that the standard is modeled using CogNet and the abstrac-
tion levels of the standard model and the actual process model instance are adjusted 
to the same level. 

3.2   Analysis Procedure 

The analysis procedure is divided broadly into two subprocedures: extracting proce-
dure and analyzing procedure. The former consists of the three tasks which are the 
data collection, the extraction of essential information for constructing a CogNet 
model from PTD, and the recovery of the process model instance. The latter consists 
of another four tasks which are the decision of the analysis factor, the analysis of the 
process model instance with analysis factor, the interpretation of analysis results, and 
the proposal for process improvement. 
 
Extraction of the Process Model Instance. If the process is modeled before its exe-
cution, the extraction of the process model instance is a kind of reverse engineering in 
the process research area. System reverse engineering candidates usually exhibit a 
variety of undesirable characteristics, such as poorly structured source code, missing 
or incomplete design specifications, or modules incorporating extreme complexity[8]. 
Through the recovery of the process model instance, we can easily understand the 
actual complex process and find the problems in it. To recover the model instance, we 
extract the activity, agent, artifact, and schedule information as shown in Table 1 
from PTD as the essential information.  

Table 1. The essential information from PTD for model construction. 

Classification Essential information Remark 
Schedule tracking Activity (name of activity)  
(activity-related) Actual start/end date  
Agent-tracking Agent name If the “type” field has “actual” value 
(agent-related) Activity (name of activity) carried by agent 
Artifact 
(document) 

Title 
Actual date for measuring 
the document size 

Artifact name 

 
 

The process model recovery and the system design recovery have similar problems 
related to the use of incomplete or ambiguous source information, specially PTD in 
our approach. The types of problems that can be happened during model recovery are 
summarized as follows, including PTD-related problems. 
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- Cases related to PTD 
• Provision of insufficient information : 

The dependency relationship between activities doesn’t exist, and so on. 
• Provision of incomplete information : 

The artifact information exists but the information of activity that produces this 
artifact dose not exist, and so on. 

- Case related to the process modeling language  
The problems which are caused by the expression power of CogNet 

 
From these essential information in Table 1, we construct the process model in-

stance with CogNet. The following procedure is the steps of the model recovery. We 
present it very simply in this paper. However this procedure can be described in detail 
by pseudo code based on the graph formalism, and automated in PSEE. To help the 
understanding of this procedure, Fig. 2 shows the example of extracting the process 
model instance. 
 

 

Fig. 2. The example of extracting the process model instance : (a) the extracted essential infor-
mation from PTD, (b) the extracted process model instance. 

Step 1. Create the activity node, and then insert the activity, artifact, agent and   
schedule information of the essential information of PTD. In the example of Fig.2, 
the three activities, which are design, design review, and coding activity, are cre-
ated with the related artifact and agent information of the essential information(a) 
that is extracted from PTD. 
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Step 2. Create the arc(artifact flow) between activities according to the project plan 
model, and then insert the arc information containing the artifact name. If the arti-
fact information exists but the activity information which produces this artifact 
does not, create the virtual activity that is named as artifact name added after 
“create\_”. In the example of Fig.2, the artifact flows which are the direct arcs 
from design to design review activity and from design review to coding activity 
are created according to the project plan. 

Step 3. Sort the activities by the actual start day and actual end day order. During this 
work, the new relations between activities may be created. According to this new 
relation, create properly the new arc. In the example of Fig.2, the new relation is 
created(represented by the bold direct arc in Fig.2). After sorting the three activi-
ties by the actual start and end dates, we can easily find that the actual start date of 
the coding activity was earlier than that of the design review activity. This case 
implies that the coding activity began as soon as finishing the design activity and 
took the reviewed design document from design review activity during execution. 
Therefore the new artifact flow from design to code is created. 

 
Analysis of the Process Model Instance. We describe the analysis of the process 
model instance with the analysis factors and their measures as shown in Table 2. The 
analysis scale is divided into two categories: single project, and multiple projects. The 
process analysis of “single project” has the purpose of evaluating the process of a 
specific project. The process analysis of “multiple projects” leads to the success of 
future projects by predicting the problems since it can provide the structural and be-
havioral tendencies of the process. In the section 4, we present the definition of the 
measures related to each analysis factor. 

Table 2. The analysis factor of  MPAF. 

Scale Analysis factor Measure 
Activity-oriented - Delayed days of activity 

- Idle days of activity 
- Concurrency degree of activity 

Performance 

Artifact-oriented -Average frequency of the agent conflict 
- Average time of the agent conflicts 

Activity-oriented - ComplianceACT, DeviationACT 

Single 
project 

Compliance 
Artifact-oriented - ComplianceART, DeviationART 

Structural pattern - Dependency between activities and 
artifacts 
- Concurrency tendency of activity 
- Tendency of idle-time interval and 
duration 

Multiple 
project 

Stability 

Behavioral pattern 

- Tendency of frequently inserted and 
deleted activity and artifact 
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4   Detailed Analysis of the Process Model Instance Using MPAF 

In this section, we discuss the definitions and usages of some measures for the more 
detailed analysis according to the three analysis factors, which are the performance, 
compliance, and stability. 

4.1   Performance 

In our approach, we consider the performance of the process as the efficiency of the 
activity and agent with the time aspect of the performance. 
 
Activity-Oriented Performance. The efficiency of the activity means whether each 
activity adheres to its’ planned schedule or not. It has the following measures: 
 
- Delayed dates 

Whenever the duration of delayed dates is longer, the efficiency of the activity is 
lower. The duration of the delayed dates per activity (ActivityDelay) is defined as fol-
lows(AN is an activity node in the CogNet process model instance): 

 

ActivityDelay = AN.actualDuration - AN.expectedDuration  (1) 

 
- Idle and overlapped dates per activity 

In the actual process, the case exists in which the next activity begins in spite of the 
fact that the previous activity is not completed, and vice versa. The latter is the idle 
dates and the former is the overlapped dates defined as in the following equa-
tions(ANTo  represents the following activity and ANFrom represents the previous ac-
tivity in the same CogNet process model instance): 

 

 
• Dateoverlapped  < 0 :  whenever overlapped date is longer, the total project execution 

date is not always shorter. 
• Dateoverlapped == 0 : ideal case is that the following activity begins as soon as the 

previous activity is finished. 
• Dateoverlapped  > 0 : idle dates  

 
- Concurrency of the activity 

The concurrency of the activity means the number of activities having the partially 
overlapped or the same execution day of this activity, and is defined as follows 
(Act and Activityi are activity nodes in the same CogNet process model instance): 
 

Dateoverlapped =  ANTo .startDate -  ANFrom.endDate  (2) 
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Agent-Oriented Performance. In MPAF, the agent-oriented aspects of the perform-
ance is considered with the two measures related to the agent conflict. Many actual 
processes have the agent conflict problems. It means that the same agent is assigned 
to the multiple activities which share the overlapped dates. While the agent conflict 
isn’t expected in the project plan, generally, most delayed projects which have the 
resource constraint show such tendency to overcome the time delay with the job con-
currency. Because the agent conflict gives an effect to the process performance and 
the quality of the work result, it should be monitored and controlled. From Eqs.(4) to 
(5), Agent is defined as the set of agents in the specific process and AGi ∈ Agent. 
Thus, operator # means “number of” and the type of variable i is integer. 
 
- Average frequency of the agent conflicts 

The average frequency of the agent conflicts means how many the agent conflicts 
are occurred to the one agent on the average. Therefore, it is defined as follows: 

 

 

 

Fig. 3. The process compliance: (a)The actual process is partially executed along the project 
plan with the extra process, (b)The actual process is completely executed along the project plan 
but is executed with the extra process, (c)The actual process is partially executed along the 
project plan, (d)The complete compliance between the actual process and project plan. 

AGi.equConflictActivity means the set of equivalence activity sets which have the 
activities of the shared overlapped dates in the activities that are executed by AGi.  

 

Concurrency(Act) =  
#{Activityi | (Act.startDate <  Activityi .endDate Act.endDate) 

∨((Act.startDate Activityi .startDate) 
∧(Act.endDate   Activityi.endDate)) 

∨ (Act.startDate Activityi .startDate < Act.endDate))} 

(3) 

 

(4) 
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- Average time of the agent conflicts 
The average time of the agent conflicts means the average time which the one 
agent may work in the conflict state, in other words, he may work at least two or 
more jobs concurrently. Therefore, it is defined as follows: 

 

 
AGi.totalCFTime means the total work time of AGi in the conflict state. Its value 
can be acquired during constructing AGi.equConflictActivity set. 

4.2   Compliance 

The compliance with the project plan is classified with the aspects of the activity and 
artifact. The activity-oriented compliance means the consistency of activities and 
their relations of the artifact flows between the actual process and project plan, in 
other words, the extracted actual process model and project plan model. Similarly, the 
artifact-oriented compliance means the consistency of artifacts and their reference 
relations between the actual process and project plan. In addition, MPAF considers 
the measure of the deviation that is an opposite concept of the compliance. It is classi-
fied with the aspects of the activity and artifact, too. 
 
Activity-Oriented Compliance and Deviation. Fig.3 shows the four cases of the 
process compliance. According to the definition of CogNet, we can define the com-
pliance and deviation using the activity nodes and their artifact flows. At first, the 
degree of the activity-oriented compliance(ComplianceACT) is defined as how many 
activity nodes and artifact flows of the actual process model instance are matched in 
those of the project plan model. It is described as the following equation: 
 

 
The degree of activity-oriented deviation(DeviationACT) is defined as how many 

missed and added activity nodes and artifact flows exist in the actual process model 
instance against the project plan model. It is described as the following equation:  
 

 
DeviationACT  is formulated with DevMiss, DevAdd, and two weights, which are WM and 

WA. While DevMiss describes the deviation with viewpoints of missed activities and 
artifact flows which were planned to perform but did not, DevAdd presents the devia-
tion with viewpoints of added activities and artifact flows which were not expected 

 
(5) 

  
(6) 

 
(7) 
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but were executed. WM  and WA  are assigned to each of the DevMiss and DevAdd. We can 
give a value to each weight according to the relative effect of these deviations to the 
process performance. For example, the software development processes of a certain 
company have a tendency to execute without doing the partial activities or merge the 
some activities to one activity of the project plan. In this case, the deviation with 
viewpoints of missed activities and artifact flows is the important issue to the com-
pany. Therefore, the process engineer of this company can assign the more heavy 
value to WM  than WA. Like this, any organization can tune the values of two weights 
according to its important process issue. We do not need to care the ranges of these 
weights because the regulation of Eq.(7) is conducted by the division with max{WM, 
WA}. The deviations with aspects of the missed(DevMiss) and added(DevAdd) execution 
are defined as follows: 
 

 

 
We can use the ComplianceACT, DevMiss, DevAdd, and DeviationACT under various 

cases. When the comparison between the degree of compliance and deviation of the 
specific process is needed, ComplianceACT  and DevMiss can be used. They represent the 
portions of the degree of compliance and deviation with actual process aspects. Thus, 
their sum is 1. Besides, when we want to know about the main causes of process 
deviation, we can check the values of DevMiss and DevAdd as the first step of finding the 
causes of the deviation. When the comparisons of the degree of deviation among the 
past projects are needed, we can use DeviationACT  which is included two weights. 
 
Artifact-Oriented Compliance and Deviation. There are many deviations with the 
viewpoint of the artifact in the actual process. For example, the artifacts may not be 
produced as planned to be produced, and the new artifacts can be produced despite of 
the absence of the planning. In addition, the consideration of the reference relation 
between artifacts is important because it can give an effect to the quality of the arti-
fact. For instance, the design document and code are influenced by the existence of 
the requirement specification document. To decide the degree of the compliance and 
deviation with an artifact-aspect, MPAF provides the ComplianceART and DeviationART  
which can be defined, similarly to the activity-oriented compliance, using the artifact 
nodes and arcs according to the definition of AG. The degree of artifact-oriented 
compliance(ComplianceART) is defined as how many artifact nodes and reference rela-
tions of the actual process model instance are matched in those of the project plan 

 

(8) 

(9) 
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model. Besides, the degree of activity-oriented deviation(DeviationART) is defined as 
how many missed and added artifact nodes and reference relations exist in the actual 
process model instance against the project plan model. The compliance and deviation 
on the artifact nodes are defined as in the following equations: 
 

 

 
DeviationART  is formulated with AFDevMiss, AFDevAdd, and two weights, which are 

WR and WF. While AFDevMiss describes the deviation with viewpoints of missed artifact 
nodes and reference relations which were planned to be produced but did not, AF-
DevAdd  presents the deviation with viewpoints of added artifacts and reference rela-
tions which were not expected but were produced. The meaning and usage of two 
weights are the same as WM and WA of Eq.(7). The deviations with aspects of the 
missed(AFDevMiss) and added(AFDevAdd) execution are defined as follows: 
 

 

4.3   Stability 

The structural pattern of the activity and artifact with the stability aspect can be ex-
tracted using the method of counting the number of frequency: 
 
Step 1.   Make a set which contains all activity nodes(artifact nodes) of all process 

model instances in the organization except the temporal activity which is created 
using incomplete information of PTD, 

Step 2.   Make a set which contains all relations(direct arcs) of activity nodes(artifact 
nodes) which are elements of the activity set created at the previous step, 

Step 3.   Count the number of execution frequency of activity nodes(artifact nodes) or 
relations. 

Step 4.   Extract the structural pattern with the proper degree of frequency. 
 

In this approach, we consider three items under the behavioral pattern of the proc-
ess. 

  
(10) 

  
(11) 

        
(12) 

 

(13) 
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- Concurrency tendency of the activity 
- Tendency of delayed date of the activity  

To catch the tendency of delayed date of the activity, the ratio of delayed date to 
planned date of activity is used. We can use this tendency for planning the future 
project, so the more accurate schedules of the projects are acquired. 

- Compliance tendency 

5   Empirical Study with Industrial Data 

In this section, we present the empirical study applying MPAF to the 10 completed 
projects in a financial company of CMM level 2 in Korea. 

5.1   Project Environment of Study 

The target projects of this study have been done by the development and maintenance 
team in a financial company in Korea. They used to develop the small subsystems to 
extend the legacy system or change the part of functions of the legacy system. There-
fore the projects are small scale projects with the average of total days of 50.8 days 
and the average number of agents involved of 3.7 persons. These projects are exe-
cuted according to the tailored process while this company has their own develop-
ment process standard based on the standard waterfall model. To present the extrac-
tion of model instance and analysis results of single project, prj-192 is selected 
among the target projects. The prj-192 observes well the typical pattern of software 
development works in this company and has the project data which show the various 
aspects of process execution such as the execution of the unplanned activities, the 
merge operation of some activities, and so on. 

5.2   Extraction of Model Instance 

According to MPAF, we extract the essential information from PTD to construct the 
process model. The PTD of this company consists of 31 items such as the measure-
ment of schedule, the measurement of configuration item, and so on. From these 
items, we choose the schedule-oriented, agent-oriented and artifact-oriented items as 
the essential information for the process model recovery. Fig.4 shows the project plan 
model of prj-192 which is constructed at the initial stage of the project and Fig.5 
shows the extracted process model instance of the same project using the essential 
information. We can easily find the differences between the two models described by 
CogNet.  

5.3   Analysis Using the Recovered Model Instance 

In this section, the results of the process analysis with the analysis factor are repre-
sented. Some of the analysis are performed by using the SoftPM. 
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Fig. 4. The project plan model of prj-192. 

 

 

Fig. 5. The extracted process model instance of prj-192. 

Table 3. The artifact-oriented performance analysis result of prj-192. 

Agent name Total work days in the 
conflict state 

Frequency of conflicts Total  
work days 

Jung. K 35 5 119 
Jeon. Y 51 6 136 
Kim. J 4 2 56 

AC
ACTFrq

 = 4.3 times   AC
Time

 = 30 days 
 
Analysis of Single Project. The analysis results about the activity-oriented perform-
ance are as follows: 
 
- Delayed dates  

The most delayed activity is the Detail Design activity(DD). The analysis result is 
that the activities between the System Test Design activity(STD) and the Integra-
tion Test activity(IT), as design and coding phase, are delayed. 

- Idle and overlapped dates per activity  
The remarkable result is that the following activities after the Requirement Analy-
sis(RA) have the significant idle time. However, DD and the Integration Test De-
sign activity(ITD), and the CODing activity(CODE) are already executed concur-
rently, although they have clear precedence relation. We can guess that the 
activities between the design and coding phases are executed concurrently to com-
pensate the idle dates in the previous activities. 
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- Concurrency of activity  
Generally, the concurrency of the design and coding activity is high. This result re-
flects the same result of analyzing the overlapped dates. 

 

The analysis result of the agent-oriented performance is shown in Table 3. From this 
result, we can see that the three agents worked two or more jobs concurrently in 30 
days during executing prj-192 whose actual duration was 71 days. Besides, from the 
fact that the average frequency of the agent conflicts is 4.3, prj-192 has the serious 
agent conflict problems because the actual conflict frequency is 2 times of the 
planned average frequency of the agent conflicts whose value is 2.3. In a logical 
sense, if there exists an agent conflict occurred between two activities that have over-
lapped duration and use the same agent, at least one of the activities must be delayed. 
While we can predict that the number of delayed activities is 4 or more (because 
ACACTFrq is 4.3), the number of actual delayed activities is 4. Consequently, it shows a 
positive evidence to our reasoning using ACACTFrq.  

Table 4. The activity-oriented compliance result of prj-192. 
 

 Compliance
ACT

 Dev
Miss

 Dev
Add

 Deviation
ACT

 

Value (%) 67.74 0 32.25 32.25 
(W

M
 = 1, W

A
 = 1) 

Table 5. The artifact-oriented compliance result of prj-192. 
 

 Compliance
ART

 AFDev
Miss

 AFDev
Add

 Deviation
ART

 

Value (%) 53.85 38.46 46.15 84.61 
(W

R
 = 1, W

F
 = 1) 

 

The analysis result of activity-oriented compliance with the equations from (6) to 
(9) are shown in Table 4. This result shows that prj-192 complies well with the pro-
ject plan. Therefore, we can find that the most of deviations are caused by executing 
the unexpected activities because DevMiss is 0. 

Besides, Table 5 shows the degree of artifact-oriented compliance calculated with 
the equations from (10) to (13). It shows that prj-192 didn’t produce all the artifacts 
expected in the project plan(38.46%), and it produced the extra-artifacts(46.15%). 
 

Analysis of Multiple Projects. Fig. 6 and Fig. 7 show the activity-oriented and arti-
fact-oriented structural pattern, respectively. 

In Fig. 6, we can see that the processes executed in this company have the execu-
tion tendency shaped as V-model. The remarkable thing in Fig.6(b) is compassed by 
the dotted rectangle. The DD is absorbed by RA or CODE. Therefore, DD and CODE 
have the tendency of concurrent execution. The System Integration Test Design 
Document(SITDD) is produced by CODE though its production is planned at the 
High-level Design activity(HD). For this reason, we can see that code and SITDD 
depend on the Software Requirement Specification(SRS) in the Fig.7.  According to 
Fig.7,  the target projects have a tendency not to produce the Detailed Design Docu-
ment(DDD).  
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Fig. 6. The activity-oriented structural pattern: (a)intermediate pattern, (b)final pattern. 

 

Fig. 7. The artifact-oriented structural pattern. 

The concurrency tendency of activities show that the concurrency is concentrated 
on the mid-stage of development, such as ITD, CODE, IT, whereas the concurrency 
of plan is concentrated on the initial stage of development. Due to the absence of the 
design stage, we can guess that CODE progresses with the design and the test activ-
ity. 

The tendency of delayed date of the activity has the result that STD, ITD, and IT 
have higher delay rates than that of the other activities. They are delayed almost two 
times more than the planned execution dates. On the other hand, the Delivery and 
Acceptance Test activity(DaAT) has the lower delay rates than that of other activities. 
This fact is due to the scheduling tendency that the project manager insures the activ-
ity execution time. However, the execution time of DaAT is frequently shorter than 
planned. 

The average compliance tendency with the project plan is shown in Table 6. Ac-
cording to Table 6, we can get the result that the processes of the overall projects 
have the tendency to comply with the project plan from the activity-oriented view. 
From the artifacts-oriented view, there are some artifacts which are produced at the 
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unexpected time, and are produced additionally though they are not planned to be 
produced. The degree of artifact-oriented deviation is relatively high, whereas the 
degree of the activity-oriented compliance is high. From this fact, we can analogize 
that this organization may have the problems related to the operation or policy of 
producing artifacts. 

Table 6. The average compliance tendency with the project plan. 

Category Measure Value (%) 
Activity-oriented Compliance

ACT
 94.3 

 Dev
Miss

 6.7 
 Dev

Add
 38.2 

 

 Deviation
ACT

 44.9 

Artifact-oriented Compliance
ART

 73.5 
 AFDev

Miss
 36.5 

 AFDev
Add

 44.1 
 

 Deviation
ART

 80.6 

(W
M
, W

A
, W

R
, W

F
 = 1) 

6   Related Work 

This section introduces related work in reverse engineering in software process area 
and process validation. 

6.1   Reverse Engineering in Software Process 

The recent approach about reverse engineering in process research area is Cook’s 
approach[9]. Cook et al. has explored methods for automatically deriving a formal 
model of a process from basic event data collected on the process. The assumption in 
this approach is that the event stream appears with the recurring pattern of behavior. 
It terms this form of data analysis "process discovery", because a process is inherent 
in every project, and for every process there is some model that can be devised to 
describe it. To develop the technique, this approach transforms the process discovery 
problem to FSM discovery problem which has been previously investigated. Al-
though this approach suggests the automated event-based framework for discovering 
the process model, it has the disadvantages such that (1)the result depends on the 
collected events which are the only fractions of the actual process, (2)the discovered 
model is very simple because it describes the only activity and activity order except 
the agent-related and artifact-related information which most of the process model 
essentially needs, (3)the discovered model dose not provide the structural relations 
among process elements. 

6.2   Process Validation 

The process validation is related to the check of the actual process compliance with 
the project plan model. Cugola et al.[10] define a formal framework for checking the 
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inconsistencies and deviations between the defined process model and the actual 
process. Their approach is directed the actual process by the process model which is 
described by LATINE on SENTINEL. It basically defines a policy that tells us when 
and what data can be considered potentially incorrect by defining the pollution rules. 
This approach only focuses on finding and resolving the inconsistency and the devia-
tion. 

Cook et al.[11] propose the work of process validation trying to measure the com-
pliance using the event-based framework and the string distance metric after the pro-
ject process is finished. They develop two metric-oriented technique for process vali-
dation, from a linear distance measure in terms of event insertions and deletions, to a 
nonlinear distance measure that takes into account the size of discrepancies. The 
limitation of this work is that it only provides the metric from the simple activity-
related point of view except the consideration of other process elements. Although 
our compliance metrics are affected by this work, MPAF provides not only the activ-
ity-oriented compliance but also the artifact-oriented compliance, and considers the 
aspects of the artifact flow(the execution order) of activities and the reference relation 
of artifacts. 

7   Conclusion and Future Work 

In this paper, we have proposed a Model-based Process Analysis Framework(MPAF) 
for supporting the process analysis from the process element point of view. Since it is 
not easy to analyze the raw project execution data in the artifacts, a formal process 
model is used in MPAF for abstracting and understanding of the process. MPAF 
provides the analysis elements and the procedures which construct the process model 
instance using information extracted from project execution data, and analyze on the 
model instance using the defined analysis factors. 

The proposed approach has the following advantages.  
 
- It supports to understand and analyze the process with the only concerns that proc-

ess managers want to know. 
- It provides the analysis from the process-oriented viewpoints against the product-

oriented viewpoints. 
- It can be easily automated. 
 

On the other hand, our approach has a drawback that the analysis factor and the 
viewpoint depend on the expression power of the process modeling language. How-
ever, this drawback can be somewhat offseted by the use of other modeling language. 
 

There are several directions of future work for MPAF: 
 
- To provide the analysis with multi-perspective views of the software process, our 

research on the measures will be continuously considered with their relations. 
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- To use as the standard whenever the process compliance is checked, we plan to 
introduce the quality and maturity model such as CMM to the analysis factor of 
MPAF. 

- To improve the process stability of an organization, the research on the methods of 
extracting and managing a process pattern will be continuously considered. 

 
We intend to explore these directions, for improving the practicality and usefulness 

of MPAF. 
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