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Today’s Agenda
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Conclusion
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Research Issues

1. What metrics will be helpful to a 
project manager early in the 
development lifecycle?

2. How can such metrics information 
be collected?

3. How can the generated metrics 
information be utilized?
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Solution Approach
UML-based Automatic OO Metrics Counter
Input

UML diagrams: class, use case, component, 
deployment, state chart, activity, sequence, 
collaboration and package

Output
Key metrics : model complexity, evolution, 
maturity, breakage, rework, etc.
Output format : Standard Output, XML,  Excel, et 
al.
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Proposed Metrics

OO Concepts: Classes, Methods, 
Inheritance, Polymorphism
Metrics Tree

METRICS TREE

PRIMITIVE FAULT PRONENESS QUALITY MEASURE COUPLING USECASE

CLS REL WMC NOC DIT MHF AHF AIF OLC CLC PLC NOA NOUC NOUCAMIF

TNC TNM TNCATNP TNNRTNIR TNRR TNRTNA
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Primitive Metrics
To provide brief and basic complexity 
information 

TNC (Total Number of Class) =    
TNIR (Total Number of Inheritance Relationships) =  
TNRR (Total Number of Realization Relationships) =  
TNUR (Total Number of Use Relationships) =  
TNA (Total Number of Associations) =  
TNR (Total Number of Roles) = 
TNO (Total Number of Operation) =  
TNP (Total Number of Parameters) =  
TNCA (Total Number of Class Attributes) =  
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Fault-Proneness Metrics

To predict class’s fault-proneness
WMC(Weighted Method per Class) =  

where, ci is the complexity of the methods 
NOC(Number of Children per Class) = 

where, sci is the number of immediate
subclasses 

DIT(Depth of Inheritance Tree) = max_leng
where, max_leng is the maximum length
from the root node to the leaf node
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Quality Measure Metrics
To provide quality measurements

MHF(Method Hiding Factor) =  

where, V(Mmi) = 

is_visible(Mmi, Cj) = 

TC = Total number of class
Md = Total number of methods defined
V(Mmi) = Visibility of the total classes from 

which the method Mmi is visible
- MHF is a measure of the use of information hiding concept 

through methods
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Quality Measure Metrics(Continued)

AHF(Attribute Hiding Factor) =  

where, V(Ami) = 

is_visible(Ami, Cj) = 

TC = Total number of class
Ad = Total number of attributes defined
V(Ami) = Visibility of the total classes from 

which the attribute Ami is visible
- AHF is a measure of the use of information hiding concept 

through attributes
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Quality Measure Metrics(Continued)

MIF(Method Inheritance Factor) =  
where, Ma(Ci) = Md(Ci) + Mi (Ci) is total number of 

available methods(locally defined plus inherited)
- MIF is a measure of inheritance through methods

AIF(Attribute Inheritance Factor) = 
where, Aa(Ci) = Ad(Ci) + Ai (Ci) is total number of 

available attributes(locally defined plus inherited)
- AIF is a measure of inheritance through attributes
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Coupling Metrics

To provide 
dependency 
between objects 
/ classes and 
locality of data

PLC(Package 
Level Coupling) 
CLC(Class Level 
Coupling) 
OLC(Object 
Level Coupling)

<Example of PLC>
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Use Case Metrics

To provide dynamic complexity through 
the analysis of use case data

NOA(Number of Actor) =  
NOUC(Number of Use Cases) =  
NOUCA(Use Cases per Actor) = 
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Tool Support

Standard 
Output

User Input 
Handling

&
Parsing Module

UML
Files 

Metrics 
Calculation

Model

Report
Generator

Module

XML

<Structure of the OSMAT software>
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Screen shots

Sample 
results of 
running 
the 
OSMAT 
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A sample 
XML 
output

Screen shots(Continued)
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Experimental Results
Feasibility test

CDT (Command and Data Tool) software for  
Payload Operations Support Team tool suite

Command and telemetry specification for Space Shuttle 
payloads and experiments
Java-language client-server application
Shipped to Space Shuttle payload customers

30 UML models
Used RUP, UML and variety of tools
Collected back-end metrics
Wanted front-end metrics

Can we determine complexity earlier?
Use measures for project decision-making
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Experimental Results(Continued)

CDT Application Example
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Experimental Results(Continued)
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Utilization of the OSMAT

Cost Estimation Model
Generated by SAS with linear regression test



Copyright © 2003 TAMU 20

Utilization of the OSMAT(Continued)

Correlation between metrics by T-test
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Summary
What Metrics?

Object-Oriented Metrics to understand software 
complexity
Propose new metrics based on Use Case diagrams

How to collect?
Automatic Measurement Approach: Ontology-
based Software Metrics Analysis Tool

How to utilize?
Effort estimation model 
Statistical analyses: Regression, Cluster
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