dbViz Metrics Analysis

INTRODUCTION


Metrics analysis is being performed on the dbViz software project to monitor system complexity.  System complexity makes programs rigid, fragile and difficult to reuse according to “Object Oriented Quality Design Metrics,” by Robert Martin.  Software that is rigid is not likely to change because changes cause unforeseen side effects, and the design if often fixed at an early date.  Fragile software is characterized by a change in one area of the code causing a cascade effect of changes in other, unwanted areas of the code.  Code that is difficult to reuse defeats a strong benefit of object oriented programming—inheritance.  


A common practice today is to perform an iterative development process.  An iterative approach is seen as a more realistic approach to software development than the classic “waterfall” model.  An iterative process assumes the software will develop incrementally.  However, software that is difficult to maintain or enhance because it is rigid, fragile and difficult to reuse, is in direct opposition to the use of the iterative process.  Therefore, it is essential to monitor the qualities of our software that make rigid, fragile and difficult to reuse, and in necessary cases modify the code and/or design to make the software robust and flexible.

METHODOLOGY


Metrics for the dbViz project were measured in the Netbeans Integrated Development Environment (IDE).  Seven metrics measured.  Their names and descriptions as found in the Netbeans online documentation are given below:

    *  WMC, or Weighted Methods in a Class, is defined as the sum of the complexities of all methods in a class. The problem is that no one agrees on the definition of a method's complexity, so many metrics tools just punt and assign one (1) to each method. In this module I use a variant on McCabe's Cyclomatic Complexity metric, so that methods with more code paths are weighted more heavily.

A high WMC metric value may indicate unnecessary complexity, such as a "hairball" class design or a complex method that could use refactoring. It can also indicate a procedural design hiding in an object-oriented wrapper.

    * CBO, or Coupling Between Objects, is defined as the sum of the classes referenced by a class and the number of classes that reference a class. Good object-oriented design recommends that classes be as lightly- coupled as possible, so high CBO metrics may indicate poor design. A class which is tightly coupled with other classes is also more sensitive to changes in those classes, increasing the risk of regressions.

    * RFC, or Response For a Class, is defined as the sum of all external methods called by a class, plus all methods those methods call. A class with a high RFC is also more sensitive to regressions. It can also be more expensive to maintain, because more knowledge of the called libraries is needed to do effective maintenance. An example of this is to compare a javax.swing method call and a java.util call: because Swing is a much more complex API, it can take longer to make a correct change to its client code than a java.util class.

    * MPC, or Message Passing Coupling, is defined as the sum of the number of method calls made by all methods in a class. Like RFC and CBO, MPC is a measure of a class' complexity. Classes with high MPC metrics may be doing too much work, and should be split into smaller, more narrowly focused classes.

    * DIT, or Depth of Inheritance Tree, is equal to the number of superclasses of a class. Classes with lots of superclasses have their behavior scattered in lots of places, requiring more effort to maintain them. This is the hidden cost of subclassing, often overlooked in OO designs.

    * NOC, or Number Of Children, is the number of child classes. Classes with lots of child classes need to be very carefully modified to avoid regressions in those children.

    * NT, or Number of Tramps, is the number of parameters in a class' methods which are not referenced by its code. While there may be valid reasons for unreferenced parameters (such as a default implementation in an abstract base class), in general they can add unnecessary complexity both for clients and sustaining engineers. Worse, their lack of use may indicate a potential bug. Methods which don't reference any instance variables may be better implemented as static methods, as this may improve performance on many VMs.

These metrics closely follow the classic six metrics as described in the paper “A Metrics Suite for Object Oriented Design,” by Shyam R. Chidamber and Chris F. Kemerer.  WMC, DIT, NOC, RFC, CBO are present in both document.  LCOM (Lack of Cohesion of Methods) does not appear to have a parallel in the Netbeans metrics.  However, Netbeans offers a Number of Tramps metric to determine how many methods are not referenced (used) by the code.  It also offers the MPC or Message Passing Coupling metric, which is another measure of coupling in a class.  

RESULTS

Overview:  As can be seen by the following table, the general trend of new features in the dbViz project implemented in the last month has been to increase complexity.  
	 
	Mean
	Std. Dev.
	High
	Low

	 
	3_24
	4_20
	4_30
	3_24
	4_20
	4_30
	3_24
	4_20
	4_30
	3_24
	4_20
	4_30

	WMC
	10.0
	11.6
	10.2
	8.8
	14.1
	9.5
	59.0
	99.0
	55.0
	0.0
	0.0
	0.0

	CBO
	9.1
	10.7
	11.3
	5.9
	7.5
	8.1
	39.0
	47.0
	60.0
	2.0
	2.0
	2.0

	RFC
	18.9
	22.9
	21.3
	14.5
	32.5
	16.7
	85.0
	92.0
	111.0
	0.0
	0.0
	0.0

	MPC
	24.8
	32.6
	28.2
	26.0
	42.0
	27.1
	131.0
	290.0
	154.0
	0.0
	0.0
	0.0

	DIT
	3.4
	2.8
	2.7
	1.6
	1.9
	1.7
	8.0
	8.0
	8.0
	1.0
	1.0
	1.0

	NOC
	0.0
	0.0
	0.1
	0.1
	0.4
	0.5
	1.0
	3.0
	3.0
	0.0
	0.0
	0.0

	NT
	0.5
	0.2
	0.1
	0.5
	1.0
	0.4
	1.0
	8.0
	2.0
	0.0
	0.0
	0.0


Note: In the graphs below, any values >= 50 are grouped together to alleviate display issues.
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Weighted Measure of a Class (WMC)
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The following have a WMC rating > 20 as of 4/30/03:  
	edu.uiuc.jdbv.diagram.Diagram
	55

	edu.uiuc.jdbv.diagram.LayoutBase
	44

	edu.uiuc.jdbv.diagram.TableRenderer
	34

	edu.uiuc.jdbv.diagram.TableView
	31

	edu.uiuc.jdbv.gui.DiagramPane
	30

	edu.uiuc.jdbv.diagram.LayoutAlgorithm
	29

	edu.uiuc.jdbv.diagram.ConnectionEdgeRenderer
	22

	edu.uiuc.jdbv.gui.ColumnListRenderer
	22

	edu.uiuc.jdbv.gui.ConnectionListModel
	22

	edu.uiuc.jdbv.diagram.SolveEdges
	22

	edu.uiuc.jdbv.JDBV
	21


Recommendation:

A paper by the software engineering institute suggested a guideline that classes with a complexity over 20 should be refactored to reduce complexity.  Therefore the above classes should be refactored to reduce their complexity.  Especially, classes with a WMC over 50 must be refactored.  
Results:  
Work has been performed to restructure the most complex class:   “LayoutAlgorithm”.  This class went from a WMC of 99 to 29 by splitting off a super class “LayoutBase” which has a WMC of 44.  This should significantly reduce complexity in testing and inheritance issues.
Coupling Between Objects (CBO)
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Five classes have a CBO >= 19, which is approximately two standard deviations above the mean.  

	edu.uiuc.jdbv.diagram.Diagram
	60

	edu.uiuc.jdbv.JDBV
	42

	edu.uiuc.jdbv.gui.DiagramPane
	25

	edu.uiuc.jdbv.diagram.ConnectionEdgeRenderer
	25

	edu.uiuc.jdbv.schema.Table
	25

	edu.uiuc.jdbv.gui.JDBVWindow
	23

	edu.uiuc.jdbv.diagram.TableRenderer
	20

	edu.uiuc.jdbv.schema.Schema
	20


Recommendation:

Ideally, objects should be loosely coupled, which means there should be little as dependence between objects as possible.  Objects with high dependencies will cause a large ripple effect when an object is changed.  Testing all the changes will be time consuming and difficult to verify.  

Therefore, classes with a CBO >= 19 should be analyzed to reduce coupling.  Especially, the outlier classes such as Diagram and JDBV which have high values of CBO should be restructured.   

Response for a Class (RFC)

[image: image7.emf]Response For a Class

0

1

2

3

4

5

6

7

8

9

0 4 812162024283236404448

RFC

Frequency

3_24_03

4_20_03

4_30_03


Six classes have a RFC >= 49, which is approximately two standard deviations above the mean.  

	edu.uiuc.jdbv.diagram.Diagram
	111

	edu.uiuc.jdbv.JDBV
	63

	edu.uiuc.jdbv.diagram.TableRenderer
	62

	edu.uiuc.jdbv.diagram.LayoutAlgorithm
	55

	edu.uiuc.jdbv.gui.JDBVWindow
	54

	edu.uiuc.jdbv.gui.DiagramPane
	51


Recommendation:

Two of these classes, Diagram and JDBV also have high CBO values.  In addition, the Tableview.SizeHandle class has a high WMC value.  The fact that these are showing up repeatedly for high metrics values means that these will be strong candidates for refactoring.  

Message Passing Coupling (MPC)
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There are four classes that have a MPC rating higher than 75, which is again approximately above two standard deviations from the mean.  They are:

	edu.uiuc.jdbv.diagram.Diagram

	154


	edu.uiuc.jdbv.gui.ImportRegistryWindow

	107


	edu.uiuc.jdbv.diagram.LayoutAlgorithm

	100


	edu.uiuc.jdbv.imports.oracle.DBGuiPanel

	91


	edu.uiuc.jdbv.imports.oracle.DBImportDefinition

	88


	edu.uiuc.jdbv.gui.DiagramPane

	87



	
	


Recommendation:
Again, the Diagram classes and SizeHandle class appear with high metrics values, again reinforcing the need for refactoring.

Depth of Inheritance Tree (DIT)
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There are three classes two standard deviations above the mean, which are:

	edu.uiuc.jdbv.gui.ColumnListRenderer
	8

	edu.uiuc.jdbv.gui.ConnectionListRenderer
	8

	edu.uiuc.jdbv.gui.TableListRenderer
	8


Recommendation:
These classes are greatly affected by the classes above them.  A change in any of the methods or variables in the inherited classes will affect these classes.  Therefore, these classes should be examined to see if there inheritance level could be reduced.  

Number of Children (NOC)
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Recommendation:

As can be seen from the graph, most of the classes have no children.  This means classes are created individually, with little inheritance.  This can be a major cause of some of the complexity issues above.  The classes should be evaluated to see if inheritance could be used to simplify some of the message passing or coupling issues.
Number of Tramps (NT)
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Recommendation:
All of the classes with a tramp must be rewritten to reference all parameters in a method.  Tramps are a sign of potential hazards with variable name reuse, needlessly complicated parameter passing and generally sloppy code writing.  

Results:
As can be seen, the number of tramps has been dramatically reduced by 4/30/03.  Several functions that only had debugging functionality were discovered and deleted.  Other classes that were inefficient were removed.  The only remaining tramps are in those classes that have either an unused “main(args[])” parameter or are used from a library interface.  These are well understood, defined and will be accepted. 
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WMC

		WMC		Frequency

				3_24_03		4_20_04		4_30_03

		0		1		2		1

		1		1		2		4

		2		8		10		5

		3		7		3		4

		4		6		10		11

		5		3		2		9

		6		10		8		10

		7		3		3		5

		8		2		6		6

		9		6		2		3

		10		2		0		1

		11		8		7		3

		12		4		4		3

		13		3		0		3

		14		3		3		3

		15		1		1		1

		16		0		0		0

		17		3		2		2

		18		1		1		2

		19		2		4		2

		20		1		1		1

		21		0		0		1

		22		4		3		4

		23		0		0		0

		24		1		1		0

		25		0		0		0

		26		0		0		0

		27		0		0		0

		28		0		0		0

		29		0		1		1

		30		0		0		1

		31		0		0		1

		32		0		0		0

		33		0		0		0

		34		0		0		1

		35		0		0		0

		36		0		1		0

		37		0		0		0

		38		0		0		0

		39		0		1		0

		40		0		0		0

		41		0		0		0

		42		1		1		0

		43		0		0		0

		44		0		0		1

		45		0		0		0

		46		0		0		0

		47		0		0		0

		48		0		0		0

		49		0		0		0

		more		1		2		1

		More		0		0





WMC

		



3_24_03

4_20_04

4_30_03

WMC

Frequency

Weighted Measure of a Class



CBO

		Bin		Frequency

				3_24_03		4_20_03		4_30_03

		0		0		0		0

		1		0		0		0

		2		1		2		1

		3		3		6		4

		4		9		5		5

		5		6		9		4

		6		2		6		7

		7		29		4		5

		8		6		6		11

		9		1		6		7

		10		7		8		4

		11		1		2		8

		12		1		2		12

		13		2		2		2

		14		2		2		3

		15		0		2		2

		16		2		3		1

		17		2		3		0

		18		3		5		2

		19		2		1		4

		20		0		1		2

		21		0		0		0

		22		1		1		0

		23		0		0		1

		24		0		1		0

		25		0		0		3

		26		0		1		0

		27		0		0		0

		28		1		1		0

		29		0		0		0

		30		0		0		0

		31		0		0		0

		32		0		1		0

		33		0		0		0

		34		0		0		0

		35		0		0		0

		36		0		0		0

		37		0		0		0

		38		0		0		0

		39		1		0		0

		40		0		0		0

		41		0		0		0

		42		0		0		1

		43		0		0		0

		44		0		0		0

		45		0		0		0

		46		0		0		0

		47		0		0		0

		48		0		0		0

		49		0		0		0

		50		0		0		0

								0

								0

								0

								0

								0

								0

								0

								0

								0

								1





CBO

		



3_24_03

4_20_03

4_30_03

CBO

Frequency

Coupling Between Objects



RFC

		Bin		Frequency

				3_24_03		4_20_03		4_30_03

		0		1		2		1

		1		0		0		0

		2		1		2		2

		3		1		3		3

		4		1		3		1

		5		3		3		2

		6		1		1		1

		7		0		0		3

		8		3		3		1

		9		5		0		1

		10		5		3		7

		11		3		0		1

		12		4		5		4

		13		8		1		2

		14		6		8		8

		15		3		0		1

		16		4		4		8

		17		3		2		1

		18		2		0		2

		19		3		4		5

		20		1		3		4

		21		4		1		2

		22		0		2		1

		23		3		3		2

		24		1		1		1

		25		1		0		0

		26		1		1		1

		27		0		0		1

		28		0		1		1

		29		1		2		2

		30		1		3		2

		31		0		0		1

		32		1		2		0

		33		1		3		4

		34		1		1		1

		35		0		0		0

		36		1		2		2

		37		0		0		0

		38		1		0		0

		39		1		2		1

		40		0		0		1

		41		0		1		2

		42		0		1		0

		43		0		0		0

		44		0		0		0

		45		0		0		0

		46		0		0		0

		47		0		1		0

		48		0		0		0

		49		1		1		1

		more		5		6		6





RFC

		



3_24_03

4_20_03

4_30_03

RFC

Frequency

Response For a Class



MPC

		Bin		Frequency

				3_24_03		4_20_03		4_30_03

		0		1		2		1

		1		2		5		4

		2		1		2		1

		3		1		3		2

		4		1		2		1

		5		3		2		2

		6		1		0		1

		7		4		1		2

		8		2		0		0

		9		3		1		2

		10		0		2		4

		11		2		1		2

		12		3		2		2

		13		2		1		4

		14		0		0		1

		15		8		4		4

		16		0		1		1

		17		4		3		2

		18		4		4		8

		19		6		2		2

		20		5		8		4

		21		3		0		2

		22		2		2		3

		23		2		0		0

		24		0		1		1

		25		2		1		3

		26		1		1		2

		27		1		1		0

		28		1		1		2

		29		0		0		0

		30		1		2		1

		31		1		1		0

		32		2		2		2

		33		0		0		0

		34		0		0		2

		35		1		1		0

		36		0		0		0

		37		0		0		1

		38		0		0		0

		39		0		0		1

		40		0		0		0

		41		0		2		1

		42		0		1		2

		43		0		0		0

		44		0		0		0

		45		1		2		1

		46		0		1		1

		47		0		0		0

		48		0		0		0

		49		0		0		0

		more		7		15		15





MPC

		



3_24_03

4_20_03

4_30_03

MPC

Frequency

Message Passing Coupling



DIT

		Bin		Frequency

				3_24_03		4_20_03		4_30_03

		0		0		0		0

		1		13		33		23

		2		14		23		33

		3		6		8		15

		4		35		1		1

		5		8		10		11

		6		3		3		4

		7		0		0		0

		8		3		3		3

		9		0		0		0

		10		0		0		0

		11		0		0		0

		12		0		0		0

		13		0		0		0

		14		0		0		0





DIT

		



3_24_03

4_20_03

4_30_03

DIT

Frequency

Depth of Inheritance Tree



NOC

		Bin		Frequency

				3_24_03		4_20_03		4_30_03

		0		81		79		85

		1		1		1		2

		2		0		0		2

		3		0		1		1

		4		0		0		0

		5		0		0		0

		6		0		0		0

		7		0		0		0

		8		0		0		0

		9		0		0		0

		10		0		0		0





NOC

		



3_24_03

4_20_03

4_30_03

NOC

Frequency

Number of Children



NT

		Bin		Frequency

				3_24_03		4_20_03		4_30_03

		0		42		70		79

		1		40		10		9

		2		0		0		2

		3		0		0		0

		4		0		0		0

		5		0		0		0

		6		0		0		0

		7		0		0		0

		8		0		2		0

		9		0		0		0

		10		0		0		0

		More		0		0		0





NT

		



3_24_03

4_20_03

4_30_03

Bin

Frequency

Number of Tramps Histogram



Statistical Data

				Mean						Std. Dev.						High						Low

				3_24_03		4_20_03		4_30_03		3_24_03		4_20_03		4_30_03		3_24_03		4_20_03		4_30_03		3_24_03		4_20_03		4_30_03

		WMC		10.0		11.6		10.2		8.8		14.1		9.5		59.0		99.0		55.0		0.0		0.0		0.0

		CBO		9.1		10.7		11.3		5.9		7.5		8.1		39.0		47.0		60.0		2.0		2.0		2.0

		RFC		18.9		22.9		21.3		14.5		32.5		16.7		85.0		92.0		111.0		0.0		0.0		0.0

		MPC		24.8		32.6		28.2		26.0		42.0		27.1		131.0		290.0		154.0		0.0		0.0		0.0

		DIT		3.4		2.8		2.7		1.6		1.9		1.7		8.0		8.0		8.0		1.0		1.0		1.0

		NOC		0.0		0.0		0.1		0.1		0.4		0.5		1.0		3.0		3.0		0.0		0.0		0.0

		NT		0.5		0.2		0.1		0.5		1.0		0.4		1.0		8.0		2.0		0.0		0.0		0.0
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				WMC		CBO		RFC		MPC		DIT		NOC		NT

		edu.uiuc.jdbv.schema.SchemaTest		11		10		24		52		4		0		1		76

		edu.uiuc.jdbv.gui.GuiSuite		3		4		21		32		4		0		1		39

		edu.uiuc.jdbv.gui.JDBVWindowTest		15		7		19		27		4		0		1		46

		edu.uiuc.jdbv.JDBVTest		14		7		18		25		4		0		1		7

		edu.uiuc.jdbv.schema.TableTest		14		7		18		25		4		0		1		78

		edu.uiuc.jdbv.diagram.TableGraphCellTest		13		7		17		23		4		0		1		20

		edu.uiuc.jdbv.gui.TableListModelTest		13		7		17		23		4		0		1		56

		edu.uiuc.jdbv.diagram.DiagramTest		12		7		16		21		4		0		1		16

		edu.uiuc.jdbv.diagram.TableRendererTest		12		7		16		21		4		0		1		22

		edu.uiuc.jdbv.util.CollectionUtilsTest		12		8		13		21		4		0		1		80

		edu.uiuc.jdbv.gui.ColumnListModelTest		11		7		15		19		4		0		1		28

		edu.uiuc.jdbv.gui.ConnectionListModelTest		11		7		15		19		4		0		1		32

		edu.uiuc.jdbv.schema.ConnectionTest		11		7		15		19		4		0		1		73

		edu.uiuc.jdbv.JdbvSuite		3		4		14		18		4		0		1		8

		edu.uiuc.jdbv.gui.DiagramPaneTest		10		7		14		17		4		0		1		36

		edu.uiuc.jdbv.schema.ColumnTest		10		7		14		17		4		0		1		71

		edu.uiuc.jdbv.diagram.TableViewTest		9		7		13		15		4		0		1		25

		edu.uiuc.jdbv.gui.ColumnListRendererTest		9		7		13		15		4		0		1		30

		edu.uiuc.jdbv.gui.ConnectionListRendererTest		9		7		13		15		4		0		1		34

		edu.uiuc.jdbv.gui.ImportRegistryWindowTest		9		7		13		15		4		0		1		42

		edu.uiuc.jdbv.gui.TableListRendererTest		9		7		13		15		4		0		1		58

		edu.uiuc.jdbv.imports.sql.SqlImportDefinitionTest		9		7		13		15		4		0		1		68

		edu.uiuc.jdbv.gui.TableListTest		8		7		12		13		4		0		1		59

		edu.uiuc.jdbv.diagram.DiagramSuite		3		4		11		12		4		0		1		15

		edu.uiuc.jdbv.schema.SchemaSuite		3		4		11		12		4		0		1		75

		edu.uiuc.jdbv.imports.sql.SqlGuiPanelTest		7		7		11		11		4		0		1		66

		edu.uiuc.jdbv.AddTableActionTest		6		7		10		9		4		0		1		2

		edu.uiuc.jdbv.gui.SplashWindowTest		6		7		10		9		4		0		1		48

		edu.uiuc.jdbv.imports.ImportRegistryTest		6		7		10		9		4		0		1		63

		edu.uiuc.jdbv.imports.ImportsSuite		3		4		9		8		4		0		1		64

		edu.uiuc.jdbv.imports.sql.SqlSuite		3		4		9		8		4		0		1		69

		edu.uiuc.jdbv.gui.DiagramSelectionListenerTest		5		7		9		7		4		0		1		38

		edu.uiuc.jdbv.gui.StatusBarTest		5		7		9		7		4		0		1		50

		edu.uiuc.jdbv.gui.TableInfoPanelTest		5		7		9		7		4		0		1		53

		edu.uiuc.jdbv.util.UtilSuite		3		4		8		6		4		0		1		81

		edu.uiuc.jdbv.gui.TableListModel		19		8		19		18		3		0		1		55

		edu.uiuc.jdbv.imports.sql.SqlImportDefinition		22		14		39		129		2		0		1		67

		edu.uiuc.jdbv.AddTableAction		6		10		21		26		2		0		1		0

		edu.uiuc.jdbv.schema.Schema		11		16		32		57		1		0		1		74

		edu.uiuc.jdbv.diagram.TableGraphCell.ColumnComparator		7		6		12		20		1		0		1		19

		edu.uiuc.jdbv.gui.ColumnListRenderer		22		14		34		19		8		0		0		29

		edu.uiuc.jdbv.gui.ConnectionListRenderer		20		11		29		15		8		0		0		33

		edu.uiuc.jdbv.gui.TableListRenderer		18		9		20		5		8		0		0		57

		edu.uiuc.jdbv.gui.ImportRegistryWindow		17		18		49		107		6		0		0		40

		edu.uiuc.jdbv.gui.JDBVWindow		17		19		52		65		6		0		0		44

		edu.uiuc.jdbv.gui.TableList		6		7		12		13		6		0		0		54

		edu.uiuc.jdbv.diagram.Diagram		22		39		67		108		5		0		0		14

		edu.uiuc.jdbv.gui.TableInfoPanel		4		18		33		67		5		0		0		51

		edu.uiuc.jdbv.diagram.TableRenderer		42		19		53		59		5		0		0		21

		edu.uiuc.jdbv.imports.sql.SqlGuiPanel		7		17		38		56		5		0		0		65

		edu.uiuc.jdbv.gui.DiagramPane		11		8		23		31		5		0		0		35

		edu.uiuc.jdbv.gui.SplashWindow		6		10		23		28		5		0		0		47

		edu.uiuc.jdbv.gui.JDBVMenuBar		2		5		10		19		5		0		0		43

		edu.uiuc.jdbv.gui.StatusBar		4		5		10		11		5		0		0		49

		edu.uiuc.jdbv.gui.ConnectionListModel		22		12		26		32		3		0		0		31

		edu.uiuc.jdbv.diagram.TableView		13		13		21		20		3		0		0		23

		edu.uiuc.jdbv.diagram.TableGraphCell		17		17		25		19		3		0		0		17

		edu.uiuc.jdbv.gui.ColumnListModel		14		8		19		17		3		0		0		26

		edu.uiuc.jdbv.imports.ImportException		4		4		8		4		3		0		0		61

		edu.uiuc.jdbv.RemoveTableAction		6		10		21		22		2		0		0		11

		edu.uiuc.jdbv.RedoAction		6		10		14		20		2		0		0		10

		edu.uiuc.jdbv.UndoAction		6		10		14		20		2		0		0		13

		edu.uiuc.jdbv.AddTableAction.UndoAddTable		4		8		16		18		2		0		0		1

		edu.uiuc.jdbv.RemoveTableAction.UndoRemoveTable		4		7		16		18		2		0		0		12

		edu.uiuc.jdbv.gui.ColumnListModel.UndoSetColumnVisible		6		5		13		15		2		0		0		27

		edu.uiuc.jdbv.HelpAboutAction		2		6		8		12		2		0		0		4

		edu.uiuc.jdbv.ExitAction		2		5		6		7		2		0		0		3

		edu.uiuc.jdbv.ImportSchemaAction		2		5		5		5		2		0		0		5

		edu.uiuc.jdbv.NewDiagramAction		2		5		5		5		2		0		0		9

		edu.uiuc.jdbv.gui.JDBVWindow.1		2		3		5		3		2		0		0		45

		edu.uiuc.jdbv.gui.ImportRegistryWindow.1		2		3		3		1		2		0		0		41

		edu.uiuc.jdbv.diagram.TableView.SizeHandle		59		18		85		131		1		0		0		24

		edu.uiuc.jdbv.JDBV		24		28		52		55		1		0		0		6

		edu.uiuc.jdbv.schema.Table		19		22		36		45		1		0		0		77

		edu.uiuc.jdbv.schema.Connection		11		8		17		35		1		0		0		72

		edu.uiuc.jdbv.gui.DiagramSelectionListener		11		16		30		30		1		0		0		37

		edu.uiuc.jdbv.imports.ImportRegistry		4		10		23		22		1		0		0		62

		edu.uiuc.jdbv.schema.Column		12		13		12		20		1		0		0		70

		edu.uiuc.jdbv.util.CollectionUtils		8		3		14		17		1		0		0		79

		edu.uiuc.jdbv.gui.TableInfoPanel.1		2		4		4		2		1		0		0		52

		edu.uiuc.jdbv.imports.ImportDefinition		1		7		2		1		1		1		0		60

		edu.uiuc.jdbv.diagram.TableGraphCell.1		0		2		0		0		1		0		0		18
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		Class Name		WMC		CBO		RFC		MPC		DIT		NOC		NT

		edu.uiuc.jdbv.imports.ImportDefinition		1		9		2		1		1		3		0		1

		edu.uiuc.jdbv.diagram.LayoutAlgorithm		99		14		83		290		1		0		8		2

		edu.uiuc.jdbv.diagram.TableRenderer		42		20		62		77		5		0		0		3

		edu.uiuc.jdbv.diagram.ConnectionEdgeRenderer		39		26		42		82		5		0		0		4

		edu.uiuc.jdbv.diagram.Diagram		36		47		92		132		5		0		0		5

		edu.uiuc.jdbv.diagram.TableView		29		12		33		41		3		0		0		6

		edu.uiuc.jdbv.gui.ColumnListRenderer		22		13		34		19		8		0		0		7

		edu.uiuc.jdbv.gui.ConnectionListModel		22		12		26		32		3		0		0		8

		edu.uiuc.jdbv.JDBV		22		32		59		55		1		0		0		9

		edu.uiuc.jdbv.gui.ConnectionListRenderer		20		10		29		15		8		0		0		10

		edu.uiuc.jdbv.diagram.TableGraphCell		19		18		29		25		3		0		0		11

		edu.uiuc.jdbv.gui.TableListModel		19		8		19		18		3		0		1		12

		edu.uiuc.jdbv.schema.Table		19		24		36		45		1		0		0		13

		edu.uiuc.jdbv.gui.TableListRenderer		18		9		20		5		8		0		0		14

		edu.uiuc.jdbv.gui.ImportRegistryWindow		17		18		49		107		6		0		0		15

		edu.uiuc.jdbv.imports.oracle.DBImportDefinition		17		12		39		84		2		0		0		16

		edu.uiuc.jdbv.gui.ColumnListModel		15		8		19		17		3		0		0		17

		edu.uiuc.jdbv.imports.PendingConnection		14		4		17		13		1		0		0		18

		edu.uiuc.jdbv.gui.JDBVWindow		14		17		47		56		6		0		0		19

		edu.uiuc.jdbv.diagram.LayoutAlgorithm.CellWrapper		14		4		12		5		1		0		1		20

		edu.uiuc.jdbv.imports.sql.TorqueToDbviz		12		8		33		46		1		0		0		21

		edu.uiuc.jdbv.schema.Column		12		17		12		20		1		0		0		22

		edu.uiuc.jdbv.schema.Connection		12		10		19		42		1		0		0		23

		edu.uiuc.jdbv.gui.DiagramSelectionListener		11		16		30		30		1		0		0		24

		edu.uiuc.jdbv.schema.Schema		11		18		32		57		1		0		1		25

		edu.uiuc.jdbv.diagram.ConnectionEdgeView		11		13		19		18		3		0		0		26

		edu.uiuc.jdbv.gui.DiagramPane		11		9		23		31		5		0		0		27

		edu.uiuc.jdbv.imports.sql.SqlImportDefinition		9		11		28		50		2		0		1		28

		edu.uiuc.jdbv.imports.PendingConnectionCache		9		9		24		24		1		0		0		29

		edu.uiuc.jdbv.imports.oracle.DBGuiPanel		8		15		39		91		5		0		0		30

		edu.uiuc.jdbv.imports.sql.SqlGuiPanel		8		19		41		58		5		0		0		31

		edu.uiuc.jdbv.util.PrintUtilities		8		9		22		22		1		0		0		32

		edu.uiuc.jdbv.util.CollectionUtils		8		3		14		17		1		0		0		33

		edu.uiuc.jdbv.gui.TableList		8		10		16		15		6		0		0		34

		edu.uiuc.jdbv.diagram.TableGraphCell.ColumnComparator		7		6		12		20		1		0		1		35

		edu.uiuc.jdbv.imports.sql.SqlGuiPanel.SQLFileFilter		7		5		10		11		2		0		0		36

		edu.uiuc.jdbv.gui.SplashWindow		6		10		23		28		5		0		0		37

		edu.uiuc.jdbv.gui.StatusBar		6		6		14		19		5		0		0		38

		edu.uiuc.jdbv.AutoArrangeAction		6		5		10		12		2		0		0		39

		edu.uiuc.jdbv.UndoAction		6		10		14		20		2		0		0		40

		edu.uiuc.jdbv.gui.ColumnListModel.UndoSetColumnVisible		6		5		13		15		2		0		0		41

		edu.uiuc.jdbv.HelpAboutAction		6		17		30		32		2		0		0		42

		edu.uiuc.jdbv.AddTableAction		6		10		21		26		2		0		1		43

		edu.uiuc.jdbv.RedoAction		6		10		14		20		2		0		0		44

		edu.uiuc.jdbv.RemoveTableAction		5		10		20		20		2		0		1		45

		edu.uiuc.jdbv.imports.TestImportDefinition		5		9		20		41		2		0		0		46

		edu.uiuc.jdbv.gui.TableInfoPanel		4		18		33		67		5		0		0		47

		edu.uiuc.jdbv.imports.ImportException		4		4		8		4		3		0		0		48

		edu.uiuc.jdbv.RemoveTableAction.UndoRemoveTable		4		7		16		18		2		0		0		49

		edu.uiuc.jdbv.AddTableAction.UndoAddTable		4		8		16		18		2		0		0		50

		edu.uiuc.jdbv.gui.JDBVMenuBar		4		6		16		27		5		0		0		51

		edu.uiuc.jdbv.PrintAction		4		7		14		15		2		0		0		52

		edu.uiuc.jdbv.ImportSchemaAction		4		6		14		16		2		0		0		53

		edu.uiuc.jdbv.diagram.TablePortView		4		7		5		3		3		0		0		54

		edu.uiuc.jdbv.imports.ImportRegistry		4		7		22		20		1		0		0		55

		edu.uiuc.jdbv.ZoomInAction		3		5		8		10		2		0		0		56

		edu.uiuc.jdbv.ZoomOutAction		3		5		8		10		2		0		0		57

		edu.uiuc.jdbv.gui.TableList.DiagramSwitchListener		3		6		14		12		1		0		0		58

		edu.uiuc.jdbv.gui.TableInfoPanel.1		2		4		4		2		1		0		0		59

		edu.uiuc.jdbv.gui.JDBVWindow.1		2		3		5		3		2		0		0		60

		edu.uiuc.jdbv.imports.oracle.OracleConnect		2		5		10		9		1		0		0		61

		edu.uiuc.jdbv.gui.ImportRegistryWindow.1		2		3		3		1		2		0		0		62

		edu.uiuc.jdbv.diagram.ConnectionEdge		2		4		3		1		4		0		0		63

		edu.uiuc.jdbv.ExitAction		2		5		6		7		2		0		0		64

		edu.uiuc.jdbv.NewDiagramAction		2		5		4		4		2		0		1		65

		edu.uiuc.jdbv.diagram.TableGraphCell.1		0		2		0		0		1		0		0		66
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		Class Name		WMC		CBO		RFC		MPC		DIT		NOC		NT		BIN								WMC				CBO						RFC						MPC						DIT						NOC						NT

		edu.uiuc.jdbv.diagram.Diagram		55		60		111		154		5		0		0		0						Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency

		edu.uiuc.jdbv.diagram.LayoutBase		44		8		30		62		2		1		0		1						0		1				0		0				0		1				0		1				0		0				0		85				0		79

		edu.uiuc.jdbv.diagram.TableRenderer		34		20		62		68		5		0		0		2						1		4				1		0				1		0				1		4				1		23				1		2				1		9

		edu.uiuc.jdbv.diagram.TableView		31		13		33		42		3		0		0		3						2		5				2		1				2		2				2		1				2		33				2		2				2		2

		edu.uiuc.jdbv.gui.DiagramPane		30		25		51		87		5		0		0		4						3		4				3		4				3		3				3		2				3		15				3		1				3		0

		edu.uiuc.jdbv.diagram.LayoutAlgorithm		29		14		55		100		3		0		2		5						4		11				4		5				4		1				4		1				4		1				4		0				4		0

		edu.uiuc.jdbv.diagram.ConnectionEdgeRenderer		22		25		41		62		5		0		0		9						5		9				5		4				5		2				5		2				5		11				5		0				5		0

		edu.uiuc.jdbv.gui.ColumnListRenderer		22		14		34		19		8		0		0		7						6		10				6		7				6		1				6		1				6		4				6		0				6		0

		edu.uiuc.jdbv.gui.ConnectionListModel		22		12		26		32		3		0		0		8						7		5				7		5				7		3				7		2				7		0				7		0				7		0

		edu.uiuc.jdbv.diagram.SolveEdges		22		9		27		37		1		2		1		6						8		6				8		11				8		1				8		0				8		3				8		0				8		0

		edu.uiuc.jdbv.JDBV		21		42		63		60		1		0		0		10						9		3				9		7				9		1				9		2				9		0				9		0				9		0

		edu.uiuc.jdbv.gui.ConnectionListRenderer		20		11		29		15		8		0		0		11						10		1				10		4				10		7				10		4				10		0				10		0				10		0

		edu.uiuc.jdbv.schema.Table		19		25		36		45		1		0		0		12						11		3				11		8				11		1				11		2				11		0				11		0				11		0

		edu.uiuc.jdbv.diagram.TableGraphCell		19		19		29		25		3		0		0		13						12		3				12		12				12		4				12		2				12		0				12		0				12		0

		edu.uiuc.jdbv.gui.TableListRenderer		18		9		20		5		8		0		0		15						13		3				13		2				13		2				13		4				13		0				13		0				13		0

		edu.uiuc.jdbv.gui.TableListModel		18		8		18		18		3		0		1		14						14		3				14		3				14		8				14		1				14		0				14		0				14		0

		edu.uiuc.jdbv.gui.ImportRegistryWindow		17		18		49		107		6		0		0		16						15		1				15		2				15		1				15		4				15		0				15		0				15		0

		edu.uiuc.jdbv.imports.oracle.DBImportDefinition		17		12		40		88		2		0		0		17						16		0				16		1				16		8				16		1				16		0				16		0				16		0

		edu.uiuc.jdbv.gui.ColumnListModel		15		8		19		17		3		0		0		18						17		2				17		0				17		1				17		2				17		0				17		0				17		0

		edu.uiuc.jdbv.gui.JDBVWindow		14		23		54		69		6		0		0		21						18		2				18		2				18		2				18		8				18		0				18		0				18		0

		edu.uiuc.jdbv.diagram.CellWrapper		14		6		12		5		1		0		1		19						19		2				19		4				19		5				19		2				19		0				19		0				19		0

		edu.uiuc.jdbv.imports.PendingConnection		14		4		17		13		1		0		0		20						20		1				20		2				20		4				20		4				20		0				20		0				20		0

		edu.uiuc.jdbv.schema.Column		13		19		14		22		1		0		0		24						21		1				21		0				21		2				21		2				21		0				21		0				21		0

		edu.uiuc.jdbv.diagram.ConnectionEdgeView		13		14		19		18		3		0		0		22						22		4				22		0				22		1				22		3				22		0				22		0				22		0

		edu.uiuc.jdbv.schema.Connection		13		12		19		42		1		0		0		23						23		0				23		1				23		2				23		0				23		0				23		0				23		0

		edu.uiuc.jdbv.schema.Schema		12		20		33		57		1		0		2		25						24		0				24		0				24		1				24		1				24		0				24		0				24		0

		edu.uiuc.jdbv.CloseDiagramAction		12		12		23		32		2		0		0		26						25		0				25		3				25		0				25		3				25		0				25		0				25		0

		edu.uiuc.jdbv.imports.sql.TorqueToDbviz		12		8		33		46		1		0		0		27						26		0				26		0				26		1				26		2				26		0				26		0				26		0

		edu.uiuc.jdbv.gui.DiagramSelectionListener		11		16		30		30		1		0		0		30						27		0				27		0				27		1				27		0				27		0				27		0				27		0

		edu.uiuc.jdbv.SaveDiagramAction		11		12		21		25		3		0		0		28						28		0				28		0				28		1				28		2				28		0				28		0				28		0

		edu.uiuc.jdbv.util.PrintUtilities		11		11		36		39		1		0		0		29						29		1				29		0				29		2				29		0				29		0				29		0				29		0

		edu.uiuc.jdbv.diagram.xmlPersist.JDBVXMLEncoder		10		15		11		26		3		0		0		31						30		1				30		0				30		2				30		1				30		0				30		0				30		0

		edu.uiuc.jdbv.SaveAsDiagramAction		9		12		18		21		3		0		0		32						31		1				31		0				31		1				31		0				31		0				31		0				31		0

		edu.uiuc.jdbv.imports.sql.SqlImportDefinition		9		11		28		50		2		0		1		34						32		0				32		0				32		0				32		2				32		0				32		0				32		0

		edu.uiuc.jdbv.imports.PendingConnectionCache		9		9		24		24		1		0		0		33						33		0				33		0				33		4				33		0				33		0				33		0				33		0

		edu.uiuc.jdbv.imports.sql.SqlGuiPanel		8		19		41		58		5		0		0		35						34		1				34		0				34		1				34		2				34		0				34		0				34		0

		edu.uiuc.jdbv.imports.oracle.DBGuiPanel		8		15		39		91		5		0		0		39						35		0				35		0				35		0				35		0				35		0				35		0				35		0

		edu.uiuc.jdbv.diagram.xmlPersist.SchemaPersistenceDelegate		8		13		19		20		2		0		0		36						36		0				36		0				36		2				36		0				36		0				36		0				36		0

		edu.uiuc.jdbv.gui.TableList		8		10		16		15		6		0		0		40						37		0				37		0				37		0				37		1				37		0				37		0				37		0

		edu.uiuc.jdbv.util.SuffixFileFilter		8		7		13		16		2		0		0		38						38		0				38		0				38		0				38		0				38		0				38		0				38		0

		edu.uiuc.jdbv.util.CollectionUtils		8		3		14		17		1		0		0		37						39		0				39		0				39		1				39		1				39		0				39		0				39		0

		edu.uiuc.jdbv.LoadDiagramAction		7		12		19		21		3		0		0		44						40		0				40		0				40		1				40		0				40		0				40		0				40		0

		edu.uiuc.jdbv.RedoAction		7		12		16		22		2		0		0		42						41		0				41		0				41		2				41		1				41		0				41		0				41		0

		edu.uiuc.jdbv.UndoAction		7		12		16		22		2		0		0		45						42		0				42		1				42		0				42		2				42		0				42		0				42		0

		edu.uiuc.jdbv.diagram.xmlPersist.TablePersistenceDelegate		7		12		12		11		2		0		0		43						43		0				43		0				43		0				43		0				43		0				43		0				43		0

		edu.uiuc.jdbv.diagram.TableGraphCell.ColumnComparator		7		6		12		20		1		0		1		41						44		1				44		0				44		0				44		0				44		0				44		0				44		0

		edu.uiuc.jdbv.HelpAboutAction		6		19		31		34		2		0		0		54						45		0				45		0				45		0				45		1				45		0				45		0				45		0

		edu.uiuc.jdbv.diagram.xmlPersist.DiagramPersistenceDelegate		6		12		15		18		2		0		0		52						46		0				46		0				46		0				46		1				46		0				46		0				46		0

		edu.uiuc.jdbv.gui.SplashWindow		6		10		23		28		5		0		0		51						47		0				47		0				47		0				47		0				47		0				47		0				47		0

		edu.uiuc.jdbv.AddTableAction		6		10		21		26		2		0		1		53						48		0				48		0				48		0				48		0				48		0				48		0				48		0

		edu.uiuc.jdbv.ZoomInAction		6		8		14		18		2		0		0		46						49		0				49		0				49		1				49		0				49		0				49		0				49		0

		edu.uiuc.jdbv.ZoomOutAction		6		8		14		18		2		0		0		49						50		0				50		0				50		0				50		1				50		0				50		0				50		0

		edu.uiuc.jdbv.ZoomNormalAction		6		8		12		15		2		0		0		48						51		0				51		0				51		1				51		0				51		0				51		0				51		0

		edu.uiuc.jdbv.gui.StatusBar		6		6		14		19		5		0		0		50						52		0				52		0				52		0				52		0				52		0				52		0				52		0

		edu.uiuc.jdbv.gui.ColumnListModel.UndoSetColumnVisible		6		5		13		15		2		0		0		47						53		0				53		0				53		0				53		0				53		0				53		0				53		0

		edu.uiuc.jdbv.AutoArrangeAction		6		5		10		12		2		0		0		55						54		0				54		0				54		1				54		0				54		0				54		0				54		0

		edu.uiuc.jdbv.diagram.xmlPersist.ColumnPersistenceDelegate		5		12		10		10		2		0		0		60						55		1				55		0				55		1				55		0				55		0				55		0				55		0

		edu.uiuc.jdbv.diagram.xmlPersist.JGraphPersistenceDelegate		5		11		16		28		2		0		0		61						56		0				56		0				56		0				56		0				56		0				56		0				56		0

		edu.uiuc.jdbv.diagram.xmlPersist.ConnectionPersistenceDelegate		5		11		10		10		2		0		0		63						57		0				57		0				57		0				57		1				57		0				57		0				57		0

		edu.uiuc.jdbv.diagram.xmlPersist.ConnectionEdgePersistenceDelegate		5		11		7		7		3		0		0		56						58		0				58		0				58		0				58		1				58		0				58		0				58		0

		edu.uiuc.jdbv.diagram.xmlPersist.TableCellPersistenceDelegate		5		11		7		7		3		0		0		64						59		0				59		0				59		0				59		0				59		0				59		0				59		0

		edu.uiuc.jdbv.RemoveTableAction		5		10		20		20		2		0		1		58						60		0				60		1				60		0				60		1				60		0				60		0				60		0

		edu.uiuc.jdbv.imports.TestImportDefinition		5		9		20		41		2		0		0		59						61		0				61		0				61		0				61		0				61		0				61		0				61		0

		edu.uiuc.jdbv.ImportSchemaAction		5		8		16		18		2		0		0		57						62		0				62		0				62		1				62		2				62		0				62		0				62		0

		edu.uiuc.jdbv.ExitAction		5		7		10		11		2		0		0		62						63		0				63		0				63		1				63		0				63		0				63		0				63		0

		edu.uiuc.jdbv.gui.TableInfoPanel		4		18		33		67		5		0		0		74						64		0				64		0				64		0				64		0				64		0				64		0				64		0

		edu.uiuc.jdbv.PrintAction		4		11		20		25		2		0		0		68						65		0				65		0				65		0				65		0				65		0				65		0				65		0

		edu.uiuc.jdbv.AbstractSaveAction		4		9		14		13		2		2		0		71						66		0				66		0				66		0				66		0				66		0				66		0				66		0

		edu.uiuc.jdbv.AddTableAction.UndoAddTable		4		8		16		18		2		0		0		72						67		0				67		0				67		0				67		1				67		0				67		0				67		0

		edu.uiuc.jdbv.AbstractLoadAction		4		8		14		13		2		1		0		66						68		0				68		0				68		0				68		1				68		0				68		0				68		0

		edu.uiuc.jdbv.diagram.TablePortView		4		8		5		3		3		0		0		67						69		0				69		0				69		0				69		1				69		0				69		0				69		0

		edu.uiuc.jdbv.imports.ImportRegistry		4		7		22		20		1		0		0		75						70		0				70		0				70		0				70		0				70		0				70		0				70		0

		edu.uiuc.jdbv.RemoveTableAction.UndoRemoveTable		4		7		16		18		2		0		0		73						71		0				71		0				71		0				71		0				71		0				71		0				71		0

		edu.uiuc.jdbv.gui.JDBVMenuBar		4		6		16		34		5		0		0		70						72		0				72		0				72		0				72		0				72		0				72		0				72		0

		edu.uiuc.jdbv.gui.DiagramMouseWheelAdapter		4		4		10		10		1		0		0		69						73		0				73		0				73		0				73		0				73		0				73		0				73		0

		edu.uiuc.jdbv.imports.ImportException		4		4		8		4		3		0		0		65						74		0				74		0				74		0				74		0				74		0				74		0				74		0

		edu.uiuc.jdbv.PageSetupAction		3		9		9		10		2		0		1		78						75		0				75		0				75		0				75		0				75		0				75		0				75		0

		edu.uiuc.jdbv.NewDiagramAction		3		7		6		6		2		0		1		79						76		0				76		0				76		0				76		0				76		0				76		0				76		0

		edu.uiuc.jdbv.gui.TableList.DiagramSwitchListener		3		6		14		12		1		0		0		76						77		0				77		0				77		0				77		0				77		0				77		0				77		0

		edu.uiuc.jdbv.gui.JDBVWindow.1		3		5		10		13		1		0		0		77						78		0				78		0				78		0				78		0				78		0				78		0				78		0

		edu.uiuc.jdbv.diagram.ConnectionEdge		2		6		3		1		4		0		0		82						79		0				79		0				79		0				79		0				79		0				79		0				79		0

		edu.uiuc.jdbv.imports.oracle.OracleConnect		2		5		10		9		1		0		0		84						80		0				80		0				80		0				80		0				80		0				80		0				80		0

		edu.uiuc.jdbv.gui.JDBVWindow.2		2		4		5		3		2		0		0		81						81		0				81		0				81		0				81		0				81		0				81		0				81		0

		edu.uiuc.jdbv.gui.TableInfoPanel.1		2		4		4		2		1		0		0		83						82		0				82		0				82		0				82		0				82		0				82		0				82		0

		edu.uiuc.jdbv.gui.ImportRegistryWindow.1		2		3		3		1		2		0		0		80						83		0				83		0				83		0				83		0				83		0				83		0				83		0

		edu.uiuc.jdbv.imports.ImportDefinition		1		9		2		1		1		3		0		86						84		0				84		0				84		0				84		0				84		0				84		0				84		0

		edu.uiuc.jdbv.util.PrintUtilities.TestFrame		1		6		7		9		6		0		0		88						85		0				85		0				85		0				85		0				85		0				85		0				85		0

		edu.uiuc.jdbv.gui.JDBVToolBar		1		3		3		14		5		0		0		87						86		0				86		0				86		0				86		0				86		0				86		0				86		0

		edu.uiuc.jdbv.diagram.Diagram.CachedProperties		1		3		2		1		1		0		0		85						87		0				87		0				87		0				87		1				87		0				87		0				87		0

		edu.uiuc.jdbv.diagram.TableGraphCell.1		0		2		0		0		1		0		0		89						88		0				88		0				88		0				88		1				88		0				88		0				88		0
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