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Abstract 

TFVIS(transitions and flow visualization) can perform the visualization of data transitions and the visualization of 
execution flows. The visualization of data transitions shows the flow of variable renewals in executing programs. It 
becomes easier to grasp the behavior in executing the programs whose behavior is unexpected by a bug. The 
visualization of execution flows shows an entire flow of the execution. It is useful to select the part where users 
want the visualization of the data transitions. 
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1. Introduction 

We need much time in order to find the cause of a bug 
in programs.1 We need to find the behavior of programs 
which is different from ideal behavior in order to find 
the cause of a bug. However, grasping the behavior is 
difficult because the behavior of the program which 
includes a bug becomes unexpected behavior. 

We had implemented the visualization tool called 
TVIS2 in our previous research. TVIS visualizes the 
data transitions. The data transitions in our research 
show the flow of variable renewals in executing a 
program.  

TVIS expresses when and what value of each 
variable is renewed. Programmers can grasp behavior of 
a program because they can prefigure the behavior of 
each variable at arbitrary timing in the program 
execution by grasping the data transitions. 

However, the efficiency of TVIS is lost, if the 
program which TVIS uses becomes large. Moreover, 

TVIS can’t visualize the data transitions between 
different methods. 

Therefore, this paper implements the visualization 
tool TFVIS(transitions and flow visualization) which 
visualizes the data transitions and the execution flows, 
and shows the effectiveness of TFVIS. That is, we 
combine the visualization of the execution flows with 
the visualization of the data transitions in order to 
visualize a larger program. Moreover, we improve the 
visualization of the data transitions in order to realize 
the more effective one.  

2. TFVIS 

We have developed the visualization tool called TFVIS. 
TFVIS visualizes the data transitions and the execution 
flows of Java programs. Fig.1 shows an example of the 
window of TFVIS. Two small windows on the right of 
the window are called the data transitions diagrams. The 
diagram on the left-hand side of them is called the 
execution flows diagram. The list of the left side of the  
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Fig. 1. An example of the window of TFVIS. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
window of TFVIS shows list of methods of a program. 
The functions of TFVIS are as follows. 

2.1. Program analysis 

Firstly, we explain the program analysis used to the 
visualization. TFVIS performs two types of analysis: the 
structure analysis and the executions analysis.  

The structure analysis is static analysis for obtaining 
the information which is used to insert probes for the 
execution analysis and visualize. The information which 
is obtained by the structure analysis is the information 
about a location where statements occur:   generations 
and renewals of variables, loops, and method calls. 
Moreover, it includes the information about the relation 
of a class and a method. 

The execution analysis is dynamic analysis for 
obtaining the information about behavior in executing 
the programs. The information which is obtained by the 
execution analysis is the information about renewals of 
variables, behavior of loops and method calls, and so on.  
TFVIS obtains the information by using the probes, 
inserted based on the result of the structure information. 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2. Data transitions diagram 

The data transitions diagram is generated by the 
visualization of the data transitions. TFVIS in Fig.1 
shows the two windows of the data transitions diagram. 
TFVIS can show the plural windows of the data 
transitions diagram in this way. 

The data transitions diagram shows renewals of a 
variable. It is a table and indicates the number of 
iterations of execution in a lateral direction and 
indicates the line number of a source code in a vertical 
direction. Normally, its table shows renewal value of 
variables to where the renewal of the variable occurs. 
The area surrounded by the red frame in Fig.1 shows 
that the values of the array “array” become “0, 1, 2, 4, 6” 
after the method “sort” is executed. The method 
“printArray” has “array” as an argument the same as 
"sort". However, the renewal value of “printArray” is 
not showed, because “printArray” only refers to the 
value of "array" without updating it. 

The green pattern on the data transitions diagram 
shows a loop, and the number on it shows the number of 
the iteration of the loop. The green arrows extending  
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Fig. 2. An example of the window of the data transitions search. 

 
 
 
 
 
 
 
 
 
 

from the right of each number show the process of 
iteration of the loop. In the statement “for” is 
surrounded by the blue frame in Fig.1, the arrow at the 
fourth loop in this example is shorter than the arrow at 
the third loop; it expresses “jump” by using statement 
“continue”.  The mark “x” on the seventh loop 
expresses the end of a loop caused by using the “break” 
statement or failing the condition of a loop.  

2.2.1. Data transitions arrow 

The data transitions arrow is a function of the data 
transitions diagram, and visualizes the dependence 
relations between each renewal of variables. The 
dependence relations mean ones between state of a 
variable and the state of other variables which is used 
for the renewal of its state. 

The data transitions arrow is based on the technique 
of the program slicing.3 It becomes easy to grasp 
behavior of the data transitions in the loop and select the 
standard value of the program slicing by combining the 
technique of the program slicing and the data transitions 
diagram. 

TFVIS shows the data transitions arrow, when users 
click a value of a variable on the data transitions 
diagram. The data transitions arrow is the red arrow and 
connects the two values which the data transitions 
diagram shows with red font color.  Fig.1 shows an 
example of it. It can visualize the relation of the values 
between methods. Therefore, it is not necessary that the 
start point and the end point of the data transitions arrow 
exists in the same method.  

Fig.1 shows the data transitions arrow in the 
window when users select the fourth value of the array 
“array” which the method “sort” updates.  The tip of the 
data transitions arrow of Fig.1 shows the state which 
finally updated the value which the user selected.  When  

 
 
 
 
 
 
 
 
 
 

users find the suspicious state of a variable, the data 
transitions arrow supports to find the cause of it. 

2.2.2. Data transitions search 

The data transitions search shows the data transitions 
arrow by selecting the variable and its state from the 
source code on the left side of the data transitions 
diagram. Fig.2 shows an example of the data transitions 
search, it is the window when users selected the state of 
the seventh loop of the variable  “check[i]” which is 
used as the conditions of the “if” statement. 

2.2.3. Selection of the target for the visualization 

The data transitions diagram can't visualize the whole of 
the program at a time, because visualization typically 
has the issue4 that the output of it becomes huge even if 
the visualized program is moderate size. 

Therefore, users must select the part where they 
want the visualization of the data transitions. The 
execution flow diagram, which we explain in the next 
section, can support this selection. 

2.3. Execution flow diagram 

The visualization of the execution flow visualizes an 
entire flow of execution of a program and generates the 
execution flow diagram. The execution flow diagram 
provides the useful information in order to select the 
part where users want the visualization of the data 
transitions. It is based on the sequence diagram and 
shows status of use of each methods and the relation of 
method calls. 

We explain the usage of the execution flow by using 
an example of Fig.1. The column in topmost of the 
execution flow diagram shows each class name, and the 
figures at under of it express each method. The black 
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lines extending from methods are their lifelines, and the 
thick parts on their lifelines are their execution 
specification which means execution of the method. 
When users click an execution specification, TFVIS 
shows the data transitions diagram of corresponding 
with it. Normally, the execution specification uses the 
gray color. However, the execution specification uses 
the light blue color, if the window of the data transitions 
diagram of corresponding with it is being displayed. 
The blue arrows on the execution flow diagram express 
method calls, and the red arrows express completion of 
methods. 

The execution specification is surrounded by the 
orange frame in Fig.1 expresses the execution which is 
called by the only execution of the method “main” and 
is the second execution of the method “printArray”. 

3. Discussion 

We discuss the usefulness of TFVIS. 
Programmers normally use the dynamic slicing5 or 

trace tools6,7 in order to obtain data transitions in 
executing a program. However, it is difficult to grasp 
positional relations of each renewal, if data transitions 
include the process of a loop, and so on. The 
visualization of data transitions of TFVIS uses the 
representation which exploits the source code and the 
processes of a loop as shown in Fig.1, and can show the 
data transitions in a way that is easy to understand. 
Moreover, the above-mentioned technique or tools need 
that users search a reference point when they analyze a 
program. In the case of TFVIS, it becomes easy to 
decide a reference point because the data transitions 
diagram shows renewals of variables and behavior of 
loops so that users understand them at a glance. 

On the other hand, the range of the program which 
TFVIS can visualize is still narrower than other tools 
because the abstraction degree of the visualization of 
TFVIS is lower.  TFVIS is inferior compared with the 
tool8 which can visualize the multi-threading because 
TFVIS can't visualize multi-threading. 

We will be enable to adjust the abstraction degree of 
the visualization of the execution flow in order to 
enlarge the range of the program which TFVIS can 
visualize. The abstraction degree of the execution flow 
diagram is too low to prevent excessive expansion of its 

diagram, if users want to visualize the program which 
has the process of multi-thread or a larger program. 
However, if it merely becomes higher, the users become 
unable to grasp behavior of a program in detail. 
Therefore, the information which the users obtain by the 
execution flow diagram becomes not enough to select 
the part where they want the visualization of the data 
transitions. We combine the visualization which the 
abstraction degree is low and the visualization which the 
abstraction degree is high by using an idea of the 
fisheye view9.  Therefore, we will enable TFVIS to 
provide the enough information which users select the 
part where they want the visualization of the data 
transitions and visualize the larger programs. 

4. Conclusion 

We have implemented TFVIS in order to improve the 
efficiency of debugging of Java program.  

TFVIS can support to grasp behavior in executing a 
program by visualizing the data transitions. The data 
transitions diagram visualizes renewals of variables and 
behavior of loops. Even if the data transition is the 
relation between methods, the data transitions arrow can 
visualize it. 

Moreover, we have implemented the visualization of 
execution flow in order to improve the narrowness of 
the range of the visualization of the data transitions.  It 
improves convenience when TFVIS visualizes a large 
program. Therefore, we judge that TFVIS can support to 
find the cause of a bug, and is effective of debugging for 
Java programs. 

The future issues are as follows. 
• The realization of the visualization of the multi-

thread process. 
• The improvement of the execution flow diagram by 

using an idea of the fisheye view. 

Acknowledgements 

This work was supported by JSPS KAKENHI Grant 
Number 24500044. 

References 

1. Roger S. Pressman, Software Engineering A Practitioner’s 
Approach 5thEdition, McGraw-Hill Science (2001). 

Published by Atlantis Press
Copyright: the authors

180



 TFVIS: a Supporting Debugging 
 

 
 

2. Tetsuro Katayama et al, Proposal of a Visualizing Method 
of Data Transitions to Support Debugging for Java 
Programs, Journal of Robotics Networks and Artificial 
Life, 1(2) (2011) 111-115. 

3. Mark Weiser, Programmers Use Slices When 
Debugging,Communications of the ACM, 25 (1982) 446-
452. 

4. W. De Pauw et al, Execution patterns in object-oriented 
visualization, In Proc. 4th COOTS (1998) 219-234. 

5. H Agrawal, JR Horgan, Dynamic Program Slicing, 
SIGPLAN Notices 25(6) (1990) 246-256. 

6. Kouhei Sakurai et al, Traceglasses: A Trace-based 
Debugger for Realizing Efficient Navigation, Information 
Processing Society of Japan, 3(3) (2010) 1-17. 

7. Salman Mirghasemi et al, Querypoint : Moving 
Backwards on Wrong Values in the Buggy Execution, 
ESEC/FSE (2011) 436-439. 

8. Jan Lönnberg et al, Java replay for dependence-based 
debugging, PADTAD '11 (2011) 15-25. 

9. W Furnas, Generalised sheye views, In Proc ACM 
SIGCHI 86 Conference on Human Factors in Computing 
Systems (1986) 16-23. 

 

Published by Atlantis Press
Copyright: the authors

181


	1. Introduction
	2. TFVIS
	2.1. Program analysis
	2.2. Data transitions diagram
	2.2.1. Data transitions arrow
	2.2.2. Data transitions search
	2.2.3. Selection of the target for the visualization

	2.3. Execution flow diagram

	3. Discussion
	4. Conclusion
	Acknowledgements
	References


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



