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 Complex Network theory & graph algorithms: successfully 

applied to software measurement and modeling. 

 But: Only a few of them concentrate on dynamic execution. 

 Many network growing models, e.g., preferential attachment 

model, have been proposed in Complex Network theory. 

 But: None of the existing research has investigated whether 

or not dynamic execution of software also obey such models. 

 

 

 

Introduction 

Growing Process of Makagiga’s 
(http://sourceforge.net/projec
ts/makagiga) dynamic Call 
Graph during its execution. 
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 Research Questions:  

1. Is there any common law among different software systems’ 

execution processes? 

2. Can we discover new metrics for software execution from a 

growing network point of view? 

 Contributions: 

1. Based on 15 widely-used Java programs, we show the 

universality of an interesting feature – Densification Power 

Law (DPL) of software execution. Might be an appropriate 

metric for software execution process. 

2. A comparison between static 

Call Graph and DPL is presented. 

3. An explanation for DPL is given. 

 

Introduction 
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Densification Power Law 

  
In recent years, it has 
been discovered that, real 
word networks’ evolution 
often follows a pattern:  

Densification Power Law (DPL) 
[Leskovec et al., KDD ’05, ACM 
ToKDD ’07]  

Number of Edges Number of Nodes 

Such phenomenon is not in accordance with traditional models, 
e.g., preferential attachment model, copying model etc. 
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Calling Network Model 

   In our previous research [Yu et al., SoftwareMining 13’], we have 

discovered DPL feature in software’s Calling Network (CN), CN is 

a software behavior model. 
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Densification Power Law of Growing CN 

  

Growing Process of Makagiga 
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Densification Power Law of Growing CN 

         

Growing Process of JForum (http://jforum.net/) 
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Data Set & Experiment Setup 

 A data set containing 15 real-world open-source Java programs 

are collected. 

 The Kieker framework (http://kieker-monitoring.net/), which is an 

open-source dynamic monitoring framework based on AspectJ, 

is used as the instrumentation tool. 

 

 

 

CB: quantity of method call records 8 Desktop and 7 Web systems 
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DPL results (1) 

DPL results of 4 
Web Programs. 
 
Straight line is the 
linear regression fit 
result, r is correlation 
coefficient. 
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DPL results (2) 

DPL results of 4 
Desktop Programs. 



14 

DPL results (3) 

DPL equations 
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DPL results (3) 

Different values of                
are used     

ConstN
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DPL results (3) 

All the programs’ 
growing processes 
obey DPL with very 
close correlation. 
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DPL results (3) 

The total number of 
methods in subject 
programs. 



18 

DPL results (3) 

The number of nodes 
and the number of 
edges of the static Call 
Graphs. 
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DPL results (3) 

The difference between total number 
of methods and           is significant. 
Complete and accurate static Call 
Graph is hard to construct. Frameworks 
like Spring make such task more 
difficult. 

staticN
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DPL results (3) 

①
②
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DPL results (3) 

equation static

static

E E
E

E


 

The difference between static Call 
Graph and DPL equation is significant. 
DPL’s properties can not be derived 
statically. 

What does the difference imply? Needs further research. 
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 What makes the difference between DPL of software systems 

and traditional Complex Network theory models? 

 

 In traditional Complex Network models, when a new node 

arrives, it will connect to (or be connected by) old nodes 

following certain mechanisms: 

 Preferential attachment model [Barabási and Albert, 1999]: 

Growth: When a new node is added, it is connected to m 

existing nodes. 

Preferential attachment: Each new edge is connected to the 

old sth node with a probability proportional to its degree ks. 

 Leads to a constant average node degree. 

 

 

Microscopic Discussions 
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 Growing Details of JForum’s CN 

 

Microscopic Discussions 

50ConstN 
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 Growing Details of JForum’s CN 

 

Microscopic Discussions 

A “Passive” method call 

50ConstN 
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 Growing Details of JForum’s CN 

 

Microscopic Discussions 

A new edge between 2 old nodes 

50ConstN 
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 Growing Details of JForum’s CN 

 

Microscopic Discussions 

50ConstN 

 The preceding Process added 
3 new edges. The red one is 
an edge between old and new 
nodes. 

 The green one is a passive 
edge. 

 The purple one is a new edge 
between 2 old nodes. 

 The latter 2 kinds are not 
considered in existing models. 
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Microscopic Discussions 
 What if these edges are excluded? Whether we could derive a 

similar result with traditional models? 

 Answer: After removing these edges, the results are consistent 

with existing models.  

 Conclusion: DPL is caused by intensive method-reusing. 
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 Based on 15 widely-used software systems, we have shown the 

universality of Densification Power Law (DPL) of software 

execution.  

 The difference between static Call Graph and DPL has been 

presented. 

 An explanation for DPL has been given: the major cause of the 

finding is the reuse of software methods. After removing these 

reusing method calls, the growth of CN is in accordance with 

traditional Complex Network models. 

 

 These measurements and findings will pave new research 

directions for software metrics. 

 

 

 

Conclusion 
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 What does the difference between static Call Graph and DPL 

equation imply? 

 

 

 

 

 How can we take advantage of this interesting and universal 

feature in software engineering practice? 

 Fault Detection? 

 Structure Evaluation? 

 Redundant Code Size Estimation? 

 … 

Future work 

equation static
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