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Software is built from source code, a
set of text files with commands
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80% reading and browsing

Source code is by far more often read
than written.

Context

 You are not the author.
 It’s your first contact.
 There are millions of lines of code.
 You have to go fast.
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Most software analysis approaches are
based on boxology.
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Problem: what is the meaning of that all? 

UI Layer

Business logic

Database

isCustomerNumberValid

or

removeCustomerFromDB
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Solution: look at the vocabulary of the
source code

We uses search engine technology.

Based in these observations

 Developers use meaningful names that convey
domain concepts.

 Artifacts that use similar identifier names
belong to the same concept.
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Thus we apply Information Retrieval on
the source code

enter search terms here…

Find document Feeling lucky!

Hapax searches over 10,000 documents containing about 20,000 terms.

The term “hapax legomenon” is Greek and refers to a word that occurs only once in a
given body of text. Hapax is a tool built on top of the Moose re-engineering framework.
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In a nutshell: Semantic Clustering

We treat source code as text
documents.

Two documents are similar if
they use the same words.

We cluster the documents based
on the usage of words.

We use automatically retrieved
labels to describe the clusters.

We use a map to illustrate  the
relation between concepts and
structure on the
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   /** Returns true if a given 24-hour date is
    in the morning, otherwise returns false. */
public boolean isMorning(int hours,int minutes,int seconds) {
  if (!isDate(hours,minutes,seconds))
    throw new Exception(“Fault: input is not a date.”);
  return (hours < 12 && minutes < 60 && seconds < 60);
}  

Source code is natural language text,
and each code item has a name

Comments Methods Identifiers

Keywords Classes Types Literals



Adrian Kuhn, Using Computer Linguistics to Analyze Software      #10/29

We use Latent Semantic Indexing to
analyze linguistic information

Latent Semantic Indexing analyses the
distribution of terms over documents.

It is based on a term-document-matrix
with word frequencies.

[Deerwester90]
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LSI has been applied to many other
problems before.

In Software Analysis
To recover links from external documentation. [Maletic01]

And to compare source code artifacts. [Marcus03]

And to categorize whole projects. [Kawaguchi05]

In other fields

Automatic spell checking and thesaurus.
Automatic essay grading.
Multilingual search engines.
As a model how children acquire language.
And many more…
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LSI uses Singular Value Decomposition
to compress the term-document-matrix.
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Anything can be used as document…

 Documents are not necessarily source files.

 We prefer to split the source at structural
levels such as: package, class, method…

 But any software artifact that has a textual
representation is a possible document
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We count the word frequencies in each
document

44point

1
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doc 5
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1morning

12interval

332hour

…doc 4doc 3doc 2doc 1
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Latent semantic indexing puts all the
documents and terms in one space

point

interval
hour

morning#1

#2

#5

#3
#4 similarity(a,b) = cosine(a,b)
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Documents

D
o
cu

m
en

ts

The correlation matrix shows all
similarities between all documents

100%0% Similarity
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But an unordered matrix looks like
television tuned to a dead channel…
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Clustering yields both an ordering and a
grouping of documents

ordering of documents

grouping of documents
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A cluster is set of documents which use
similar terms

But what are
these terms?
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Automatic labeling uses
documents to find terms

We use the documents as query to
search for cluster labels

point

interval
hour

morning#1

#2

#5

#3
#4

Common searching uses
terms to find documents
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Automatically retrieved labels describe
the clusters

packet

destination
address

server
application
list
menu
cancel

node

workstation
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Hapax was applied at different levels of
granularity…

methods

files

classes
accessing

modifying

logging

unique ID  meta-information  

infrastructure

Hapax tool GUI

Moose framework

install

plugin

text area

fonts

regex

BSH script

single feature

keystroke



Adrian Kuhn, Using Computer Linguistics to Analyze Software      #23/29

Module B
2 artifacts
1 x Red
1 x  Blue

Module A
5 artifacts
4 x Blue
1 x Yellow

Module C
14 artifacts
9 x Red
3 x Blue
2 x Yellow

a module

an artifact with
concept color

Distribution Map illustrates the relation
between concepts and structure
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Example: the distribution of concepts in
the Outsight case study
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Search the distribution map for classes
related to “drawer”.
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Search the distribution map for classes
related to “save cropped image”.
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Moose and Hapax: explore structure and
semantics with the same tool
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Conclusion: we should not just look for
boxes, we should look for names too!

Questions?


