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On the Equivalence of Information Retrieval Methods
for Automated Traceability Link Recovery

Rocco Oliveso®, Makom Gethens', Donys Posbyvasyk', Andrea De Lucia®
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Abstract—We present an empirical stady S statistically an-
alyze the equivalence of several traceablity recovery metheds
hused on leformatios Retriovad (1K) techaigues. The analysis
is baned a0 Principal Compenent Analysis and oo the analysis
of the overlap of the st of condidate links provided by each
method. The studied techabgues are the Jessen-Shannon (JS)
mwthod, Vector Space Model (VSM), Latent Semmantic Indexing
(LST), and Lacent Dirfchlet Allscation (LDAL The results show
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I INTRODUCTION

Extensive ¢ffort a @ swoftware engincerisg communty
(bl rescirch ad commercial) has beea brought forth
0 mprove e cxplicit conpection of documentation sod
source code. Proesising results have Doen achicwed wsing
Information Rewrioval (IR) sechnigues (1], [2] for tracoabiley
reoovery (eg. 3L 4D, IR-based mothods propose » st
of candidase traceability links on the basis of the similarcy

Soveral IR methods have boen proposed for traceabsley
reoovery — e, Veowor Space Model (VIM) and proba-
bilkste model [1) or Lasest Scemuntic Indexing (LSD (2],
In gesesal, the retrieval sccuescy of IR-Dused traceabsbay
reoovery mehods is macssed through two masures: recall,
messuring the pescentage of comect links thue were found,
and precision, measariag the percentage of found links tac
were comect. The resslts achieved are somedmes conrasting
and demomstrae 00 clowr wisner among IR technigues,
Indeed, it seems that all the exploved echmiques so far e
able 10 capure de same mdormation when used o calculate
the wxtual smianty betwoen software artifacts

In s puper we prosent an cmpircal stady aming =
statistically asalyring Be cquivalence of EGfferent [R-based
traceability recovery methods. The comparison is bused on
Priscipal Componont Asalvsis (FCA) and on O analysis of
the overlap of the set of candidaee liaks provided by cach of

e IR methods, The studied IR 1echnigues are the Jemes-
Shanncn (JS) method (5L VSM, LSL and Lateat Dinichlet
Allocaton (LDA) (6] The first faree methods were selected
bocasne Doy arc widkly wsad and soom %0 be Bic chasues
Bt pive the best results (S, [JL [4) LDA s a0t &8 widely
used for traceabslity Bak recovery though @ has been used
receatly [16] However, we also experimees such a technigue
for wacoabiity recovery because LDA s able 1o capture
some aspects missed by ofer IR methods, such as LSL when
it is used in other comsexs (7).

The empurical malysis has been conductad cn two soft-
ware repositonics, samely EasyQlinic sad eTour. The sadicd
IR mehods have bees wsed W secover tmceability haks
between the wse cases and e wource code of the two
softwwe systoms. The results prove thet e scouncy of
LDA is Jower than previossly ssed methods. However, while
JS, VSM, and LST are ot equivalent, LDA is able o
capture some informuton missed by the other explosied IR
methods. Those constdorations sugpest hat prodadly LDA
can be used & 4 method 10 sugment canooical methods—
eg. JS VSM, aad LSI—aiming at improving Sielr accuracy.

The rost of the peper s orgaskaed as follows. Section 1l
discumes reduied work, whilke Scction [l bricfly descnibe an
IR-based traceabilty recovery process. Sections IV and V
provide detisls on e design of the case study and repon the
rovalks achirved, rospectively. Secion VI gives concludag
remarks.

1. RELATED WORK

The use of IR modods for tacesdaity recowery was
introduced by Asmoeiol et al. [3]. They apply probabilissc
and Vecior Space Models (1) %0 tmce soane code omto
software documensaton. Laser, ocher IR methods (e.g., LSI,
IS metod and Nemencal Analysis) have heca proposed o
pecover haks betwesn differest types of amifices [£), (5],
(5} In pamticulsr, IR methods have been used 10 recover
raceahiny betwoen regaromens 9] hNowoen requiremeonts
and design artifects [10f, betwoen muistensnce roguests
and softwiee documents [11), and between other Dypes of
atifacts (e.g, use cames and UML Gagrass) (121 (13

All st roported case studies compere diffcreat [R-based
maceabiiny recovery appeoaches using recall and precision.

| Zs 2Ae rané/ng of these rethods

di¥Ferent?
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I INTRODUCTION

Extonsive effort a @ software enginccrisg communty
(bl rescirch ad commercial) has beea brought forth
0 mprove e cxplicit conpection of documentation sod
Information Rewrioval (ER) techoigues (1], [2] for traccabiley

Soveral IR methods have boon proposed for traceabiley
reoovery — g, Veowr Space Model (VIM) and probe-
bilkste model [1) or Lasest Scemuntic Indexing (LSD (2],
In gesenal, the retrieval scurscy of IR-2used traceabsbry
reoovery mehods is mscssed through two mxasures: recall,
messuring the pescentage of comect links thue were found,
and precision, measariag the percentage of found links Sac
were comect. The resslts achieved are somedmes conrasting
ad demomtrate 0o clowr wisner among IR technigues,
Indeed, it seems that all the exploned echmiques o M wre
able o caprure De same adormation when used 1o calculate
the wxtual smilanty betwoen software artifacts

In s puper we prosent an cmpircal stady aming =
stutistically asalyring B¢ cquivalence of &fferent [R-based
traceability recovery methods. The comparison is bused on
Priscipal Componont Asalvsis (FCA) and on O analysis of
the overlap of the set of candidaee liaks provided by cach of

e IR methods, The studied IR 1echnigues are the Jemes-
Shaancn (JS) method (51 VSM, LSL and Laeat Dinichlet
Allocaton (LDA) (6] The first faree methods were selected
bocasne Doy arc widkly wsad and soom %0 be Bic chasues
at prve the best results (5], (L [$) LDA & a0t &5 widely
used for traceabslity Bak recovery though @ has been used
receatly [16]. However, we also experimeet such a techaigue
for wacoability recovery because LDA s able 10 capture
some aspects missed by ofer IR methods, such as LSL when
it is used in other comsexs (7).

The empirical snalysis has been conductad cn two soft-
ware repositorics, samely EasyQlinic sad Tour, The wadicd
IR mehods have bees wsed W secover tmceability haks
between the wse cases and e wource code of the two
softwwe systoms. The results prove thet e sccuncy of
LDA is Jower than previossly ssed methods. However, while
JS, VSM, and LS are shmost equivalent, LDA is able w
capoure some informuson missed by the other explosied IR
methods. Those constdorations sugpest that probabdly LDA
can e wsed & & method 10 sugment canonical methods—
eg. JS VSM, sad LSI—aiming at improving el accumcy.

The rost of the peper s orgasiaed as Sollows. Secticn 1l
discumes reduied work, whilke Scction [l bricfly descnibe an
IR-based traceabilty recovery process. Sections IV and V
provade detisls on e design of he case saudy and repon the
rovaks achieved, rospectively. Secion VI gives concludag
remarks.

1. RELATED WORK

The use of IR meods for tacosdelity fecowery was
isroduced by Assoetol et al. [3]. They apply probabilkissc
and Vecior Space Models (1) %0 tmce soune code omto
software documencation. Laser, ocher IR methods (0.g., LSI,
IS metod and Nemencal Analysis) have heca proposed o
pecover haks betwesn differest types of amifices [£), (5],
(8] In pamiculsr, IR methods have been used 10 recover
wracoablny betwoen regaremens [V hetwoen roquirements
and design artifects [10f, betwoen muistensnce roguests
and softwiee documents [11), and between other Dypes of
erifacts (e.g, use cames and UML Gagrass) [12], [13]

All these reported case studies compene differeat [R-based
maceabiiy recovery appeoaches usieg recall and precision.

i Lohich is the best IK method?
1

‘ L5 Zhe rank: ’~/7\9 of Chese methods
different?

"l I DA had lowest accuracy
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OZ‘/’ler ( esw/ts

There is a statistically significant interactio
\ between IR method and language

\1 —_—
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Conc/usion

- RTM provides accuracy comparable to ”
i existing IR techniques ;:

\ 'RTM combined W|th other IR technlques prowde
| improved accuracy for traceability recovery |

ercoledi 12 ottobre 11



Conc/usion

— — E——e— e =

4&(@5 lions?




