Supporting Software Maintenance
with Dynamically Generated
Document Hierarchies

Katherine R. Dearstyne Alberto D. Rodriguez Jane Cleland-Huang
Computer Science and Engineering Computer Science and Engineering Computer Science and Engineering
University of Notre Dame University of Notre Dame University of Notre Dame
Notre Dame, IN, USA Notre Dame, IN, USA Notre Dame, IN, USA

kdearsty @nd.edu arodri39 @nd.edu JaneClelandHuang @nd.edu

Proceedings of the 40th IEEE International Conference on Software Maintenance and Evolution (ICSME 2024)




He B2

s S

c )T TTDRFa AL
Y R— kg
T « B4 5T

- FTRBAFEB D

BETCZEMNLGEED R
FIER IZHFRED

SR HHoTHEY L
L RINLASS

N

\

4

N

4

VXL D

FaATF—o 32
DH %)«E%[sfvg]
FEXaAr5—:

4

(11
(2]
(3]
4]
s
https //doiorg/10.18420/5e2019-14
(6]
7
(8]
[91
Avalable:https://doiorg/101145/1882291.1832312

T.lethbiidge,).Singer,and A.Foward, “How software engineers use documentation:the state of the practice,” IEEE Software, vol. 20, no. 6, pp. 35-39, 2003.
T.Roetm,R. Tiarks, R.Koschke, and W.Maalej, “How do professionaldevel opers com prehend software?” in 2012 34th Intematioral Confer- ence on SoftwareEngineering (ICSE), 2012, pp. 25-265

A. D. Lucia, A. Marcus,R. Oliveto, and D. Poshyvanyk, “Information retr eval m ethods for automated traceabilityrecovery,” in Software and Systems Traceability . Springer, 2012, pp. 71-98.

M.Rath, L Rendall,J.L.Guo, L Cleland-Huang, and P.Md der, “Traceati lityin the wild: automaticallyaugmentinginc am plete trac elinks,” in Proceedings of the 40th Intematioral Conference on Software Engineering, 2018, pp. 834-845.
B.Dagenaisand M. P. Robillard, “Creatingand evohing developer documentation: Understanding the decisions of open s aurce contributers, ” in Proceedings of the Eighteerth ACM SIGSOF TInternational Symposium on Foundations of Software Ergineering, ser. FSE “10. New York,NY, US A: Association for ComputingMachinery, 2010, p. 127-13%. [Online]

A. Forward and T. C Lethbridge, “Therelevance of software documentation, tod s and technologies: A survey,” in Proceedings of the 2002 ACM Sy mposium on Doc um ent Engineeri ng, s er. DocEng’02. New York,NY, USA: Association for ComputingMac hinery, 2002, p. 26-33. [Online]. Available: https://dai org/10.1145/585058 585065

0.Goteland A.Finkelstein, “Contribution structures (requirements artifacts),” in Second | EEE Intematioral Symposium on Requirem ents Engineering, March 27- 29, 1995, York, Ergland, UK. [EEE Computer Society, 1995, pp. 100-107. [Online]. Available: https: //doi.org/10.1109/ISRE 1995 512550
S.Maro,J.Stegh'fer, and M. S@ron, “Scftware traceabilityin the automotive domain: Challerges and solutions,” in Software Engineering and Software Management, SE/SWM 2019, Stutigart, Gemn any, February 18-22, 2019, ser. LNI,S.Becker, I. Bogicevic,G. Herzwum , and S. Wagner, Eds,, vol.P-292. G, 2019, pp. 61-62. [Online]. Available:

J.Cleland-Huang O. Gote, J.H. Hayes, P. Ma'der, and A. Zisman, “Scftware tracealility: trends and future directions,” in Proceedings of the on Future ofSoftware Engineering, FOSE 2014, Hyderabad, India, May 31-Jure 7, 2014, 1 D. Hetbsleb and M. B Dwyer, Eds. ACM, 2014, pp. 55-69. [Online]. Available: hitps: //doiorg/10.1145/2593882 2593891




B BEsEw
c A— RLALD R+ 4> FEBER

* APHIHRD BENE | 1pn 1 CEHFMEI— FLAILTO

I

e —A— I:'_:_lﬁglzd:égﬁﬁﬂméiﬁ‘z[zofvzg]
c D TARAY Y K, NTA=ZLAN)LOI— FER

c AEXARAR YT D7 - rL—HEYT 1 MEXK
[24~28]
LIMIZEKABEEIFL—R-) U ER

HRERA .
3




Fik

c LLMZAWNWTZERBED KX A2 NZ2BEEAER
9 5/\14 754 > HGEN

« VAT LERDRE
H IR T LI ERE

LALLM a— kLA, Fi:

-BERLZERT S

EREETCRLERXAA D FEER
fL—X 12D HREEFIZER

> 7 b TR EEENRMICKIE




A S

B (L
1B TODREAZZITERY HEEELFE T X2 —1k
B SRA—IZRH L CHREL EBASEDHRBAZTERL

RS T-8

BT DIFWMAETENDERBAZES

R IH

ERSN=GRBALIERTOAANZEMICY VY

SLICERENBERSE, BEOHBAEROANE L,
TRTOEEBAERSNBETRY RS




B HGEND TOot X RF—>0

« JPIDAHDID— FZE/]

IO

B3 5i581%, a—F

Mo BASEDENZEIER

» Anthropic Claud 2.0EFJL T

LULTDORTY TIZ&KYIER

1. O—FALI—Y—(ZRET 5B EDOHE

2. A—FHOED K S IZ1#
€MKt&ﬁéhtE%

BEZ1—HICIRET 5D DERA




l HGEND ot X - R F—1

m

® N O U0 B~ W DN PE

ERN T ITHY BEECRET I SR 2 —1k

H Bl 3 Zr Sentence-BERT TR HIAH FRIR [Z LR

5DNDY ZRAN) VG FTIVIYALTY S RIERK
12F=IE5D2ULD Y S5 R E ot

FALUELHAS AN R I SRFCEEERITZEE
EEEXO705WEHOMNLIEIZS VU 11T
FEUEMNLSEEREU LN - ERE Z RS
FEES VNS VEICEEN T LIRS

DI RFIZBRSHEVERMRXDBERE




l HGEND o+ X - RF—2

c AT—V1I DIV SAZZEICTRLLEFaA b
&7 £

1. AT DH5FFa Ay Fﬁ?iﬁ(g#, It"\yg;;g)a):]:ﬁflg

2. DSRBTEICERT ALV FF AL MIZERE

3. CAud T I SRIMLEEDERICAEST-
KXo A MEAER




ll HGEND Ot X - RF—3
c BRI DIFEHMNEEINDERXX TEHE

=

HFHLWERXHRDY SRAIONBREEFEET 2HHER
2. FHUUEASWVWERXEILETZEHY X421
3. EEMNDHLIGEHULI-ERXETHER




ll HGEN D T

m

=

= 3 & 1FE

R RAT—4

KIS RA

2. [BEMNLET

YA %8

&9 5%
A=

ETDAANZERIC) 27

NTREBALTOERXEICY) > Z/ERk

DEXITEBOAHRY FLEERL,
LEZETE

NTHUEZERILEL, &SEaMNUIGETLHED
5

FBUENBREDNT D) > ZHIBR




ll HGEND Tot X - RF—5

c B DV TRAFIBTEERELTNDAERX
BELTLIWNIEML—R Y VD Z1ERK

1. EERXEOIY A VEUEZGFTEL, FHN524E
HEREULEWWRT7ET—Y

2. BEERTICDODWWTRL—RY Y Z1ERK

3. FHUENZFIR2DDEMXHARELCTDEBOERMXIC
) LTWAIGEIERA ZHIFR

-

gl

* SHICENEABEGBEEITREDEMI ZRD
ABEL, ETOEBBRINERSNDGETTHYIRT




J —42tvk
BEDRALY,

F#J%

= =h
/|, AA,

Dronology * [32]

Dronology is an Open-Source small
Unmanned Aerial System (sUAS) writ-
ten in Java. It provides a platform
for controlling and coordinating multi-
ple sUAS to support search-and-rescue,
surveillance, and scientific data collec-
tion missions.

SAFA [33], [34]

SAFA is a software documentation
management platform that leverages
live traceability to build a knowledge
graph and support change impact anal-
ysis. Our industry collaborators pro-
vided access to closed-source client-
side source code.

Jack of Clubs *

Jack of Clubs is a re-creation of Ace
of Spades, a voxel-based first-person
shooter game. The creator gave us ac-
cess to the manually created user stories
and epics, and we are releasing them to
the public as part of this paper.

Functional Requirements

Manual: 4 | Base:7 | HGEN: 13

Design Definitions

Manual: 12| Base:4 | HGEN: 25

Code Files
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Features

Manual: 10| Base:9 | HGEN: 25

Functional Requirements
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Code Files
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Epics

Manual: 3 | Base:4 | HGEN: 5

User Stories
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Metric Description

Languag Rmchhu.hl'_!,r I-lcm' mll}r a user can understand the
information provided.

Appropriate- Langungc appropriatencss with respect
ness to the antifact’s technical level.

Content | Conciseness How brief, vet clear the system is
described.
rtandc Considers the 1 rtance of the
Tmpo n e T
Effective-| Usefulness | Considers how us:f ul this
ness documentation is to the project expert.
Helpfulness | Consider how h:lpf t'n documentation

is for understanding its children.
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Human vs. Baseline

1~5MD ) v H— FRE T

Metric Human Mean Baseline Mean Corrected P-value

Readability 3.90 4.44 0.002445 \ ] AN \

Appropriateness 3.70 4.00 0.214476 ‘ X — 7 ﬁh IE% E’ ﬁ —C 79“ L

Conciseness 4.30 4.44 0.596927 7’—: &) Mann-Whitn ey U *ﬁ IE( <0.05)

Importance 4.10 435 0.191984 S

Usefulness 3.51 3.67 0.794294 _ - - =

Helpfulness  3.82 3.88 0.990378 e 18D TR FZTHORIZERE
Human vs. HGEN — . s -

Metric Human Mean HGEN Mean Corrected P-value % :.I:[l] A é T: &) Holm-Sidak ;f T

Readability ~ 3.90 4.38 0.000104 pfE Z 3=

Appropriateness 3.70 4.16 0.001493

Conciseness 4.30 432 0.618787

Importance 4.10 4.33 0.095525

Usefulness 3.51 4.14 7.09¢-06

Helpfulness  3.82 421 0.002445 > LIIMIZABEERUEUMNAFNLLE

Baseline vs. HGEN

Metric _ Baseline Mean HGEN Mean _ Corrected P-value DEMEDRFF A2 FTER

Readability 4.44 438 0.990378 =

Appropriateness 4.00 4.16 0.462604 —C % é

Conciseness 4.44 432 0.990378

Importance 4.35 4.33 0.990378 > A — \HGEN
Usefulness 3.67 4.14 0.020646 X 7 ,r / t L G 'j:

Helpfulness 3.8 421 0.172422 [EEE s EETES
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Proiect |ID Baseline HGEN
J % Covered Covered by | % Covered Covered by
Dronology |E1 6.3% 9.1% 87.5% 28.9%
SAFA |E2| 37.8% 38.9% 84.4% 43.1%
JOC E3| 50.0% 35.7% 100% 38.5%
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Bl rRQ3 : BHE

Project Approach mAP  Precision Recall # Orphans
Dronology Baseline 84.5% 47 2% 80 5% 17
HGEN M0%  563% 03 4% 0
SAFA Baseline 01.9%  49.2% 100% 78
HGEN 5%  543% 98 4% 9
Joc Baseline 955%  613% 74.5% 11
HGEN 96.7% 81.4% 80, 2% 1
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