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Appendix A —
Mobile Media Architecture Description

The appendix presents the component-and-connector view of the eight
releases of Mobile Media AO and non-AO architectures. Figure 63 to Figure 68
show the non-AO architectures. The graphical description of releases 1 and 2 are
identical (Figure 63). They differ in the interfaces details. Releases 3 and 4 also

have the same representation (Figure 64).
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Figure 68: Non-AO architecture of the Mobile Media product line — Release 8
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Figure 69 to Figure 75 show the AO architectures of the Mobile Media
releases. In fact, there is no AO version for the first release of Mobile Media.
Aspectual components were included as the change scenarios were implemented,

i.e., from the second version on. Therefore, we present here the AO architecture of

releases two to eight.
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DBD
PUC-Rio - Certificação Digital Nº 0410867/CA


PUC-RiIo - Certificacéo Digital N° 0410867/CA

244

i I;A_ agePhotoList Manag(EEhoto

: PhotoList PhotoView AddPhoto

| Screen Screen ToAlbum

5 E (= Screen [
AlbumList NewLabel

Screen =

MazgyeAIbumList ; ControlPhoto Managg%abel /L
D i SetScreen ContrplLabel
? ! Base @ Photo

Screen =

: Controller —O) Controller
Phqto -~} ; ManageScreen
| Sorting Count 0
PhotoView Managelmage
Handle
. E: ti
Exception XCERtions Image
Handling : Accessor
e

%agePhotoList Manag%oto

: : W ;

| | PhotoList PhotoView |} AddPhoto

: : | ToAlbum

' ' Screen = Screen [z | Screen (&
AlbumList NewLabel

: : Screen g [ o) Screen 5,

D Ma;?eAlbumList ControlPhoto Managéabel
’ D \Q m ConthI)Labm
Manage(P Sort CP ! [E 4(:

; IE:
Favourite Photo ' Base Photo

Controller Controller
Favourite Photo ; )

g _< }”,:} ,,,,,,,,,,,,,,,, J lanageScreer
Photo — So rting Count ()
PhotoView Managelmage

Handle
. Excepti :
Exception _Xaplons {|  AlbumData ‘(@— Image
Handling ‘ ; [ | Persistbhoto Accessor
O E '

Figure 71: AO architecture of the Mobile Media product line — Release 4


DBD
PUC-Rio - Certificação Digital Nº 0410867/CA


245

Ado)D
oloyd

\ao%mc N

£] 10SS900Y

abew|

|@v|]

ooygsisied |
elequIngly

ojujojoydebeuepy

m \()_ BupueH

1 suondeox3g uondaox3

! alpueH

maipoloyd
m wunod

Bunios
oloyd

oloyd
a1none

oloyd
_H_ MaIAOIGY I chom
: €] lajjonuod Ja||04u0D 1ajjonuod la|jonuo)d J3||0quo)d _H_
' Bew|abeuey
1 maipoloyd P ooyd wnq|vy 1s1joloyd osed
: W_ 2] g1 “
m £doo oloudionuod wnaly 1sgioud :
IRRREEEE 2k e Rtk B (G it et [illlcie) jonliod :
m puewwo) i ucmEEoo puBLILIOD puelwwo) !
! alpueH alpueH = a|pueH alpueH :
b /._/\ ( 1
\\\V\“_M A\\)/
|oge1abeuen Hm_u_ o,\‘_n_ snwnqy
obeliey abeley
uaalid
£1 usaliog £] E:Q_<M._. £] ysaiog £1 usalog £] usalog
M3IA01O agema 1sIoloyd 1swin
INOlOUd 0104dPPY [aqeTImeN unqy

%

4

VvJ/L980T10 oN [enbig ogdeoya) - o14-oNd

“

a)InoAeq
abeuep

Figure 72: AO architecture of the Mobile Media product line — Release 5


DBD
PUC-Rio - Certificação Digital Nº 0410867/CA


246

AdoD
oloyd

\Eon%m:m_\,u/ \M,

€] 18]|00U0D
MaIAOI0Ud

"o mmcw 3010Ud

ooyduuy BuIspaoold
H
|
'
1
H
|
|
'
H
|
|

! AdoD
[ o VIeko MU B

£1 usaiog
M3IAOIOUd]

Vv2/L980T+0 oN [eNfig oedeoyiia)d - oiy-ONd

SINSaNR29Y
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ D\\
N SWS —O)——
m Sspuos | £ SINSebeuep
L5 m
(TTTTTTTTmmTsmtssssosssooooooon gy — ;
ESR| o_o;?m_waa £] : m Bul :
10SS920Y ; lIpueH ”
aBew| ©)—— ®eawnay | O—  oydang "
1 suondeox3 :
' a|pueH :
ojujoloydeheuepy m m
N7\ W : Bunios oloyd
| O\sm,_ —_— oloyd ajinone
Hnoo o0 SIInoReS
1 O i ! &:ow @ abeuen
18]j01u0) J39||0U0D _m,__o:coo J13]j03U0D J13]j01U0D m
loBelujabEuen ojoyd wnq|y @wmjowosn_ =] aseg ] SINS T _ :
““““““ oxudiontoo wnqfy | 1srdioua swsiopuod : :
[01U0D H |onpod ' E E
purRwwod | R )ezooo oo puBtIWeg- - L pHelHtn- - pURlIWo) 1 T
a|pueH a|pueH /ﬂ jpueH : :
D L I B BB :
oloud | b il oot | | T s— swingy HomeN | : i
wmﬂjﬁ% e e ﬁwmmmz_zn abeliepy abeUeN m m
usalid ' :
£] E:n_<M.r €] IEETRIS £] usaiog £] usalog £] usaog " '
a0eIMa 1SI7010 SIun 10M]1D ' H
010UdpPY [80eIMeN 7010yd Iswnqy 3 N | |
| ! m
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \”«/rl1\11111111“
““““““““

Figure 73: AO architecture of the Mobile Media product line — Release 6


DBD
PUC-Rio - Certificação Digital Nº 0410867/CA


247

Adoo :
BIPAA ;

aam%éms_ :
aisnianug M3l
oloyguul

SINSaNIB0aY
““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““ O
O o SWs O
SWSPUsS Swsabeu
(g
IRt V gy — suondspx3
' = = : = : a|pugH
£] m ; 1055800 m
_onw_wwuo< \@v\mumoo_m:s_c._zn_d\ S@DEO:&EBZ\A@/ momc.__< : BupueH
'S asnpsisiad oloudisisiad | uondaox3
““““““““““““““““““““““““““““““ m : Bunios I
T O : eIpaN alInone
i M3IAOIOYd,
H junod

o10ud
uos

EITCE]
abeuepy

W Buis§eo0id e e U R
19][00U0D ! || Jeyonuon 19||013U0D J19)j04u0D 19]|013U0D J13||01U0D J19]j04U0D
g 'SAeId : MmaiAoloyd oDewIEDUEN | eIpIN : g Wnav & 'SITePan & osed &) SWS
do| ASNN m elpapjonuod wnqy 1SITdIpay SINSIofluoD
j0nu¢D jonkiod ,j ;EHESU “““““ ' |onugd lonpiod
: alpueH ! puBLIWOD puURIWOD puBLIWOD
: sipueH sipueH J/\ s|puey
\ﬁ N B B \/
eipaiy 6 e sy HomIeN
o_mz_\memcmE abeun 7 1PqeTeBRIEN .wm.w_mmys_ abefrepy abeuepn
TEEYR]
us919S £] usass W_E:n_,qw.r £ uoaos £] usaios £] usalos £] usans
gJ'snnAeld maipoloyd eIpoNDPY [oqeTmeN 1siTelpaiy 1sIwngy HomaN
O |
oj0ydmal
M 108dsy 109dsy
aIsniA oloyd
u_m=§m,r|o “““ f ““““““““ —

VvD/L980T0 oN [enfig ogdesyad - o1y-oNd

BN

Figure 74: AO architecture of the Mobile Media product line — Release 7


DBD
PUC-Rio - Certificação Digital Nº 0410867/CA


248

Vv2/L980T+0 oN [eNfig oedeoyiia)d - oiy-ONd

=0
e O
swspies | E1
7 —
£ Jossaooy £ jossaooy £] 1085800y
09pIA SN abew| : :
é%@& %z%m_& sg%@& W i
lere@ospIAWNG]Y| [E1EADISNNWING|Y| [1RQOI0YJWNG|Y| |
O suondaoxg
alpueH
N A Buipuey
AdoD lipueH
| — N T uondaox3g
eIpa Il
EMw%%z T
I, W
B eIpaN
: M [ —O— ajunoneS
asnIul Moy SwerFo10ud — ! wnoy mw T
orouuy BUIsac0id " afeueyy
189]|043u0: 19]|01u0: r  19]|01u0; W_‘_w 0.3UO; 18]|011U0D : 18j|0u0d 19||0U0D Jajj0u0d Jaj|0u0d | E— :
Il o} llosu0D ljonuoo Il o} | |
W_omu_?@_n_ %wm_zm_:amo ﬂ_w:_\im_a MBIAOIOYd abewiabeuen EET i £ wnaq|y W_ﬁ_._m_ums_ ] aseg = SINS
oasos T oafn [ 7 PO P T fado odw oo J [_epomonioa| | Q wnaly Q 1sgpen Q swsiofuoo S
opil jontoo | 10MUBD Jonfioy | @mgeomun lonupo 100{i00 Bmwau = ﬁFL:mEES | i e o840 ped puUelIWOD v < :
ajpueq puewWod ES
appueH aipueH
= T m ¥ | lpueH Iﬂ O @) ]
G T ¢ ¢ , ,
O3IA eIpaN 6 snwinay orieN
el w_%wm oo o] | i j Lg o
us3105 usaI0S u2a19S %1 usans W_r”___ww__/ww._. £] yoaiog ] usalog %1 usans %1 usans
ZPePIMeld gRewainded gIisnwAeld MaIA0I0Yd eIpsNPPY [2qeImaN IsIeIpa Isrwngly SIOMIBN
aouana O = 7
—P— 108dsy 1adsy
LA 109dsy aimded 2SN ojoyd
g %P Sy | E
oo L | i :

Figure 75: AO architecture of the Mobile Media product line — Release 8
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Appendix B —
Detailed Design Metrics Study: Form and Metrics Values

This appendix presents the form provided to the students involved in the
detailed design metrics study which contains information about the target design
as well as the guidelines they should follow in order to conduct the study. In
addition, we also present here the values of the metrics used by the students. Table

30 and Table 31 present these results.

PUC-RiIo - Certificacéo Digital N° 0410867/CA

Class Clz)arfeks, ioofn (ézltjvs 222 ML r:fber Num bgr of V'\\lllzit%r:jg Clz)?lccke(r)rt -
in Object Attributes Operations per Class base_d
Methods Classes Cohesion
Complaint 228 19 14 25 46 1
ComplaintRecord 0 11 1 6 11 3
ComplaintRepositoryRDB 0 23 7 20 43 2
Employee 4 17 3 8 15 2
EmployeeRecord 0 9 2 4 8 3
EmployeeRepositoryRDB 0 10 2 6 12 2
HealthUnit 16 12 3 9 14 1
HealthUnitRecord 0 8 1 7 12 3
HealthUnitRepositoryRDB 0 15 3 10 18 2
HealthWatcherFacade 0 21 4 23 36 4
HealthWatcherFacadelnit 71 29 5 18 29 3
HWServlet 1 21 1 2 4 1
IComplaintRepository 0 0 11 2
IEmployeeRepository 0 0 10 2
IFacade 0 15 0 16 27 4
IHealthUnitRepository 0 9 0 14 2
IPersistenceMechanism 0 11 0 7 7 3
PersistenceMechanism 63 11 14 23 3
ServletinsertEmployee 0 0 1 3 4
ServletSearchComplaintData 0 13 0 1 3 4
ServletUpdateComplaintData 0 9 0 1 3 4
ServletUpdateHealthUnitData 0 5 0 1 3 4

Table 30: Results of the metrics for the Health Watcher design used in the study about

detailed design metrics (Section 8.2) - values obtained per component.
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Concern Concern
Diffusion Diffusion
Concern
over over

Classes | Operations
Concurrency 8 42
Distribution 49 76
Exception Handling 73 294
Persistence 41 158
Business 37 222
View (GUI) 21 44

Table 31: Results of the metrics for the Health Watcher design used in the study about

detailed design metrics (Section 8.2) - values obtained per concern.

In the following we present the form provided to the students with the

instructions to conduct the study.

Group Members
1.
2.

Experimental Steps

Step 1) The group start to follow the guidelines and answer the questions. The
answers are provided by the group (just one form per group).

Step 2) Start to read the description of the Health Watcher system provided
below.

IMPORTANT: before you start to read the description, indicate here what
time

itisnow: _: _pm

Health Watcher System — Design

The Health Watcher (HW) system allows a citizen to register complaints to the health
public system. Figure 1 shows a diagram representing some of the classes and interfaces
of the Health Watcher system. This diagram is actually a simplification of the HW
design. In the HW system, complaints are registered, updated and queried through a Web
client. The system is structured with the goal of decoupling different parts of the system
in order to make it easy to change them separately. Therefore, the user interface part of
the system is decoupled from the part which implements the business logic which, in turn,
is also decoupled from the database management.

The user interface is represented by the Servlet classes, such as ServletlnsertEmployee
and ServletSearchComplaintData (Figure 1). Accesses to the HW services are made
through the IFacade interface, which is implemented by the HealthWatcherFacade. One
of the Health Watcher’s requirements is to allow several customers to access the system
at the same time. Therefore, a client-server approach is used to distribute part of the
execution, which is implemented by the classes HealthWatcherFacade and the
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HealthWatcherFacadelnit. The HealthWatcherFacadelnit works as a portal to access the
business collections, such as ComplaintRecord and EmployeeRecord. Records access the
data also using interfaces, like IComplaintRepository, which decouple the business logic
from the specific type of data management in use. Figure 1 shows the classes that serve

the purpose of

implementing a repository for a relational database:

HealthUnitRepositotyRDB, EmployeeRepositoryRDB and ComplainRepositoryRDB.
Table 1 summarizes the main responsibilities associated with each class in the HW
system. Table 2 describes the main design concerns.

HWServlet —T1)

ServletUpdateHealthUnitData|

ServletSearchComplaintData ServletUpdateComplaintData

ServletinsertEmployee |

Ule,

Legend:

I:l Class or Interface

Zr Inheritance

»
<" Number of Couplings

11
.

IPersistenceMec

PersistenceMechanism

1'3 | IFacade el kS g

;’19

[ HealthwatcherFacade |

© \L 226 18

HealthUnit | HealthwatcherFacadelnit | Complaint

\ .-
hanism \ et
| HealthUnitRecord | | ComplaintRecord | | EmployeeRecord }____>| Employee

%, 9 7 %6

| .‘.IHeaIthUnitRepository | | ICo;lpIaintRepository | | IE}nployeeRepository |
§ ¥ 22 »9
_|.v;{eallhunitRepositoryRDB | ComplaintRepositoryRE;B | | EmployeeRepositoryRDE;|
' |
Figure 1. A Partial View of the HW Design
Table 2. Main Design Concerns
Concern Description
Business It defines the business elements and rules.
It provides a control for avoiding inconsistency in the information
Concurrency .
manipulated by the system.
o It is responsible for externalizing the system services at the server side
Distribution . o .
and supporting their distribution to the clients.
Exception Handling Ii supports error recovery.
Persistence It is responsible for storing the information manipulated by the system.

View (GUI)

It provides a Web interface for the system.
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Table 1. Class Responsibilities

Classes What they do
HWServlet These classes implement the user interface of the system.
ServletInsertEmployee,

ServletSearchComplaintData,
ServletUpdateComplaintData,
ServletUpdateHealthUnitData

PUC-RiIo - Certificacéo Digital N° 0410867/CA

[Facade, These classes provide a simple interface to all services of the
HealthWatcherFacade, system.

HealthWatcherFacadelnit

HeathUnit, These classes represent business basic concepts of the Health
Employee, Watcher system domain.

Complaint

HealthUnitRecord, These classes represent a grouping of objects from a basic class.
EmployeeRecord, For instance, EmployeeRecord groups objects of Employee.
ComplainRecord

HealthUnitRepositotyRDB, These classes contain methods for manipulating persistent
EmployeeRepositoryRDB, objects of the business basic classes. The code of these classes
ComplainRepositoryRDB depends on a specific API for accessing some persistence

platform.

IHealthUnitRepositoty,

These interfaces establish a decoupled relationship between the

IEmployeeRepository, “Record” classes and “RepositoryRDB” classes. The goal is to

IComplainRepository make the business code more independent from the data access
code and from a specific persistence platform.

PersistenceMechanism This class implements services such as connecting to and

disconnecting from the database, transaction mechanism,
concurrency mechanism.

Step 3) The designers of the Health Watcher system need your help to identify
which classes contain the bad smell “Divergent Change”. Start to read the
description of the bad smell and the measures. Remember that it is important to
reason about the metrics and identify which of them (one, some, or all) are relevant
indicators based on the bad smell description.

IMPORTANT: before you start to read the text and measures, indicate

here what
time it is now:

pm

Step 4) Your group should now answer the following questions:

a) Which are the classes with the highest probability of having the bad smell
“Divergent Change”? You should rank your list of classes; the ones with highest
probability should come first.

IMPORTANT: when you finish to answer this question, indicate here what

time

itisnow: _: _pm
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b) Explain which metrics you have used for detecting the bad smell, and how they
were useful to identify the classes mentioned in the previous question. Which ones
were not useful at all?

Step 5) The goal now is to detect the presence of “Shotgun Surgery” bad smells. So

identify which classes when changed are more likely to propagate changes to

other classes. Start to read the description of the bad smell and the measures.

Remember that it is important to reason about the metrics and identify which of

them (one, some, or all) are relevant indicators based on the bad smell description.
IMPORTANT: before you start to read the text and measures, indicate

here what
time itisnow: _:__pm

Step 6) Your group should now answer the following questions:

a) Which are the classes (when changed) that have the highest probability of
propagating changes to other classes? You should rank your list of classes; the
ones with highest probability should come first.

IMPORTANT: when you finish to answer this question, indicate here what
time

itisnow: _:__pm

b) Explain which metrics you have used for detecting the bad smell, and how they
were useful to identify the classes mentioned in the previous question. Which ones
were not useful at all2

Step 7) Answer the questionnaire about the experiment design issues.
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