SOFTWARE MEASURES




MOTIVATION

FE_Metadata
1 FE Tag
<> FE_Space-Time

FE OWservation

——— M It Admimedrabon

[)

1 [
1 1 | 1
' FE_Tag FE_Space-Time FE Observation | | FE_Administation
FE_Idoni ficaton | FE_Space 1 FI ,;L_hl_“. FE Coatact 1
_‘. FE Classificabon FE Time - FE Missian FE Service ol
[ FE Sise '-J"
|
: . ' | [} [
FE_ldentification FE_Space TE Thme I - ——
=, rehis
+EventID{1.-1]: Text Hipodetic ReferemceSystem| 1. . 1] :Canegory | | Perod FE_PhaseiMservatbon = v FE_Service
+EventMame 1. 1]: Text +EveniLocation( ... 1):Position HEvemt Time[ | | |: TimeP ario M prssrwyrr-w— : _l;-.lul;p;llru:.i-ﬂl-.-l-l'!‘_ L |'-|'|I||1I|.i1. I\:_r"-' . .‘?un1-.'-.'?'{:lrh:| I...1]:Text
y i + V0= *] - ComplexTy A .
+ Event Description[(e+-*]: Text 1pplyl OEER LY . -‘:::'\-\- :Ir‘;':- I-: I ::IJ- "-I‘lcu
S IYICE Wl ness| | B

- L ———

| | 1

FE_Clas ifica tion FE Diagnmis FE_Prepa redness FE_Response 1 |

FE Preparednesshission FE_Respomse Mission i I'I'_R{N'Nl_\ I -

FE_PreparednessSmie 1| FE_Respomse Stae 1| FE RecoveryMaission . FE_Contact
|

+Event Cabe gory| 1. 1) 2Ca iegory d FE I agnostsbssion
1 Cntegory FE DhagnosisSiate

-

1 |+ EveniCertminiv] |
+EveniUngency[ |... 1]-Category

FE RecoverySiate

*EventSender™ame] 1. 1]:Text

Ev end SencerUrgamradson [ 1. 1]: Texi

+EvendPatiern| 1. .1 |-Caiegory 1 f 1 I.
+EvemtSevernity[ ... 1] Cargory 1 | 1 ! EventSenderPmtalode|0.. 1 |- Text
+Ev n.1|1‘i'||-.||.'r.".l.‘u.|rl.'h-[l3l L Test

FE_Diagnosis State . — i *EvendSender Tel phome(1...1]: Tex
N 10 +Precipitation] 1= 1 ]| :Chaantsty FE_Respanse Misshon EventSenderFax[0L.. 1]:Text
+ball AR Oy
FE_Diagnasis Yisshan il FCategon +WaterLevel[ |-+ 1]:Quantity Precipitation] [==+ | | {uantity EvendSendlerEmmil[0.. 1]:Text
Precipit ionFoncast] |+ 1] Quantity +Water Lewel[ 1+« 1 ]:Quantity
FPrecipitatso] 1---1 |- uantity 1 i el : . 7 )
“lerl o Li[ll"']‘-'umn'lm' | . WaterLevelFrediction] |+« 1 [:Quandity +FloodAreaDetermination] | +++ 1 : Position
Landl ;t.“ ] l;_;rlnllh ’ 1 FeatureExtraction] 1--- 1 |:Position
| [ ! FE_RecoverySiaie
1] J1i A B
FE_Proparal nessSe e FE_FRespomseState sl [0---*] Comphe Type
].l‘.‘ﬂ[‘l‘ld PassibleS IR (1] "'-_RN'* oy M shon + EoonomicLoss[0--*] :ComplexType
| * TrossiblespslRange] [+ anion +Disasterfonea] | -=*]: Position HOtherinfluence[0-=+*] L lexType
A agprepation +Possible TemporalRange[ 1 +*]-TimePeriod + Dasra gedRioad]0-¥):Position +Precipitaion|1 -~ 1]-Quantity erinfluence]| | ComplexType
PAlen]l-=*] ComplexType . + DestoryedComstrucion|0---*] . Position ¥WinteeLeel] | >+1 -ty
o inhenitance +Riesponse Time[ 1+=-*]: Text _ LossAssessmend] |+ 1 ]:Comp lexType |
;.huglalll Wl 1

Haslinger
Kevin I




MOTIVATION

Principles of Good Programming
Complex Software  + Software Architectures = Problem solved?
Frameworks

Subjective:
perceivedmaintainability , perceiveccomplexity, perceivedeusability e

Obijective: (through Software Measurement)
Maintainability Indexir Scor e, Cycl omatic Complexity, Coupling Me
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APPLICATIONS OF SOFTWARE MEASUREMENTS

A CostEstimation
A FunctionPoint Measurement
A cocomMo I

A ProductivityMeasures
A HalsteadVieasures
A MaintainabilityIndex

A ComplexityMeasures
A McCabesCyclomaticComplexity
A HalsteadVleasures
A WeightedMethod Count

A Quality Models
A DelLoneand McLean Information SysteSucces$odel
A MccCall
A Boehm







GOALS

A Use a set ofjuantitative software measurementso compare two web
frameworks

A Investigatesvolution of software attributes
A Find asetof software measurements

A Check if set ispplicable to chosen frameworkgReactJS and
Laravel)

A Check if certairattributes of the architecture haveexpected impact
A Check if set ipplicable for framework comparison




EXPERIMENT

A Choose et of software measurements
A Findtools to calculatethese measurements

A Develop thesame application twice
A ReactJS
A Laravel

A Conduct measurements aftefdition of specific features
A Evaluation of results




APPLICATION

® simplify.art O Dashboard @ Register  #* Login € simplify.art @ Dashboard @ Register

Welcome! Welcome to Simplify Art

)

& Google

presentation@now.com

orgot password? Create new account

Simplify Art

AboutUs Blog  MIT License

o* Login

Haslinger
Kevin



Measurements
and Tools




MEASUREMENTS

A Complexity
1. McCabesCyclomatic Complexity
2. Halstead Measures

A Quality Attributes

A Maintainability
1. Maintainability Index
A Reusability + Flexibility
A Coupling Measures
1. Afferent-Coupling
2. EfferentCoupling
3. Instability




TOOLS

A plato A phpmetrics
A Cyclomatic Complexity A Cyclomatic Complexity
A Halstead Measures A Halstead Measures
A LLOC* A LLOC
A Maintainability Index* A Maintainability Index
A dependencynalyze A Coupling
A Coupling A plato(JS only)

A own parser (Blade only)




TOOLS T PIPELINE - OVERVIEW

ReactJS Laravel

PHP Javascript Blade
plato dependency-analyze
4 v l l
CC CC
cC Dependencies Eiﬁlﬁﬁ; I-alc':‘:[?“'-" Dependancies Eiﬁgﬁ?;
Halstead =LA MI stesd M
LLOC LLOC

gulp
CC
Halstead
Y Coupling
C MI
IC:L » LLOC
Halstead
Coupling
Ml
LLOC




TOOLST PIPLINE
ReactJS

[ plato } [depenclenu:;:-aral‘yze}

b J

CC
Halstead

L

b J

hJ

cC
Halstead
Coupling
MI
LLOC




TOOLS 1T PIPELINE

| aravel

PHP Javascript Blade
phpmetrics plato dependency-analyze Qwn Parser
¥ ¥ ¥ ¥
cC CC
Halstead oo Halstead
Coupling I—al3§=a-" Dependencies Coupling
MI o MI
LLOC LLOC
b 4
gulp
¥
cC
Halstead
Coupling

MI
LLOC




Pitfalls




PITFALLS T CONSISTENCY

A Different toolscalculate software measuremerdgferently
A Definition of how to calculatea given software measure
A Definition of parts needed for calculation




PITFALLS T CONSISTENCY

Before

Evolution of the Mean for the Maintainability Index Evolution of the Mean for the Maintainability Index

87.5
—— Laravel —— Laravel

85.0 React React

60
82.5 1

80.0 +

55 A
77.5 1
75.0 A
50 1
72.5 A
70.0 A

45 1
67.5 1

initial  framework login artwork artist invoice final initial framework login artwork artist invoice final




MAINTAINABILITY INDEX

Maintainability = 171
— 5.2 x In(aveV ol)
0.23 x aveC'C
16.2 x In{ave LOC)




PITFALLS T CONSISTENCY

Evolution of the Mean for Halsteads Volume Measure Evolution of the Mean for McCabes Cyclomatic Complexity Evolution of the Amount of Logical Lines of Code
1750 4 — Laravel g4 — Laravel 6000 | — Laravel
React React React
1500 4
5000 -
54
1250 4
4000 +
1000 4 49
3000
750 A
34
2000 A
500
2 1
250 4 1000
01 T T T T T T T 11 T T T T T T T 0 T T T T T T T
initial  framework  login artwork artist invoice final initial  framework  login artwork artist invoice final initial  framework  login artwork artist invoice final

Evolution of the Mean for the Maintainability Index

87.5 1
— Laravel

85.0 4 React

82.5 1

80.0

77.5 A

75.0

72.5 A

70.0

67.5 1

T T T T T T T
initial  framework login artwork artist invoice final
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PITFALLS T CONSISTENCY

Evolution of the amount of logical ines of code A phpmetrics& own ReactJS tool
000 1 T arve A Remove alcomments
00| A Removeempty lines
A Remove lines which contaonly
curly braces
/\ A plato
- / A Generate parse tree

A Every statement = LLOC

initial  framework  login artwork artist invoice final




MAINTAINABILITY INDEX'I

plato

w(report, settings, averageCyclomatic, sverageEffort, averageloc)

report.maintainability =
171

- (3.42 * .log({averageEffort))
- (8.23 * averageCyclomatic = 20 .log{averageCyclomatic))
2.23 Cycl ti aze log( Cycl ic)
- 2 0® .log{averageloc));
16.2 log( geloc));

if (report.maintainability » 171) { repert.maintainability = 171; }

if (settings.newmi) { report.maintainability = .max(@, (report.maintainability * 1@@) / 171); ¥

CALCULATION

phpmetrics

MIwoC = max(

(171

- (5.2 ®* ‘\log(%volume))
- (@.23 * %con)

- (16.2 * Zlog($1lloc))
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Results




AFFERENT - COUPLING

A B C
N /




AFFERENT - COUPLING

Evolution of the Mean for the Afferent Coupling Measure

53754 — Laravel
React

2.00
1.75 +
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AFFERENT - COUPLING

Final Distribution of Values for Afferent-Coupling

B Laravel
N React

Amount of Files with Value

2 7 1 11

'_-lp_F_-'_
o 1 2 3 4 5 6 7 9 11 12 14 16 19 20

Value for Afferent-Coupling
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AFFERENT - COUPLING

of Files with value

Amount

50 4

Final Distribution of Values for Afferent-Coupling

62
I Laravel
56 React
34
112 11 2 11 2 1 11

T -'__-l_ T T T T T -I
0 1 2 3 4 5 6 7 9 11 12 14 16 19 20
Value for Afferent-Coupling

A High AfferentCoupling
A Difficult to change

A Afferent-Coupling = 0

A Entry files or unused files
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AFFERENT - COUPLING

Amount of Files with Value
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Final Distribution of Values for Afferent-Coupling

62

I laravel
56 React

112 11 2 11 2 1 11
|-'__-|_|

T T T T
-|
0 1 2 3 4 5 6 7 9 11 12 14 16 19 20
Value for Afferent-Coupling

A Not applicableto the Laravel
framework

A Import statements between key
components arkidden from
measurement

A Helper classes are called
automagically
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AFFERENT - COUPLING

Pros cons

A Detect core components of the A Depends on programming
architecture language used

A Detect pOSSiny rigid files A Not applicable to the Laravel

. Lo . framework
A Split responsibility amongst multiple
files to improve flexibility

A Detect reusable files
A Detect unused files




MAINTAINABILITY INDEX

Evolution of the Mean for the Maintainability Index

—— Laravel
React
60
55 A
50 A
45 A
T T T T T T T
initial framework  login artwork artist invoice final
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MAINTAINABILITY INDEX

Amount of Files with Value

Final Distribution of the Maintainability Index

30 4

25

20+

15 ~

10 ~

critical

31
- B Laravel

Il React

ok good

2
1
15
1
8
7 7
6 6
5
3
2
1 1 1

10 20 30 40 50 60 70 80 90 100
Maintainability Index
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MAINTAINABILITY INDEX

Pros cons

A May allow todetectfiles which A Unclear mapping between
arehard to maintain resulting values and quantitative

A Seems to capture the expected ~ C0de attributes
changes in maintainability A Mainly influenced by LLOC




CYCLOMATIC COMPLEXITY

Evolution of the Mean for McCabes Cyclomatic Complexity
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CYCLOMATIC COMPLEXITY

Amount of Files with Value

Final Distribution of Values for Cyclomatic Complexity

40

43
B Laravel

I React

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 18 21 22 32 38 62
Value for Cyclomatic Complexity
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CYCLOMATIC COMPLEXITY

Pros cons

A Detect relatively complex files A Definition of complexity
A Indicates error proneness




N A rparticular scale sensoryor
physical] maybe objectedon the
groundsof bias, low precision
restrictedgenerality andother
factors buttheobjectorshould
remembethattheseare relative
andpractical mattersandthatno

scaleusedby mortalsis perfectly )
freeof theirtaint. n

- S. S. Stevens et al. On the theory of scales of measurement. 1946.
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LOGICAL LINES OF CODE

Evolution of the Mean for the Amount of Logical Lines of Code Evolution of the Amount of Logical Lines of Code
—— Laravel 60004 —— Laravel
70 1 React React
60 5000
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20 4 2000 |
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LOGICAL LINES OF CODE

Evolution of Logical Lines of Code - Slope

2000 - —— lLaravel
React
1500
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LOGICAL LINES OF CODE

Pros cons

A Captures changes as expected A Solely a measurement of size

A Captures unique attributes of A Depends on programming
frameworks language used

A Easy to calculate

A Clear mapping between
measurement and quantitative
code attributes




GENERAL RESULTS

Applicable Meaningful Applicable Meaningful

AfferentC AfferentC
EfferentC EfferentC
Instability Instability
LLOC LLOC

CC CC
Halstead Halstead
MI MI




EFFERENT - COUPLING

Evolution of the Mean for the Efferent Coupling Measure
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INSTABILITY

Final Distribution of Values for Instability
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NUMBER OF FILES

Number of Files per Sprint

80 ~

60 -

40

20 1

B Laravel
N React

87

initial  framework

login

artwork

artist

20

invoice

84

30
84

final
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CYCLOMATIC COMPLEXITY 1 JUMP

Amount of Files with Value

After initial Sprint

After framework-setup Sprint

B React

1

i

18

8

1
Value for Cyclomatic Complexity

B React
1 1
2 18
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ATTRIBUTES AND EXPECTED IMPACT

A High degree of separation of A Back end functionalities out of

concerns the box
x High Maintainability Index per file AfiDo more with | esso
x High Maintainability overall \/ Low values for LLOC

A High interdependency

V' High values for the coupling
measures

A Little back end functionality out
of the box

V' High values for LLOC




Development




SPRINTS
A initial
A Barebones setup, AHel |l o Worl do page

A frameworksetup
A Add design template
A login
A Authentication functionality

A artwork
A Add, edit, delete artworks

A artists
A Add, edit, delete artists

A invoice
A Automatically generate PDF

A final-changes
A Refactoring
A Add dashboard




TESTING I CYPRESS




TESTING T CYPRESS 1T SCREENSHOTS

£ Tests v 1 x1 (- | 30.51 i ] L http://localhost:3000/artists/add 1000 x 660 (83%) @
(XHR) @ GET 288 /ar e “
GET a[href="/artists"] ,
- CLICK
(NEW URL) http://lo :
HISTORICAL INFORMATION
(XHR) NAVIGATION
GET @  Artworks Born City Born Country Born Year
- CLICK mrmerEs
(NEW URL) http://L Italy H
i &% Artists
GET .main-content
N s 2020-
- CONTAINS  Add Artist [ Dashboard Died City Died Country Died} < d‘-cza »
e

GET input[name=fullName]
- TYPE Da Vinci Germany 5 2019 2020
GET input[name=workedCountry
R Rome 2021 2022
GET input[name=workedCity]

2023 2024

- TYPE Florence X Cancel
GET

input[name=bornCountry] 2025 2026

- TYPE Italy

GET input[name=diedCountry] 2027 2028
- TYPE Germany © 2019 Simplify Art

GET #input-born-year AboutUs  Blog  MIT License 2025 2030
- CLICK

GET .rdtPicker - B
- FIND td[data-value=2809]:visible

O can add new artists and edit existing artists

O cannot add new artists without fullname

O artists are implicitly created when creating artwaorks
iphone-6 resolution

O can reach the artists route

Haslinger
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Measurement
Theory




MEASUREMENTS AND SCALES

A Empirical relational systeiin’
A Entities and properties we observe

A Formal relational systeiin'

A Mathematical models
A Numbers
A Vectors

A Measuremerit
A Empirical objecty formal object
AScalei ' H H

A Mapping from an empirical relational system to a formal relational
system

A Generally assume ordinal scale




MAINTAINABILITY INDEXT MEDIAN

Evolution of the Median for the Maintainability Index

60.0 - —— lLaravel
React

57.5 1

55.0

52.5 1

50.0 4

47.5 \

45.0 - \
s ] R -

T T T T T T T
initial framework  login artwork artist invoice final
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MEDIAN 1 GENERAL

Evolution of the Median for the Afferent Coupling Measure

1.0 A
0.8 A
0.6 4
—— Laravel
React
0.4 1
0.2 1
0.0 1
T T T T T T T
initial  framework  login artwork artist invoice final

Evolution of the Median for McCabes Cyclomatic Complexity

3.00 1

2.75 A

2.50 1

2.25 A

2.00 1

L75 ~

1.50 4

1.25 ~

1.00 4

—— Laravel
React

T T T
initial framework  login

T
artwork

T
artist

T
invoice

T
final
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DIFFERENCE IN DIFFERENCES

A Would have addressed

A Consistency issues

A Differences in frameworks /
programming languages

A Out of scope

Time 1 Time 2

Kevin o4



ARCHITECTURES

| aravel

Laravel
s - Blade Templates Backend
Frontend - ReactlS Backend - Express]S B -
Layout Router
Redux
N L
Lavout ¢ passes information
ay | S ——
dispatches asynchronous requests ! to "'_5"’ inifiates
based on user Saga Router | parsing and then pass request to
i interactions N sends result '
; . . as response
ﬁ dispatche: t Login Form
- result of as; N
Login Form requests pass reguest to
7 i
e ' pTTTTTTT ey i Controller
¥ L : :
Input Field other Reducer Controller
for Name compenents File-Upload . other
component components
5 uses
modifies u’fs
Redux Store
Mongoose
Model
Eloquent
Model
A
MongoDB "b
MySQL
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LARAVEL I ARCHITECTURE

Laravel
Views - Blade Templates Backend
«—
Layout Router

Y passzes information

H to view. inifiates

: parsing and then ass request to

sends result pa q )
) 25 response
Login Form P

HERREEEEEELE femmmme ey i Controller

. other
components

File-Upload
component

Eloquent
Model

A




REACTJS 1T ARCHITECTURE

Frontend - React]S

o
5}

N

Layout

¥

ﬁ

Login Form

Input Field ... other
for Mame components

dispatches actions
based on user
interactions

Backend - Express]S

Redux

synchronous requests

Saga

dispatches actions with
result of asynchronous

requesis

modifies

Redux Store

[
-

Router

pass request to

-

Controller

Mongoose
Model

A
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GENERAL RECOMMENDATION

A Easyto setup

A Developercomfort
A reactscripts

A Sufficient debug properties

A Separation of concerndy
design

A npm
A Deployment cheap and quick*

A Moderate effort to setup
correctly

A Developer comfort
A Laravel Mix
A Browsersync

A Relativelycumbersome
debugging

A Difficult deployment

A Substantial amountof back end
functionalitiesout of the box

AfiDo more with

| es s O

Kevin
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TAKE AWAYS

A Software Measurements caiu the development process
A Highlight core componentf architecture
A Highlight error prone parts of the software

A If tools are available, using themdasy
A Applicability to framework comparisoguestionable

A There is room for work
A Precise definitionsof software measurements
A Toolsto calculate them




