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Software Quality 1/3

| I' e o
vel (OOP)
Package quality
General architecture
sComponent interconnections
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Software Quality 2/3

— ~ «High level (OOP)
| Class quality
——

m Focus on a file
| RFC, DIT, CC, LCOM, etc.
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Software Quality 3/3

Low level (Java)
Code quality

Java Issues
Findbugs, PMD, e.t.c

Sonar
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Enterprise Projects

® [ ot's of code (e.g. 150K LOC)
e No single developer knows all parts
e Sometimes the team does not include original

authors
le Often this is just for maintenance




Basics (Warm up)

~ @ Nesting level

e Cyclomatic complexity
-~ e Coverage

‘9. === ¢ Comments (Javadoc)

1“. Duplicate code

;:H:» -r?’f_rf \




Lines of code

e Avoid big classes and big methods
e A method should be a screen
e A class should be no more than 800 lines



Woma =1 o LA ds Lh R

ST S
Ry o

Lt = 0:.1:pi*4;
y = sin(t);
lfor k = 3:2:9
%
v = v + zin(k*t)/ k;
if ~mod(k,3)
%
display (sprintf('When k£ = F.1f",k})
plot (t,v)
end
- end




Unit test coverage

Coverage Report - All Packages

All Packages

I"E:.ECLI"EEFC"EIE.ECbE":LI"EI.EII": 1

Package

# Classes

(93]
Ln

net.sourceforge.cobertura.check

[EX]

net.zourceforge.cobertura.coveragedata 1

net.zourceforge.cobertura.instrument 1

L= Ry Y

net.sourceforge.cobertura.merge

net.zourceforge.cobertura.reporting

net.zourceforge.cobertura.reporting. html 4

w Lad ok

net.sourceforge.cobertura.reporting.html.files 1

net.sourceforge.cobertura.reporting.xml

net.sourceforge.cobertura.util g

somectherpackage

e \Vell known metric

e There is no “correct’ value

91%
87 %

100%e

50%:

83%

1625/21 7500
17025000

460/510 M
z30/35
116/134 [l
475/523 [
z9/45 [
155/155
175/ 2 500N
s;ic 1R

Branch Coverage Complexity
645 472/ 7 50
438 40/s4
oz [
123/ 164 N 1
14/16 M
4z/34 [ 2.
77% 156/z0z [ 4.4
62% E] |
555 2ifzz |

655 7o/ 1020000

e | suggest 80% for back-end code
and 60% for GUI stuff
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Apil documentation

(=] B = (= T (= (= T (=] (=]
all tag =] = 1 2
ETETE Ty | e e e e 1 T F—
ilena ull pat = HTML fil
= T ™ ™ = ™ =% T ™ 2_ + = + ™ =
leanup Cleanup a 3] = ing loa
F—9 —_:.r— L ' L 2 T—1 - - F—9 T F—
» ai i TML. £il
%ception Bt T e -
- q = — = - T - y — ] T g - O g - = - —- = 7] — y - - Y . - - pryl P T
public =static String loadString(String filename, boolean cleanup) throws Exception {
File file = ne ile(filename)
byte Fuf = new byte] t file.lengt
FileInputStream in = ne ileInputStream(filename
n.read (buf
~— — ] sp

e Public methods should be commented
e Private are optional

e Percent of public methods

e |deally should be 100%



Cyclomatic complexity

3
, Eo, @ @ Number of code
(R st flows
y @) ~ @20 — Equals Number of
T @ :;| unit tests needed for
) =1 100% coverage

<+ @ Limits per method
mf—‘ (o OF per class

2 ) \5'5 ) |F40)
( ) T
N L I'M.'__.e'l
. o, End




Duplicated code

e Dry metric

e 0% is difficult

e less than 5% is realistic



Chidamber and Kemerer Java
Metrics

S -
e CKJM Metrics (1996 paper)
e Search it as PDF
e \WMC, DIT, NOC, CBO, RFC, CA,
NPM

el AU
> A







DIT

Type hierarchy of 'org.apache.wicket.markup.html.WebMarkupContainerWithAssociatedMarkup”: -

S=QLC Cbject - java.lang -
=L Component - org. apache. wicket
=M CL MarkupContainer - org.apache, wickek
= C) WebMarkupContainer - org, apache, wickek, markup, bkl
EIG '-.-'-.-'el:uMarku|:|Cu:untainer'-.-'-.-'ith.ﬁ.ssnciatedMarkup - org.apache, wicket, markop, Rkl
E 9" Border - arg. apache, wicket, markop, Rtml, border
El Ch AjaxFalbackOrderByBarder - org.apache. wicket, extensions, ajax, markup. hk
b G new AjaxFallbackorderByBorder() 4.} - oro.apache, wicket extension:
------ &7 BoxBorder - arg. apache.wicket, markup, html, border
------ C) FormComponentFeedbackBaorder - org, apache wicket markup, bkl Form, wali
= C) OrderByBorder - org. apache. wicket,extensions.markup.html. repeater . data.
. G,.', new OrderByBorder() {...} - org. apache, wicket, extensions, markup. htr
I'_—'IG Fragment - org. apache, wicket, markup, html, panel

------- C‘E TreeFragment - arg. apache.wicket, extensions. markup, html, kree, table, Tree
I':'I'Ei" Panel - org.apache wicket, markup. html, panel

e Depth of inheritance tree
e | suggest no more than 3 for application and
no more than 5 for framework



NOC

Type hierarchy of 'org.apache.wicket.markup.html.WebMarkupContainerWithAssociatedMarkup”:

-

S=QLC Cbject - java.lang

=L Component - org. apache. wicket

=M CL MarkupContainer - org.apache, wickek
= C) WebMarkupContainer - org, apache, wickek, markup, bkl

EIG '-.-'-.-'el:uMarku|:|Cu:untainer'-.-'-.-'ith.ﬁ.ssnciatedMarkup - org.apache, wicket, markop, Rkl

E 9" Border - arg. apache, wicket, markop, Rtml, border
El Ch AjaxFalbackOrderByBarder - org.apache. wicket, extensions, ajax, markup. hk
b G new AjaxFallbackorderByBorder() 4.} - oro.apache, wicket extension:
------ &7 BoxBorder - arg. apache.wicket, markup, html, border
------ C) FormComponentFeedbackBaorder - org, apache wicket markup, bkl Form, wali
= C) OrderByBorder - org. apache. wicket,extensions.markup.html. repeater . data.

. G,.', new OrderByBorder() {...} - org. apache, wicket, extensions, markup. htr
I'_—'IG Fragment - org. apache, wicket, markup, html, panel

------- % TreeFragment - arg. apache.wicket, extensions. markup, html, kree, table, Tree
I':'IE" Panel - org.apache wicket, markup. html, panel

e Number of children
e DIT = depth, NOC = breadth
e High NOC on leafs, low on root




CBO

e Coupling between objects
e Number of classes used by this class
eHigh CBO = high complexity

bottom of this document.,

Summary

aytac 1 g 3 0.0% 25.0°%% 75.0% 1

avtag.decorator 13 8 5 5 13 38.0% 72.0% 11.0% 1

avtag.exce 14 17 ) 7 & 14.0 46.0 40.0

aytag.e 16 11 5 1 17 31.0% 94.0 26.0 1

ayta = & 5 1 0 10 17.09% 100.0 17.0

avta aliza 7] il 2 2 18 33.0% 90.0% 23.0 1

ayta = g g 0 5 13 0.0% 72.0% 28.1

aytag.paging 5 4 1 2 8 20.0% 80.0% 0.0 1

ayta ertie 5 = 0 7 7 0.0% 71.0% 29.0%

avtag.rende & 3 3 2 16 50.0% 89.0% 39.0 i
=playtag.tags 12 2 2 24 Fi 92.0% 9.0%

aytag.tags.e a 8 0] 0 8 0.0% 100.0 0.0 1

ayta 18 < < 7 22 58.0




RFC

[2 Problems | v Tasks | B Console | 4% Servers |2 Call Hierarchy &3 @ Javadoc| < Search | Ju Junit| [

Members u:alhng II’[E||:I|E._"Fi|E:" - in workspace
S o writable(Fie)
=l H testDlru ELL.EMES., pimdesvalidaﬁunengine.wel:ustart.gui.JarSEh_lpDiaIcug

=I- @ actionPerformed({ActionEvent

+-- @ actionPerformed{ActionEver 2 =
+/- @ actionPerformed{ActionEver

ti-- @ actionPerformed{ActionEver

+- @ actionPerformed{ActionEver

+-- @ actionPerformed{ActionEver

+-- @ actionPerformed{ActionEver 7 -
+- @ actionPerformed{ActionEver 7

+-- @ actionPerformed{ActionEver 7 =
+ @ ::u-'-.::=*=*=:|=-'l.":u*i-*:}

+ fre S rtinmFremt™

° Response for a class

e Number of local methods + number
of remote methods (recursive)

eHigh RFC = high complexity




Hard Core

e My Favourite Metric!
e Can be used in several
cases



LCOM

o COM = Lack of Cohesion of Methods
There are LCOM1, LCOM2, LCOM3, LCOM4
* We deal with LCOM4 (also used by Sonar)



LCOM definition

SIONIOIGIO

LCOM4 =2 LCOM4 = 1

e LCOM4 = number of disjointed methods

e Methods are connected if the call each other or
access the same field

e LCOM4 should be 1 on a well designed class
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LCOM IS



What LCOM means
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e LCOM4 = number of classes that this class should
break to
o If LCOM4 > 1 something smells here



What LCOM detects

[2| org.apache.struts.faces.taglib.StylesheetTag MNew window

Coverage Dependencies Duplications LCOM4 @ Sources Violations

Lack of Cohesion of Methods: 3.0
Mhree blocks

1 (m) getRendererType()Ljavallang/String; Qf FE_|§]C:EQ compen ?_ﬂj:_’:}
2  (m getComponentType()Ljavalang/String; SolLlCOM4, = 3
3 i) path

(m) release()V
(m) setProperti es(Ljavax/faces/component/UIComponent; )V
(m) setStringAttribute(Ljavax/faces/component/UICompaonent;Ljavallang/String;Ljava/lang/String; )V

*God objects

*No Single Responsibility Principle
*\Wrong abstractions
*Delegates/Factories/Service locators
*\Wrong proxies/Facades
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