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Plan wykiadu

* Metryki wyliczane z kodu zrédtowego
— CK Metrics (1994)
— Ztozonosc cyklomatyczna McCabe'a (1976)

* Metryki wyliczane z diagramow (2002)
* Narzedzia do wyliczania wartosci metryk
* Przyktad zastosowania metryk
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Metryki wyliczane z kodu zrodtowego

CK Metrics
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CK Metrics - Weight Method per Class

(WMCQ)

class ClassA{

public void method1 {...}
protected void method?2 {...}
private void method3 {...}

5

WMC =3
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CK Metrics - Response For a Class

(RFC)

class ClassA{

private ClassB _obj;

public void method1 {...}

public void method?2 {_obj.method();}
private void method3 {...}

5

RFC =3
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CK Metrics - Response For a Class

(RFC)

* Typowe wartosci: 20-100

* Wysoka wartos¢ metryki wskazuje na:
— Duza ztozonosc¢ wewnetrzna klasy
— Duza odpowiedzialnosc przypisana do klasy

— Prawdopodobnie duze koszty testowania i
nielegnacji klasy
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CK Metrics - Coupling Between

Objects (CBO)

class ClassA extends BaseClass{
private ClassB _obj;

protected void method1 {
ClassC obj = new ClassC();
StringBuilder sb = new StringBuilder(“txt”);}

5

CBO =2
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CK Metrics - Coupling Between

Objects (CBO)

* Typowe wynosi do 5 (im mniejsza wartosc
metryki tym lepiej)

* Klasy o niskiej wartosci metryki:
- Sa tatwe w modyfikagc;ji

* Wysokie wartosci metryki wskazuja na:

— Niepoprawne rozmieszczenie w klasach metod i
atrybutow

— Prawdopodobnie duze koszty testowania i
pielegnacji klasy
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CK Metrics - Depth of Inheritance Tree

(DIT)
class ClassA{...}

class ClassB extends ClassA {...}
class ClassC extends ClassB {...}

DIT(ClassB) = 1
DIT(ClassC) = 2
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CK Metrics - Depth of Inheritance Tree

(DIT)

» Zalecane wartosci metryki: do 5

* Wysoka wartos¢ metryki wskazuje na:
- Specjalizacje klasy

— Duzy stopien powtdrnego wykorzystania kodu
poprzez dziedziczenie




Politechnika Wroctawska
CK Metrics - Number of Children

(NOC)

class ClassA{...}

class ClassB extends ClassA {...}
class ClassC extends ClassA {...}
class ClassD extends ClassB {...}

NOC(ClassA) = 2
NOC(ClassB) =1
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CK Metrics - Number of Children

(NOC)

* Wysoka wartos¢ metryki Swiadczy o:

— Obejmowaniu przez klase zbyt duzego obszaru
odpowiedzialnosci

— Trudnosciach z pielegnacja klasy
— Koniecznosci doktadnego przetestowania klasy

* Niska wartos¢ srednia metryki dla
wszystkich klas swiadczy o:

— Znikomym stosowaniu dziedziczenia
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CK Metrics - Lack of Cohesion Of

Methods (LCOM)
class ClassA{ if |P| > |Q|
private int a,b,c,d,e; LCOM = |P| - |Q|

void method1() {a=0;}  g|ce

void method?2() {b=0;} LCOM =0
void method3() {c=0;}
void method4() {d=0;}

VOId rr(1)et1od5(){ brzez metode |
e=0;

P={(d,1)]1nl =0}
method4();} I R
5 Q=A{(, 1) 1Nl # 0}

Ij — zbior atrybutow uzywanych
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CK Metrics - Lack of Cohesion Of

Methods (LCOM)

class ClassA{ Q={(4,5)}
private int a,b,c,d,e; P=1{(1,2), (1,3), (1,4), (1,5),
void method1() {a=0;} 2,3), (2,4), (2,5), (3,4),
void method2() {b=0;} (3,5) }
void method3() {c=0;}

void method4() {d=0;} Q=1
void method5() { Pl=9
e=0: COM=|P|-]Q|=8

method4();}
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CK Metrics - Lack of Cohesion Of

Methods (LCOM3)

class ClassA{ Met Atrvb
private int a,b,c,d,e; ° guﬂ u
void method1() {a=0;} © -

void method?2() {b=0;}

void method3() {c=0;} E ;

void method4() {d=0;}

void method5() {
e=0;

method4();} LCOM =

(kla—m)

=0,95
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CK Metrics - Lack of Cohesion Of

Methods (LCOM)

* Przyjmuje wartosci: 0-2
* Anomalia sa wartosci wieksze od 1

* /byt wysokie wartosci metryki wskazuja na:

— Btedne rozmieszczenie metod i atrybutow w
klasach
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Metryki wyliczane z kodu zrodtowego

Ztozonos¢ cyklomatyczna McCabe'ay
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Ztozonosc cyklomatyczna McCabe'ay

boolean method(float a){
boolean b;
if(a<0)
b=false
else
if(a<=1)
b=true;
else
b=false;
return b;}
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Ztozonosc cyklomatyczna McCabe'ay

V=e-n+2p

V - liczba cyklomatyczna
grafu

e — liczba krawedzi grafu
n — liczba wierzchotkow

p — liczba niepotaczonych
czesci grafu
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Ztozonosc cyklomatyczna McCabe'ay

* Wartosc¢ metryki nie powinna przekraczac 10
* Wysokie wartosci metryki powoduja:

— Trudnosci z testowaniem kodu

— Problemy ze zrozumieniem i pielegnacja kodu
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Metryki wyliczane z diagramow

Kim H., Boldyref C., Developing
Software Metrics Applicable to UML
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Metryki modelu

* Number of the packages in a model (NPM)
* Number of the classes in a model (NCM)

* Number of actors in a model (NAM)

* Number of the use cases in a model (NUM)
* Number of the objects in a model (NOM)
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Metryki modelu

 Number of the associations in a model
(NASM)

* Number of the aggregations in a model
(NAGM)

* Number of the inheritance relations in a
model (NIM)
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* Number of the attributes in a class — unweighted
(NATC1)

* Number of the attributes in a class - weighted
(NATC?2)

* Number of the operations in a class - unweighted
(NOPC1)

* Number of the operations in a class - weighted

(NOPC2)
Wagi: 1 - public
0,5 - protected
O - private
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* Number of the associations linked to a class

(NASC)

ClassEB

/

ClassA ClassC

7 NASC(ClassA) =3

ClassD
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* Depth of inheritance tree (DIT)

T

ClassC

ClassA

ClassB

DIT(ClassA) = 2
DIT(ClassC) =1
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* Number of the subclasses of a class
(NSUBC)

ClassB

A

ClassD

NSUBC(ClassA) = 3

ClassC
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* Coupling between classes (CBC)

ClassA |~ |ClassB
"
)
CBC(ClassA) =2
) ' CBC(ClassB) =0
EIassEL == ClassD CBC(C assC) =1
CBC(ClassD) =0
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* Number of the superclasses of a class

(NSUPC)

ClassD

ClassE

L

ClassA

NSUPC(ClassA) = 2
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* Number of messages sent by the
instantiated objects of a class (NMSC)

classA:ClassA classB:ClassB

1: methodl

3: method?2

NMSC(ClassA) = 2
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* Number of messages received by the
instantiated objects of a class (NMRC)

classA:ClassA classB:ClassB

1: methodl

3: method?2

NMRC(ClassB) =2
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Metryki przypadku uzycia

 Number of actors associated with a use
case (NAU)

* Number of message associated with a use
case (NMU)

* Number of system classes associated with a
use case (NSCU)
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Narzedzia do wyliczania wartosci
metryk
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@ Query compilation succeeded, no warning

* Wsparcie dla platformy .NET

* Wylicza ponad 60 metryk kodu, w tym:
— Wszystkie metryki z posrod CK Metrics
— Ztozonosc cyklomatyczna

http://www.ndepend.com
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[EpEaes
CKIM Chidamber and Kemerer Java Metrics =
Designed for use with CkKJIM and Ant.
Top 10: wmc [wmc] [dit] [nec] [cbo] [rfc] [lcom] [cal [npm] [explanations]
name wmc dit noc «cho rfc lcom ca npm b
org.h=sgldb.jdbe.jdbcDatabaseMetaData 172 1 0 6 197 14692 1 165
org.hegldb.jdbe.jdbcResultSet 147 1 0 18 198 10333 5 139
org.hegldb.Table 142 2 2 41 330 8117 46 24
org.hegldb.Expression an 1 0 22 190 581 18 2
org.heqgldb.jdbc.jdbcCallableStatement 83 3 0 7 121 3397 1 g1
org.hsgldb.Server 72 1 1 23 187 1896 5 45
org.hsgldb.DatabaseCommandInterpreter 72 1 0 44 301 0 2 1
org.hsgldb.Library 71 1 0 f 139 2473 5 64
org.hsgldb.Result &0 1 0 12 104 1054 36 27
org.hsgldb.Parser &0 1 0 27 191 842 4 0
Top 10: dit [wme] [dit] [noc] [cbe] [rfe] [lcom] [ea] [npm] [explanations]
name wmc dit noc cbo rfc  lcom ca npm
org.hegldb.rowio.RowInputTextQuoted 3 4 0 3 17 1 1 2
org.hegldb.rowio.RowOutputTextQuoted 3 4 0 2 10 3 1 1
org.hsgldb.rowio.RowInputTextlog 23 3 0 10 52 223 1 8
org.hsgldb.Expression$Collector 3 0 4 7 3 4 0
org.hsgldb.View 3 0 17 36 10 ] 0
org.hsgldb. TextTable 13 3 0 15 39 30 1 2
org.hsgldb.scriptio.ScriptWriterZipped 4 3 0 ] 14 4 1 1
org.h=sgldb.rowio.RowlInputBinary 23 3 0 g 50 243 g g
org.hsgldb.MemoryNode 3 0 3 6 0 1 1
nrn henldh errintin SeintReadarFinned 2 = n A 17 1 1 n ﬂ
3 £l 2 (D o | Ty

* Wylicza metryki ze zrodet jezyka java
* Wylicza wszystkie metryki z posrod CK Metrics
http://www.spinellis.gr/sw/ckjm/
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- H Muribar of Packages &
Ec I I S e = Nurmber of Methods [avgimas per bype) N0 645 AT T fret.soutelorge. metrics tgsrciconytouhgrap. .
p Higser W 7.9 11,54 6 [rest, souroeforos, metrics/tgseo) omdtouchiran,
- Flae fal AW 5553 45 et sourceforge. metrics/arcfnet fsourceforge/...
+ nat, sourcafonge. metrics, (ofe Suries 108 15429 12,129 45 [t sour cefionge, matrics s nat Jssrcaforge/.
M e t rl c S % nat.sourcefonge.metrics. ui 7 B.AM il.ii1 33  Jmet.sourceforge. metrics/srcfnet jsourceforgey...
[ it soarcn Foange. rstrics, cor 198 6.6 7,003 27 et o cafiorga, matrics e Inat faourceforge/...
- # net.sourcehonge. metrcs. ui prefersroes 52 6.5 T.467 26 [rest . sourcstonge. metrics /o net lsourceforgey..
pl u g I n + net.sourcefonge. metncs, ul dependennes 5 558 ki) 15  [reat, sour caforge, matrics/arcinet feourcef orgey. .
] rist s cefonge netrics. nternal pergistence 18 4.5 473 12 Jret, sour cedorge, mebrics e net fourcal orgel...
#: net, sourceforge.metrics. inkernal prevayler implementa., . L] 5.4 2,871 10 [t sour ceforge, metrics/sc inet fsourceforge/. ., £
__fnut.m:al'm-;e.rrmg.rtnrnd.ﬂ:ﬂ #1 4.1 2.0 9 Jret.sourcalonge. matrics/sreinet lsourcef orge)..
liﬁ_rmr.wruf-:u-;u.rrdrn.r.*;ﬁiui- 7 4,158 2.4 8 Jret.sourceforge. matrics/weinet fsourceforgey. .
# niat. sourcafonge. matrics prapagators o O | 7 1.067 7 Jrest sourcefonges, mabrics[are fnet fsourceforgal...
+ nat.sourceforge. metncs. internal hests & 2547 155 {4  [ret,sourceforge. metrics/arcinet frourceforgay. .
+ gt sourcalongs metrics. mternal prevayles ] ] 0
i clasmycle 6 AEN 255 13 Jret sourceforge. mebrics/dassvclefclassycely ..
FF Liness af Cone {moggfenas per bype) B4 33447 .02 339 Jred. oo oadonge, metrice b foomy Douchgr ap. .
¥ Nurbier of Enberfaces (avgimas pér packagePragment) 16 1 1.414 4 [t sourcefonge. metrics(@cfnet fourceforgel. ..
= Lires ol s i srvgpenais par mathod) 6523 4812 73555 69 [red souroadongs, malrice/classpcleeladivileng..,  csloukstaflisibibes
B daresrln 14 54 9.94 &9 et courceforge. metrics/daceyclefclacspclefg.. . | calndstedbtribubes
H|gare Zazl 4661 8,278 59 et sour oalorge, malricelgsref o bouchar ap gergll Skt Py
== b 4862 6473 52 ek sourceforge. metrics/arcfnet frourceforgey... | setMpbrcs
= nat. soaroel (e R ] 544 &8 8.7 2 vk s ool rige, mebrics et Jsourcel opgel setMabrgs
= Metrics T sble, s i 10.7r 1383 52 Jret sowceforge, metrics/oefnet rourceforge)... | setMelrcs
=] Metrics T able I 10,778 13,831 52 Trest, Sour oo oros, metricsacned fsolrcel orgel stMilras
setMetrics 52 _‘ﬂ
il | b
I

* Wylicza metryki ze zrodet jezyka java
* Wylicza: CK Metrics, ztozonos¢ cyklomatyczna
| Inne
http://sourceforge.net/projects/metrics



MetBeans IDE Development Yersion (Build 200204171818) - Project Default

‘% d B
- Politechnika Wroc’fawsk File Edit Wiew Project Build Debug WVersioning Tools Window Help

D A N & I ] O @ B B
Editing | GuU| Editing | Running | Debugging
a [F] Explorer [Filesystems] : FE E
[@ Filesystems
@ = Jjhome/thalljtmp/ffi_userfs Metric5§ n‘ﬂ' E
' [ ] a G'-g fhome/thallftmp Class Mame | WMC | CBC | RFC [MPC| DIT [NOC| NT |
@ = CVs fhomejtballfsre/netbeallorg.netbeans. modules. metrics. ClassMetrics a7 45| 134|202 2 0o 0Ola
@ & org org.netheans modules metrics. MethadMetrics 73 29 101| 139 1 o] 0
@ < netheans org.netbeans.modules. metrics.MetricsMode 19 26| 37| 41 4 of o0
@ & modules org.netheans modules metrics ApproveMetricAction 30 25 57 82 g o2
© & metrics org.netbeans. modules metrics.MetricsFactory 21 20/ 45| &5 2 0 2
@ [0 options org.netbeans. modules. metrics ApprovalsFile 15 18 50 8% 1 0 o]
@[3 resources org.netbeans. modules. metrics.aoptions. Metricsettings o] 18 o] 0 1 0 o]
@ [ AbstractMetrflorg.netbeans.modules metrics. AbstractMetric 14 17 17| 19 1 200
@ B Approvaldccllorg.netbeans.modules metrics.ClassApprovals 27 17| 43 70 1 o} o]
&- ApprovalsFilflorg.netbeans. modules. metrics. TableSorter 43 17| 48| 61 3 o o
@ B ApproveMetrllorg.netheans modules metrics ReferenceScanner 36 16| 47| 76 2 ol o
& (@] Bundle [Local[org netbeans.madules metrics. showMetricsAction 29 16| 8| 64 5 o 1
@ B CEOMetric [Lllorg.netbeans maodules metrics Traffichode 15 16| 25| 23 4 0 1
o Classapprovillorg.netbeans. modules. metrics.MetricDetailsInvok er 1z 15 35 30 2 o] 0
o ClassMetricsflorg.netbeans. modules metrics ApprovalsFile XMLHandler 17 14| 32| 72 2 oo
@ B DITMetric [Ldlorg.netbeans. modules. metrics. Metricvalue 15 14, 23| 43 1 o] 0
o MPCMetric [Ullorg.netbeans.modules. metrics.MethodApprovals 18 13| 31 35 1 of o«
o3 MethodApprdlorg.netbeans. modules. metrics. Metric o] 13 o] v} 1 o o
@ [ MethodMetriflorg.netbeans.modules metrics. MetricsFane 2 12| 28| 31 3 o a
q a2 RRRE : netheans modules metrics NTMetric 18 11| 33] 39 2 ol o
org.netbeans. modules. metrics. ModeHandler o] 11 o] 0 1 0 o]
(J Filesystems s 1 BE org.netbeans modules metrics MetricsTableMaodel 17 10/ 1. a 2 ol o
gE Javadoc = L% Runtime n| org.netheans.modules metrics. Traffichode. Light 4 10 3 11 1 o o
org.netbeans. modules metrics RFCMetric 17 9/ 30/ 41 2 o 0
org.netbeans. modules metrics. CECMetric 35 g 29| 61 2 0 1
org.netbeans. modules metrics. MPCMetric 14 ] 28| 22 2 0 o]
org.netbeans. modules metrics. MetricsModule g g 15| 23 3 0 o]

* Wylicza metryki ze zrodet jezyka java
* Wylicza wszystkie metryki z posrod CK Metrics
http://metrics.netbeans.org/
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Metric Tag Overall  |Per Function

Lines of Code Lac 35 s o o

McCabe's Cyclomatic Number MVG

Lines of Comment COM

LOC/COM L_C

MVG/COM M_C

Weighted Methods per Class { weighting = unity | WMCI

Weighted Methods per Class { weighting = visible | WMCv

Depth of Inheritance Tree DIT

Number of Children NOC

Coupling between objects CBO

Information Flow measure ( inclusive ) IF4 S o

Information Flow measure { visible ) [F4v Hfeoppefofe

=] = ] (] ] o] (=] (5]

Information Flow measure ( concrete | [Fd¢ s o

Definitions and Declarations

* Wylicza metryki ze zrodet jezykow C++ i java

* Wylicza CK Metrics, ztozonosc¢ cyklomatyczng i
Inne

http://sourceforge.net/projects/cccc
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Understand [ENOR0NaaInAnEonON G
fo r LCOM [FANIN |CBO NOC R
EEE DIT iMax
(Percent . (Count of || {(Count of || (Count of | (X
Class Inheritance
Lack of Base Coupled | Derived | A
Tree)
Cohesion) Classes) Classes) Classes) %
_Chemia 0 ] 3 2 i
CChemik 0 1 3 0 0
CCOMChemikModule 0 ] ] 0 |

et [ oo e 1 x 1 [ o e[ e

icza metryki ze zrodet jezykow Ada, C++,
Delphi, Fortran, java i JOVIAL

* Wylicza wszystkie metryki z posrod CK Metrics,
oraz wiele innych

http://www.scitools.com/
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Przyktad zastosowania metryk

Badanie zaleznosci pomiedzy wartosciami
metryk, a czasem potrzebnym na
poprawienie defektow
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Wartosci metryk kodu zrodtowego

Max Min Srednia Mediana 5
WMC 47 0 9,73 7,5 8,11
DIT 8 1 3,34 3 2,41
NOC 22 0 0,33 0 1,98
RFC 87 1 25,54 21 17,79
CBO 66 0 15,56 9 16,11
LCOM 2 0 0,67 0,88 0,45
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Uzyskane wartosci metryk

wyliczanych z diagramow

Max Min Srednia Mediana d

NATCI1 79 0 6,36 3 9,64
NATC2 12 0 1,12 0 1,88
NOPC1 50 0 8,32 6 8,19
NOPC2 43,5 0 6,52 4 6,83
NASC 8 0 0,86 0 1,24
DIT 3 0 0,36 0 0,73
NSUBC 10 0 0,24 0 1,12
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Korelacja pomiedzy wartosciami

metryk a niska jakoscia klasy

Projekt A B C D Wszystkie

WMC 0,83 0,64 0,24 0,43 0,52
DIT 0,82 -0,3 0,32 0,26 0,03
NOC 0,13 0,03 -0,1 -0,1 0,13
RFC 0,07 0,07 0 0,38 0,04
CBO 0,65 0,59 0,36 0,81 0,3

LCOM -0,2 0,11 0,14 0,33 -0,1
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Korelacja pomiedzy wartosciami

metryk a niska jakoscia klasy

Projekt A B C D Wszystkie
NATCI 0,28 0,09 -0,12 0,14 0,2
NATC2 0,13 0,2 -0,21 0,18 0,05
NOPCI 0,23 0,54 0,34 0,34 0,28
NOPC2 0,13 0,5 -0,21 0,25 0,2
NASC 0,13 0,27 0,58 0,38 0,02
DIT (diag) -0,24 0,55 -0,1 -0,11 -0,08
NSUBC -0,1 0 -0,1 -0,11 -0,07




Politechnika Wroctawska
Model predykcji jakosci na podstawie

wartosci metryk

* Wejscie modelu (x): wartosci metryk.

* Wyjscie modelu (y): szacowany czas
potrzebny na poprawianie klasy.

* Badane modele postaci:
-y=a +aX+.+ax
-y=a+ax+..+tax+..+ax X

* Zastosowanie regres;ji liniowe;
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Uzyskane rezultaty — metryki
wyliczane z kodu zrodtowego

y =-0,07 + 0,05*WMC - 0,11*DIT - 0,06*NOC
- 0,01"RFC + 0,04*CBO - 0,12*LCOM
- 0,01*"WMC*DIT - 0,01*"WMC*NOC
+ 0,03*"WMC*LCOM + 0,06*DIT*NOC
+ 0,01*DIT*RFC - 0,01*DIT*CBO
+ 0,09*DIT*LCOM + 0,03*NOC*CBO
- 0,04*NOC*LCOM - 0,03*CBO*LCOM

r=0,906
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Uzyskane rezultaty — metryki

wyliczane z diagramow

y = 0,15 + 0,0001*NATC1
-0,0411*NATC2 + 0,0481*NOPC1
-0,0171*NOPC2 - 0,0079*NASC
-0,0421*DIT - 0,0904*NSUBC

r=0,3272



Politechnika Wroctawska

Uzyskane rezultaty — metryki

wyliczane z kodu zrodtowego

Modele bez cztonéw interakcyjnych

Modele z czionami interakcyjnymi

Projekt A WMC-0,16; r=0,85 DIT*NOC-0,22;WMC*LCOM-0,1; r=0,97
Projekt B WMC-0,03; CBO-0,03; r=0,76 LCOM-0,1; CBO*LCOM-0,1; r=0,82
Projekt C WMC-0,01; DIT-0,04; r=0,54 LCOM-2.5; DIT*LCOM-0,23; r=0,86
Projekt D WMC-0,03; DIT-0,19; r=0,88 DIT-0,3; WMC-0,2; r=0,99

Wszystkie projekty WMC-0,06; r=0,58 WMC-0,05; CBO-0,04; DIT*LCOM-0,09;

DIT*NOC-0,06; r=0,906

Klasy impement.

WMC-0,05; NOC-0,06; r=0,58

WMC-0,05; NOC*CBO-0,04; r=0,84

Klasy gui

WMC-0,08; r=0,72

WMC-0,2; DIT*CBO-0,02; NOC*CBO-0,04; r=0,84

r — wspotczynnik korelacji
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Uzyskane rezultaty — metryki

wyliczane z diagramow

Modele bez cztondw interakcyjnych Modele z cztonami interakcyjnymi

Projekt A NOPC2-0,13; r=0,4 NATC2*NOPCI-0,58; NOPC1*NSUBC-0,85;
NASC*NSUBC-1,19; r=0,59

Projekt B NASC-0,08; NOPC1-0,06; r=0,63 NATC2-0,4; NATC1*NASC-0,04;
NOPC2*NASC-0,06; r=0,71

Projekt C NOPC1-0,06; r=0,88 NOPC2-0,1; NOPC2*NASC-0,5;
NATC2*NOPCI1-0,36; r=0,97

Projekt D NATC2-0,19; NOPC1-0,03; r=0,88 NATC1-0,2; NATC2-0,3; NOPC2-0,2;
NATC2*NASC-0,07; 1=0,99

Wszystkie projekty NOPC1-0,048; r=0,33 NATC2-0,15; NOPC1*DIT-0,19;
NASC*NSUBC-0,24; 1=0,46

r — wspotczynnik korelacji
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