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ABSTRACT

Because most metricsin the literatures are described by a natural language, they can be interpreted in an ambigous manner. To cope
with this problem, there are some researches to express based on Object Constraint Language(OCL). Because OCL has been proposed to
describe structural constraintsfor Unified Modeling Language(UML) diagrams, it is difficult and awkward. In this paper, we propose Metric
Description Language(MDL) which is a high level language to describe metrics. MDL supports a modular description of complex metrics,
aggregation function, and automatic navigation between entities. Moreover, we develop MetriUs for describing metrics using MDL and
supporting an automated computation for UML diagrams. In a case study, we have described a variety of existing metrics using MDL
and found that MDL contributes to producing simpler expression of metrics than OCL.
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context Company
inv NoBudgetNegative :
self mlimemployee > self.employee—>size()

(3% 2) OCL ZsiAlo| of|x|

NOM = number of local methods.

The number of local methods defined in a class may indicate
the operation property of a class. The more methods a class
has, the more complex the class’s interface.
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context Package

inv NM :

self packagedElement
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<MDL> ::= <METRIC definition> <SUBMETRIC definitions>
<METRIC definition> = “METRIC” <metric name> “FOR” <entity name>
“[* <condition> “]”
[“VALUE” <value expression>] [“TYPE” <type> ]

<entity name> :=<meta class name in UML metamodel>

<condition> ::=<ocl expression>

<value expression> ::= <single value> | <expression>

<single value> := <digit>* | <aggregation function>

<expression> = <expression> <operator> <expression> |

<operand>

<aggregation function> ::= SUM "(” <metric name> ”)" | CNT "(” <metric name> ")"

<operand> ::= <digit>* | <metric name>|<aggregation function>

<operator> = + | - | * |/

<type> ::= Integer | Real
<SUBMETRIC definitions> = <SUBMETRIC definition> |

<SUBMETRIC definitions> <SUBMETRIC definition>

<SUBMETRIC definition> = “BEGIN”

<SUBMETRIC body> <SUBMETRIC definitions>

“ END” |

<SUBMETRIC body>

<SUBMETRIC body> ::= “SUBMETRIC” <metric name> “FOR” <entity name>

“[* <condition> “1”
[“VALUE” <value expression>] [“ TYPE” <type>]

(22 8) MDLe| =

¢ <metric name>2 WEZ] o]Fo|t} WEZ o|F stuz AgHe vk v 782 WEZHS MDLE 7%
& guplo R At at7] 91 Aol Aotk METRIC %2 SUBMETRIC
¢ <entity name>2 UML XTA914 Aolsta Q) spurtezE HEHS Vg £ g s FEe
= vE Zex9] o]2olt), JdHE o2& A4z METRIC 8¢} SUBMETRIC 74 ol4o= TA4so 9l
7F glej® AoE 4 itk th o fEe xde] EFE vEYS BHste 7|Es
& <condition>& <NEElo] AH&s ZHo|th U = A5 83
OCL @45 ARgsho] 243 (18 9% NM WEZS MDLE 71&8 doju). ool
& <value expression>& HEZS Aitsls AAHA METRIC ©]&-2 NMeo|H A A2 Packageo]th SUBMETRIC
ojt}, o] oAM= Az} AAAE ALRFE 9] o]F2 NOO°IH =A< ClassOperation®|t}h. &
ok FdALAE 23, sk WER oF JAFST FHolnE o o] el 7led & gk HEY %k%
(CNT, SUM)ol™ <dibab= AR AR, - /) NOO SUBMETRIC®] €14:9] 7j4=o]t}.
ojt}y, Aeel= Ao VEHOE 18 AEg) (29 100 ClassSize MEYS MDLE 7]438 o o]t}
* <type>& WEZ AX A 7k gdolt}. Integer ClassSize MEZS Fg29 it F9 £49 FE36}
S} Real @& A st AeFel= ol 712k of A4tdth. OC, AC SUBMETRICS ZHZvarze] F9f
Integero| . EA9 5 Fhe"sty] Hste] E¥std 7ls Ak

e <SUBMETRIC definition>& &9l WEEES 7<% METRICY & OC SUBMETRICY W49 7148+ AC
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METRIC NM FOR Package Value CNT(NOO)
SUBMETRIC NOO FOR Class.Operation

(22 9) MDLE 0|2stod NM HIEERS J|&3t of

METRIC ClassSize FOR Class VALUE CNT(OC)+CNT(AC)
SUBMETRIC OC FOR C(lass.Operation
SUBMETRIC AC FOR Class.Property

1. context Package inv NC :

2. self.packagedElement

3: — select(P1|PLoclls TypeOf(Class)).oclAs Type(Class) — iterate
(iter1|Clal:Integer;Clal+=1)

(a) NC WE®e] OCL %382

1: METRIC NC FOR Package VALUE CNT(NOC)
2: SUBMETRIC NOC FOR C(lass

(22 10) MDLZ 0|&3510f ClassSize HIEEE 7|&3t o

1: context Package inv AR :

2: self packagedElement — select(P1|P1.oclls TypeOf(Class)).
oclAsType(Class)—select(isAbstract=true)—size() +

3: self packagedElement — select(P3|P3.oclls TypeOf(Interface)).
oclAsType(Interface) —size() /

4: ( self packagedElement — select(P4|P4.oclls TypeOf( (ass)).
oclAsType(Class) — size()  +

5! self packagedElement — select(P5|P5.oclls TypeOf
(Interface)).oclAsType(Interface)—size() )

(a) AR VIEZ9] OCL %34

1: METRIC AR FOR Package TYPE Integer VALUE
CNT(NOAC) + CNT(NOD / ( CNT(NOC) + CNT(NOI) )

2: SUBMETRIC NOC FOR Class TYPE Integer VALUE 1
3. SUBMETRIC NOAC FOR ClasslisAbstract=true] TYPE
Integer VALUE 1

4: SUBMETRIC NOI FOR Interface TYPE Integer VALUE 1

(b) AR WMEZe] MDL %84
(32! 11) OCLZt MDL EFHoZ 7|£E AR HIEZIQ| of

KoH3,5 W), 2HY (29 11 (b)H MD L 3249
AE o] BES NOI SUBMETRICO® 3dhdRE &
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select() <=9} ocllsTypeOf() 34Z o] &3l Ank
st #AE FATTE @), 2y (27 12(h)9] MDL

F & A ol A =Package?t Class Abolo] BAl &2 o]

A5t i

i

o FAEFrel XY MDLel A= g Ao s
8= ONTO ok da5s 54 % o

Ptsts SUMO g5 Addn (29 13)

ol

(b) NC HlE¥¢] MDL %% 4]

(22! 12) OCLZt MDL EFLZ J7|&= NC HEzlQ

of

1  METRIC WeightedMethod FOR Class VALUE SUM(PUB)
2 SUBMETRIC PUB FOR Operation l|visibility =
VisibilityKind::public] VALUE 3

(2! 13) MDL2 o|23}0{ WeightedMethod HIEERIS 7|&3t of

o] &3}o] WeightedMethod WEZS 7]&3F o o]
. MDLo] HATFE AYstez (29 7)¢ OCL
HA2o A HAAE s A& iterate) 57t £
=3

fo fe Lo

o ¢

>
rE

g 2aiE

B Aot MDLE OCLZE H3lsls dugE
o 4180 = daugo] dast gs A
Ao M dugEHs 7=9) dAS Eato] s A

41 7|12 714

mo| 1. MCE UML WEH DS A Zejase] 3ol
t}. dE 59, 234o|4 MC={Package, PackageableElement,
Classifier, Type, Property, Class, Operation}®]t}. name(mc;)

= mciname®] 2 abstract(mc;) = mciisAbstract ©]t}.

Heo| 2. R& MC A=zte] #AES] Aol R =R Y R
U R,2 &3}t R, & 4837 R & 38 R, & Yut
3t IAES Yulditl. g2 S0 (2 Dol|A R, = {<Package,

Packageable Element>, <Cla331fler, Generalization>, <Class,
Operation>, <Class, Property>}o]™ R, = {<PackageableElement,
Type>, <Type, Classifier>, <Classifier, Class>} ©]t}.

Mol 3. MDL Egl: MDL #&4¢ Eg] due Edo)
th. MDL ¥&4] me| dWldk MDL E&z]i= MDLTree(m)Z
Ao}, (29 8)olA Bojd MDL ##e BNF EdojA
<METRIC definition>7t23 <SUBMETRIC definitions>
TF#e] MDL El9] ==& ®#3th MDL EglE <METRIC
definition> =2 SFE-CZ 33 <SUBMETRIC definitions>
rEE A g



OCLOll HIE S = OIEE VIE A0E OI2T HEZH Eed &Y M 635

W3 dueEsS d9sty] 9kl MDL E2l¢] == nd

metric name>TF ol AFE = gholtt.

o entity_name(n) : n9 <entity name>TF& ol s IEE
#holtt.

¢ value_expression_tokens(n) : <value expression>T2<&
T2 EAste] doj HAAte}t A5 AlE
o|th. Tokend 7+ ¥4 t& A5d, &4, WEY o
&, Atz R 4432 OCLAA A dst=
Integer, Real®o] 9low &= CNT(), SUM()
o] At diakxte] FHolE= OCLe] A4 9 A4
ER ol diste] A dsk= AR ALkl At

e ocl_expression(n) : n¢l <value expression>Tt2°] OCL
FdA oz W3ty grolt}

(29 14)& ClassSize WEY S MDLZ 7|3 o o]},
ClassSize WEZL 712 Yo|ZA8tE WA 2T E
9] % JlFelth. ClassSizew a1+ METRIC# 271¢] SUBMETRIC
o7 FAdEo] St

(1% 15)% ClassSizedl| 31dsl= MDL EZE &8s Ao
th MDL Egjol= 3709] =27} Sivk <METRIC definition>
T4 MDL EgolN FEREY} Ul FEREY o5&
ClassSizeo]™ <MEJE] o] &2 Package]t}. value_expression_
tokens< <CNT(OP), +, CNT(PRO)>¢| ®t}. ocl_expression
< ¥3 dueES S8k ®kghE OCL xd Ao Hrh

<SUBMETRIC definitions>7+22 MDL E&9] =7}
dct (2¥ 1594 SUBMETRIC OP®} PROE &Fdl
SUBMETRICS 7}A#A @oms wahwesg gd¥ ) 7
w9 o]E& OP, PRO°|H <lEJE] °]&L (lass.Operation
3} Class.Propertyeltl. (238 14)¢] SUBMETRIC OP, PRO
9] <value expression>Tf#-2 Ao} oz J|EFHES
AT} whEbA] value_expression_tokens< 1] Ft}.

METRIC C(lassSize For Package Value CNT(OP) + CNT(PRO)
SUBMETRIC OP For Class.Operation
SUBMETRIC PRO For Class.Property

(J2 14) MDLS 0|&23}0f ClassSize HIEEIS 7|&3t of

H ClassSize

entity_name
value_expression_tokens
ocl_expression

: Package
: <CNT(OP), +, CNT(PRO)>

D42 EE

HAE

entity_name) : Class. property

entity_name : Class.Operation t :
value_expression_tokens | : 1 value_expressmn_tokfens 01
) re 1 ocl_expression) : 1

ocl_expression/ :

(12! 15) MDLZ 7|=%l ClassSize HIEES MDL E2IZ

35t of|H|
42 MDLZ OCLZ H&tst= 2112[&
¥ deAd= MDL %d4S& OCL ®@d4ox wisl=
A4S dugld ZE9 ClassSize WEY AAE o] &35}
g gt}

TANE OCL EEAoE Was: AnFe woze
G FE MDL E22 JEos Wob OCL EEHE
9. o 4L MDL2OCL #4971 waa g4t WA

=

pud [e) . i=

EYE SH¢s|2 GAsHA 2 w29 <value expression>
218 OCL ®34oz H3lksit], thoz 7F i Wy

OCL ¥34)S el OCL a4 oz wgteltl MDL20CL &

BN
o
®
rlct
i,
g
=3

o] At

ocl_expression(node) += generate_Navigation_OCL_Expression (node, c);

generate_Aggregation_Function_OCL_Expression (token); break;

1: OCL Expression MDL20CL(node ) begin

2 for each child in children(node)

3: MDL20CL(child)

4: for each token in value_tokens_sequence(node)

5: switch(token +3)

6: case '+, =<' w0 J/AVE AT

7 ocl_expression(node) += token break;

8 case : &5

9: ocl_expression(node) += token; break;

10: case : name(c in children(node)) == token : /W E® ©]&
11: ocl_expression(node) += ocl_expression(c); break;
12: case : 'CNT(, 'SUM(’ : /A &

13:

14: ocl_expression(node) +=

15

16: end

170 end

(22 16) MDLE0CLZE H&ret= 2112|E & MDL20CL &rF2
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e MDL20OCL

zHAL

ocl express1on(n )S ARE3HH(10- 1163
o= WA L= o] k=9 24
gttt Atololl OCL &4 34 S Asoz A
YA F3ol webA OCL 284S A4
o] 71552 ZtZ} generate Navigation_ OCL_
Expression 42} generate_Aggregation_Function_OCL_
Expressiond4=7} @33ch(12-16 3)).

(2% 17)<& ClassSize MEZ Y MDL EgoA] FEL-=

CNT(OP) + CNT(PRO)

¥
\J v
self.packagedElement self packagedElement

—select(P1|PLl.ocllsTypeOf(Class)) —+select(P1|P1.ocllsTypeOf(Class))

.oclAsType(Class) .oclAsType(Class)
.ownedAttribute .ownedOperation
—»size() —size()

\ ¥

se\fpackagedElement—»select(Pl|P1 ocllsTypeOf(Class)).oclAsType(Class)
.ownedAttribute—size()
seh‘packagedEIement—»select(P1|P1 ocllsTypeOf(Class)).oclAsType(Class)
.ownedOperation—+size()

(33 17) E29 7&oi|l e 0CL

generate_Navigation_OCL_Expression St QA= F

o ST REA Web OCL REAE AT A8 LA Jaesene Baned gag 9% OCL £84
=t 4 “+"= MDLAA Z#¥ AAHdE a2 OCL o 3 G
_ DL e 2 AFow AR o BHE WA UML dekzdolA
FAAgAME "= #gdn. g4l st CNT(OP), Hmee Ao Ao 422 2=rh2-33), findPath_
CNT(PRO)E - =¢] entityd] Pacakgest A4wssl oo o %;1 é’ 7(;; swo ged ol
entity®] Operation, Property®] ®4a 4 9l OCL 84 sean
3 AAYS BAH o2 A e
421 0CL 24 5849 4% 44 0 RES G SHEE Gy ol AEC e
A Aol AW ARA FeGE olps A9
(29 19 229 Faol FrEY A9l F A wE Aen e oS OCL T mAAS HAde o
_ WSt of RS A s © SR HE e @ S slel 44717 AeAAolTh A% Eol Packagest
ol o5 Alolel OCL B EAAE ABom 44N Class A1o]] B0 72 7h Sl
TE gdagFelnh
01: OCL Expression generate_Navigation_OCL_Expression ( node, child ) begin
02: let PATH is a sequence of path, which is represented by Stack, from node to child
03: PATH = findPath_in_UMLModel( node , child );
04: if PATH is not empty then // 1) #93 A&7 EA8tE 45
05: from_vertex, to_vertex € MC, r € R, from_vertex = PATH.pop();
06: while( PATH is not empty )
07: if to_vertex is not null then from_vertext = to_vertex end if
08: to_vertex = PATH.pop(), r = findMC( to_vertex )
09: switch ( r )
10: case : r is association V' r is composition /A%, ESHTA
11: OCLString += “.” + rrolename; break;
12 case : T is generalization //¥%+3} 77
13: OCLString += generate_ generalization_OCL(PATH); break;
14: end
15: end while
16: else /) 2) BRI} EASA BE S
17: OCLString+= to_vertex.name + ".alllnstances()—select(” + variable + "|" +
"self name—includes(” + variable + ".name ) ).oclAsType(” +
to_vertex.name + ")”
18 end if
19: return OCLString
20: end

(2 18) OCLS| EtM
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METRIC NOC FOR Package ...
SUBMETRIC NC FOR Class ...

OCL x44

self.packagedElement
— select(P1IP1.ocllsTypeOf(Class)).oclAsType(Class)

= 4% 1 o] F$= UML #ER
A AN EREA A2} Qe AR
to}, ddw o] IAGrhE ofnjoltt. webA OCL
gadow gaS & 7 gtk dE 59 Class9t
Actor7FUML ™EFE Do A gHA H=271 EASHA] &
th A2 9L 49ols OCLe Alllnstances()E ©]
L3l F w=7te OCL 84 73848 A3t}

MDL &4
METRIC NOC FOR Class ...
SUBMETRIC NC FOR Actor ...
OCL %34

Actor.alllnstances() — select(A1lself.name
— includes(A1.name) ).oclAsType(Actor)

3 247lel A=l EMets A2 o A9E ¥ 4=
Apolo] B Zole] A AR EAlgThe o
dolth. B4Ael Amrh EAlS: AgelE BA A4
27} BEsle] OCL ZANS AFom A4ANL 4

fltt mebA MDLOIA = o] 9ol 2R/E HAAT
t}. o & E9], Package QIEIE]2} Operation <IEE] <]
gl A2 = A Artifact AEEIS] Operation
3} Class9] Operation?] H© ©A H=zZ7} 2t} o]9)
e 9o mMEY 7]&AE Operationd] 49 <H
HE 9gst/ 71€sof stk MDLAA = “ dA4kat
£ A}83l9 Class.Operation® 7Fo] dEJE|e] HYE

PAHow 7% & gk

MDL &4

METRIC NOC FOR Package ...
SUBMETRIC NC FOR Qperation ...

OCL %34

self.packagedElement — select(P1IP1.ocllsTypeOf(Class)).
oclAsType(Class).ownedOperation

AR AAR A Azl BAFFel webd
BY5)E OCL EA4e] Pebalk e, AFBAA F5o

rﬁLrﬁL

AL h 73
OCLe “7 HdaAS *3@?&\1}(10—1133) %“ﬂii} &

= OCLY Alllnstances() +E Ag3s
2 & A ST,

4.2.2 3AET 2924 A4

(29 19+ ZAET] F8o wels] OCL xdA S A
Rebe ezl

generate_Aggregation_Function_OCL_Expression 3=
AAEE] Fgo e OCL Bd4 & AASady). ¥

A AAs A s AARE) AAE e JAE &
71915te] OCLY iterator 3F<S AAITH3F). theo =
AAS fF80] CNTO A9+ 15 SUMO g2 45
= A9 value expression¥ < #S ©dtE OCL %
das A4 &),

5. Algf| o3

»F} dolA+= MDLE WEZS xdsty UML AHEES o

o7 AXetE A%3 = MetriUsE A7B8ch MetriUs

= MDLE Z39 WEYS OCL 5d2 oz Weke &= 9l
1 UML A&&58 tdez nEey & Axtsty 534
i}e AFs} 518 A= MetnUsA 0}7] ZIBaR=] JJ%EIL
g x

51 X[ =

(18 2002 MetriUs9] o}71dl A o]t} MetriUst Y=oz
MDLZE x%d¥ #E=ZZ 274 o4l UML E}OMJ% o] &
23tk MDLE %3 WEZLS XML J4o= 24 9]
3 UML &8 XMI #d g4o 2 W3k Atk MetriUs

9] 52 A MDLToOCLTranslator®} MetricEvaluator =

01: String generate_Aggregation_Function_OCL_Expression (token)

02: begin
03: return "->iterate( " + ITERATOR + "; " + W™ + " + TYPE
= | "
04: + W5 + (token is 'CNT( 2”7 + 1" : VALUE ) + "),
05" end
(38 19) EAEe 7ol m2tM OCL EsiAe Wdste
22E
&
UML }0]0] 128 <« \@'{5}
m4,4 'Measurement
S .
MetriUs T
e r s R — ey 5 vatmtor — | Ananz
o M omoL [@oct | M ooa| @ ——
& M P L ow | M A | &
O H 4 # : o i
}h‘ Mi‘DL - u;u S
Descriptor n

(22 20) MetriUse| OFF|EIx
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context Class inv NPRIOP:
selfownedOperation->
select( visibility = VisibilityKind::public)->
size() +
selfownedAttribute->
select( visibility = VisibilityKind::public)->

~N o U1 B W N

size()
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21 of The weighted Methods Per Class. ErES 2T [24-27]
context Class inv WMC :
OCL self.ownedOperation — select( isAbstract=false) — iterate( Opel;cc:Integer=0l cc +Activity.alllnstances() — select(
ocllsTypeOf(Activity) and Opel.name=name) — iterate( result:Integer=0 | result+edge — size()-node — select
1 WMC (ocllsKindOf(Action)) — size()+2))
METRIC WMC FOR Class VALUE MW
MDL SUBMETRIC MW FOR Operation[isAbstract=false] VALUE SUM(CC)
SUBMETRIC CC FOR Activity[OUTER.name=name|] TYPE String VALUE OCL(edge — size()-node —
select(ocllsKindOf(Action)) — size()+2
2edo] The rapo of the numbgr of private attributes to the total number Zo)n Ry [95]
of attributes declared in the class
OCL context Class inv DAM :
2 DAM self.ownedAttribute — select( visibility=VisibilityKind::protected) — size()/self.ownedAttribute — size()
METRIC DAM FOR Class VALUE CNT(prip)/CNT(totalp)
MDL SUBMETRIC prip FOR Property[visibility=VisibilityKind::protected]
SUBMETRIC totalp FOR Property
2l o] The number of public methods in a class. EEES 7] [24, 26]
OCL context Class inv NOPOC :
3 PM self.ownedOperation — select( visibility=VisibilityKind::public) — size()
MDL METRIC NOPOC FOR Class VALUE CNT(OP)
SUBMETRIC OP FOR Operation[visibility=VisibilityKind::public]
2edol -The t'otal'number of methods in a class. This metric is not Zo)n 27 [24-27]
including inherited methods.
context Class inv NM :
4 NM OCL self.ownedOperation — size()
MDL METRIC NM FOR Class VALUE CNT(OP)
SUBMETRIC OP FOR Operation
24 o] The number of variables per class e~ 7] [24, 26, 271
OCL context Class inv NV :
5 NV self.ownedAttribute — size()
MDL METRIC NV FOR Class VALUE CNT(PRO)
SUBMETRIC PRO FOR Property
Apd o] The number of public variables per class B EM [24-26]
OCL context Class inv NPV:
6 NPV self.ownedAttribute — select(visibility = VisibilityKind::public) — size()
MDL METRIC NV FOR Class VALUE CNT( PRO )
SUBMETRIC PRO FOR Property[visibility=VisibilityKind::public]
24 o] The number of classes in a class diagram e 23 [24, 26, 271
OCL context Package inv M1 :
7 M1 self.packagedElement — select(P1|P1.oclIs TypeOf(Class)).oclAs Type(Class) — size()
MDL METRIC M1 FOR Package VALUE CNT(cl)
SUBMETRIC cl FOR Class
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MHF

Method Hiding Factor (MHF). This metric is the ratio of
hidden (private or protected) methods to total methods. As
such, MHF is proposed as a measure of encapsulation.

iy
=
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g
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[24-26]

OCL

context Class inv MHF :
self.ownedOperation — select( visibility = VisibilityKind::protected) — size()+self.ownedOperation — select(visibility
= VisibilityKind::private) — size()/self.ownedOperation — size()

MDL

METRIC MHF FOR Class VALUE CNT(PRO)+CNT(PRI)/CNT(TOT)
SUBMETRIC PRO FOR Operation|visihility=VisibilityKind::protected]
SUBMETRIC PRI FOR Operation[visibility=VisibilityKind::private]
SUBMETRIC TOT FOR Operation

AHF

Attribute Hiding Factor (AHF). This metric is the ratio of
hidden (private or protected) attributes to total attributes.
AHF is also proposed as a measure of encapsulation.

iy
=
[~
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e
o

[24, 26, 28]

OCL

context Class inv AHF :

self.ownedAttribute — select( visibility=VisibilityKind::protected) — iterate( iter3; result4:Integer=0 | result4 + 1)
+ self.ownedAttribute — select( visibility=VisibilityKind::private) — iterate( iterd;result6:

Integer=0 | result6 + 1)/self.ownedAttribute — iterate( iter7; result8Integer=0 | result8 + 1)

MDL

METRIC AHF FOR Class VALUE CNT(PRO)+CNT(PRD/CNT(TOT)
SUBMETRIC PRO FOR Propertylvisibility=VisibilityKind::protected]
SUBMETRIC PRI FOR Propertylvisibility=VisibilityKind::private]
SUBMETRIC TOT FOR Property

10

Nagg

The total number of aggregation relationships within a class diagram 2 AEY [26, 27]

context Package inv Nagg :
self.packagedElement — select(P1[P1.ocllsTypeOf(Association)).oclAs Type(Association) — select(
memberEnd.aggregation<>Sequence{uml:: AggregationKind::none,uml:: AggregationKind::none}) — size()

METRIC Nagg FOR Package VALUE CNT(Agg)
SUBMETRIC Agg FOR Association[memberEnd.aggregation&lt;&gt;Sequence{uml::AggregationKind::
none,uml::AggregationKind: none}]

11

The total number of associations. Filx AEH [26, 27]

context Package inv Nassoc :
self.packagedElement — select(P1|P1.oclls TypeOf(Association)).oclAs Type(Association) — size()

METRIC Nassoc FOR Package VALUE CNT(Na)
SUBMETRIC Na FOR Association

12

Ngen

The total number of generalization relationships within a class
diagram.

iy
=
[>

3

b

[26, 27]

context Package inv Ngen :
self.packagedElement — select(P1|P1.oclIs TypeOf(Gerneralization)).oclAs Type(Gerneralization) — size()

METRIC Ngen FOR Package VALUE CNT(Ng)
SUBMETRIC Ng FOR Gerneralization

13

Ndep

iy

CE= 71

i

The total number of dependency relationships. e [27]

context Package inv Ndep :
self.packagedElement — select(P1[P1.ocllsTypeOf(Dependency)).oclAs Type(Dependency) — size()

MDL

METRIC Ndep FOR Package VALUE CNT(Nd)
SUBMETRIC Nd FOR Dependency
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14

Abstractness Ratio. The ratio of the number of abstract classes
(and interfaces) in the analyzed package to the total number e~ MES
of classes in the analyzed package.

(28]

OCL

context Model inv AR :

self.packagedElement — select(P1/P1.oclIs TypeOf(Class)).oclAs Type(Class)

— select(isAbstract=true) — size()+self.packagedElement — select(P3|P3
.oclIsTypeOf(Interface)).oclAs Type(Interface) — size())/(self packagedElement

— select(P4|P4.oclIs TypeOf(Class)).oclAs Type(Class) — size()+self packagedElement —
select(P5|P5.oclls TypeOf(Interface)).oclAs Type(Interface) — size()

MDL

METRIC AR FOR Model VALUE (NOACI) / (NOCI)

SUBMETRIC NOACI FOR Package VALUE CNT(NOAC)+CNT(NOI)
SUBMETRIC NOAC FOR ClasslisAbstract=true]

SUBMETRIC NOI FOR Interface

SUBMETRIC NOCI FOR Package VALUE CNT(NOC)+CNT(NOI2)
SUBMETRIC NOC FOR Class

SUBMETRIC NOIZ FOR Interface

NCU

The number of UseCases in a Model. A o) 2~ 24w

[26]

context Model inv Nuse :
self.packagedElement — select(P1|P1.ocllsTypeOf(UseCase)).oclAsType(UseCase) — size()

MDL

METRIC NCU FOR Model VALUE CNT(USE)
SUBMETRIC USE FOR UseCase

16

Aol

m
bt

The number of Actors in a Model. FraAol T

|

[26]

OCL

context Model inv:
self.pacakgedElement — select( pl | pl.isOclTypeOf(Actor) = true) — size()

METRIC Na FOR Model VALUE CNT(USE)
SUBMETRIC USE FOR Actor

17

NA

The total number of activities in the statechart diagram e 7]

[26]

context Model inv NA :
self.packagedElement — select(P1|P1.oclls TypeOf(StateMachine)).oclAs Type(StateMachine).region.
subvertex — size()

METRIC NAFOR Model VALUE CNT(state)
SUBMETRIC state FOR State

18

NT

The total number of transitions. Considering common transitions e L i

[26]

context Model inv NT :
self.packagedElement — select(P1|P1.oclls TypeOf(StateMachine)).oclAs Type(StateMachine).region.
transition — size()

MDL

METRIC NTFOR Model VALUE Tstate
SUBMETRIC Tstate FOR StateVALUE CNT(tran)
SUBMETRIC tran FOR Trasition

19

NEntryA

Aol

The total number of entry actions e & 7]

[26]

OCL

context Model inv NEntryA :
self.packagedElement — select(P1[P1.oclls TypeOf(StateMachine)).oclAs Type(StateMachine).region.
subvertex — select( EntryPoint=true) — size()

MDL

METRIC NEntryA FOR Model VALUE CNT(state)
SUBMETRIC state FOR State[EntryPoint=true]

20

NExitA

Aelof

A7)

Kl

The total number of exit actions 3

[26]

OCL

context Model inv NEXitA :
self.packagedElement — select(P1|P1.oclls TypeOf(StateMachine)).oclAs Type(StateMachine).region
subvertex — select(V2[V2.oclls TypeOf(FinalState)).oclAs Type(FinalState) — size()

MDL

METRIC NExitA FOR Model VALUE CNT(Fstate)
SUBMETRIC Fstate FOR FinalState
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