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Today’s Agenda

= Motivations/Solution Approach
= Proposed Metrics

= Tool Support

= Experimental Results

= Conclusion
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iResearch Issues

1. What metrics will be helpful to a
project manager early in the
development lifecycle?

2. How can such metrics information
be collected?

3. How can the generated metrics
information be utilized?
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iSqution Approach

= UML-based Automatic OO Metrics Counter
s Input
umﬂmo p

HODELING « UML diagrams: class, use case, component,
I " deployment, state chart, activity, sequence,
collaboration and package
= Output

=« Key metrics : model complexity, evolution,
maturity, breakage, rework, etc.

« Output format : Standard Output, XML, Excel, et

al.
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iPrOposed Metrics

= OO0 Concepts: Classes, Methods,
Inheritance, Polymorphism

s Metrics Tree

METRICS TREE
PRIMITIVE FAULT PRONENESS QUALITY MEASURE  COUPLING  USECASE
CLS REL WMC NOC DIT MHF AHF MIF AIF OLC CLC PLC NOA NOUC NOUCA

TNC TNM TNP TNCA TNIR TNNRTNRR TNA TNR
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iPrlmltlve Metrics

= [0 provide brief and basic complexity

information
= TNC (Total Number of Class) = ch
= TNIR (Total Number of Inhentance Relationships) zmzr
= TNRR (Total Number of Realization Relationships) =,
= TNUR (Total Number of Use Relationships) =§mwf
= TNA (Total Number of Associations) =
= TNR (Total Number of Roles) = Zmr
= TNO (Total Number of Operatlon) _zmo
- TNP (Total Number of Parameters) =
= TNCA (Total Number of Class Attributes) = Zf
A5 USA
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iFauIt-Proneness Metrics

= T0o predict class’s fault-proneness
= WMC(Weighted Method per Class) = >«
where, ¢; is the complexity of the methods
= NOC(Number of Children per Class) = >+

where, sc; is the number of immediate
subclasses

= DIT(Depth of Inheritance Tree) = max_leng

where, max_leng is the maximum length
from the root node to the leaf node
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Quality Measure Metrics

= To provide quality measurements
= MHF(Method Hiding Factor) = Z.X.. (-V(1.)

> Md(C)

_ . is_visible(M,,,C)
where, V(M,,;) = o

is_visible(M,;, ) = {1 "ﬁ‘{éj,;ay call M,
0 otherwise

TC = Total number of class
Md = Total number of methods defined
V(M,,;) = Visibility of the total classes from

which the method M, is visible

- MHF is a measure of the use of information hiding concept
through methods

et (et
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Quality Measure MetricS connes

= AHF(Attribute Hiding Factor) = ZZZ(;S(—CV)M»

Zj: is_visible(4,,,C;)
C -1

where, V(A,;) =

J#i

1
,ﬁf{cj may call A,

is_visible(A,, ) = {0 LG

TC = Total number of class

Ad = Total number of attributes defined

V(A,;) = Visibility of the total classes from
which the attribute A, is visible

- AHF is @ measure of the use of information hiding concept
through attributes
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Quality Measure MetricS connes

> M(C)
=« MIF(Method Inheritance Factor) = Y wm, )

where, M_(C) = Md(C) + M, (C) is total number of
available methods(locally defined plus inherited)
- MIF is a measure of inheritance through methods
. . 2, 4(C)
= AIF(Attribute Inheritance Factor) = v, ¢,
where, A,(C) = Ad(C) + A, (C) is total number of
available attributes(locally defined plus inherited)
- AIF is a measure of inheritance through attributes

.E'-'-:-
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Coupl

[Ei Class Diagram: Logical ¥iew / Main =0l x|
= To0 provide 3
dependency — —.:|c.up_mst
between objects
/ classes and _
locality of data —_— S _mﬂ
. PLC(Package Ei Class Diagram: 2 Ei Class Diagram: coup_test / - 2
Level Coupling) :| — ‘
= CLC(Class Level p—— it
Coupling) - %7
= OLC(Object 47
Level Coupling) — P fod o
T ] | T

=

o
ﬁl@_ <Example of PLC> USA
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iUse Case Metrics

= To provide dynamic complexity through

ILa 2

Sk

ey .
7oy ] 1] |
A A

=

0

the analysis of use case data
= NOA(Number of Actor) = %

« NOUC(Number of Use Cases) = 2=
= NOUCA(Use Cases per Actor) = wu
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Metrics
Calculation
Model

User Input
Handling Report
& Generator

Parsing Module Module

<Structure of the OSMAT software>
T usa
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Screen shots

E:"-.,WINNT"-.,SrsI:emSE"-.,l:md.e:-l:e

= Sample
results of
running
the
OSMAT

IR

5 |
(==

ot
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H:tmp~0SMAT_UA.2>java —cp osmat.jar OSMAT

Usage: java OSMAT [—si—x1 [Ai11:i2:1314199]1 filename.mdl
—gistandard output, —x:xml format
A: primitive metrics

fault—proneness metrics

quality measzure metrics

coupling metrics

usecasze metrics

all kinds of metrics

Wi G [ b

99:
H:~tmp~0SMAT_UB.2>_

C:WWINNT ' System32 ' cmd.exe

H:tmp~0SMAT_UA_.2>java —cp ozmat.jar OSMAT —= B CDTALA*.mdl
request to calculate primitive metrics
Mo of Class
Mo of Inheritance Relationship
Mo of Uses Relationship
Mo of Realize Relationship
Mo of OperationtMethod>
Mo of Parameter
Mo of Class Attribute
Mo of Az=zociation
Mo

of Role
H:stmp~0SHMAT_UA.2>_

L (|| O I [ |
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SC ree n S h OtS(Continued)

3 E:\RD"SoftwareMetrics’, 0SMAT test CDTO1A - BasicPayloadDefini - | EI|5|

= A sample
XML
output

"_Ei-
=
hgi
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J 4=Fock ~ = ~ @ it | @Search [Ge] Favarites @Historv |%v =N 53 fg

J File Edit Miew  Faworites Tools  Help ﬁ

J Address I@ E:\RDNSaftwareMetrics|OSMAT Eest\COTO1A - BasicPayloadDefinition. xml j (‘J}Go |J Links **

<tuml version="1.0" encoding="UTF-8" 7>
<IDOCTYPE Metrics (Wew Souwrce for full doctype... )=
- =Metricss
— =Primitives
<CLS THC="8" THM="9" THNP="0" THNCA="73" /=
<REL THIR="0" THUR="0" THRR="0" THA="6" THR="12" /=
</Primitives
— <Fault_Proneness DIT="0">
<WMC ClassMame="888erver'>0</WMCx>
<WMC ClassMame="DataBase"=0</""MC=
<WHC ClassMame="POSTMenu"=0<=""WMC =
<WHC ClassWame="PayloadDefinition"=0</WMC>
<WHC Classhame="PayloadApplicationDefinition"=>0</ \WMC >
<WHMC ClassMame="ADefineBasicPayloadInformation"> 1</ WMC>
<\WHMC Classhame="FDefineBasicPayloadInformation">8</WMC>
<\WHC ClassMame="AuditData"=0</WMC=
<HNOC ClassMame="858Server'=0</MNJC>
<HNOC ClassMame="DataBase Server'=0</N0JC>
<MOC ClassMame="POSTMenu"=0</MN0C>
<MNOC ClassMame="PayloadDefinition"=0</MN0OC>
<MNOC ClassMame="PayloadApplicationDefinition"=0</N0OC=
<MNOC ClassMame="ADefineBasicPayloadInformation"=0</NOC>
<MNOC ClassMame="FDefineBasicPayloadInformation"=0</MNOC>
<HWOC ClassMame="AuditData"=0=/M0C>
</Fault_Pronenesss
<Quality_Measurement MHF="0" AHF="0" MIF="0" AIF="0" /=
- zlsecase_Measurement NOA="1" NOUC="0">
HOUCA Actorbame="User">0</MOUC A
</llsecase_Measurementz
</Metrics=

=

|’@ I_I_ (2 Local inkranet

|-
Y
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iExperimentaI Results

= Feasibility test
=« CDT (Command and Data Tool) software for
Payload Operations Support Team tool suite
« Command and telemetry specification for Space Shuttle
payloads and experiments
= Java-language client-server application
= Shipped to Space Shuttle payload customers

= 30 UML models

= Used RUP, UML and variety of tools Cational
= Collected back-end metrics ‘ ’ Unified

Process
=« Wanted front-end metrics
Can we determine complexity earlier?

%
©
=
&

&

D

m
ugni
[ 10

(A
1
r
»l

yi—"Fr—

oW L0AD 0o

: |||‘“
.Ilﬁiil'(iilb'!f'iil' L

S -

=) “ugimh
1
y “
'
A L

&
~y
I
“
\V

. Use measures for project decision-making |
i USA
Linited Space Aiffance

L
Copyright © 2003 TAMU



iExperimentaI ResultScontine
= CDT Application Example

Command and Data Tool

= @ Payload
’.a‘ Cefine Basic Payload Information
+ @@ Define Payload Interfaces
+ @ Define POI Telermetry Structure
H 4@ Define Command Structures
# & Define Telemetry Parameters
& Define Command Parameters
=@ Services
‘.ﬁ' Standard Orhiter Parameter List
’xf Payload Application Definition
H A Generic MBID Assighments
W PCMMU RAM Address Assighments
# @ Pseudo f Real Assignments
=& Collect Audit Data Reguirements
ﬁ Data Element Syntax
’ﬁr Data Element Pattern Text

POST Command and Telemetry Data Collection
Collect Audit Data Requirements - Define Logical Data Records

Payload Mame: FLTC Fayload Mumber: 034

FPayload Type:

Exp

(O] %]

eriment

Identified below are the logical data record and associated data elernents. These records define the logical view of the data
passed to the audittool. Include record definitions associated with Data Lookup Reference tables.

Data Logical Records Description

Mew Data Record |

H ApplicationCmdP arameterRef

Application CMD Parameter Ref Tahle

H ApplicationTimParameterRef
# BasicParamDefCammand
# BasicParamDefTelemetry

Logical Data Record: |ApplicationCmdParameterRef

Application TML Parameter Ref Tahle
BasicParameterDefiniton Command Table
BasicParameterDefinition Telemetry Table

Description: |App|icatinn CMD Parameter Ref Table

Update Data Recordl
_I Celete Data Record |

-

’ﬁr Logical Data Records

W Audit Rules and Messages
M pudit validation Definition
o Data Laokup Reference Tables
o Audit Scripts
ﬁ Data Collection FormssfScripts
+ & Audit Development Suppart
H 4@ Generate Products
W Audit Data
™ sessions

A sbout

al_coefficient

Data Elements: al_coefiicient

E

Add Data Elements To Record |

a2_coefficient
a3_coefficient

Ll Remove Data Elements From Recordl

Update Data Recard Element Yalues |

FFI::S Data Element Description ?_:;Z Just| Lenatt F'L:‘il!i?r? Reg'd Pé?;g:ﬂ":;?: Paﬂernﬂ
1 item_param_key lterm Parameter System ey INTEC f M
2 hasic_msid Command ldentification i Telen CHAR L 10 I p_hasic_msi
3 normenclature Mamenclature CHAR L 34 p_nomenclal &
J J ;l_l
Legal Values: Move Up Mave Dawn |
=] Required:
| | Yes® Mo | Pattern Name: .
" o (7o ]

Cancel |
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Experimental ResultSconnes

!ﬂ,ll

At

fAstries——_File [Filed File2 [File3 |File4 |Files Filet  [File¥ File8 [Filed File10 |File11 |File12 |File13 |File14 [File15
GJ Basic THC = 17 21 1H 21 16 32 15 13 30 21 37 g1 17 24
P THIR 0 0 16 3 3] 4 29 1 0 0 1 4 4 0 0
m THLIR 0 20 28 13 14 14 32 11 9 32 24 B3 146 44 18
; THNRERE 0 1 1 1 1 1 4 1 1 1 0 1 1 0 1
- THO 9 147 35 11 9 24 3] 10 19 b3 41 92 49 35 113
Y THP 0 1 0 0 3 0 3 1 1 1 0 49 1 0 1
O THCA T3 178 200 44 94 91 282 83 40 306 211 204 110 141 32
n THA A 7| 0 1 Al 0 2 2 0 2 11 18 27 B 103
I_ THRE 12 14 0 2 10 0 i 4 1 4 22 36 a4 12 210

Fault-

< FronenessDIT [ 1 1 1 1 1 a 1 1 1 [ 1 1 0 1
2 Cuality WHF |-0.0317]-0.05657)-0.0214 0.0244 0.0722{-0.0250] -0.0155] 0.0286] -0.0307| -0.0181] -0.0258-0.0169 0.0004) -0.0339)-0.02649
AHF  |-0.12924-0.0565)-0.0428(-0.0340 -0.0346(-0.0938) -0.0277)-0.0516] -0.3875) -0.0249) -0.04534-0.0197-0.0084) -0.0492)-0.0295
(D il F 0.5000 0.50000 0.5000[ 0.5000 0.4375 0.60000 04922 0.50000 0.5000{ 0.49600 D.5000 0.5000) 0.5000{ D.5000 0.5000
O AlF 0.5000 0.4986) 0.4985) 0.4494 047459 06111] 0.4919) 04713 0.8319) 0.4496 05000 0.4701| 0.4660] 0.4739) 0.4783
Others MOA 1 1 0 0 1 0 0 1 1 1 0 1 1 0 1
GJ MO 0 a 0 0 a I a a a a 0 a 0 0 I:Ir

-I-C—-' M File16 [Filel7? |File18 |File19 |File20 |File21 |File22 |File23 [FileZ4 |File25 [File2f |File27T |File28 |File29 |File30
C) Basic THC 37 45 11 40 a7 11 55 21 43 45 14 a 1349 99 17
- ITHIR I 0 [ 2 4 a 0 I I A I I I 1 10
- — THUR 1 4 1H 20 A 3 54 a6 27 41 13 I I a 2
- THNRR 0 0 ] 0 2 0 0 1 0 0 0 0 0 0 9
- THO 118 F1F 13 F3 7 21 ki1 73 99 107 12 26 581 0 44
E [THF 10 1 1 0 0 3 11 16 0 0 0 0 243 0 32
[THCA 3249 384 4 g7 3493 33 407 102 124 3T 78 27 0 B0 18
Ha [THA 96 15 3 149 a0 14 24 30 0 32 0 0 0 67 5
TME 192 30 4 38 102 28 48 Al 0 Fif 0 0 0 134 10

(¢p] Fault-
.t FronenesgDIT 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0
- GCuality  WHF |-0.0184 -0.0211]-0.0167 -0.0098] 0.1276[-0.0524) -0.0021| -0.0363]-0.0137(-0.0134] 0.0064]-0.21158-0.00562| 0.0000]-0.02586
/9] WHF  [-0.0659 -0.0081]-0.0709 -0.0116{-0.0137]-0.0667) -0.0039] -0.0044(-0.0142{-0.0670(-0.0542|-0.0741( 0.0000(-0.0041(-0.0069
MIF | 0.5000{ 050000 0.5000 0.5000] 0.4615] 0.5000] 0.5000] 0.5000{ 0.5000{ 0.5000( 0.5000] 0.5000{ 0.4996) 0.0000] 0.4334
biF {07128 03204 0455 0.4m11| 0aved| 04923 02548 0.2214] 0.4339] 0.7552] 04658 0.3077 0.0000] 03606 05000
Others MOA 1 1 [ I 1 1 1 I 1 1 I I I I a
"E' NOUG 0 i i 0 0 0 0 0 1 0 0 0 0 0 2
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Utilization of the OSMAT

s Cost Estimation Model

= Generated by SAS with linear regression test

FParameter

Information

Parameter

Variable

12 Modal Equaticn
TOT = 091,31 - 148 .33 THC + 20.7085 THUR FE4c.325 THER
- 5.5201 THO 17.0502 THCA - 2031.25 THR + 997.562 THE

982,287 DIT

17822 .3 MHF

+

21811.3 AHF

41021.4 MIF

3lel.79 AIF

2613.69 HNOA

21,7877 HNoUC

77,2870 THP

+ £2.69331 TNHIR 0.8004 P 1% - 9.5140 P_19 - 0.0337 P_20
+ 13.0528 P 21 2063.36 P_23 + 1.6016 P_25 - 0.4766 P_26&
+ £21.217 P_27 a.0072 P_28 - 3.139% P_2°%9 - B3662.2 P_30
+ E9cR5.8 P_31 g203224.5 pP_32
Summary <f Fit
Mean of Response 781 .6807 | R-2quare 1.a000
Foot MSE Edj E-Zg
LE]
h&illﬂ-’ﬁl!'l
= s
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INTERCEFT
THC

THUR

THRR

THOD

THCA

THE

THR

DIT

MHF

LHF

MIF

ATF

HORA

HOUTZ

THF

THIR
THP*THF
THIR*THIER
THCA*THCA
THE*THA
DIT+DIT
HOR*NOA
HOUC*NOUC
THC*THC
THUR*THUR
THRRE*THER
THO*THO
THR*THNERE
MHF *MHF
LHE*DHF
MIF#*MIF
LIF*ATF
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iUtiIization of the OSMAT continues

= Correlation between metrics by T-test

. T
| |

ILai 2
el s
ELL.... -

Metrics Pearson Correlation
Megative Mo relation Pozitive
TNC ATF (-0.508) THP (0.700)
TNIR | THA (-0172) TNRE (0.577)
TNUR | NOA (-0.221) AHF (0.218)
TNRE | TNCA (-0.116) i NOUC (0.770)
TND AIF (-047) | THA TNE | THE (0.638)
TNF AIF (-0.583) i THC (0.700)
TNCZ& | BIF (-0.549) i THC (0.398)
THA MIF (-0.338) THO THCA (0.613)
THR MIF (-0.334) THO THCA (0.612)
DIT THO (0.339) MHF (0.339)
MHF | TOT (-0 186) DIT (0.339)
AHF ATF (-0.602) THC (0.366)
MIF | THCA (-0.540) TNUR (0. 162)
ATF THP (-0 583) DIT (0.227)
NO& | THUR(-0.221) THER (0.755)
NOUC | DIT (-0.165) TNEE (0.770)
TOT | THO (-0.245] TNIR (0.132)
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iSummary

= What Metrics?

= Object-Oriented Metrics to understand software
complexity

= Propose new metrics based on Use Case diagrams

= How to collect?

=« Automatic Measurement Approach: Ontology-
based Software Metrics Analysis Tool

= How to utilize?
« Effort estimation model
| « Statistical analyses: Regression, Cluster

alfv USA
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