RWTH

5 SOFTWARE
ENGINEERING

Simona C. Jeners

Model-supported Process Adoption
and Assessment in the Context of
Multiple Practice Repositories

Practice Repositories
Onf|(lovv||[aVe||trm

Emp a= \LLT aw, I=emm \LJ /)

O o I -

Eye >0 %Yal™y, &% 1! s

= S'e 1 N I e VR L R

oA Ll ﬁhnflﬂh JUhdM\‘\hnﬁ
Situational Factors

Aachener Informatik-Berichte,

Software Engineering Band 21

Hrsg: Prof. Dr. rer. nat. Bernhard Rumpe



Model-supported Process Adoption and Assessment
in the Context of Multiple Practice Repositories

Von der FakultSt fYr Mathematik, Informatik und Naturwissenschaften der RWTH Aachen University
zur Erlangung des akademischen Grades einer Doktorin der Naturwissenschaften oder einer Doktorin
der Ingenieurwissenschaften genehmigte Dissertation

vorgelegt von
Simona Cristina Jeners (geb. Pricpé. Sc.

D X Vi, RDiSnien
Berichter: Univ.-Prof. Dr. rer. nat. Horst Lichter

Prof. Luigi Buglione, PhD

Tag der mYndlichen PrYfung: 17. Dezember 2014

Diese Dissertation ist auf den Internetseiten der Hochschulbibliothek online verfYgbar.






" ## 38

O*+,"-+'.,/*0$%1'2%,3"4*.'156.*'/,%'#,%1'*+$7'89' &1$%.:'*+16%'."441../")' 31,1),2#17* 06*+67'$'
L*0$%1'2%,<14*'6.'.%6))'$'4+3$))17-1="('%13.,7'/,%*+6.'+6-+'/$6)"%1'%$*1'#6-+*'>1'2,,%".,/*0$%1'2%,4 1.
$73*+1")$47?" /' & *1#$*64".,[*0$%1'2%,41..' 6#2%,;1#17*='@,7.631%$>)1'$**17*6,7'+$.'>117'-6;17'*,
J*0$%1'2%,41..' 6#2%,, 1#17* 67" *+1")$.* &1$%.'$73'*+".:' 2%$4*641' %12,.6*,%61.:"."4+'$." @AABCDE
IGB@E:' @HIBJ:'BJBK:'+$;1'>117'31/6713="'J+1.1'$%1'4,))14*6,7." [ >1**R93H44648>1' $4*6,6*61.'
0+64+'+$;1'2%,;17'*+1#.1);1."'$."-"631)671.'/,%'*+1'6#2%,; 1#17* ,I'.,/*0$%1' 2%,41..1.'6 7" ,%-$76L$C
*6,7.='

H%-$76L$*6,7.".1*+1'2%$4*641'%12,.6*,%61.">&'$3,2*6 7-"*+1#',%'>&'21%/,%#67-'$.. 1. #17*.">$.1.
O+ 1H=A%1,;, 1% #B7&',%-$76L$*6,7.'$6#'*,". 1'#")*62)1'2%$4*641'%12,.6*,%61."*,'>171/6* /% #'.&7C
1%-&'1//14* '$73™*,'$4+61;1'$'+6-+1%'1//14*6;171..'6 7*+1".,/*0$%12%,41..'6#2%,; 1#17*='M,0011 %:*+1
$%1'.1;1%%$) 4+9))17-1.'0+17'".67-"#")*62)1' 2%$4*641' %12,.6*,%61.='J+1.1' %12,.6*,%61.' +$;1'*,'>1"!
3%1..13'67'$'4,,%367$*13'$73".&.*1#$*64'0$&*,'>171/6*' % #*+1#'4,%%1.2,7367-) &=

AH!(B@:'$,31)>$.13'$22%,$4+:'6.2%,2,.13%,"."22,%**+1".$-1"/'#")*62)1'2%$4*641'%12,.6*,%61.'
$73'$4+61;1'$7'1//14*6;1'$73'1//64617*'$3,2*6,7'$73'$..1. #17*'>$.13",7'$7'6 7*1-%$*6,7',/*+1.1'%12,.C
6*,%61.'06*+*+1".,/*0$%1'2%,<14*' 470466 7*1-%$*&)),0.";$%6,".'$7$)&.6.'$4*6;6*61.'*,'>1'$"*,C
#$*649%))&'21%/,%#13",7*+1'67*1-%$*13'#,31).='N,%'*+6.'2"%2,.1:"*+1"'.*%"4*"%1'$73"*1%#67,),-&',/'"*+
1 $%6,".'2%$4*641'%12,.6%,%61.'6.'7,%#$)6L13:'$.'01))'$.*+1".,/*0$%1'2%,<14*'4,7*15*'6.'#,31)) 13'>&'31/
67-'.6*"$*6,79%)/$4*,%.*+$*'31.4%6>1'6*="

(7'67*1-%$*6,7', 7'S'4 ##, 7' %" 4" % 1'$73*1%#67,),-&'6.'2,..6>) 1'$*'$'4,7412*'$)") 1;1)="J+1'4,7C
412*'$73"*+16%' .6#6)$%66*& %1)$*6,7.'$%1' 15*%$4*13' /%, #*+1' 2%$4*641'%12,.6%,%61.'$73'.$;13'67
#,31)="0+6.'417*06$) #,31) % 1)$* 1. *+1;$%6,".'%12,.6%,%661. 06*+1$4+ *+1%'$73*+1'%612,.6%,%61.'06*+
G656, 7$) 1A% %, $T3H+". 7 06+ ++1"., [F0$%1'2%,<14% 4, 7*15*='J+6.'$22%, $4+'6.')156>)1'$73'$)),0.™*+
B67*1-06$%6,7',/2%$4*641'%12,.6* %61.1% #36//1%17*. F0$%1'$%1$.=0+1%61/,%1:>$.13", 7*+1'2"%2, .1
7113./, %-$76L$*6,7.*+1'6 7¥1-96$+6,7'4$7'>1'15*17313",; 1%*6H#1'6 7+, $>%,$31%'2%,41..'4, 2:631%$*6
N"06*+1%6#,%1:". 2146/64". 6*"$*6,7$) $4* %.*+$*3,'7 #31.4%6>1", 7)&*+1". [*0$%1'2%, <14* 1++67-.'>"'$
*+19%'0,%767-'4,7%15*'4$7'$)., > 1'$3313™, . $*6./&'.2146/64'7113." /' %-$76L.$*6,7.="

J+6.'67*1-%%$*6,7'$)),0.";$%6,".'$7$)&.6.' $4*6:6+61. , 7*+1'4%1$*13'#,31).='@,7.10"17%)&:'>1.* "6*1
2%$4*641." (% # #")*62)1' 2%$4*641' %12,.6%, %61.' 437 >1' $"* #$*64$))&' . 1)14*13:" .6#6)$%' 2%$4*641."
31217317461 >1*0117*+1# 4$7'>1'$"™* #$*64%$))& 631 72H)6H3.. 1'$7$)&.6.'$4*6,6*61.'$%1'>$.13", 7"
$966," H1*0664. *+ S+ H1$. %1 +1'."22,%*'31-%11" /*+1'206$4*641. 1, %*+1". [*0$%1'2%, <14*4, 7+15**+1
6#6)$%66*&'$73'3121731748'31-%11'%1.214*6;1)&="

0)*+1.1'$7$)8.6.'$"* #$*6,7./ 4$7'>1"*6)6L13'>&' ,%-$76L$*6,7. 0+ 17 $H1#2*67-* '#$21'21&' 2%,C
41..'3146.6,7.'67%+16%".,/50$%1'2%,41..'6#2%, ; 1#17*='F$%6,".'$22)64$*6,7. 'AH!I(B@", %', %-$76L$*6,
*+$+0,%7'06%+#")*62) 1'2%6$4*641'%12, .6*,%61.'$%16.*13'$73'31.4%6>4AB74H 60685741, %'
F0$%1'2%,41. . '6H2%,  1#17*676%6$+6; 1. /', %-$76L$*6,7.'6.2%,;6313™,'$)),0'$7'1//14*6;1'$73'1//646 17"
$3,2%6,7',/."4+'%12,.6%,%61.'$73'$..1. #17*.'$44,%367-"*,*+1.1'%12,.6*,%61.='






(477, 0)13- 1# 17*

(),7-'<,"%71&'4 #1.*,'$7'173="P6*+*+1"."22,%*" [*+1'/$#6)&:"."21%:6.,%.:'4,))1$-"1.'$73'/%6173.""
B+$3'$'%1#$%7$>)1'$73'0,731%/")'<,"%7 1&*+$*-$; 1471 *,'06317'#&'?7,0)13-1'$73'06.3,#="
J+1%1/,%1:'B'0,")3")6?1"*,*+$7?'$))*+1.1'21,2)1*+$*'4,7*%6>"*13"*,"*+6.'<,"%71&="

N6%.*,/'$)):'B'0,")3)6?21*,*+$7?'G%,/1..,%'D%="M,%.*'K64+*1%"*+$*'4,7*67",".)&'2%,;6313'#1'4,7.*%
*6;1/113>$4?2'$73'$7'17,6%, 7#17*0+64+'174,"%BIT]'17<,&H&'%1.1$%4+="J+$77./,%'&,"%'2$*61741'
$73'&,"%"."22,%*Q'B'0,")3'$))6 71, *+$7?'#&'.14,73'."21%:6.,%:'G%,/1..,%'K"6-6'"-)6,71:'G+D:"/,%*+1'
%1#$%7?.'$73"."--1.%6,7.'3"%67-*+1)$.*'2+$.1",/*+6.'0,%?="

B'$S#*+$72/")*, *+1'#$7&'1521%*.'/%,#'36//1%17*BJ',%-$76L$*6,7.'0+,'4, 7*%6>"*13"*,"*+1'6#2%,;1C
#17*$73'1:9)"$%6,7",/'*+1'$22%,$4+' 2%1.17*13'67'*+6.'0,%?="D6.4"..6,7.:' 6 7*1%:610.',%' 1521%64#17*
06*+'#&',%#1%'4,))1$-"1.'/%,#'R"-)1% ' A$S$-' @BE:'1.2146%$))& 06*+ D%="S*1'1*%1">1):'N%$7?' ISLS#S$"
D%="R)$".'MT%#$77:' 17+$7413'#&'27,0)13-1'67"*+1".,/*0$%1'2%,41..'6#2%,; 1#17* $73'-$;1'#1'*+1'
22,%*"76%&'*,'%14,-76L1*+1'01$?71..1.", /*+6.'$22%,$4+'$73'6#2%,;1"*+1#="N"%*+1%#,%1.'B'0,")3)67?1
**+$72'+0,",%-$76L.$*6,7.:'U171%$)6'B7/,%#$*6?'11%;641.'$73'BIEVURSH#E* #112%..6>6)6*&'*,'
-$67'$7'67.6-+*'67*,*+1",$%6,".'4+$))17-1.",/',%-$76L$*6,7.'0,%?67-'06*+'#")*62)1'2%$4*641'%12,.6*,%!
J+1'/,)),067-'BJEVUH'4,))1$-"1."."22,%*13'#1'3"%67-"*+1'1;$)"$*6,7",/*+6.'0,%?2W"["%?2+$%3'l"<,*L1?:"
AS$%*67SN"72:'V,)/4+#6*L'$73'A$%*67$'P1>1%="N67$))&:'B'0,")3")6 21", *+$7?2#&'4,))1$-"1."/%,#B%1)$
1.2146$))&'G%,/1.. X Z}EC K[ }Jvv}E v EX W po o EI (}E % E}A] JvP
#177$73'1;$)"$*6,7',/*+1'$22%,$4+'2%1.17*13'6 7*+6.'0,%?="

X1;19%*+1)1..7B'0,")3)621* *+$72H&'4 ) 1$-"1. /% ##8&'%1.1$%4+312$%*#1 70+, ."22,%*13*+6."
0,%7'$73'2%,;6313'#1';$)"$>)1'672+1& 01%1' $4*6;1)&'67;,);13'67'36.4"..6,7.'$73'0,%7?.+,2.:)6.C
*17134$%1/") &, '#&'631$.:' 2" *+1'%66-+* 0"1.%6,7.'$**+1'%66-+**6#1'$73'2%,;6313#1'."--1.%6,7.'$73"
)BT S )13 S #0601 1//64617% $73' 1//14%6;1' 31;1), 2417+ ' #& $22%,$4+='J+1&'363'7,* , 7)&'
2%,:631'$'*14+764$)'17;6%, 7#17+0+1%1'631$.'4,")3'>1'36.4"..13'$73'64#2%,;13:">"*'$).,'$/%6173)&'$73
4,,21%$*6;1'$*#,.2+1%1="B'S)., #17*6,7"*+1":$)"$>)1'4, 7+%66>"+6,7' /#& *'317*.'1.2146$))&' / E)17$'
G&$*?,:$:(7$'D%$- #6%'$73'J,-%") A$-1%$#,:='"J+1&'0,%?13'67+17.6;1)&'$73'$4+61;1'2%,#6.6 7-'%1.")*
1,9%*+1'29%1.17%13'$22%,$4+'3"%6 7-*+16%'#$.*1%'*+1.1.="

N67$))&: #&' I$H6)&' 2)$&.' $7' 6#2,%*$7* %,)1'/,%' *+1'31:1) 2417 ['*+6.'0,%7'$.' *+1&' 1#,*6,7$))&’

"22,%*13%1'3"%67-'$))*+1.1)$.*&1$%.'2%$6 8B HI*6#1.'$73'174,"%$-13#1'67'36//64")* 7'
B7'2$%*64")$%:'B'0,")3")621"*, *+$72'X6).'Y 171%.: #&'+" >$73:/,%'+6.'2$*61741'$73"),;1="






o!

7!

9l

6!

I"H$Y6&" (&) *+%*+,&

"H#E%E&' ()$"&H* ++++ bR

CHU ORI & J-(1  (F)1.),(% C DM
"B (24(GB-ORALE! 6 STT(H&-I( | (+)%0.), (Y% B B
"HO - BRTT(I(WIAL5! 6 STIT(H&-I-(1 , (V)l.), /(% VA

"HE  6)V0&/- 1&++,)&-5 WHHHHIHHIHHHHHHHHH R R R R R O
"#:1 6)%&J- - 5&TT(3(%;!, (%(&,-5! <$(%.)3%!&3=14 ),>I31 *|(T=OMHHHEHEHHE R B
"H@ . 5(%B0S- $,( I R R R

&-%-"[* ++ttt+ttHHHHHE bbb

VY &++)&-5 WHHHHHHHHHEH I O
WH1  (286+7(1%(38,)) HHEHHHBHIHIHEHHHHHEH T
1HO  &3&TA%IELIBI.I(%!&3=16 (.-Yo HHHIHHHHIHIHEHHHHH @
I#H8 6 )=(T%!&3=16 )=(7/3" & .IBI.I(% MR
1#1 B)N&/- 1. )TC)2 WHBHBHHHIHHH R R R R R R R DR
1H#@® &3&7AD(183=6 )=(7(,! , )7(WHHBHIH B R R R R O O
1HE  9666&,A HHHHHHIHIHEHHH R R R R R R R R R

1.$23 1&'.45 #+++++++++ttttttttttttt bttt bbb OB

O 13.0.&(F!  %3$-$.( 6 (& FO)=(7 WHHHHHIHIHHHHHIHEHEHH O B
0#1  [3.0,&(F!  -)3-(+.! 6 (& FO)=(7 WHIHHHIHIHHHHHHHHH T HBEH I HHHTH
O#0  9h3$8./)3&7! *&-.),%! 6 (.& FO)=(7 HHIHHHIHIHHHHIHIHIHEHHHH T RO TH
OH#8  08668,A HHHHHIHIHEHHHIH T R R R R R R R AR @ R R R

1&'.4"#8%2)$"-"$".5%  +++++++ttttttttttt bttt bbb bbb bbb bbb PO

SHY | $33131 (2867 ( B
SHL  Uh$-$.(1  3).687/D&1)3 M RN
SHO . (6/3)7) 'Al3).68TID&N)3 W B
SHE  [3.(&N3)IE(1 AR FIH( -)3.(2. VG B
BH  UB6O8A [ G

2#24:5"5%2)$"-"$" 5% 2#"* 1 .$%")5* +++++++tttttt bbb bbb e -

HUU | $33131 (286+7( HHBHEHIHIHH T R R R R @ R
HU 6 (8%35,(6(3.! . 5(),A BHEHHHIHHH T R R P R
HOU  B)N&/- 16 (.,/-% HHHBHEHIHIH R R R R R G
H8 U133 [YO+&- (Yo B R B B
A [=@E-&N3NN UBIT&, [YO+,&- [-(% M R R B R
H@ =GN %O+ =(+(3=(3-(% B R R R R T
HE  9866&,A I I R R R A B

1852")*$&&A=E&>H+++++++++++++++++++++++++HHHtHH bbb bbb R

@A *$3-1)3RT! | (<S,(6(3.%  HHH B
@HL ) B(BI@)15( . )T%IALILE( B)Y0&I- 1. ))TC)2 B
@HO 8-5I.(-$,( B QI
@HE [6+7(6(3.8.1)3 W B O
@#: UBO68A O

2224")28" &H5H HH++++++HHH bbb bbb OB



I"HSY& (#)%"*

E#! ) B(.BI(4 HHHHIHHHHHHIHHEH A T R
E#L  +)-(96%!+)7()M&3! ) '&3ID&.N3 I R R
E#0 Be7SMM&!, (((3-(  +, HHEHEHHHH R R R R B
E#8  3(4! +, B R R R R BB
Bl . &7)/31 [3%.,$6(3.1%),0  UPrA&,(\  +)H(-% ST A BB
B#@ |, (1)%/.) A 6 $7./+7(1+, B M
EHE &B)/=!, (=$3=&3-/(Yo HHIHHHIHIHHHHIHIHEHHHHHH PR PR 8 I
E#O  &B)/=!/3-)3%/%. (3-1(% WHHHEHEHHHHHHIHEHHHHHH P P B RAHEHHHH
"#1 +)B/=(! 5(7+$7Y3%),68.)31%),1  &=)+.)3 WHHHHHHHHIHIHHHHHHH TG AH T
E#'G 6 &/3.(383-()" [3.(,3&7" +,)-(%!+, VBHIHHHH I R R R
E#™ S)BHTI&S-(1)! , (((3-(1  +, G R R R R
E#"1 (*1-1(3.) &% (YoY%o6 (I R R O R
E#"0 3)3 F(=$3=83.1&3=! 3)3 F)3*7/-/3" , (<$/,(6(3.% WHHHHHHHHHIHIHEHHHHHHEHEHH B )
E#"8 08668, A WHAHIHIHIHIHHHHHH T

@ -24(2$"&H* +H+++tttt bbbt bbb RO

O#Y . A+(%!)*( B&7$&./)3 YHHIHHHHIHHHEH I B
O] OBCH(-9%6+,)M7( BHEHBHEHEH R R R R R R R R A
OHQO  (2+(/6(3.% HHHHHHBHIHEHHHHH T R R R R R R R R @A
OB - & (183=H/(7=\YS=/ (Vo HHH B R R R R R R R R R R B
Ot 6)%&J- 1.)7C)2! (B&T$&.))3 HHHHIH I R R R R R A
MO U668,A HHIHIHHHHHHIHIHEHHHH B

< )&H)A(5"8HE* +H++++++H+t bttt bbb bbb bbb AR

PN -)3.CSN)3% M T RGBT
VL UB668,A WHHHHHH B HE TR R B R R R A BB

IAL 222 #™).5% ++++++++ttttttttt bttt RO

"G#! B)%0&/- 1) 7C)2!(<$/,(6(3.%  WHHHHIHHHHIH I I R R R R R O
"G#1  6)%&/- 1.))7C)2! 5&3=C))> WHHAHIHIHIHHIH T R R R B

W1 2)%E&#H:15% +++++++++++++t+++++tttt bttt RO
LT S "&H2%0:* +++++++ bbb

10! ="=4"&8%2?B*++++++++++++++++++++++H+H R



I"HSY& (#)%"*

1 Introduction

Nowadays, software becomes more and more ubiquitous in our professional and everyday life.
Software products exist in different domains, for example in banking, insurance, automotive or health
care industry. Although software products exist for more than 60 years, their successful development
within a software project is still a challenge. For example, the Standish ‘Gemuparly reports that
the failure rate of software projects is still high: 61% of software projects do not meet their deadlines
nor achieve the requested quality or are cancelled [The Standish Group International 2013]. Further-
more, the U.S. Department of Defense, which contracts numerous organizations to develop software
products, reports that 40% to 60% of the project budget is spent on rework [Dekkers 2013]. It seems
that software projects still have serious problems in their execution. A reason for this high failure rate
might be the poor software processes and the lagksgbtematic software process improvement
[Paulk 1994]. Poor software processes might lead to low application quality as the software process
guality influences the application quality [Paulk 2010]. With software processes we do not only refer
to the processes for the software development, but also to the processes for other related software
areas, such as software operation, IT governance or portfolio management. The different software
areas are strongly related and thus, the success of the software development also depends on the
success of the processes for these other areas.

Considerable attention has been given to software process improvement in the last years. The
software engineering research provides a wide variety of best practices.

/ A best practice(in short practice) describes an activity which has proven i
—= as a guideline for the improvement of software processes in an organizat

Definition

Various acknowledged software development professional$, asi€lumphrey [Humphrey
1988], have long recommended collections of such practices to be used for the software process im-
provement in organizations. Such collections can be used to systematically improve the quality of
software processes. The process quality influences not only the software application quality, but also
reducegime-to-market and production costs [Dyba 2005]. 148 analyses demonstrate the impact of
the various software process improvement initiatives on quality, cost and schedule [Unterkalmsteiner
et al. 2012]. Hence, these collections may support the software projects to achieve their goals.

There exist various collections of best practices: capability models, standards, libraries, frame-
works or process models. Here are some examples:

x Capability Models within the CMMI constellations: GM-DEV v1.3 [CMMI Product Team
2010a] or CMMI-SVC 1.3 [CMMI Product Team 2010b]

! Standish Group iD gfoup of highly dedicated professionals with years of practiqz@ance in assessimigk,
cost, return and value foF Investments 6WD QG L VAboUut)R XS +



+ - 0% 1$-(#)(1*2/3%, }4%$)/ , *

x 1SO Standards: SPICE [ISO/IEC 15504-x 2010], ISO/IEC 12207 [ISO/IEC 12207:2008 2008]
IEC 61508 ed. 1 [DKE Gremium 914 1999]

X X

Libraries: ITIL v3 [AXELOS 2011]
Frameworks: COBIT v5 [ISACA 2011a] or VAL IT v2 [ISACA 2008]

x Process Models: V-Model XT [HShn 2008], SCRUM [Sutherland and Schwaber 2013] or XP

[Beck 2000]

As listed above, there is no standardized name for these collections. Different software process
improvement approaches acknowledge this fact. For examelearth called quality standards, qual-
ity assurance methods, improvement framewdfaulk 1994], sdtware process improvement
frameworls [Halvorsen and Conradi 2001], improvement technologies, models [Siviy et al. 2008a]
or process improvement models [Ferreira et al. 2010]. We call them all practice repositories as a
repository commonly refers to a location where goods (best practices) are safely stored for the future
use. Therefore, we give the following definition of a practice repository:

Definition

A practice repository (in short PR) is a collection of practices defined as b4
based on the experience and knowledge of many practitioners over the y
order to be used for the improvement of software processes in an organi
A practice repository does not only contain practices, but also other ele
that are related to these practices (e.g. processes or activities are such kelé

Based on their level of detail and on their applicability, there are different types of PRs that con-
tain practices to be considered for the software process improvement:

Definition

A reference PRIis used as a guideline for the software process improveme
organizations. For example, CMMI-DEV, COBIT or ISO/IEC 12207 are rgfer-
ence PRs.

A process PRrefers to a process model and is more concrete than a refe
PR because it defines not only practices, but also gives additional inforn
about how to adopt these practices. It can be used as a guideline, but it g
be directly applied to describe the software processes of an organizatio
example, the V-Model XT is such a process PR.

An internal process PRis a special process PR and refers to the internal soft-
ware processes of an organization. This PR defines activities to Heass
guidelines for the improvement of software processes in an organizatiof
in software projects. Hence, it defines the practices of this organizatiol
thus, itis a PR.
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The termPR does not necessarily refer to all elements of a certain PR, but ca
refer to a subset of elements of this certain PR that are selected for the s
process improvement in an organization.

Rémérk

There exist numerousR3 that are defined during the last years. For example, there exist 315
standards and 52 capability models [Moore 1999; von Wangenheim et al. 2010]. As these PRs differ
to some extent, there are taxonomies which categorize them to better grasp their purpose and differ-
ences [Minnich 2002; Mora et al. 2008; Siviy et al. 2008c]. For example, PRs are categaozdd ac
ing to their abstractness (abstract vs. detailed PRs, e.g. CMMI-SVC vs. ITIL), accordingdti-the
ware area (software development vs. software operation, e.g. CMMI-DEV vs. CMMI-SVC) or ac-
cording to their methodology (agile vs traditional, e.g. ISO/IEC 12207 vs. SCRUM). All these PRs
can be used for the software process improvement of organizations.
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The usage of PRs for the software process improvement in an organization refers to the adoption
of PRs and eventually to the assessment based on PRs. To get a common sense of what adoption an
assessment mean in the context of this thesis, we define these terms in advance.

An adoption of a PRis the process of following this PR by an organizatiof
order to improve its software processes. The adoption does not only me
organization-wide process improvement to define an internal process P
/ also the adoption of this PR in software projects.

- An assessment based onRR is the evaluation process of software proces
Definition of an organization or part of an organization according to a PR to identify de-
viations from this PR and thus, to identify improvement potential for the soft-
ware processes. If such an assessment is successful, we say that the orga
is PR compliant.

For such an adoption and assessment, an organization needs to decide which PRs have to be usec
An organization can use one or more PRs for their process improvement.

Many organizations decide to use multiple PRs to increase their competitive strength on the mar-
ket, to fulfill the requirements of a customer or certain law regulations. For example, in the automotive
industry some suppliers work with CMMI-DEV and SPICE to fulfill the requirements of different
OEMs (Original Equipment Manufacturers).

Furthermore, organizations do not take into consideration only one software area, as their aim is
to address the improvement of the software pr@ssshe entire organization. For example, VAL-

IT helps an organization to systematically address its portfolio management, COBIT to manage the
IT governance, ITIL to manage the software operation (or service operation), and CMMHDEV
SPICE to manage the software development.
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Finally, organizations also aim to not entirely adopt all the elements of a PR, but to select only
some of its elements that are the most relevant for their needs. Institutions that define PRs
acknowledge this fact as well. For example, based on the needs of an organization, nhewsonti
representation of CMMI proposes to select best suited process areas for the process improvement
until a certain capability of the selected process area is achieved. This selection allows organizations
to combine the elements of multiple PRs to address their needs. Consequently, elements of multiple
PRs can be selected to support the software process improvement in an organization.

Hence, there is no PR that is the perfect solution for an organization and addresses all its needs
According to the contingency theory, the optimal course of action for an organization is to be contin-
gent withits needs and settings [Morgan 2006]. Boehm and Turner suggest that when it comes to
VRIWZDUH SURFHVVHV LW \oHHSZ¥ fit© &N HdDfactVeKryi [Badéhim ard D L P
Turner 2004:7]. Consequedt\ WKH RUJDQL]DWLRQVY GLYHUVLW\ KDV W
proaches that combine multiple PRs for the adoption and assessment [Siviy et al. 2008a].
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The adoption of multiple PRs bring several advantages to organizations, e.g. higher effectiveness
of process improvement, efficiency increase, cost reductions or the enhancement in the achievement
of project goals [Siviy et al. 2008a]. Several organizations show some positive experiences with the
adoption of multiple PRs, e.g. in Lockheed Martin IS&GS, Northrop Grumman Mission Systems
Wipro [Siviy et al. 2008a]. These are big organizations. Such organizations mostly show positive
experiences with traditional PRs [Gibson et al. 2006; Herbsleb and Goldenson 1996]. In small organ-
izations there are some positive experiences with the traditional PRs [Cater-Steel and Rout 2008;
Cepeda et al. 2008; Habra et al. 2008], bug¢Ré&Rs are often perceived as too heavy and bureaucratic
[Fowler and Highsmith 2001]. Therefore, small organizations tend to use agile PRs because of their
benefits [Conboy 2009; DybE and Dings¢ yr 2008; Hossain et al. 2009]. However, this is not a general
rule as there exist big organizations that use agile approaches as well [Paulk 2014]. Henedsthe ne
of an organization has to be considered when using PRs to benefit from them correspondingly.

The assessment based on PRs also brings benefits for organizations. First, it increases their com-
petitive strength on the IT market. Many organizations are faced with market pressures to respond
multiple PRs [Garcia 2007]. Seconfimultiple PRs are considered in parallel, then more points of
references can be used for the software process improvement [Siviy et al. 2008a]. Consequently, the
software process improvement is more effective. It is more efficient as well. The assessment based
on PRs may not necessarily lead to more costs. The costs for such an assessmentRRRsae
reduced as PRs are simultaneously considered [Ferreira et al. 2011; Siviy et al. 2008a].
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Multiple PRs may bring the mentioned beneffitthey are properly used. However, three out of
five organizations are facing challenges in using multiple PRs [Marino and Morley 2008]. There are
two main challenges when working with multiple PRs [Kelemen 2013; Thiry et al. 2010]:

x Selection of the best PRs based on the internal needs and problems of organizations
X Simultaneous usage of multiple PRs to adopt and assess the adoption by the identification of
similarities and dependencies of the selected PRs



I"HSY& (#)%"*

An organization needs to select the PRs that can be relevant for its software process improvement.

As the termPR does not necessarily refer to all elements of a certain PR, th
lection and the usage of PRs can refer to the selection of a sul&bt\off] H O |
and the usage of these selec&8 V gntdiids respectively.

Remark

Therefore, all or only some of their elements (e.g. all or only some of their processes) can be
selected. For example, the continuous representation of CMMI proposes to select only the processes
that are best suited for an organization.

There areprescriptiveandinductiveapproachego perform such a selection [Pettersson et al.
2008; Thomas and McGarry 1994].

According to theprescriptive approacheshe organizations select all elements of the considered
PRs. For example, this approach is often applied in the automotive industry where certifications ac-
cording to PRs are a selection criteria for suppliers. Unless imposed, we do not recommend its appli-
cation as the adoption of all elements to get certified according to a PR often overwhelmrike orga
zations and is associated with some risi®a example, the time and money of an organization are
VSHQW RQ WKH LGHQWLILFDMliaQle BoltolzrateChid je&k@eldsesinithversdfty R U
ware processes in this organization [Mogilensky 2009]. Moreover, such organizations congentrate
the identification and adoption of the minimum acceptable elements to pass an assessment while the
internal needs, problems and organizational culture are not properly considered [Mogilensky 2009]
These risks jeopardize the software process improvement effort and thus, the PRs do not deliver the
desired benefits.

We recommendhductive approache KLFK DUH GULYHQ E\ WKH LQWHUQDC
problems. No single PR is universally deployed or even universally useful [Jones 2007:13]. The PRs
are too universal and comprehensive to address the local domains of organizations [Thomas and
McGarry 1994]. Instead of selecting entire PRs, key concepts that address the specific needs and
problems of organizations need to be selecte ROHP D Q D Q @003 K8eRteh@id Phifer
2011]. Hence, the improved software processes are adjusted to the particular situation of an organi-
zation [Kautz 1998jo best fit its conditions and goals [Subramanian et al. 2009].

Once best suited PRs are selected for the software process improvement, an organization has to
simultaneously adopt these PRs and perform assessments based on these PRs. As the PRs have sir
ilarities and dependencies, the organization has to mandgeishage in a coordinated way and to
benefit from synergy effects.

For an optimal usage of multiple PRs, their similarities have to be identified. Therefore, the re-
dundancies between these PRs can be avoided in the adoption and assessment. Furthermore, th:
weaknesses of a singkR can be overcome by the strengths of other PRs. Consequently, the organ-
izations can benefit from synergy effects for a better understanding and adoption of the PRs.

Furthermore, an optimal usage of multiple PRs is achidviite dependencies within a PR or
between multiple PRs are identified. Based on the time order betwe@&®tive] H Ol digarv V
zation can better manage the communication within and between different software areas.

In the following, we give more details about the selection of PRs and the identification of simi-
larities and dependencies between RRsalso mention some approaches that support these activi-
ties.
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Based on a profound literature research regarding approaches to select PRs, weatdéfbrenti
tweenorganizationand project driven approachefoth are based on the needs and problems of
organizations and thus, themeinductive approaches.

In anorganization driven approagltheneHGV DQG SUREOHPYVY DUH Wgbb3HF W HC
i.e. the business and IT goals. An organization whose primary goal is improving the-timaeket
may follow a significantly different approach to software process improvement than one whose pri-
mary goal is to produce defect-free software [Thomas and McGarry 1994]. Consequently, the organ-
L] D W gdrIQ dr¥ the input for the selection of best suited PRs.

The software process improvement alignment to theld Q L JgoalslisRa Qrfical success factor
[Dyba 2005; Lepmets et al. 2012] and thus, various approaches are developed to address this chal-
lenge. Currently, two types of such approaches eyistt decompositioandgoal characterization
approaches

x Goal decompositioapproaches propose to relate the gatike last decomposition level to the
PRs. One well-known approach that considers the goal decomposition is the GQM (Goal-Ques-
tion-metric) [Basili 1992; Basili and Weiss 1984]. Here, the basic idea is to derive measures from
measurement questions and goals and thus, perform a goals alignment with measures. The soft-
ware process improvement alignment to the goals refers to the decomposition of goals until
relation with the PRs is possible. Some approaches use different methods for the goal decompo-
sition. For example, the Function Analysis Systems Technique (FAST) with HOW/WHY -ques-
tions [Wixson 1999] and the Goal Categorization according to different decomposition levels
[Basili et al. 2010] can be used for this purpose. Methods from requirements engineering domain
to decompose high level requirements [Bresciani et al. 2004; Lamsweerde and Letier 2003] can
be applied as well. Other approaches define concrete hierarchies of goals with a mapping to their
corresponding35V  H O.Hé& ex@riipM, IBM Measured Capability Improvement Framework
[Trevellion 2009] or COBIT are such concrete approaches.

X Goal characterizatiorapproaches describe the goals of an organization using different factors or
indicators to support the relation between these goals and PRs. For example, the CS€ls approa
uses critical success factors [Bullen and Rockart 1981], the MIGME-RCC approach uses business
indicators to characterize the organizational goals and align strategies to these goals [Mu—o0z et
al. 2013] and the Q-Genes define concrete capabilities of PRH=HHOPDSSHG WR WKH RUJ
needs [Heston and Phifer 2011].

According to theproject driven approachthe software process improvement statthe soft-
ware project level. The software process improvement requires an intensive change management in
an organization. Developers are usually motivated for change and thattopm-up approach might
better support the change management and the software process improvement initiatives [Conradi
and Fuggetta 2002]. The project driven'SSURDFK LV EDVHG RQ WKH VRIWZDUF
lems which are reflected by their context.

Within an organization there are different types of software projects and software project con-
texts. There is no perfect PR for every type of organization. More, there is alssinglegperfect
PR for every type of software project. The reason for suelsk of universal utility of any single
approach to software development is related to the basic requirement of a software process: it should
fit the needs of the project [Feiler and Humphrey 1992]. For example, the agile or traditional PRs are
not the solution for all types of software projects inside an organization. The agile PRs are mostly
used for small, non-critical projects [Abrahamsson et al. 2009]. However, the agile practices may be
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enriched with practices from traditional PRs according to the context in which they are used [Bowers
et al. 2002; Cao et al. 2004, Lindvall et al. 2004, Stotts et al. 2003]. Analogously, the traditional PRs
can be extended or tailored to fit a software project context.

Hence, we remind about the contingency theory that states that the optimal course of action has
to be contingent with the needs and context where this course is applied. Consequently, the optimal
software processes have to be contingent with the software project context. The established PRs also
acknowledge that a software process should be designed to address tharcaviiekt the process
operatesISO/IEC 12207 recommends that the software pressdsuld be appropriate to manage
the different project constraints: project's scope, magnitude, complexity, changing needs and oppor-
tunities. CMMI-DEV adopts a similar position and recommends that various contexts should be con
sidered when implementing processes. Hence, the role of the software project context have to be
stressed for the process improvement to support the software projects in achieving their goals [Jeners
et al. 2013b].

Based on a project driven approach, a software process improvement can be achieved at the pro-
ject, as well agtthe organizational levelt the project level, best suited PRs are selected according
to the needs of a single project. The identification of best suited PRs motivates the software project
members and leads to thadoption, and thus, to a process improven#nthe organizational level,
best suited PRs can be selected according to the most critical needs of all software projects. This leads
to a software process improvement that address the internal constraints of an organization and thus,
leadsto optimal software process that are contingent on the context [Benediktsson et al. 2006].

All types of PRs, the reference, process or internal process PRs can be considered for this selec-
tion. We remind that the terh3 5 does not only refer to all the elements of a PR, but also to a subset
of its elements. At the project level, the selecB8V  H O ¢aR be@ikctly adopted in the software
project. At the organizational level, the selected elements from the internal process PRarman be
lyzed for weaknessesd potential improvements if necessary. The selected elements from reference
or process PRs can serve as guidance to define new elements in the internal procdassiRR®ve
the existing ones.

To summarize, we recommend an organizatmselect PRs based on théeRIWZDUH SURM
needs and problems which are reflected by their context. In the absence of published guidance with
respect to such complex decisions, we propose an approach for the alignment of the software project
context to multiple PRs.
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Different PRs have similarities. One reason is that there are basic aspects that need to be consid-
ered by all types of software projects. For example, risk management has to be addrdisfezdriiy
types of software projects as their goals can be jeopardized by risks that are not handled. Some PRs
describe these basic aspects in a more abstract manner, while others give more details about them
(e.g. CMMI-DEV vs. V-Model XT). Another reason for the similarities between PRs is that some
PRs are derived from other PRs. For example, SPICE is derived from PRs, such as ISO/IEC 12207
or SW-CMM [Paulk 1994]. More, an analysis of 52 PRs has shown that 73% of these PRs are defined
based on existing PRs [von Wangenheim et al. 2010]. To identify the similarities and thus, the redun-
dancies between PRs, these PRs need to be compared.

There exist various mapping materials where the similarities between PRs are documented, as
well as mapping approaches that compare the PRs to identify their similarities and differences.
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First, various mapping materials are providedeveal the similarities and differences of the
multiple PRs. For example, CMMI-DEV is compared with several PRs, such as ISO/IEC 12207
SPICE or with the agilPRs[Baldassarre et al. 2009; Ragaisis et al. 2010; SEIR 2013].

Second, there are systematic approaches to compare the PRs. These give guidelines on how to
identify such similarities and differences. While some approaches propose to connect 3Vt
elements [Ferchichi and Bigand 2008; Malzahn 2009], other ones use metrics to compareAhe PRs.

a higher level, metrics such as the size and complexity are proposed to compare tFerrieRs ¢t

al. 2010]. Here, the size is defined by the common process areas or differences in the description
detail; the complexity is defined by the internal coupling and the dependencies betweergpeasess

At a lower level, metrics such as tbaverage degree and detail degree are proposed to compare the
practices of PRs [Ekert et al. 2009]. The coverage defines the degree in which a practice covers an-
other practice, the detail degree specifies which practice is more detailed and gives more information
for its adoption.

There are also dependencies within a single PR or between diféterthese have to be iden-
tified. Only some PRs give information about these dependencies. For example, there exist learning
materials for CMMI-DEV, where the dependencies between its process areas and practices. are given
There are also some systematic approaches that support the identification of dependencies between
practices. These are based on the inputs and outputs of the practices [Chen et al. 2008].
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Activities, such as the selection of PRs, the identification of similarities and dependencies be-
tween them support organizations in their software process improvement. We ddiboMO-
SAIC approach (in short MOSAIC) to support organizations to perform these activities and achieve
an effective and efficient adoption of PRs and assessment based on PRs.

MOSAIC is based on the project driven approach. As the name suggests, MOSAIC integrates
various puzzle piecesthe multiplePRsand the software project context. It is a systematic and ex-
tensible tool supported that aims to achieve the following goals:

x (G1) Automated selection of practices from multiple PRs based on the software project context
x (G2) Automated identification of two or more similar practices from multiple PRs
X (G3) Automated identification of practice dependencies of multiple PRs

These goals address the two main challenges for organizations that work with multiple PRs:

Selection of the best PRs based on the internal needs and problems of organizations
x Simultaneous usage of multiple PRs to adopt and assess the adoption by the identification of
similarities and dependencies of the selected PRs

x

Within MOSAIC, practices are the elements that can be selected and compared. First, the prac-
tices are the basis for concrete activities that can be selected and performed within the maftware
cess improvement. Second, the PRs are comparable on the practice level as the PRs have high simi-
larities between their practices. Furthermore, this compaasthre practice level allows to identify
the practices dependencies as one practice defines an output that is requested as input for anothel
practice.
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We aimed to offer various automations of the afore mentioned activities to increase the time
efficiency of organizations working with multiple PRs. Consequently, we impledtre MOSAIC
Toolbox to prove that such automations are possible.

A Within MOSAIC, we focued on the software development, but aoito develop
a flexible approach that allows the integration of PRs for other software area|

JIKLM

MOSAIC is not limited to PRs for software developménalso aims to consider PRs for other
software areas due to the dependencies and similarities between them.

First, the software development is strongly related to the other software areas and thus, there are
dependencies between the PRs for the different software areas. The lifecycle of a sofsiare p
does not contain only the software development phase. For example, after the initial development of
the software product, the software operation (or service operation according to ITIL) is performed.
The identification of dependencies between the PRs can be used to manage the dependencies betwee
the departments of an organization responsible for the different phases in the software lifecycle. As a
concrete example, not all software errors that are discovered during the verification of a software are
usually resolved during the software development. The software operation needs to have as much
information as possible about these errors in order to resolve them. Consequently, a strong depend-
ency related to the software errors exists between the software development and operation. Hence
organizations that produce software products should not consider only PRs for the software develop-
ment, but also PRs for other software areas.

Second, organizations should consider PRs for different areas to improve all their software pro-
cesses in a coordinated way. Although the PRs are defined for different software areas, they address
similar aspects. Therefore, there exist mappings between the PRs for different software areas. For
example, institutions that define PRs, such as the Information Systems Audit and Control Association
(ISACA) or the Software Engineering InstituteEl) offers mappings between COBIT and CMMI-

DEV or between CMMI-DEV and ITIL [ISACA 2011b; SEIR 2013].

Hence, we devel@aan approach that is valid for the software development, but that can consider

PRs for other software areas too.
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There are different challenges that need to be addressed to achisi@3#eC goals. Inspired
by the Goal-Question-Metric (GQM) approach [Basili and Rombach 1988], we derive research ques-
tions and sub-questions (marked with RQ) to address the challenges for each goal. The answers to
these questions are reflected by working fields (WF) that need to be addressed to achieve the goals.

The automated selection of practicéq®m multiple PRs based on the software project context
requires an integration of the multiple PRs with this context. First of all, a characterization of the

software project context is needed to connect it to the multiple PRs. As the software project context
differs from one software project to another, an analysis of frameworks that describe this context
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needs to be performed. Another challenge is the development of a systematic afgpraacuto-
mated selection to be implemented in the tool support. Hence, the research questions and working
fields for the first goal (G1) are:

x (RQ1L.1):h
I (WF1.1.1): Analyze various frameworks that describe the software project context.
I (WF1.1.2): Select a framework that characterizes the software project context.
x (RQ1.2): How can the software project context be integrated with the multiple PRs?
' (WF1.2): Develop an approach to conniet selected framework that characterizes the
software project context to practices of considered PRs.
x (RQ1.3): How can the selection of practices be automatically performed?
I (WFL1.3): Develop an approach to systematically and automatically select practices based
on the software project context.

Second, thautomated identification of similar practicesd thedentification of dependencies
betweenthemrequire the integration of multiple PRs. This is a challenge. According to ISO/IEC
24744 [ISO/IEC TR 24774:2010 2010], the PRs vary in format, content and level of prescription and
thus, have different structure and terminology [Andelfinger et al. 2006; Siviy et al. 2008c]

X PRs are organized using different structur€se International Organization for Standardization
(ISO) tries to promote the definition of PRs with a common structure. Some of PRs, $8€Ch as
9001 and I1SO 90003 have a similar structure [Kelemen 2013]. SEI also tries with the CMMI
constellation to achieve a common structure for the PRs. However, we can argue that most of the
PRs are still organized using different structures. ORBs are using different names for the
same struct@al element. For example, the CMMI-DEV practices are called specific or generic
practices while in ISO/IEC 61508 they are called requirements. While a group of processes ad-
dressing the same topic is called domain in COBIT, in CMMI-DE&Y called acatgory. Fur-
thermore, PRs are written on different levels of abstraction. We found reasonable similarities
between COBIT control objectives, COBIT control practices, CMMI specific goals, generic
goals, practices, sub-practices, SPICE practices and IESO/IEC 61508 objectives and require-
ments. Without information about this structural mapping and thus, a normalization of the struc-
ture, it is not possible to automatically identify similar practices.

X PRs are described in different terminolod3Rs use different terms to express the same semantic
concept. For example, the termisoncompliance issuésn CMMI-'(9 D QG Qrofn-
DQFHV  LQ 63,&( RU S3ULVN DVVRRARLCMVHGO9ZDQ® & SSIRRVWHH-FYV OLLL
SPICE refer to the same concept. In addition, &Rhses its specific writing style. In some of
the PRsthe verbs are used in their active form, while ofiBRsmake extensive use of passive,
gerunds or nominalizations. This hampers the identification of different terms that are semanti-
cally similar and does not allow an automated identification of similar practices.

Besides the different structures and terminology, each PR contains a considerable amount of data.
Consequently, an integration of several PRs that allows automated operations becomes more com-
plex. Therefore, a suitable tool support is needed to assist the integration of this data.

Furthermore, the integration of multiple PRs must be flexible so that PRs for different software
areas can be integrated.

Hence, we define the research questions and working fields related to the integration of multiple
PRs that are necessary to achieve the second and third goal (G2 and G3):

X (RQ2-3.1): How can the multiple PRs be integrated?

10
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I (WF2-3.1.1): Analyze various related approaches to integrate the multiple PRs and allow
the identification of similar practices and of dependencies.

I (WF2-3.1.2): Provide a flexible design to integrate PRs for other software areas.

I (WF2-3.1.3): Analyze and offer different tool support to integrate the significant amount
of data.

Based on this integration, systematic approaches are possible to automatically identify similar
practices and dependencies between them.

The development of an automated systematic approach to identify similar practices is also a chal-
lenge. First, the comparison of not only two, but of more practices needs to be particularly investi-
gated Furthermore, to define when practices are similar, an analysis of the similarity between objects
in general is needed. Finally, a tool supported approach has to be developed to allow the comparison
of two or more practices. Therefore, we define the next research questions and working fields for the
second goal (G2):

x (RQ2.2): How can similar practices be automatically identified?
I (WF2.2.1): Analyze similarity theory to identify when objects are similar and haw ca
we identify their similarity.
I (WF2.2.2): Identify different modalities to compare two or more practices and identify
their similarity.
I (WF2.2.3): Develop an approach to systematically and automatically identify similar
practices.

The development of an automated systematic approach to identify the practice dejpsnden
also needed as many PRs do not explicitly define these dependencies within a PR or between PRs.
Analogously to the identification of the similar practices, we define the next research questions and
working fields for the third goal (G3):

x (RQ3.2): How can dependencies between the practices be automatically identified?
I (WF3.2.1): Develop an approach to connect practices that are dependent.
I (WF3.2.2): Develop an approach to systematically and automatically identify the depend-
encies between practices.
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In the following, we give a short description of the next chapters.

While thechapter 1 motivates the usage of multiple PRs for the software process improvement
initiatives and introduces MOSAIC and its goals this usage;hbpter 2 presents an overview of
MOSAIC by describing its parts and organizational roles who can use MOSAIC. Before introducing
the MOSAIC parts and the involved roles, we give an example scenario where an organization is
interested to use certain PRs (section 2.2). We use the practices from these PRs to motivate MOSAIC
(section 2.3) and later in the next chapters to illustrate its development (chapters 4, 5 and 6).

We continue with a short description of the MOSAIC parts. In the section 2.3, we give a short
overview of the analysis activities with their corresponding metrics. We also give examples of prac-
tices from our example scenario to motivate these analysis activities and to support their understand-
ing. In section 2.4, we describe the models and modeling activities. This description also contains a
review of the most important related work. This review is performed to differentiate between the

11
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existing approaches and the contribution of MOSAIC. In section 2.5, an overview of the implemen-
tation of MOSAIC, the MOSAIC Toolbox, that implement the modeling and analysis activities, is
given.

We close with a description of the roles that can use MOSAIC and define a mapping between
roles in organizations and the MOSAIC roles (section 2.6).

In the next chapters (chapters 3, 4, 5 and 6), we describe in more detail the MOSAIC parts.

The chapter 3 describes the MOSAIC meta-models with its elements and relations between
them. MOSAIC consists of three meta-models. While the first meta-model is defined to normalize
the structure of various PRs (section 3.1), the second one is defined to normalize the terminology of
these PRs (section 3.2). The third meta-model is used to integrate the software project context with
the PRs (section 3.3

Thechapters 4and5 describe the modeling and the analysis activities respectively.

In the chapter 4, we describe the modeling activities that can be performed to create the MOSAIC
models. The MOSAIC models are created according to the afore-mentioned meta-models. Conse-
guently, we describe modeling activities to normalize the structure of the various PRs (segtion 4.2
to normalize their terminology (section 4.3) and finally to integrate the software project context with
these PRs (section 4.4). In the description of the modeling activities, we also define several guidelines
to create these models. These guidelines are based on our experience with the integration of multiple
PRs. We exemplify the modeling activities by modeling some practices from our examjplaoscen
(sections 4.1

In the chapter 5, we describe different analysis activities that are based on metrics. After a short
introduction of the measurement theory (section 5.2), we describe the purpose of the metrics and a
design principle that is valid for all these metrics (section 5.3). In the next sections, we define for
each analysis activity the proposed metrics and how these metrics are used. We describedhe selecti
of practices based on the software project context (section 5.4), different modalities for the identifi-
cation of similar practices (section 5.5) and the identification of dependencies between sstices
tion 5.9.

Thechapter 6 lists numerous activities where MOSAIC can be applied to support organizations
to work with one or more PRs. For each such activity, we describe the MOSAIC applicatins a
limitations.

Thechapter 7 gives details about the MOSAIC Toolbox. We describe the requirements for the
MOSAIC Toolbox (section 6.1). Then, an overview of the different tools within the MOSAIC
Toolbox is given (section 6.2). These tools are integrated into a web application whose architecture
is described in section 6.3. Finally, section 6.4 gives some details about the implementation of this
architecture. More details about the MOSAIC Toolbox (e.g. how the different tools can bearsed)
be found in the appendices of this work.

Thechapter 8presents the evaluation activities performed to verify the achievement of our goals.
Experiments (section 8.3), case and field studies (sectigritadtinvolve different experts from
industry and research are described. The threats to validity, the limitations of MOSAIC and the future
work are also mentioned. Furthermore, we present the evaluation of the MOSAIC Toolbox according
to its quality in use, i.e. evaluation of its effectiveness (section 8.5.1), efficiency (section 8.5.2), sat-
isfaction and usability (section 8.5.3). Based on this evaluation, we give some examples of the future
work (section 8.54

Thechapter 9closes this work with the MOSAIC contributions to the software community (sec-
tion 9.1) and with a summary of this work (section 9.2).
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2 Overview

In the following, we present an overview of MOSAIC and exemplify how it can be used by
organizations. In the description of MOSAIC, we make references to the related work and describe
the differences between the existing approaches and the contribution of MOSAIC. We close with a
short description of the MOSAIC Toolbox.

[=Z (2 29%$4+

MOSAIC consists omodels(incl. their meta-models)netrics, tool supported activities and
offers support for differenblesthat have to deal with PRs (Fig. 1).
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The models represent the multiple PRs and the software project context and are connected to
integrate these PRs with each other and the PRs with the software project context. Section 7.6.1 gives
an overview of commonly used PRs that could be integrated into MOSAIC.

The models are created and then used by two roles respectively. These roles can perform tool
supported activities. Thodeler performs thenodeling activitiesto create the models. Theaa-
lyzer uses these models and performsahalysisactivities to make decisions regarding the adoption
of PRs and the assessment based on PRs. He selects practices based on the software project contex
identifies similar practices of PRs and dependencies between them.

We defined systematic approaches for each of the afore-mentioned analysis activities. Therefore
we defined metrics to obtain differentiable, reproducible and comparable results for each such anal-
ysis. For example, we defined similarity metrics for the identification of similar practices. These met-
rics can be integrated in various algorithms to implement an analysis activity. In this work, we give
examples of such algorithms. Such an example is the computation of the similarity degrea betwee
two or more practices based on the similarity metrics. An example that we did not impkethent
identification of a mapping between the processes of two PRs. Such implementation is possible in
MOSAIC based on these similarity metrics.

13
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As the models are an important part of MOSAIC, we give an overview of the MOSAIC way to
integratePRsand the software project context (Fig. 2). This is based on an idea developed during the
first stages of this work [Jeners (Pricope) and Lichter 2011], evaluated later during a master thesis of
a student at our research department [G—mez Rosenkranz 2010] and published [Jeners et al. 2013c]

We defined three meta-models, théegrated Structure Meta-Model (IS Meta-Model) Inte-
grated Concept Meta-Model(IC Meta-Model) andSituational Factors Meta-Model (SF Meta-

Model).
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First, the IS and IC Meta-Models are used by a Modeler to integrate the structure and the termi-
nology of differentPRs Fig. 2 depicts the purpose of both meta-models and their respective concrete
models, the ISMs and ICM respectively. The illustrated ISMs are only examples for PRsthat ¢
modeled in MOSAIC.

The 35V H O a€repievéimed by small geometrical shapes inside each PR. While the differ-
ent positions of these shapes inside a PR symbolize the different structures of PRs, their different
forms symbolize the different terminology of these PRs. For each PR, a Modeler normalizes its struc-
ture and creates its corresponding ISM where the shapes have the same position and thus, the shap
of the ISMs have the same structure. Hence, all ISMs use the same structure which makes them
comparable. Furthermore, the Modeler normalizes the terminology of the different ISMs and create
a common ICM where the shapes have the same form. These shapes of the same form are connecte:
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with the shapes of different forms in the ISMslifferent terms have the same meaning. Hence, the
ISMs use the same terminology which makes them automatically comparable.

Furthermore, the SF Meta-Model is used to characterize the software project context and to inte-
grate it with the PRs. For this purpose, the Modeler connects the SFM elements to the ICM elements
and thus, to the ISM elements for each PR. Consequently, the ISMs and the SFM are connected and
this also makes them automatically analyzable.

To summarize, ICM is a central model that supports the integration of the PRs with each other
and with the software project context by connecting their elements. Hence, it is the most important
model of MOSAIC.

The final ideas and results of MOSAIC were presented in a journal paper [Jeners et al. 2013b]
and at a conference talk [Jeners 2014]. The journal paper is resulted based on a tomhatitina
four academic researchers after a presentation and intensive discussion about MOSAIC.

=] ES$%2)1! 41799,

In this section, we give an example of an organization that is interested in the usage of multiple
PRs. For a better understanding of MOSAIC motivation and its support for organizations, we describe
a possible scenario where MOSAIC can be applied.

The application quality is the most important goal of a medium size organization with 200 em-
ployees It produces software devices to be integrated in automobiles. Consequently, the quality is of
major concern for the software projects within this organization. However, a high percentage of its
software projects do not achieve the requested quality. The results of an external assessment indicate
poor software processasa reason for this problem. Currently, the organization has a more general
internal process PR to serve as a rough guideline for the software development in the projécts. But i
does not have any experience with reference or process PRs.

Based on the recommendations of the external assessors and on the process profiles of their cus-
tomers, the organization decides to start a software process improvement initiative according to
CMMI-DEV, SPICE, ISO/IEC 61508 and ITIL. While some of its customers use CMMI-DEV, others
use SPICE for their software development. The usage of the same PRs as its customers strengthen:
the relations between thecustomers and this organization. For example, the communication be-
tween them becomes standardized and more efficient. Furthermore, the external assessors recomment
to use ISO/IEC 61508 as the functional safety of the software devices is an important requirement in
the automotive industry. Finally, the external assessors recommend to consider ITIL as the software
operation processes are strongly related to the software development. More, the software operation
processes might support to achieve the requested quality as well.

As there are no requirements from its customers to use any PR, the organization decides to select
only parts of the afore-mentioned PRs for their software process improvement initiative. Therefore,
the challenge now is to select practices from these PRs that are best suited to support tlee softwar
projects in managing the requested quality. Furthermore, the considered PRs have similarities and
dependencies. Consequently, the organization needs to identify them to manage the usage of the PRs
in a coordinated way and benefit from synergy efféaisexample, redundancies have to be avoided,
information about the adoption of selected practices from the multiple PRs is needed, the time order
between the practices needs to be defined, as well as the information flow between tire sleftw
velopment and operation has to be known and specified.

In the following, we use practices that are relevant for this organization to motivate MOSAIC
and illustrate how it can be used. We do not aim to select all practices from the considered PRs o
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show all their similarities and dependencies, but only give some examples for a better understanding
of MOSAIC. In this chapter, we motivate MOSAIC by giving examples of how the analysigiesti

are applied. In the next chapters, we illustrate how the MOSAIC models related to some practices are
created, how the selection, dependencies and similarities identification of these practices are imple-
mented, as well as how these modeling and analysis activities are performed using the MOSAIC
Toolbox.

[=\ (7$)&6!(46861'$73'A 1:9%L.'

In this section, we describe the MOSAIC analysis activities, their related metrics, as well as ex-
amples of practices to illustrate these activities and thus, how MOSAIC can support Analyzers and
their organizations in the software process improvement.

[F\=211)14%6,7",/G%$4*641.

There is a lack of published guidance related to the selection of best suited practices from multiple
PRs. Therefore, we defined an approach to automatically select practices from mukipksB&on
the software project context. For this purpose, we defined metrics that determine the support degree
of a practice for a software project context. We differentiated betae¢eBWURQJ" S30HGLXP’
3$ E V Hs@ppoit degree of a given practice for a certain software context. Practices@tW UR Q J~
or 30 H G L Xupport degree can be selected to be adopted. These can be applied by Anaheers
software projects or can be considered for the improvement of the internal jtBseaslast, these
practices will help software projects to manage current or possible critical situations that exist or can
appear during project phases.

Hence, MOSAIC supports the selection of such practices. For a certain software project context,
MOSAIC delivers as result the best suited practices and their corresponding support degree for this
project context.

[2\=2=Z E5$#2)1."

The organization from our example scenario is interested in the us&j¢MF-DEV, SPICE,
ISO/IEC 61508 and ITIL. As there are no requirements to apply the entire PRs, only practices tha
are best suited to address the application quality are of interest.

Table 1 lists some examples of practices from CMMI-DEV, SPICE, ISO/IEC 61508 and ITIL
that can be selected with MOSAIC to support the software projects to manage the application quality.
We do not aim to give all practices from the considered PRs that are related to the applicatign qualit
but only some to exemplify and motivate the MOSAIC results.

The involvement of eligible stakeholders in the resolution of quality issues strongly supports a
software project to achieve a high application quality (example 1). The managers havedpespp
authority to support the staff to solve these quality issues. These quality issues do not otdy refer
product issues but also to process issues. Poor process quality leads to a poor application quality and
thus, theealso need to be intensively considered.

Another example of a strong support to achieve a high application quality might be a systematic
selection of a strategy for the verification of the software (example 2). Best suited techniques, e.g.
static/dynamic analysis, code inspection/review, white/black box testing, code coverage have to be
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systematically chosen to verify the software units and thus, identify the software faults that need to
be resolved.

Example 3 indicates a concrete verification technique, namely the boundary value analysis tech-
nique. The search of software errors occurring at parameter limits or boundaries is a well-known
verification method to detect software errors.

An analysis of requirements about the needs and constraints of the stakeholders is also recom-
mended (example 4). This analysis does not strongly support a software project but it should be
adopted as the requested quality can influence the involvement of the stakeholders. If the stakeholder
needs and constraints are not balanced due the quality constraint, conflicts can appgaojecthe
Such conflicts might jeopardize the achievement of the project goals and thus, the project have to pa
attention about the impact of the requested quality.

Finally, example 5 illustrates an ITIL practice that also plays an important role for a high appli
cation quality. One of the usages of the CMS (Configuration Management System) is the documen-
tation and providing of information about incidents and problems, such as faulty equipment, impact
of incidents and problems or information about the responsibilities for solvisgitie@dents and
problems. Therefore, the CMS provides the relevant information to find a solution for failures and
thus, to achieve the requested quality.
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Considerable research has already been performed to compare the multiple PRs. However, the
existing approaches are not objective enough or the reasoning for similarities between practices is
missing. Therefore, the results are not repeatable. Furthermore, the comparison is not detailed enough
to understand the practice similarities. Finally, approaches are missing for an automated comparison
of practices.

We perforned an analysis of the similarity theory and of the existing methods to develop an
approach to identify when practices are similar. In general, objects are siititeiy features are
similar and thus, practices are simitatheir elements are similar. We also identified some methods
from the similarity theory to compute the similarity between its practice elements. Finalgnay
lyzed which information is relevant for organization to offer several modalities to compare and iden-
tify similar practices. These are only examples, as other algorithms to identify similacgwact
possible as welWe defined the following algorithms to compare two or more practices:
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X Identification of the similarity between two or more practices

x Identification of the coverage of two sets of practices
I Identification of the highest coverage in a set of practices
I Identification of the best coverage in a set of practices

x ldentification of the output states of practices

The similarity between two or more practicesdefined by the similarity degree between these
practices. Therefore, we defined metrics that determine this similarity degree. This degree defines
how many similar elements the practices have in common. We differentisddédW ZHHQ 3(T XD (
3+LJK™ B30HGILXZ RU-ITIRmilarity degrees. While the identification of practices
witha3+LJK"~ RU 3ilXrDy@égree mainly support the organizations to avoid the redundan-
cies, the practices with S0HG L X P~ R UWegvde Bupport them to benefit from synergy effects.
Synergy effects are given by the differences between these practices WM& LXP~ RU 3/RZ3
similarity degree as these differences can serve as additional useful information about how to adopt
them.

The coverage between two sets of practisedefined by the coverage degree of the first set of
practicesin the second set of practices. Therefore, we defined metrics that determine this coverage
degree. This degree defines how many elements of the first set of practices cover the elements of the
second set of practices. The coverage degree has a value between [ dadslnot only indicate
that practices are similar, but also that they cover each other. The difference between the coverag
and similarity degree is that if the coverage between two sets of practices is high, it does not have to
be that the similarity between these practices is also high. One set can contain the elements of the
other set and also other elements. Then, their coverage degree is 1, but their similarity degree can be
3/RZ" B30HGLXP ™ bt QHLYIKU 3 [fTaoé& Of practices covers another set of practices,
redundancies can be avoided in the adoption and assessment. This is because, only the adoption o
the first set of practices and the assessment according to these practices are needwadoreurthe
based on these coverage degrees between sets, an Analyzer can also identify ¢chenfttatkie
highestand the subset of practices with thestcoveragan one set of practices

X A practice with the highest coverage has the maximum coverage degree in a considered set of
practices. When an organization needs to adopt or assess more practices, it can choosedhe pra
with the highest coverage degree to cover as much as possible from the entire set of practices.

X A subset of practices with the best coverage refers to the minimum number of practices with a
coverage degree of 1 in a considered set of practices. Therefore, an organipatidg cancen-
trate on these practices in the adoption and assessment to cover the entire set of practices.

Theoutput states of practices defined by the state of their outputs. Practices that produce sim-
ilar outputs are similar. We defined metrics that determine this output state based on the Deming-
Cycle values: Plabo-Check-Act. The Deming-Cycle is an iterative four-steps improvement pro-
cess, that starts with the planning of a process (Plan), continues with its implementation (Do) and its
verification against expected results (Check). By deviations, the root causes are identified so that
corrective actions can be derived and applied in the next cycle (Act). Inspired by thveadkter-
entaitedEHWZHHQ 330DQ" 3'R™-&KHKetp stdkeld té oRer information about the
lifecycle of a certain output produced by a practice. These states reflect whether the ougpteds cr

330DQ" LPSOHPHQWHG 3R”™ YHULILHG 3&eF\NThereforeY HULIL
organizations can benefit from synergy effects as they can use information from differaiot PRs
adopt these outputs.
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Hence, MOSAIC supports the identification of such similarities by indicatingithiarity de-
gree thecoverage degreand theoutput states between practices

[F\=[=Z E5$#2)1.

The organization in our example scenario need to use CMMI-DEV, SPICE, ISO/IEC 61508 and
ITIL and to identify their similar practices that are related to the application quality. The identification
of the similarities and differences of these practices help the organization to manage their adoption in
a coordinated way and to benefit from synergy effects. We give some examples ofgtiaatibave
different similarity degrees, cover each other or arelaimoncerning a certain output. Analogously
to the selection of practices, we do not aim to identify all similarities of the considered PRs, but only
to show how redundancies can be avoided or how additional information for the adoption of practices
can be gained.

Table 2 presents some examples ofsihalarity between two or more practiceSthe PRs con-
sidered by the organization.

Example 1 and 2 illustrate practices witlf T XD O~ R UsirhitdcityKliégrees that need to be
identified to avoid the redundancies between the multiple RREEP SOH OLVWYV 3(TXDO”’
UHODWHG WR WKH WUDFNLQJ DQG GRFXPHQWDWLRQ RI TXDOL
practices that address the resolution of process issues. These practices also differ. The CMMI-DEV
practice specifies that the quality issues have to be communicated to and solved together with various
stakeholders. The SPICE practice does not give such information.

Example 3 and 4 illustrate practices WO HG L X P~ D Q &midmyZdegrees. These have
differences that can serve as additional information for the adoption. In example 3, the SPICE practice
gives concrete details about how to resolve issues. In example 4, while the SPICE practice requires
that errors are documented, the ITIL practice gives concrete details abowtatiegmentation. It
requires that the errors that cannot be solved during the software development and are accepted for
release have to be properly documented for their resolutionKMVH GLITHUHQFHYVY OHDC
similarity degree. Although ITIL is mainly used for the software operation, it can also provide helpful
information for the software development.

Example 5 illustrates three practices with-a L J irhilarity degree that can be used to avoid the
redundancies between the multiple PRs. MOSAIC can identify the similarities of more than two prac-
tices. For this comparison, MOSAIC does not consider each tin® gfgpractices, but all the prac-
tices at once. This is possibleM®SAIC identifies the similar elements contained in all these prac-
tices. Consequently, the similarity degree of all practices is calculated based on the similarity degree
of their elements. In the example 5, the documentation of nhon-conformances is required by all three
practices. Therefore, their similarity fstigh ".
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Table 3 illustrates theoverage between practices

In the example 1 and 2, only one preefirom the two practices entirely covers the other one.
The coverage degree of the CMMI-DEV practice is 1, i.e. the CMMI-DEV covers th&SiPdClice.
Therefore, the adoption of the SPICE practice and eventually the assessment of the internal process
PRsaccording to this practice is not necesshtiile CMMI-DEV practice is considered. The SPICE
practice does not cover the CMMI-DEV practice. Therefore, the CMMI-DEV has the highest cover-
age degree in the set of the CMMI-DEV and SPICE practices.

Example 3 illustrates that one practice can cover more practices. The CMMI-DEV pracace
the two SPICE practices. Therefore, the best coverage is given by the CMMI-DEV grattieset
composed of the CMMI-DEV and the two SPICE practices. This is because, one practiseattove
three practices. Therefore, an organization can only concentrate on the CMMI-DE\adogi®n
and assessment.
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Table 4 illustrateshe output states of practiceBracticeswithF 30D Q" 3'R”™ D QuGtpai& KHF N |
states are given. Therefore, different information about the adoption of this output is provided. The
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We developdan approach to automatically identify the dependencies between practices of mul-
tiple PRs. This approach considers the inputs and outputs of practices to ideitifgtemdencies.
If a practice needs as input the output produced by another practice, then the pracieascipand-
ency. We defined metrics that determine the dependency degree between two practices. We differen-
tiated EH W Z&tidrn@” 3 30 H G L X RbséhtUdépendency degrees to indicate how dependent are
the practices between each other. These dependency degrees have to be consideragetthe
dependencies between practices within the software development area and between the software de-
velopment area and other software areas.

Hence, MOSAIC supports the identification of dependencies between practices. For a certain
practice, MOSAIC delivers as result its depend8W DFWLFHYV IURP 35V RI LQWHUH
SOHGLXP" GHSHQGHQF\ GHJUHH
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The organizationn our example scenario needs to identify the dependencies between the prac-
tices of the considered PRs to manage the usage of the PRs in a coordinated way. Fig. 3 illustrates
some examples of dependencies between practices that can help organizations to manage the infor-
mation flow between practices that are selected from a PR or from different PRs.

Example 1 and 2 illustrate dependencies between practices of a process and of different processes
of a PR. In example 1, the noncompliance issues must be first identified and then communicated.
Therefore, the time order for the adoption is defined. Moreover, this information can also be used to
efficiently perform assessments. For example, the assessment according to the CMMI-DEV PPQA
2.1 practice is not necessary, if CMMI-DEV PPQA SP1.5 practice is not properly adoptete-The
SHQGHQF\ GHJUHH EHWZHHQ W K HinpHt &t dutp\w dr & déMahticalbyeegublR Q J°
In example 2, quality issues are identified during peer reviews and then are communicated. Analo-
JRXVO\ WKH WLPH RUGHU LV LGHQWLILHG 7KH GHSHQGHQF\
similar butnotHTXDO 7KH SUHYLHZ LVVXHV® LGHQWLILHG GXULQJ W
DUH D VSHFLDO FDVH RI 3 TXDOLW\ LVVXHVYV AKHIKHDAD QVE KX HRW
to process non-conformances. For example, there is an issue if the checklists that are used for reviews
do not contain enough criteria to verify a requirements specification.

Example 3 illustrates dependencies between PRs for different software areas. Analogously to the
identification of similar practices, the PRs for other software areas should be considered as the soft-
ware development is strongly related to them. We consider an example of dependencies between
CMMI-DEV and ITIL. We assume that an error is not solved during the software development. Its
resolution during the software operation can be efficiently performed if during the software develop-
ment enough information is provided. Information about possible error causes, verification criteria or
environment is necessary for the software operation to efficiently close the problem.
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As the name suggests, MOSAIC integrates various puzzle pteites multiplePRsand the
software project context. MOSAIC is a model based approach that supports this integration by mod-
eling and connecting the PRs and the software project context.

Models are a restricted representation of the reality [Ludewig 2002], and are a functional, struc-
tural and behavioral analogy of the original. They are created as it is not possible or it is too costly to
build the original exactly how it appears in the reality [Alisch 2005].

As there is no standardized model for the software project context, such a model has to be created.
The PRs are models by their definition. However, these models are organized using different struc-
tures. Consequently, new models of the PRs must be created as well. For this purpose, we defined
their méa-models. According to the mega-modeling theory [Favre 2005],a P& HO LV D 3P R (

RI D PRGHO ™ 7Kaétel B B kvetsyrkodaMs DotRn absolute characteristic of the model itself,
but the role played by the model with respect to other models. Th&feDQ 3LQVWDQFH21"
between the models and their meta-model. Meta-models define the syntax and semantics of a model-
ing language [Pohl 2011] and are created by identifying elements of the originatdadiwhs be-

tween them. The identification of elements and their relations lead to a normalization of these origi-
nals.

We defined and related two meta-modelsntegrate the multiple PRand one meta-model to
integrate the software project context with the multiple {ERs 4):

X Meta-model tcmormalize the structure of PRy selecting their elements that allow a structural
integration

X Meta-model tonormalize the terminology of PRy relating their similar elements regarding their
semantic and thus, achieving a terminology integration

X Meta-model tanodel the software project contdt selecting elements for the characterization
of different software project contexts and relate them to the elements of PRs
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In the following, we briefly describe how we built the MOSAIC models based on ideas from the
existing approaches.

[=]=Z B7*1-%$*6,7',/'GV.’

The main purpose of the integration of PRs is to support the automated identification of similar
practices and of dependencies between them (Fig. 5). This integration is performed by a Modeler.

An analysis of the related work revealed that the identification of similarities and dependencies
is possible if the35V § H O &r® ¢oéétéd. We give a detailed review of the related work in the
next sub-sections.

To allow this connection between ti25V { H O,FaRviedgMf Viormalizes the structure and
terminology of the PRdde constructs théntegrated Structure Models (ISMs) as instantiations of
the Integrated Structure Meta-Model (IS Meta-Model) andrttegrated Concept Model (ICM) as
instantiation of the Integrated Concept Meta-Model (IC Meta-Model). Consequently, the Modeler
normalizes the structure of PRy extracting ISM element3hen, henormalizes the terminology of
the PRsby extracting ICM elements based on ISM elemantby relating these extracted ICM
elements with the ISM eleme(isg. 5).
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Theextraction of ISM or ICM elements consists of the identification of thes
elements in the PRs, as well as their modeling according to the guidelings de-
fined by the MOSAIC meta-models.
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To normalize the structure of multiple PRs, we defined a fine-grained common structure (IS
Meta-Model) for these PRs.

PRs have different structures. A detailed description of the meta-models of CMMI-DEV, ITIL,
ISO 9001, ISO/IEC 90003, ISO/IEC/IEEE 12207 and IEEE 1028 illustrates the different structures
[Kelemen 2013].

Various approaches define a common structure of PRs to compare their practices [Ferchichi and
Bigand 2008; Li Liao et al. 2005; Rahm and Bernstein 2001; Wang et al. 1999]. To reveal the practice
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similarities, two similar practices are manually connected in these approaches. Thereforeah bilater
comparison is supported. We aim to support a multilateral comparison of practices and allow the
connection of more than two practices. Moreover, we aim to support an automated comparison of
two or more practices. Finally, the related approaches do not provide any information about common
and different elements of the similar practicBse comparisons are subjective as the reasoning for a
mapping is not given. Yoo et al. request from such comparative studies to justify the identified map-
pings and warn that otherwise the results are not repeatable [Yoo et al. 2006]. The subjectivity of the
mentioned comparisons is overcome by approaches based on a fine-grained structure of PRs.

The need foafine-grained structure of PRs is mentioned in a series of articlesSElifisiviy
et al. 2008b]. Here, the practice elements, such as inputs, outputs or roles are modeled. Based on this
fine-grained structure, there exist approaches that indicate the similarities and differences between
practices by comparing their practice elements [Kelemen 2013; Malzahn 2009; Pardo et al. 2012;
Soto and MYnch 2008]. Furthermore, these fine-grained elements are also mentioned in the works
related to the identification of dependencies between practices [Chen et al. 2008].

MOSAIC is also based on this fine-grained structure. We call these fine-grained elesints
practiceConcepts.

An ISM practiceConcept is an ISM element, a word or a combination
words, which semantically represent one of the following practice elements
/ / ¥ role, which performs the activity described by the practice.

- ¥ output, which is produced by this activity.
Definition ¥ input, which is needed by this activity to produce the output.
¥ purpose, which motivates the activity operation.

The ISM practiceConcepts are the main ISM elements. A Modeler extracts these ISM prac-
ticeConcepts and other related elements from the PRs to create the ISM for each PR and thus, to
normalize the different PRs.

[=]=Z=] J1%#67,),-&X,%#$)6L$*6,7'

To normalize the terminology of multiple PRs, we defined the IC Meta-Model with its relations
to the IS Meta-Model. Based on these, a Modeler creates a new model, the Integrated Concept Model
(ICM), and relates it to all already created ISMs.

In the afore-mentioned related work, multiple PRs are integrated by connecting their elements.
While in some approaches similar practices are connected, in others, similar practice elements are
connected ([Ferchichi and Bigand 2008; Li Liao et al. 2005] vs. [Kelemen 2013; Malzahn 2009;
Pardo et al. 2012; Soto and MYnch 2008] MOSAIC, a Modeler connects practice elements,
namely the ISM practiceConcepts, by introducing a new element between them. This new element
relates these ISM practiceConcepts and thus, their practices become connected. We call these new
elements ICM concepts.
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/ ;, An ICM concept is an ICM element, a word or the smallest combinatiof
words contained in a practice that has a unique meaning in the context g
- One or more ICM concepts semantically define one ISM practiceConcept con-
Definition tained in different ISMs.

YRU H[DP®@diplans 3ZRUN EUHDNGRZ&NMW VEBMRWR3VRIWZDU
stakeholder§ DUH V X loKcepssO F

The ICM concepts are the main ICM elements. A Modeler extracts these ICM concepts based on
ISM practiceConcepts to create the ICM, a model of all considered PRs. As a result, the PRs are
indirectly connected by the central model, namely the ICM. Based on this approach with a central
model, MOSAIC can be easily extended with further PRs.

As the ICM concepts connect similar ISM practiceConcepts, practices from multiple PRs can be
compared. While in the afore-mentioned approaches the practice elements are connected pairwise, in
MOSAIC multiple ISM practiceConcepts are connected. Therefore, a multilateral insteadadf a bil
eral comparison of practices is possible in MOSAIC.

Another issue of the related approaches that are based on a fine-grained structure of PRs is that
there is no reasoning why practice elements are connected. Moreover, there is no differentiation be
tween various types of similarity. The connected elements can be semantically equal, can have a
small, medium or high similarity. Inspired by relations from similarity theory that reflects the simi-
larity between two concepts (such as generalization or partition mentioned in [Storey w838%0
defined such similarity relations to connect similar ICM concepts. Consequently, the similar ISM
practiceConcepts are also connected. The different similarity relations between the ICM concepts
give a reasoning for the similarity between the ISM practiceConcepts. Moreover, these similarity
relations allow a Modeler to specify if the ISM practicesConcepts are equal or have a high, medium
or small similarity.

The ICM concepts related by the similarity relations lead to the creation of an ontology. Hence,
the ICM becomes an ontology that contains related PRs concepts. We introduce an ontology based
on the definition of Thomas Gruber, who did foundational work in the ontology engineering [Gruber
1993].

An ontologyis an explicit specification of a conceptualization, an abstract
of the world that we wish to represent for a purpose. Therefore, it is an linguis-
tic, formal representation of a set of concepts and their relations within & par-
Definition ticular domain.

To summarize, the similarity relations between ICM concepts and the traceability of the ICM
concepts back to the original ISM practiceConcepts allow an automated comparison of muttiple pra
tices and identification of practice dependencies.
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The purpose of the integration of the software project context with the multiple PRs is to support
an automated selection of practices based on the software project context.

Based on an analysis of various frameworks which characterize the software project context, we
seleced one framework and integrated it with the multiple PRs. We give a detailed review of such
frameworks in the next sub-sections.

Based on this framework, a Modeler createsSitigational Factors Model (SFM)as an instan-
tiation of the Situational Factors Meta-Model (SF Meta-Model). Consequentippbels the soft-
ware project contexby extracting theSFM elementand byrelating these SFM elements with the

ICM elements

The extraction of SFM elementsconsists of the identification of these e
ments in the selected framework that characterize the software project cq
as well as their modeling according to the guidelines defined by the MO{
Definition meta-models.
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To model the software project context, we seldet framework with various factors to charac-
terize this context and create the Situational Factors Model (SFM).

We perforned a literature research to identify approaches and frameworks to characterize the
software project context. Estimation models, risk-based approaches or tailoring approaches define
factors that describe the software project context.

Estimation modelsupport projects in the budget estimation by using different factors that cha
acterize the software project context. These factors describe different critical situations and are used
to estimate the project costs with respect to the software project context. Models, such as COCOMO
[Boehm 1981; Boehm et al. 2000] or F{Albrecht 1979], define such factoiost drivers or gen-
eral system characteristics respectivel RPH H[DPSOHV &mnplexkywéRHe WrobudtHL &
COCOMO andW Kpdrférmancé LQ )3$

Risk-based approachedso consider the software project context as software projects can have
different risks. These approaches define a list of risk factors that indicate possible critical situations

2 FPA zinformation available at: www.ifpug.org (IFPUG FPA CPM v4.3.1), as well as wwsasmicon.confCOS-
MIC FPA Measurement Manual v3.0)
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in a software project [Boehm 1991, Fairley and Willshire 2003; Keil et al. 1998; Oz and Sosik 2000]
YDEWRUYV miskrielrs@ndirithe UH T X L U H' FRENQiNGacopé R E M H F R/ lingdeylate
V N L @e€xhibe project settings that could jeopardize the software project and need to be addressed.

Tailoring approachegonsider the software project context to adapt the internal process PRs to
be used in the projects. Different types of software projects are carried out in different environments
[MacCormack and Verganti 2003]. Factors to be used for tailoring approaches are defined in various
frameworks [Cockburn 2000; Dede and Lioufko 2010; Kalus and Kuhrmann 2013; Petersen and
Wohlin 2009; Xu and Ramesh 2007].

We decided to use the situational factors framewo& ODUNH D QG 2 famhoQeDtReU @
software project context. This framework is based on a profound analysis of approaches that describe
the software project context. It analyzes various data sources that describe different situations in the
software project context (Fig. 7). It does not only analyze all the afore-mentioned appr@stihe
mation models, risk-based or tailoring approaches), but also identifies factors defined by the PRs
themselves (CMMI-DEV, ISO/IEC 12207 or SWEBOK [ISO/IEC TR 19759:2005 2007]). Based on
this intensive analysis, a framework of situational factiasdefined.

Data Sources

Benaroch & Appari (2010)
Appari & Benaroch (2010)
e | Wallace & Keil (2004)

Wallace, Keil & Rai (2004)
Ropponen & Lyytinen (2000)
Lyytinen, Mathiassen & Rop (1998)
Albrecht FPA (1984)
Putnam SLIM (1978)
Delany & Cunningham (2008)
Ropponen & Lyytinen (2000)

e |e|e | Xu& Ramesh (2007)
1S0-12207(2008)
CMMI(2006)
Boehm & Turner(2003)
Factors identified in review phase

Cameron (2002)

Keil et al. (1998)
® | Barki, Rivard & Talbot (1993 & 2001)

Boehm (1991)
e | Casher (1984)

Classification Factors

® | Boehm CoCoMo (2000)

o | sweBOK (IEEE 2004)

Turnover, Team Size
Culture
Personnel Experience, Cohesion, Skill, Productivity
Commitment
Disharmony

. Changeability, Feasibility ® | [
Requirements Standard, Rigidity
Degree of Risk oo
Performance . . . .
. . Complexity, Type, Size, Predictability, Connectivity .
Application Reuse
Development Phase .
Deployment Profile L
Quality .
Knowledge o e |
Emergent e @
Maturity e .
Management Commitment . .
Stability DRI
Structure .
Facilities . .
Size .
End-Users | e o | e ®
Prerequisites .
Expertise
Management [Accomplishment
Continuity
External Dependencies
Business Drivers . .
. Time to Market .
Business Customer Satisfaction .
Payment Arrangements .
Opportunities .
Magnitude of Potential Loss . . .

e e | e | Ferratt & Mai (2010)

Technology

Organisation

Operation
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Accordingly, we define the SFM situationalFactors based on the definition of the situational
factors.

/ A SFM situationalFactor is a situatioD O IDFWRU G H | tt€ibtiGofl
a software development setting that is known to affect the software devyelop-
Sefirte PHQW >&ODUNH DQG 21&RQQRU @
erinition

The SFM situationalFactors are the main SFM elements. A Modeler extracts them to create the
SFM and thus, model the software project context.

Fl=[=[ V1)$%6,7>1*0117*+1',/*0$%1'G%,<14*@,7*15*'$73'GV."

To finalize the integration of the software project context with the PRs, we related the SF Meta-
Model to the IC Meta-Model. Therefore, a Modeler relates the SFM situationalFactors to the ICM
concepts.

While there are many approaches to integratePfRg only limited research has been done to
assist software developers and managers in making decisions regarding the selection of appropriate
processes or practices based on the software project context. However, there are some that mention
this necessity.

Some of the afore-mentioned approaches map concrete activities to factors that characterize the
software project context. The risk-based approaches define standard mitigation activities that can be
adopted to decrease the risk severity for the software project [Wallace and Keil 2004hrfplee
activities derived from the practices of PMBOK [Project Management Institute 2013] are defined for
each risk [Tesch et al. 2007]. However, there are no approaches that consider multiple PRs and thus,
the selection of best practices from multiple PRs is not addressed. Furthermore, some tailoring ap-
proaches map such factors (called tailoring criteria) to a set of abstract actions [Kalus and Kuhrmann
2013]. However, the activities are not extracted from multiple PRs.

Furthermore, there are also some approaches that propose systematic methods to map the factors
to the software project context. For example, the Root-Cause-Analysis method is proposed to be used
in the early stages of a software project to identify which are potential causes for software project
failures [Buglione 2008]. These potential causes are characterized by different factors. Blasse on
causes, activities for the software process improvement can be defined [Leszak et al. 2000]. For ex
ample, an insufficient tool knowledge of the personnel can be a potential cause that can be avoided
E\ WKH DFWLRQ 3SURYLGH SUR $Hdwkewt uede@pptdachées do WokddnssddrU V R
multiple PRs or do not define when a factor can be mapped to the considered improvement activities.

A more detailed mapping between a factor and improvement activities results in a case study with
several experts. Here, the support degree between such factors and CMMI-DEYV practices based on a
four-point ordinal scale is defined [Jeners et al. 2013a]. However, the mapping is manually gerforme
for each factor and each practice and considers only one PR. We aim to offer an automated mapping
where for each factor, best suited practices from one or more PRs of interest are selected.

Based on the experiences gained during the afore-mentioned case study and its resiitedve
relations between SFM situationalFactors and ICM concepts in MOSAIC that reflect the support de-
gree of an ICM concept for a software project characterized by this SFMaosialBactor. Based on
these relations, an automated mapping between SFM situationalFactors and practices can be per
formed.
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As MOSAIC aims to support an automated selection of practices, as well as an automated iden-
tification of similarities and dependencies between them, we deaddioe MOSAICToolbox. This
is a proof-of-concept to demonstrate that such automations are possible. The MOSAIC Toolbox is a
web application that integrates a collection of tools to support a Modeler and an Analyzer to perform
the modeling and the analysis activities respectively (Fig. 8).
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A Modeler can use the modeler tools to model the PRs and the software project context, as well
as to save the modeled data in the database. We deviiepesbo&'(1")*)&+!1* , that guides the
Modeler to perform the modeling activities and flag)*)&+!'* , that can be used to model the
data in XML format. Depending on the particular needs of the Modeler, he chooses a certain modeler
tool or uses these tools in combination for different purposes and different stages of data modeling.
Therefore, we offer various tool support to model the significant amount of data.

An Analyzer uses the analyzer tools to select practices based on the software project context
()Mo L+11* ), to identify similar practices#2#*%&#03+!"* ) or to identify practice depend-
encies 4)5)1')1/3+!1* ) based on the models saved in the database.
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In this section, we describe the MOSAIC roles and give a mapping between these roles and
ganizational roles.

TheAnalyzerandModelerroles can be performed by various practitioners who aim to work with
multiple PRs:software process engineem@ssessorsconsultantsand software project members
There are no standard names for these roles. For example, the software process enguadlets are
engineering process group members [Kulpa 2003], process specialist [Buch 2010] or process engi-
neers [Stephen 2013]. Therefore, we define them as follows:

X Software process engineesgse responsible for the definition and improvement of the internal
process PRs of an organization.

Software process assesspesform assessments according to BRke organizational and pro-

ject level.

Software projects membeuse PRs to achieve the project goals.

Software process consultarggpport organizations in the adoption of PRs and the assessment
based on PRs.

As the software process engineers are dealing with internal process PRs, we remind about theirs
definition.

x

X X

? An internal process PRis a special process PR and refers to the internal soft
processes of an organization. This PR defines activities to be used as gui
for the improvement of software processes in an organization, e.g. in softwarte pro-
jects. Hence, it defines the practices of this organization and thus, it is a PR

Reminder

The Modelerrole can be performed Isoftware process engineens consultantswho have a
deep theoretical and practical experience with the software processes, the consideredtP&®ks and
software project context. Their practical experience in all phases of a software project is necessary to
understand how PRs can support a software project to manage important constraints and critical sit-
uations in the project. This experience supports the Modeler in the integration of the PRs with the
software project context.

The Analyzerrole can be performed by all the afore-mentioned organizational roles. We give
some examples of how these roles can usMtbE8AIC analysis activities.

While the software process engineers select practices based on the context of multiple software
projects, the software project members select practices based on their own software project context.
The selected practices are then adopted. The software process engineers improve the internal proces:
PRs according to the selected practices. The software project members adopt the selecesdtpractic
manage their software project context and achieve the project goals. Furthermore, both roles can
simultaneously use the information of multiple PRs (similarities or dependencies) to benefit from
synergy effects. Some PRs are more abstract than others or give different information how to adopt
a certain practice. This information can be used by the Analyzers to better understand and adopt the
selected practices. Concrete examples are illustrated in the previous sections (Iakénples 3
and 4).

33



<'GG-$E*

The software process assessors identify similar practices or the practice dependencies from mul-
tiple PRs to optimally use the multiple PRs. Consequently, redundancies or unnecessary evaluations
are avoided in the assessment of the internal process PRs according to these multiple PRs. Concrete
examples of redundancies and dependencies are illustrated in the previous sections{Ezahia-2
ple 1 and Fig. 3 respectively).

The software process consultants can also use the information about the similarities, differences
and dependencies between PRs. Consequently, they can better support their customer in the software
process improvement based on these PRs.

= I"## 98

MOSAIC defines meta-models to allow a Modeler to integrate different PRs and the software
project context, and an Analyzer to perform an automated selection of practices, identification of
similar practices and of dependencies between them (Fig. 9).

The central model of MOSAIC is the ICM. Firstly, it allows the integration of the various PRs at
a conceptual level. This integration allows the identification of similar practices and of dependencies
between them. Secondly, ICM also allows for a conceptual level integrationRiRg8véth the soft-
ware project context to select practices that are needed for addressing different situations in software
development settings.

The Modeler integrates the multiple PRs by normalizing their structure and terminology. Conse-
guently, he creates an Integrated Structure Model (ISM) for each PR and an Integrated K@odek
(ICM) for all PRs. While the structure normalization is performed by an extraction of the ISM ele-
ments, the terminology normalization is performed by an extraction of ICM concepts based on ISM
practiceConcepts and the relation of these extracted ICM concepts to ISM practiceConcepts.

The Modeler integrates the multiple PRs with the software project context by modeling this con-
text and relating it to the PRs. Consequently, he creates the Situational Factors Model (SFM) and
relates it to ICM. The modeling of the software project context is performed by an extraction of the
SFM situationalFactors from an existing frameworlk ODUNH D QG 2 JRnRIQ QRedl on @
the experiences gained during a case study performed by a group of experts to map SFM situational-
Factors to CMMI-DEV practices, we defined relations between SFM situationalFactors and ICM
concepts. The Modeler instantiate these relations and thus, relates the SFM with the ICM.
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Table 5 gives an overview of the goals mentioned in chapter 1, the working fields that need to be
addressed to achieve these goals and finally, an overview of the MOSAIC way to ssdwveottkéng
fields.
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3 Meta-Models

MOSAIC defines three meta-models, théegrated Structure Meta-Model (IS Meta-Model),
the Integrated Concept Meta-Model (IC Meta-Model) andSituational Factor Meta-Model (SF
Meta-Model). The first two meta-models are used to normalize and integrate the structure and the
terminology of different PRs. The last one is used to model the software project context and to inte-
grate it with the PRs. In the following sections, we describe the three meta-models with their elements,
attributesard relations.

\=Z B*1-%*13" *9%4*" %A 1'$@\, 31)

The purpose of the Integrated Structure Meta-Model (IS Meta-Nl@d& normalize the struc-
ture of various PRs artd integrate them. Its elements (called ISM elements) and their relatiens
grouped in three packages: Practice Repositories, Practice and Practice Langudg®. (Fi

A model is a representation of a natural or artificial original (abstraction). It does not reproduce
all the aspects of the original, but only the ones necessary (reduction) to achieve certain goals (prag-
matism) [Stachowiak 1973]. Therefore, we define the IS meta-model by selecting only elements from
thePRsneeded to satisfy our goals. Our gsab allow an automated identification of similar prac-
tices and of dependencies between them. Therefore, practices and related elements have to be con
tained in the IS Meta-Model.

PackagédPractice Repositoriesontains elements (called ISM practice repository elements) that
group the practices of the multiple PRs. Such elements need to be modeled, otherwise an ISM of a
PRwould contairalong list of practiceand thus, it would be difficult to work with. The ISM practice
repository elements are mostly defined by the meta-models of existing PRs. As these elements have
different nameswe define the ISM practice repository elements to normalize their names. Table 6
exemplifies the mapping between the ISM practice repositories elements and the corresponding ele-
ments from several PRs.
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A PracticeRepositoryrepresents a certalRand is structured by means@ategories A Cat-
egorydefines a certain topic that is addressed in one or RroeessesA Process addresses a topic
to be improved by defininBractices For example, we found high similarities between COBIT con-
trol objectives, control practices, CMMI goals, practices (inclusively sub-practices), 8B$Crac-
tices or IEC 61508 objectives, requirements and thus, we consider all these mentioned aements
PracticesFinally, Processes and Practices haveafor a better understanding, we give some ex-
amples for these elements. TBRUDFWLFH5HS RV LW Rused bg Be&ns ofLtve QatégbiF
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Management
PHQW ™ ZLWK WKH LG 63,&( 0%1
of the project with the id SPICE MAN.3 BP9.
Packagd’racticedefines elements (called ISM practice elements) to mode3 th&tformation
on a fine-grained level. These elements are the basis for the automated analysis activities and thus,
we need to model them. We define these elements based on a literature review. Various process ar-
chitectures define elements that are used to describe processes [Bhuta et al. 2005; Curtis et al. 1992;
Kellner et al. 1999]. Furthermore, approaches that model the PRs on a fine-grained level define ele-
ments to describe practices [Kelemen 2013; Malzahn 2009; Pardo et al. 2012; Siviy et al. 2008b; Soto
and MYnch 2008].

$ FiH topicDvithin this Category is addressed in the Proée3¢$) RMHFW 0DQD
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There are different types of ISM practice elemeAtgivities, Outputs, Inputs, RolesandPur-
poses An Activity with its related Outputs, Inpg) Roles and Purposes are grouped irAativi-
tyUnit . Activities need or produce Artifacts (Inputs or Outputs), have Purposes or involve Roles. For
example, in the CMMI-DEV PP SP1.1 Practg¢ VWDEOLVK D ZRUN EUHDNGRZQ \
the scope of K H S U BhsteH$-ONE ActivityUnit that groups the Activity and its related Outputs and
Purposes. This Activtg WWDEOLVK WKH ZRUN fEddit&N&@RXIME ¥ W U X RW N UEH
GRZQ VWU Xka¢/tKdBXUBR®EBH *WR HVWLPDWH WKH VFRSH RI WKH
need any Inputs and does not involve any Roles.

Furthermore, there arexplicit Artifacts (isExplicit=true) and implicit Artifacts (iSEx-
plicit=false). The explicit Artifacts are contained in a Practice and can be directly derived from its
text. The implicit Artifacts are contained in tf&5V { G H YV &fd IP&adticeFoQare defined in the
original meta-model of PRs. For example, the CMMI-DEV defines examples of typical work prod-
ucts and SPICE defines outcomes for a Practice that can be considered as implicit Artifacts.

Finally, PracticeConceptsare ISM practice elements that are related to Concepts in the IC Meta-
Model (details in next section). Inputs, Outputs, Roles and Purposes are such PracticeConcepts.
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Packagéractice Languagédefines syntactical elements (called ISM practice language elements)
that are used to textually describe the ISM practice elements. The purpose of these elements is to
normalize the language of the ISM practice elemastachPR has its specific language style. For
example, some PRs use verbs in their active form, while déiRRsmake extensive use of gerunds
or nominalizations for the description of activities.

Based on a syntactical analysis of the language of ISM practice elements, wéalefash ISM
practice element its corresponding ISM practice language element:

X An Artifact and a Roleare described bg Noun.A Noun can contain one or more Prepositions
and build composed Nouns (e.fecords of quality assurance activiti@sA Noun can be spe-
cialized by the use of one or more Adjectives (darmal practicé  RRElativeSentenceg Q.
Yrganizational structure that reflects business needs
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X An Activity can be describelly a Verb and Nourfe.g. reate a supplier agreeménbr by a
Verb and a RelativeSenten@eg. ¥erify that personnel have the competencies

X A Purposecan be described kyRelativeSentence (e.guse effective methods to package the
assembled prodti” orbyaNoun introduced by a Preposition (eideliver with confirmatiori

Different steps are performed to achieve the current state (8 theta-model [Jeners (Pricope)
and Lichter 2011; Jeners et al. 2012b; Jeners et al. 2012c; Jeners et al. 2012a; Jeners and Lichter 2013
Jeners et al. 2013c]. Activities, Inputs, Outputs and Roles are the main elements of MOSAIC and
thus, they remained stable over several iterations performed to improve the IS Meta-Model. Other
elements are removed (e.g. OrganizationsLevel, QualityAttribute) or renamed (e.g. GoRiaxt
pose) to achieve an IS Meta-Model that better serves its purposes. Furthermore, ¢éhaNDdél
was extended with the ISM practice language elemaswge realized that further guidelines are
needed to consistently identify the ISM practice elements.

\=[ B*1-%*13'@ 7412*A 1*'$@\, 31)

The purpose of the Integrated Concept Meta-Model (IC Meta-Model) is to normalize the termi-
nology of the different PRs artd integrate them. Its elements are called ICM elements (Fjg. 11
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A Conceptis essential for MOSAIC as allows the integration of PRs with each other and of
PRs with the software project context.

An Conceptis a word or the smallest combination of words contained
practice that has a unique meaning in the context of PRs.

Reminder

The modeling of Concepts leads to an ontology of the terms used in the context of PRs, namely
to the ICM.

According to Rector, who defines guidelines for the construction and maintenance of ontologies,
an ontology should not contain aggregated concepts [Rector 2002]. Aggregated concepta lead to
cluttered ontology, an ontology that cannot be maintained any more due to the high number of ele-
ments and relations. As our aim is to create a maintainable ICM and thus, avoid a cluttered ICM, we
definea Concept as a word or as the smallest combination of words, but not as an aggregation of such
Concepts. For example, tReoftware key stakeholdetsLV D Q D JJU HQ R Q/H H&veakew K H
holders”and %oftware stakeholdef@nd thus, it is not a part of the ICM.

Rector proposes to define aggregated concepts outside the ontology and relate them with their
one or more semantically corresponding non-aggregated concepts inside the oiiiodogiore,
MOSAIC contains the PracticeConcepts (aggregated concepts) in the IS Meta-Moaleritlated
(relatesTo) to one or more semantically corresponding Concepts (non-aggregated concepts) in the
IC Meta-Model.

Although PRs have redundancies, there exist a high number of Concepts when integrating the
multiple PRs. To avoid a cluttered ICM, we propose to structure the Concepts. Based on the ideas of
facet-classification for similar software components [Schmidt et al. 2010], role modeling fdr mode
management [Kensche et al. 2007] &8 OD\DEOH UROHV IR U [REMR2BEMNWW LQ R
define ConceptCategoriego categorize the Conceptor a ConceptCategory, we defiigecohe-
sionwith the valuesiow ~and High . This reflects how close its Concepts are to each other, i.e.
reflects the similarity between these Concepts. ConceptCategories do not have to be defined for all
Concepts.

Different PRs have similarities and thus, their Concepts are similar. We define similarity relations
to connect Concepts and thus, to support the identification of similarities and dependencies between
Practices. There exist various similarity relations between concepts in an ontology [StoreyhE993]
generalizationrelation (3an entity type is the union of non-overlapping subtypasd thepartition
relation 3% set of members is considered an object in its own rigBased on these notions, we
define theGeneralizationOf andComposedOfsimilarity relations. For example, the Concépto-
ject plans L VGdberalizatio®f 3oftware project plans The Conceptroject plans LGbm-
posedOfaactivities” réles” D Qa&ivities dependenciés

As there can be similarity relations between Concepts, we define the following notions:

x

Similar Conceptsare related by ComposedOf or GeneralizationOf.

Different Conceptsare not related by ComposedOf or GeneralizationOf.

X Synonym Conceptshave the same sematic meaning and thus, they are semantically equal and
refer to the same Concept.

x

The PRs for a certain software area can have high similarities and thus, their Concepas are to
high extent similar. Therefore, there can exist a high number of similarity relations between these
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Concepts. This could lead to a cluttered ICM. Ontologies have to be maintgimestricting the
definition of similarity relations between concepts [Lembo et al. 2006].

Firstly, we define hierarchies for GeneralizationOf and ComposedOf.

The usage of tree hierarchies lead to maintainable ontologies [Rector 2002; Welty and Guarino
2001]. Based on this idea of tree hierarchies, the GeneralizationOf relatganenal Conceptwith
one or morespecial Concepts Therefore, mono hierarchies with general and special Concepts are
formed. We call thengeneralizationOf-mono-hierarchies.The usage of generalizationOf-mono-
hierarchies decreases the number of relations GeneralizationOf between Concepts and thus, avoids
the creation of a cluttered ICM. Based on notions from the graph theengeathe following terms
to differentiate between different roles of general and special Concepts inside a geroer@lizati
mono-hierarchy:

x Abstract Conceptis a general Concept and is the root ofgareralizationOf-mono-hierarchy.

x Parent Conceptfor a special Concept is its general Concept for a GeneralizationOf.

x Child Conceptfor a general Concept is its special Concept for a GeneralizationOf.

x Sibling Conceptsare special Concepts that share the same general Concept for a Generaliza-
tionOf.

X Ancestor Conceptfor a Conceptoncis a general Concept on the single path between the Con-
ceptconcand the root of the generalizationOf-mono-hierarchy.

x Descendant Concepfor a Conceptoncis a special Concept on the many paths between the
Conceptconcand Conceptatlower levels in the generalizationOf-mono-hierarchy.

The usage of ComposedOf also leads to the formation of hierarchies. ComposedOf relates one or
morewhole Conceptswith one or morgoart Concepts Therefore, poly hierarchies with whole and
part Concepts are formed. We call theamposedOf-poly-hierarchies Analogously to the gener-
alizationOf-mono-hierarchies, the whole and part Concepts inside a composedOf-poly-hieaarchy
have different roles. We do not define them as we do not make use of these terms in this work.

Secondly, generalizationOf-mono-hierarchies can be connected only by one relation Com-
posedOf. There can be more relations ComposedOf between the Concepts in different generaliza-
tionOf-mono-hierarchies. For exampl& RPSRVHG2|l UHODWHV WKH alRE@FHS WV
WLY LW Wl ASWKHLU FKLOG &RQFHSWY 3SGHYHORSPHQW SURMHF
This kind of relations leads to a cluttered ICM. Therefore, we restrict the definition of the similarity
relations ComposedOf. We generalbllow only single-point connection between the generaliza-
tionOf-mono-hierarchies.e. their abstract Concepts can be connected by ComposedOf. The relations
ComposedOf are implicitly valid for their descendant Concepts.

For the relations GeneralizationOf and ComposedOf, we define an attribute to reflect the simi-
larity between the related Concepts:

x Strength for GeneralizationOf has the valuédRZ~ S30HGLXP  D.G& eampé&
Stakeholders LV D *HQ H U BEé&ylsidiatdldei® DI Qpgfammers EXW WKH VLPL
E HW ZstakeDoRlers D Ckey stakeholders LV KLJKHU W &dkepoHet3VDT &G 3
grammers

x Percentagefor ComposedOf hasrati DOXHV )R WrblddBeBO HV 3 &RPSRM¥HG 21 3
tivites” ZLWK D KLIJKHU SHUFHQWDId D @Qivied depariRehSi¢sY HG 2|

3 There is an exception, i.e. when an abstract Concept is too generaiaioneeted to another abstract Concept
(e.g. not every Concepplans” LV F R P S RrdjetAitetyele phases WCkndeptPprojectplans LV EGdncepi K H
Feview plans is not).
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To summarize, ICM with its Concepts related by GeneralizationOf and ComposedOf represents
an ontology that is built according to different modeling guidelines to avoid a cluttered ontology.
These modeling guidelines are necessary to perform a maintenance and evolution in a structures and
systematic way [Baader et al. 2007]. Hence, guidelines, such as the definition of non-aggregated
Concepts, categorization of Concepts, the definition of the generalizationOf-mono-hierarchies and
composedOf-poly-hierarchies help a Modeler to obtain a maintainable ICM.

\=\ 16*$'6,79)Np4, %A 1'$@\, 31)

The purpose of the Situational Factors Meta-Model (SF Meta-Model) is to model the software
project context, to relate it to the PRs and thus, to integrate them. Its elements are called SFM elements

(Fig. 12.
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A SituationalFactor characterizes the software project context. As already mentioned in2.4.2.1
there are various frameworks that define factors to characterize the software project context. As the
situational factors framework & ODUNH D QG 2 fi&iRe® derdpreher@ive list of such fac-
tors, the SFM situationalFactors are the situational factors proposke bpmework (Fig. 13).
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Description
w | Personnel Constitution and characteristics of the non-managerial personnel involved in the softare development efforts
g Requirements Characteristics of the requirements
'-g Application Characteristics of the application(s) under development
O [ Technology Profile of the technology being used for the software development effort
E.u:) Organisation Profile of the organisation
) | Operation Operational considerations and constraints
o Managment Constitution and characteristics of the software development management team
O Business Strategic and tactical business consideration
Sub-Factors
Turnover Turnover of personnel
Team Size (Relative) team size
Culture Team culture / Resistance to change
Experience General experience | Team experience | Team diversity / Team Ability to understand the human implications of a new information system /
— Team Ability to work with top management / Application experience / Analyst experience / Programmer experience / Tester experience /
g Experience with development methodology / Platform experience
g Cohesion General cohesion / Team members who have not worked for you / Team not having worked together in the past / Team ability to successfully
2] complete a task / Team ability to work with undefined elements and uncertain objectives / Overdependence on team members / Distributed team /
[ Team geographically distant
O [skil Operational knowledge / Team expertise (task) / Team Ability to work with undefined elements and uncertain objectives / Training development
team members / Expectation of personnel's abilities / Analyst capability / Programmer capability / Tester capability / Team understanding of
application
Productivity Team ability to carry out tasks quickly / General productivity
Commitment Commitment to the project among team members
Disharmony Interpersonal conflicts
Changeability Scope creep / Continually changing system requirements / lll-defined project goals / Gold plating / Unclear system requirements
-g Feasibility Straining computer-science capabilities
@© | Standard General quality of input and output requirements / Conflicting system requirements / Incorrect system requirements / Misunderstanding of the
o requirements / Engagement of end-users in requirements capture / User understanding of requirements
Rigidity Rigidity of compliance to requirements
Degree of Risk Number of people and departments that the project affects / Thoroughness of design and risk resolution / Application causes major changes to
the way end-users work
Performance Evaluation of performance requirements / Real-time performance shortfalls / Required reliability / Estimation of hardware/software capabilities
= | Complexity Product complexity / Hardware architecture / Task complexity
.g Type Application type / Application domain / Application criticality / Architecture type / Configuration demands / Back up and recovery demands
@ | Application Size Hardware / Software / Required storage / Relative project size and duration
= Predictability Extent of recent changes / Platform volatility
& Connectivity Number of links to existing systems / Number of links to future systems
<{ | Reuse Required reuse / Extent of utilisation of externally-sourced components
Development Phase Development / Maintenance / Other phases (e.g. end of life)
Deployment Profile Number of deployed versions of applications / Number of deployed applications
Quality Required product quality / Maintainability
— | Knowledge Language experience / Tools experience / Experience with (general) technology / Project involves use of technology that has not been used in
8 prior projects / Introduction of new technology (to general solutions base) / Need for new hardware/software
= | Emergent Emerging technology (the technology itself is emergent)
c | Maturity Maturity of the organisation / Use of modern programming practices / Availability of technical support
._g Management Commitment | Senior management commitment to project / Lack or loss of organisational commitment to project
g Stability Resources shifting from the project due to changes in organizational priorities / Unstable organizational environment / Affect of corporate politics
= on projects / Organization undergoing restructuring during the projects / Rate of organisational change (growth or decline)
@© | Structure Organisational structure
2 [Faciities Physical working arrangements / Facilities to house the project
o Organisation Size Size of the organisation
End-Users Users resistant to change / End-user commitment / Degree of user engagement with development team / Conflict between users / Conflict
a—)’ between users/departments / Number of users outside the organisation / Number of users in organisation / Number of hierarchical levels occupied
o by end-users / User turnover / End-user experience with the activities to be supported by the future application / End-user familiarity with
(8] application type / End-user understanding of system capabilities and limitations
Prerequisites Applicable standards / Applicable laws / Organisational policies / Common practices / Operational ease / Installation ease
< Expertise Effectiveness of project management methodology / Project planning capability / Project management systems / Experience with project
L5 management tools / Efficiency of governance structure / Appropriateness of rewards / Project sizing capability / Achievability of schedules and
&= budgets / Estimation capability with respect to the personnel needs of projects / Degree of people skills in project leadership / Progress
8, control capability / Effectiveness of work flow and coordination / Definition of project milestones / Effectiveness of project managers / Management
g communication skills / Manager familiarity with team / Effective understanding of responsibilities / User expectation management capability
@ | Accomplishment Project management experience / Operational knowledge of leader
= [ Continuity Changes in organisational management
External Dependencies Dependency on outside suppliers / Number of hardware suppliers / Number of software suppliers / Multiple implementers / Multisite development /
Number of involved parties / Reliance on other projects or processing systems / Number of (external) stakeholders / Stakeholders' background /
1] Access to Stakeholders
8 Business Drivers Project drivers / Finance considerations / Marketing activites / Maximise profit/turnover / Minimise costs
£ | Time to Market Time to Market
g Customer Satisfaction Customer satisfaction / Satisfaction with user interface
m | Payment Arrangements Time and Materials / Fixed price / Non-conventional payment arrangement
Opportunities Project opportunities
Magnitude of Potential Loss| Customer relations / Financial health / Competitive position / Organisational reputation/survival / Market share / Loss of human Life

I"#$%EYE"1C/1"59/8%I/@1502%I0/47;508@ DUNH DQG 2%RQQRU @

In this framework, the situational factaase categorized. For example, the categ8rgchnol-
ogy  describes the technology profile being used for the software development. The cétedary
T XL UH P H Q WsVthe @iffieveRtithdtddteristics of requirements for a software project. Hhe S
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Meta-Model does not contain such a categmthe number of SituationalFactors is small and their
categorization is not necessary for our purposes.

Each SituationalFactdrasto be defined. For each situational factor, the situational factors frame-
work >&ODUNH DQG 2 figssReExqbRddtors. H@wever, we observed in a case study (section
8.4.2 that the definition of a situational factor by its sub-factors is not enough. Therefore, we require
adefinition for a SituationalFactor.

One or more SituationalFactors are related to one or more Concepts of the IC Metar&todel (
latesTo) We say, there is a relation between SituationalFactors and Concepts. If there is a relation
between a SituationalFactor and a Concept, then this relation is also valid for all the descendant Con-
cepts of this Concept.

Furthermore, based on the results of the afore-mentioned case study of mapping CMMI-DEV
practices to SituationalFactors, we define ris@soningfor arelation between a SituationalFactor
and a Concept. It can have the following values:

x Concerns The software project context characterized by the SituationalFactor concerns the adop-
tion of the Concept )RU H[DPSOH WKH 3UHT X cdan¢emsit@eVidoptadd bfghéH D E L
CRQFHSW FKDQJH UHTXHVWV’

X StronglyManages The software project context characterized by the SituationalFactor
strongly managelly the adoption of the Concept. For exampd¢ KH SUHTXLUHPHQWYV FK
is strongly managed by the adoption of RERQFHSW 3DQDO\|HG FKDQJH UHTXH

X Manages The situation characterizéxy the SituationalFactor is managed by the adoption of the
ICM concepts. For examplaV KH SUHTXLUHPHQWY FKDQJHDELOLW\" LV I
Concept:WUDFHDELOLW\ PDWULJ["

x Influences The situation characterized by the SituationalFaictthuences the adoption of the
Concept. For exampleV KH SUHTXLUHPHQWY FKDQJHDELOLW\  LQIOX}
SSURMHFW tBeGsDitipafé pbofect members have to pay attention about the impact of this
situation in the project.

The adoption of a Concept to handle a certain situation in a software projeq
text refers to the adoption of the Inputs and Outputs that are related to this Cq

Remark

Furthermore, we define the attributescription for the RelatesTo association to offer the possi-
bility to give a detailed reasoning for the relation between a SituationalFactor and a Concept.

Finally, the relation between a SituationalFactor and a Concept catclosive This attribute
is true, when exactly this combination of related Concepts have to be adopted, i.e. only the Inputs and
Outputs that are related to all these Concepts have to be adopted. For example, if there is an exclusive
relation between a SituationalFactor and &a& Q F Ht&whitted requirements DQG 3GHYHORSF
requirements$ then only Inputs or Outputs, such 3& H Y H O Re§uiréi@ms for which a commit-
ment exists that are related to both of these Conceptsconsidered. Otherwise, we say that the
relation is non-exclusive.
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MOSAIC contains three meta-models, the IS, IC and SF Meta-Models. In this section, we intro-
duced their elements and theelations.

The purpose of the IS and IC Meta-Model is to integrate multiple PRs. The IS Meta-Model is
used to normalize the structure of the different PRs while the IC Meta-Model is used to normalize the
terminology of these PRs. This integration is possible as the PracticeConcepts of the IS Meta-Model
are related with the Concepts of the IC Meta-Model.

Furthermore, the IC Meta-Model together with the SF Meta-Model are used to integrate the soft-
ware project context with the PRs. The purpose of the SF Meta-Model is to model the software project
context. This integration is possible as the SituationalFactors of the SF Meta-Model are related with
the Concepts of the IC Meta-Model.

In the following chapters, we use the abbreviation ISM, ICM and SFM in fro
the elements of these models to differentiate between them and remind the
of the model they belong to.

R'ema-rk:

In the following chapter, we define guidelines how the defined meta-models can be applied and
the corresponding models can be created.
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4 Modeling Activities

This chapter describes the activities perforimgd Modeler to create the MOSAIC models based
on the MOSAIC meta-models (Fig. 14). In the following sections, we describe and exemplify the
modeling activities, namely the extraction and relation of MOSAIC elements. We remind about the
definition of an extraction of elements in MOSAIC.

The extraction of ISM, ICM or SFM elementsconsists of the identification g
these elements in the PRs or in the situational factors framework [Clark
21 &R Q QR las well@s their modeling according to the guidelines defing
the MOSAIC meta-models.
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The modeling activities are specified using UML activity diagrams. For a better understanding

of the relations between the ISM, ICM and SFM elements that are considered in the modeling activ-
ities, we also illustrate the corresponding meta-model togetheeadthactivity diagram. For sim-
plicity reasons, the activity diagrams do not visualize the objects produced by each activity.

|=Z V"776-"'E5%# 2)1

After a description of the modeling activitieseWustrate the modeling of th&SM practice

CMMI-'(9 334% 63 Comimunicate quality issues and ensure the resolution of noncompliance
issues with the staff and manageasnd of the SFM situationalFact6D SSOLFD W LWeFeT XDO L'
lected this ISM practice from our scenario related to the application quaditye can illustrate the
modeling of the following elements:

X

X
X
X
X

x

Various types of ISM practice elements: ISM activities, inputs, outputs and roles
More than one ISM activity

ISM implicit practice elements

More than one ICM concept for one ISM practiceConcept

Various ICM conceptCategories (inclusively ICM conceptCategory related to different status of
an ICM concept)

Different similarity relations between ICM concepts
Relations between the SFM situationalFactor and ICM abstract concepts.

As the ICM abstract concept is an important role of an ICM concept in a generalizationOf-mono-

hierarchy, we remind about its definition. We also remind about generalizationOf-mono-hierarchy.

Reminder

]:

e An ICM abstract conceptis a ICM general concept and is the root of the geng
izationOf-mono-hierarchy.
A generalizationOf-mono-hierarchy is an hierarchy where one ICM special con-
cept can have only one ICM general concept.

[ 1'964* 98X, % $)6$6,7"

To normalize the structure of a PR, a Modeler extigettSM elements. The activity diagram

visualizes the extraction of ISM elements related tol8M practice, as well as the IS Meta-Model

(Fig. 15). The ISM practice language elements are not visualized because theponbedbe ISM
practice elements.
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Meta-Model Modeling Activities
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|=[=Z E5*%%$4*6,7',/'BIA'G%$4*641'V12,.6*,%61.'"E)1#17*.'

The Modelerextractsthe corresponding ISM practice repositories elemeits the ISM pac-
ticeRepository, ategory, process and practice based on the PR title, category title, process title and
practice title corresponding to the considel®bll practice. Then, he sets the ids of the ISM process
and practice based on the corresponding ids defined in the PRs.

I=[=[ E5*%%$4*6,7',/'BIA'G%$4*641'E)1#17*.

The Modelerextracts the ISM practice elemen@onsequently, the Modelextracts the ISM
activities, roles, purposes and explicit artifactentained in the ISM practice. He alsxtracts the
ISM implicit artifactscontained in the3 5 flescription of the ISM practice.

J=[=\ E5$#2)1"

We extracedthe ISM elements of the ISM practice CMMI-DEV PPQA SPXbmmunicate
quality issues and ensure the resolution of noncompliance issues with the staff and maR@agers
16).
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In the first step, the Modeler extracts the ISM practiceRepository, category, process and practice
(act. 1). Once the ISM practice is extracted, the Modeler extracts the ISM activities, roles anitd expli
artifacts containedh the ISM practice (act. 2.1). Finally, the Modeler identifies the ISM implicit
artifacts, suchas FRUUHFWLYH [EEW2I2R DhidJislistedad/typical work product in the
CMMI-DEV practice description.

J=\ J19% 67),-&X, % $)6$6 7

To normalize the terminology of a PR, the Modeler extracts ICM concepts based on ISM prac-
ticeConcepts and relates them.

There are two modalities for the extraction of concepts to create an ontology [Lembo et al. 2006]
Firstly, an existing ontology can be used by making simple modifications to fit our purposes (Ontol-
ogy Customization). We used OntoG¢hi Liao et al. 2005] to generate an ontology using| &
practices andW K H @e&stfifition othese ISM practices. This did not deliver good results so that

4 OntoGen at http://ontogen.ijs.si/
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not simple, but complex modifications would have been necessary to achieve an ICM that can serve
our purposes. Secondly, concepts can be extragtatarting with the most special concepts and then
creating the most general ones (Bottom-Up Construction). MOSAIC is based on this/sdarateg

thus, the Modeler extracts the ICM special concepts based on ISM practiceConcepts areatben cr

the most general ones, the ICM abstract concepts.

[F\=Z E5*%$4*6,7',/B@A'@,7412*.">$.13", 7'BIA'G%$4*641@,7412*.'

For simplicity reasons, we visualize the extraction of only one ICM concept based S
practiceConcept. According fits definition, the extraction of MOSAIC elements consists of two
main activities: identification and modeling of these elements. Consequently, the extraction of ICM
concepts consists of the following activities:

x ldentify an ICM concepin the ISM practiceConcept
X Model the ICM concept
I Search the ICM concept
I Create the ICM concept and its ICM abstract concept (if the ICM concept is not found in
the previous step)
I Define the relations for the ICM concept and the ICM abstract concept (if these ICM
concepts are created in the previous steps)

The last three sub-activities have to be decomposed and consist of sub-activities. Fig. 17 gives an
overview of all the activities needed to extract an ICM concept. These activities are individually
vizualized in the following sections.
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In the following, we describe these activities and where necessary, define guidelines for the cre-
ation of the ICM elements. As the last three activities contain further activities, we visualize them in
an activity diagram together with the IC Meta-Model.

|7\=2=Z B317*6/64%$*6,7'./*+1'B@A'@,7412*'67*+1'BIA'G%$4*641'E)1#17*

The Modelelidentifies an ICM concept in the ISM practiceCondgpanalyzing tiis ISM prac-
ticeConcept. An ISM practiceConcept can be semantically represented by one or mooat@pts.
An ICM concept is the smallest combination of words contained in the ISM practiceConcept that has
a unique meaning in the context of PRs.

§o'g  11$%4+,/*+1B@A'@,7412"

After the identification of the ICM concept in the ISM practiceConciiygt Modelersearcles
the ICM concepin ICM (Fig. 18). First, the Modelesearclesan ICM concepthat is syntactically
equal to the identified ICM concept. If such ICM concept exists, the extraction activity finishes. If it
does not exist, the Modeler tries to find an ICM synonym concept. On that account, the Modeler
identifies its ICM abstract concept for the ICM concaptisearches the ICM abstract concept
ICM. If this ICM abstract concept does not exist, then there is no ICM synonym concept in ICM and
the ICM concept must be created. We remind about the definition of an ICM synonym concept.

)

Reminder

ICM synonym conceptshave the same semantic meaning and thus, they a
mantically equal and refer to the same ICM concept.
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If the ICM abstract concept exists, the Modealearctesthe corresponding ICM conceptCate-
gory by traversing the generalizationOf-mono-hierarchy of the ICM abstract concept. According to
the graph theory, there are two modalities to traverse a tree: depth-first dhihirshdAs thelCM
conceptCategory hames are not unique on the different levels, the generalizationOf-mono-hierarchy
should be breadth-first searched to identify the corresponding ICM conceptCategory. Otherwise, the
ICM conceptCategory name is found ardeeper level as it should and the Modeler misses the
searchedCM synonym concept. If the ICM conceptCategory is not found on a certain level, the
Modeler traverses the next level. The steps of traversing the generalizationOf-mono-hierarchy are
visualized in Fig. 19 together with a dummy generalizationOf-mono-hierarchy.
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If the ICM conceptCategory is found, then the Modstarches for an ICM synonym conciept
this ICM conceptCategory. If he finds it, the search finishes, otherwise the Modeleccheast¢othe
ICM concept.

F\=2=\ @%1%$*6,7',/*+1'B@QA'@,7412*$73'6*'B@QA'(>.*%$4*@,7412*

If the ICM concept is not found in ICM, the Modeteeates an ICM concept and its ICM abstract
concept(Fig. 20). We recommend to create ICM concepts in their plural &stine ICM concepts
canberelatedR ,60 DUWLIDFWYVY RU UROHYV )Rtakéhpé&rsS ©BIQ WIKHH,& OVIR
ISM artifact that represents a list of stakeholders or to the ISM role that represents the person stake-
holder. Consequently, the plural form avoids the modeling of unnecessary ICM concepts by creating
only one of them for the two types of ISM practiceConcepts. Furthermore, based on our experiences,
we argue that the plural form increases the readability of the ICM and the understandir@ Mf it
concepts.
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As for each ICM concept, the ICM also contains its ICM abstract concept, the Modeler has to
create this ICM abstract concejftit does not exist. Furthermore, the Modatezates the ICM con-
ceptCategoryn the generalizationOf-mono-hierarchy. Based on our experiences with the extraction
of a high number ofCM concepts, we propose the following ICM conceptCategories:

x Contextto reflect the software area in which the ICM concepts are used @B YHORSPHQW V
KROGHUV" 3VHUYLFH RSHUDWLRQ VWDNHKROGHUV”~

x Parties to define who is responsible for the ICM concept in a software project{®¥. SSOLHU
requirement§ 3:SURMHFWSUHTXLUHPHQW

X Scopeto reflect the purpose of certain ICM concepts (@gDWHJIJRUL]DWLRQ 3OQYMOSD |
ysis risk parameters

X Typeto reflect the different ICM concept types (e3dJ H T X L & H P @ WD) idre@ttypes
of 3ZRUN S3IRGXFW

X Statusto express the state of #8M concept that changes when different activities are performed

SPDLQWDLQHG™ Sngptrbtithythe BetiDdXCycle (Pl&e-Check-Act) and by an ap-
proach that uses these values to mark the outcomes of the CMMI-DEYV practices [Chen and Sta-
ples 2007], we differentiate between variou6 W D typ&s\Mto reflect the different states of an
ICM concept:
I Status ICM concept is created (e.@stablish a work breakdown structure
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I Status-Do: ICM concept is implementee (. Perform the project plan
I Status-Check ICM concept is verifiedd.g.*$QDO\]H WKH VRIWZDUH UHTX
I Status-Do-Check ICM concept is verified and according to this verificaiitds updated

(e.g 20DLQWDLQ SURMHFW SODQ°

Each of the defined status is valid for the ICM concepts extracted from PR
QRW IURP RWKHU VRXUFHV )RU H[DPSOH WK
of the function points analysis method does not only refer to the verificatio
update activity, but also to the adding, changing or deleting activity (Longs

Remark. 2012).

Furthermore, the creation of an ICM conceptCategory also involves the definition of its cohesion

(High " or Low ) to reflect the similarity degree of ICM concepts within an ICM conceptCategory.

The last step is thereation of the ICM conce the ICM conceptCategory.

|F\=2=] D1/676*6,7',/'V1)$*6,7."/*+1'B@A'@,7412*$73",/'6*.' B@A'(>.*%$4*@,7412*

Once the ICM concept is created, the Moddkdfines the relations of the ICM concept and of its

ICM abstract concepto ICM similar conceor to SFM situationalFactsi(Fig. 21). For a better
readability, we do not illustrate the IC Meta-Model.
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To identify the similarity relations between the ICM concepts, we analyzed ontologies or schema-
based matching approaches that might be applied to support the identification of similar elements.

/ Schemabased matchingis the process of identification of two elements t
- are semantically related.

Definition

Many diverse solutions for schema-based matching have been proposed so far [Shvaiko et al.
2005; Rahm and Bernstein 2001]. These propose to compare the terms in a schema orlgntology
using linguistic resources, such as lexicons, thesauri, graph matching algorithms or structure meta-
data. We evaluated some online dictionary tools, such as Wérdh&tisselaer MSR Ser¥eand
Wikipedia Miner that use these linguistic resources. Unfortunately, their ability to identify ICM sim-
ilar concepts are not satisfactory. The reasmarsbe that the dictionaries mostly contain general
terms and not the specifrRsfterminology or that the similarity relations between the specific terms
are not consistently documented. Therefore, the Modeler has to manually relate the ICM concepts.

The relation of ICM concepts leads to creation of hierarchies in ICM. This relation is performed
as follows.

Firstly, the Modelerelates the ICM concept to its ICM parent concept by the ICM generaliza-
tionOf. He sets the strength for this relation, i.e. he selects one of the vatve§ Medium” or
High ". Based on the ideas from ontology construction and on our experience extracting ICM con-
cepts, we define some guidelines to select one sktieee values. In the ontology construction,
there is a differentiatioE HW ZH HQW D @®@nicépls H J 3 VWDNHKROGHKHUWQ&GUR
SYDOXMW HV™ FR Q Fddysstdkéholderd [Rector 2002] :KLOH WKW \SHD/O XAHR Q F H S
characterize their parent concept by using an adjectivé hes@ndiQ J° F R QaFelH@&IMg VT here-
fore, we propose the following strengths:

X °*High" WR UHODWH DQ ,&0 SDUHWVE HFR'QRHSMR Q RIGSIV Y@ MXOHD
egories.

X 3Medium " to relate an ICM parent concept and V H\OW D QIGNM €pacept in the ICM con-
ceptCategoryontext.

x 3Low ~ to relate an ICM parent concept aad® V H\OW D QIGM @ahcept in the ICM con-
ceptCategorieStatus, Parties, ScopeandType.

The strength for an ICM generalizationOf cannot be automatically set based
afore-mentioned guidelines. It has to be individually defined by the Modeler de-
pending on the similarity between the ICM concepts as there can be situ
where our guidelines do not apply.

Rémérk

5 WordNet at http://wordnet.princeton.edu/
6 Rensselaer MSR Server at http: //cwl-projects.cogsci.rpi.edu/msr/
" Wikipedia Miner at http://wdm.cs.waikato.ac.nz:8080/
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Secondly, the Modeler relates the created ICM concept to ICM whole or part comtepts.
searches for the ICM whole or part conceatsl therrelates the found ICM concepts by the ICM
composedOfThis is an exception as we restrict the definition of the ICM composedOf between ICM
descendant concepts. Furthermore, the Modeler has also to set the percentage for this relation, i.e. he
defines a rational value between 0 and 1 meaning the percentage one ICM concept cotiees the
ICM concept.

Thirdly, the Modeler relates the created ICM concept to SFM situationalFactorsrifies and
updates the relations between the ICM concept and SFM situationalFactors.

The Modeler verifies if such relations are possible for a SFM situationalFactor. i$ thie,
then the Modeler verifies if these relations already exist in ICM betweeSHM situationalFactor
and the ICM abstract concept. If this is valid, no activity has to be performed. If one akllaéisas
does not exist for the ICM abstract concept, then this relation between the ICM concept and the SFM
situationalFactor is created.

The Modeler also have to verify, if the existing relations between the SFM situationalFactor and
the ICM abstract concept are also valid for the current ICM concept. If thisteaations that are
not valid, then these relations have to be removed and be defined for all ICM concepts except the
current ICM concept. Consequently, the relations between the ICM concepts in the germer@lizati
mono-hierarchy and the SFM situationalFactor have to be updated.

If the ICM abstract concept is created for the ICM concept, then the Modeler has to analogously
relate this ICM abstract concept with the ICM whole or part concepts. Furthermore, the Modeler
relates the ICM abstract concéptSFM situationalFactors (section 4.4.2).

I7\=[ V1)$*6,7",/'BA@,7412*.*'BIA'G%$4*641@,7412*.

For simplicity reasons, we visualized the relation of only one ICM concept to an ISM prac-
ticeConcept (Fig. 22). First, the Modekarches the corresponding ICM concept in 1GMmhis
ICM concept is found, the Modeler relates it to the ISM practiceConcept. Otherwise, the activity
finishes and the extraction of this ICM concept based on the ISM practice element must be gerforme
first (see previous section).
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J5\=\ E5$#2)1"

We extracedthe ICM concepts for the ISM practiceConcepts of the ISM practice CMMI-DEV
PPQASPF2.1 ommunicate quality issues and ensure the resolution of noncompliance issues with
the staff and managets=ig. 23 illustrates the corresponding ISM and ICM after the extraction of the
ICM concepts and their relation to the ISM practiceConcepts. For simplicity reasons, we do not illus-
trate the ICM concepts W KH SFRUUHFWLYH DFWLRQ UHSRUWV’
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The extraction of ICM concepts based on the ISM practiceCorfcggif VROYHG QRQFRP
L V V Jshpé&fformed in two iterations:

x Extraction of the, &0 FRQFHSW 2QRQFRPSOLDQFH LVVXHV’
x Extraction of the, &0 FRQFHSW 3UHVROYHG LVVXHV’

In the first iteration, the Modeler extracts the ICM conce@RQFRPSOLDQFH LVVXHV’
the following activities:

X He identiiesWKH ,&0 F RoQdemddiaNce issuégact. 1).
X He searches for this ICM concept in the ICM:
' He searcks IRU DQ ,&0 FRQFHSW V\QWDFWLFDOO\ adtT XDO \
2.1.1).
I As he does not find it, he determines the ICM abstract corfisspies (act. 2.1.2).
I Hesearches it in the ICM (act. 2.1.3).
I He traverses the generalizationOf-mono-hieraréhy WKH ,&0 DEVWUDFW FRC
and searches for the corresponding ICM conceptCategory (act. 2.1.4) until the ICM parent
FRQFHSW 3TXDOLW\ LVVXHV™ LV IRXQG +HUH KH GRH?
FHSW&DWHJIRU\ 37\SH” DQG WKXV WHKHCMO FRQFHSW G|
X As the ICM abstract concept exists, the Modeler only creates the ICM concept:
I He definesthe ICMFRQFHSW & D W kb Jéllett ther diffarenfguality issu€ types
(act. 2.2.2).
' HH DGGV WKH ,&0 FRQFHSW 3IQtRQIER PddcehtOafrfdiy (abtV X HV
2.2.3.
X Once the ICM concept is created, the Modeler relates it to ICM similar concepts and SFM situa-
tionalFactors.
' He relates the ICM conceptQRQFRPSOLDQFH LVVXHV™ WdalityvVv ,&0
L V V X¥the ICM generalizationOf. For this relation, he defines the strehgth " as
thelCM FRQFHSW&DWH JaRtUA3ILY 37\SH”’
I He searches for ICM whole or pancepts (act. 2.3.2). Such ICM concepts are not
found.
I Heverifies the relations of its ICM abstract concept with the SFM situationalFactors (act.
2.3.5). The relation betwedhe SFM situationalFactor and the ICM abstract concept is
also valid for the ICM concept because the adoption of the ICM coOR@R QFRPSOLDQ
L V V Xtkbhgly manages a situation in the software project described Bytf®2S OLFD WL
TXDOLW\" 7KH 3QRQFRPSOLDQFH LVVXHV®  QHHGV WR E

In the second iteration, the Modelesf[ WUDFWV WKH ,&0 FRQé&nd paorrd th& RO Y I
following activities:

X He identifiesW KH ,&0 F RoQdemdliakice issuégact. 1).
x He searches for the ICM concept:
I He searches for an ICM concept that is syntactically equal (act. 2.1.1). He does not find
it.
I As he does not find it, he determines the ICM ab&vad-RQFHSW 3LVVXHV"™ DF
I He searches it in the ICM (act. 2.1.3).
I He traverses the generalizationOf-mono-hieraréhy WKH ,&80 DEVWUDFW FRC
to search for the corresponding ICM conceptCategory (act. 2Hedinds the ICM con-
FHSW&DWHIRRU\ 36 WDW XV
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I He searches for an ICM synonym concept in this ICM conceptCatederfinds the
, &0 FRQFHSW 3F @Bngdd@ntlyy NoXattivity has to be performed any more.

Finally, the Modeler connects the two extracted ICM concepts to the ISM practiceConcept.
Therefore, the ISM practiceConcepy HVROYHG QR Q F R¥r8dddd Bo@hie HCNL soxcepisV
SQRQFRPSOLDQFH LVVXHV  DQG 3FORVHG LVVXHV’

=] B*1-9%*6,7', [*+1", [*0 $%4' @s<14* @ 7*15"

The Modeler models the software project context and relates it to the PRs by extraciRlyithe
situationalFacta from the situational factors framework @ ODUNH D QG 2 %aldR€afng U
these SFM situationalFactors to ICM concepts.

For simplicity reasons, we describe the extraction of only one SFM situationalFactor and its re-
lation to ICM concepts.

JF1=Z E5*%$4%6,7' /' INA'I6*"$*6, 7$)N$4* %'

The Modelerxtracts the SFM situationalFactfnom the situational factors framework. As this
framework does not provide a definition of the situational factors, the Modeler defines the SFM situ-
ationalFactor based on the list of sub-factors contained in the framework.

I=1=[ V1)$*1'INA16*"$*6,7$)NS4*,%™*,'B@A'@, 7412+

Fig. 25 illustrates the relation of one SFM situationalFactant€M abstract concept as ICM
descendant concepts in a generalizationOf-mono-hierarchy. The figure contains also the SF Meta-
Model and the ICM elemer@onceptfor a better understanding of the elements considered in this
modeling activity.
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To relate a SFM situationalFactor to one or more ICM concepts, the Mcdatehes for an
ICM abstract concept in ICM.

If the Modeler finds the ICM abstract concept,identifies the reasoning for a possible relation
between the ICM abstract concept and SFM situationalFacteen, the Modeler traverses the whole
generalizationOf-mono-hierarchy of this ICM abstract concepetidy if this relation is valid for all
its ICM descendant concept$the relation is valid, the Modeleelates the SFM situationalFactor
with the ICM abstract concepfeor this relation, he specifies the values for its attributes, such as the
reasoning and description. The relation between a SFM situationalFactor and an ICM absegatt conc
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is always non-exclusive as this relation refers to only one ICM concept. This attribute is per default
false and thus, the Modeler does not have to define it.

If the relation is not valid for all its ICM descendant concepts, the Moskedeches for the ICM
descendant conceptsr which the relation is valid. He performs a depth-first search, i.e. it traverses
the tree until he finds the ICM parent concept whose all ICM descendant concepts can be related to
the SFM situationalFactor. When these ICM concepts are found, the Moelates the SFM situa-
tionalFactor to all these corresponding ICM descendant concefgsalso specifies the values for
W KH U B atibWwdsRsQcti as the reasoning, description and isExclusive.

$'$"% )*+,-./(

We extracedthe SFM situationalFactclapplication quality and relatedt to the ICM concepts
corresponding to thiSM practice CMMI-DEV PPQA SPI12.1xCommunicate quality issues and en-
sure the resolution of noncompliance issues with the staff and mahagers

Fig. 26 illustrates the ICM and SFM after the relation of the SFM situationalFactor to ICM con-
cepts. We supposed that the ICM contains the two ICM abstract conédpteV XHV™ DQG 3VWD
H U ¥rid their ICM descendant concepts as illustrated in Fig. 26.

7KH ORGHOHU H[WUDFWV WKH 6)0 VLWXDW)LBageD @)t BUW-RU 3D
IDFWRUV OLVWHG LQ WKH VLWXDWLRQDO IDFWRUV IUDPHZRU
he specifies the definition of the SFM situationalFactor.

Then, the Modeler searches for ICM concepts that can be related to the SFM situationalFactor
and performs the following activities:

X He searches for an ICM abstract concept in ICM (act. 2.1) and identifies the ICM abstract concept
SLVVXHV" WKDW FDQ EH UHODWHG ZLWK WKH 6)0 VLWXDWLF

x +H GHWHUPLQHVY WKH UHDVRQLQJ 30DQDJHV™ IRU WKLV UHC
PDQDJHG E\ WKH DGRSWLRQ RI WKH ,&0 DEVWUDFW FRQFHS

X He verifies if this relation is valid for all the ICM descendant concepts of the ICM abstract concept
SLVVXHV™ DFWation is valickfét all &f its ICM concepts.

X As this relation is valid, the Modeler relates the SFM situationalFactor to this ICM abstract con-
cept (act. 2.4). This activity finishes.

The relation between the SFM situationalFactor and the ICM abstract8aice VW DNHKR O G |
defined analogously.
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A Modeler can perform various modeling activities to create the MOSAIC models based on the
MOSAIC meta-models. Therefore, he receives guidelines to create the ISMs for each PR, the ICM,
the SFM and the relations between them. As the ICM is the most important model of MG®RAIC
aim to particularly support a Modeler in its creation. First, we tried to generate the |Ci/opatbe
description of ISM practices so that the Modeler has to perform only simple modifications. This gen-
eration did not deliver promising results. Moreover, we tried to generate the similarity relations be-
tween the ICM concepts. However, the existing schema-based matching resources could not be used.
Therefore, we defined modeling activities to support a Modeler to create step by step the ICM and
provided him additional guidelines for its creation.

For a better understanding, we described these modeling activities in detail, defined their se-
guences and exemplified them for an ISM practice from our example scenario related to the applica-
tion quality.
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5 Analysis Activities and Metrics

Based on the MOSAIC models, various actesitan be performelly an Analyzer to gain the
needed information from multipleRs These activities are realized by different algorithms which
are based on metrics. In the followingg start with a short introduction of the measurement theory.
Next, for each analysis activity we define the associated metrics and algorithms.

N=Z\'TT6-"B5%# 2)1

In the following sections, we illustrate the analysis activities on the follov8iM practices
within our example scenario related to the application quality:

Xx CMMI-D (9 334% 63 3,GHQWLI\ HDFK FDVH RI QRQFRPSOLDQF

x CMMI-'(9 334% 63 Comimunicate quality issues and ensure the resolution of noncompli-
ance issues with the staff and managers.

X SPICE SUP.1 BP%Ensure resolution on non-conformances.

We seleatdtheselSM practicesasthey support us in illustrating the following:

x Selection of thdSM practices CMMI-DEV PPQA SP2.1 and SPICE SUP.1 BP9 based on the
relation between the SFM situationalFactor and their common ICM abstract concept
X Identification of similarlSM practices based on the relations between ICM concepts and their
ISM practiceConcepts:
I IdentificationofD 3+LJK”~ VLPLODULW\ GV/VIDEVIPPRA BP2.H&h§PICEK H
SUP.1 BP9 practices
I Identification ofa coverage degree of 1 of the CMMI-DEV PPQA SP2.1 considering the
SPICE SUP.1 BP9, i.e. the CMMI-DEV practice covers the SPICE practice
I Identification of the output staté' R ‘of the CMMI-DEV PPQA SP2.1 and SPICE SUP.1
BP9
x Identification of a dependency degré&trong” between the CMMI-DEV practices based on the
relation between ICM concepts and their ISM practiceConcepts

A= ALS." OB 17%J+1, %&

According to Fenton and #ger measurement ighe process by which numbers or symbols
are assigned to attributes of entities in the real world in such a way as to describe them accordingly
to clearly defined rules[Fenton and Pfleeger 1997]. Metrics specify this assigne@G UHaHUV W
defined measurement method and the measurement B&IEC 14598-1:1999 1999]. Measures
refer to advariable to which this value is assigngtSO/IEC 25000:2014 2014] and not to the method
itself nor the scale. Metrics, as measurement methods, are part of MOSAIC and thus, are in the focus
of this chapter.

Rules, such as assumptions and requirements have to be defined to guarantee the validity of the
metrics. Assumptions are needed to allow the assignment of numbers or symbols to the attributes of
entities. Based on these assumptions, the developed metrics have to fulfill requirements.
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Furthermore, a scale must be defined to perform this measurement. There are four &ypes of
measurement scale assign numbers or symbols to attributes of entities:

x Nominal scaleThe attributes of entities are classified using different symbols (e.g. red, brown or
blonde for the hair color of a person)

x Ordinal scale The attributes of entities are classified and ordered, so that operations, such as
3 JUHDWHU WKDQ" B2OHVV WKDQ ™ RU 3HTXDO WR™ FDQ EH SF
provide information about the distance between the entities in this order (e.g. small, medium or
high for the height of a person).

X Interval scale The attributes are classified, ordered and the distance between them is equal. Sev-
eral operations are allowed with the exception of the ratio operation (e.g. values for the Celsius
temperature).

X Ratio scale This scale has all the properties of the interval scale and in addition possesses a
meaningful (unique and non-arbitrary) zero value. For this reason, the ratio operation is allowed
on this scale (e.g. values for the length of a train).

X Absolute scalelt is a ratio scale, where the result value is not only proportional to the searched
one, but it represents this value itself. It is valid for natural values, that are resulted by counting.

A=\ AH! ( B@ 19%4

In this section, we give an overview of the MOSAIC metrics and describe how we d=lelop
them. Table 9 gives an overview of the metrics defined in MOSAIC to implement the analysis activ-
ities and thus, to achieve our goals.

2LKFZGHG*KTIHYHIHEG

1EIMHTG [HLKF*%EGJFI
1CG2")*VKHL*NCKFG

%\]INLQ!OIYLIIINZY/%6!LKWQVWIU!IZNLIKIUNZQKLI%IPIWQVNR!NZ!Y/%6!|LKWQVWIU

%\INLQIJIQLVWU
WNRQIeQIVUIOIUWLVbIOSIKIWILQKVRI%*6IUVQ\|%*61UVQ\KQVNRKP*KWQNLU

%VJIVPKLVQSUIQLVWU %VJIVPKLVQS!OIYLIINAIQYNONANNLI/%6!]

+LKWQVWI!%6V
6l QLV(\?VU -NXILKYIJIQLVWU-NXILKYI!OIYLIINZ /%6 LKWQVWIU IOIRQVZVWKQVNRINZIUVIVPK

NQNQUQKQIIQLYWU NQNQUQKQIUINZY%6ELKWQVWIU

/OIRQVZVWKQVNRINZ!OI]IROIR
bIQ[IIRY%6!LKWQVWIU

=I]IROIRWSJIQLVWU =I]JIROIRWSI!OIYLIbIQ[IIR!Y/%6!LKWQVWIU

<[=87%0'%):70:"7;%5I%1A7%()*+,-%4710"@%1D.72%

All these metrics are defined based on the results obtained by a first development of the similarity
metrics. The similarity metrics are first defined by a student and by us during a bachelor thesis at our
research department [Pyatkova 2011], evaluated and continuously calibrated in various iterations
[Jeners et al. 2012b; Jeners et al. 2012c; Jeners and Lichter 2013].

According to the measurement theory, we have to define assumptions, requirements and a scale
for eachmetric type: support, similarity, coverage, output state and dependency metrics.

Therefore, for each metric type, we define specific assumptions and requirements. One generic
requirement is valid for all metrics:

R-All. The metric should be differentiable, comparable, reproducible and plausible [Ludewig and
Lichter 2010]. These terms mean in detail:
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Differentiable Different inputs for a metric cause different results.
Comparable The results are comparable. This is possible for results on a ordinal or ratio scale.
Reproducible The same input always leads to the same value.

Plausible TheresultsUHIOHFW WKH KXPDQ H[SHUWVY RSLQLRQ L H
results.

X X X X

Furthermore, each metric type is based on a different measurement scale and thus, we specify it
when we give more details about each metric type.

For each metric type we apply the following design principle (Fig. 27).

(PIJIRQU 610LVWU

(PUIRQ 6IQLVWYI7
(PUIRQ 61QLVWAY

Y Y X X

(PIJIRQ 6IQLVW!7

7IYIRO

&

OlIROIRWS 7IXIPIOIQILIVRKQVNR™ Al gIQLVWIE!INRIQMIPRGRIZIbKUIO!N
c QUUIQLVWICINRIQMRIXIRNHRF"

"HSBIVPQ*+,-%4710" @ 2% R0 X72"#9%.0"9@".87%

The MOSAIC metrics are defined on different levelsHd) that are determindxy elements that
are related by semantic dependencies. These elements and their dependencies are giedar by the
ments and their relations in the IS and IC Meta-Models.

For example, three lexahre given by ISM activityUnits that contain ISM practiceConcepts that
are related to ICM concepts. Based on the metric for ICM concepts (lgy&ld_define the metric
for ISM practiceConcepts (levebland then, the metric for ISM activityUnit (levet)L

Consequently, for each level i di dn-1 and n is the total number of levels), a metric is defined
using the following design principles:

x Each metric on the leveldi depends on the metric on the previous level L

x The metric result on the level:kL is higlf on the given scale if the metric result on the previous
level L is also higH on the given scale for this level.
x The metric result on the leveh tepresents the final result.

8 High is defined for each metric type in the sectibms1, 5.5.2.1 5.5.3.15.5.4.15.6.1
9 See previous footnote
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The MOSAIC metrics are also SMART. A set of criteria is proposed to assess the metrics on the
basis of the 5W+H rule (What, Who, Where, When, Why + How) [Abran and Buglione 2008]. The
MOSAIC metrics fulfill these criteria

x Specific (What) Each metric has a purpose (Table 9).
X Measurable (How)Each metrids based on the similarity relations between DBl concepts
and the semantic dependencies between the ISM elemastdefined on different levels. For
each level, thresholds for the given scale for each metric are given.
X Add Value & Actionable (WhyYhe metrics support the analysis activities in organizations that
work with multiple PRs.
Relevant (Wha)An Analyzer uses the analysis activities that are based on these metrics.
x Time Whern): The analysis activities and thus, the metrics can be used when two or more PRs

need to be compared, when practices from multiple PRs need to be selected or when the depend-
encies between PRs need to be identified.

x

In the following, we describe for each analysis activity the algorithms and underlying metrics
that are the basis for each activity.

We describe the MOSAIC metrics using various functions and sets of elems
the MOSAIC meta-models. We do not completely formalize the descriptid
these metrics for a better readability and understanding. This formalization is pos-
: sible and is performed within the implementation of the algorithms and thejr un-

REfrErk derlying metrics by the MOSAIC Toolbox.

Before going into details, we introduce the following terms to denote the MOSAIC eleménts tha
are used as parameters by these algorithms and metrics:

X practsm for an ISM_practice

x auswmfor an ISM_activityUnit

X pasm_t for an ISM_practiceConcept of type te tType {ISM output, ISM input, ISM role, ISM
purpose}.

X congewm for an ICM concept

x sfsem for a SFM situationalFactor

n=] 11)14*6,7',/ 'BA'CG$4'64.'

In this section we describe how MOSAIC implements the selection of ISM practices based on
SFM situationalFactors. ®propose the support metrics and an algorithm that can be used to auto-
matically identify best suitetbM practices based on the software project context.

For the selection of ISM practices, we consider the mappings between ISMs, ICMFénd S
Furthermore, we consider ISM practiceConceptsvpcthat are ISM explicit artifacts of typgee T,

T {ISM input, ISM output}. We consider only ISM inputs and outputs because the adoption of ISM
roles and purposes do not explicitly support a software project, but allow that the ISM artifacts are
adopted to achieve a purpose. Furthermore, we only consider ISM explicit artifacts because the ISM
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implicit artifacts are only examples of outputs or inputs specified irBtBad§scription for aiSM
practice.

N=1=21"22,%*' A1*%64.

We define support metrics to determine the support degree of an ISM practice for a software
project whose context is described by a certain SFM situationalFactor. Based on this support degree,
ISM practices can be selected to support a software project.

According to the measurement theory, we define the following specific assumption (Al) and
requirement (R1) for the support metrics:

Al. ISM outputs are more important than ISM inputs regarding their support degree for a project.
R1. The computed support degree refdethe importance of ISM practiceConcepts.

The assumption (A1) specifies that the support degree of ISM outputs is stronger than the support
degree of ISM inputs. This is because the ISM outputs reflect the practice actual work, which is
expected to be performed. The ISM input only contributes to the creation of the ISM output. Conse-
guently, the adoption of the ISM outputs is more important than the adoption of the ISM inputs to
support the software project in a critical situation. The requirement (R1) requires that this importance
has to be reflected by the metric result.

According to the measurement theory, we have to define the measurement scale for the support
metrics. The support metrics use an ordinal séaleW K WKH RUGHU 36WURQW™ ! 30H(

According to our design principle, we define the support metrics on different levels (Fig. 28).

(PUJIRQU %\[INLQ!6IQLVWU
1%6/LKWQVWI 0+ & T,
WNRQKVRU
1%6![LKWQVWI-NRWI]Q Uo\]+- 7
VUILIPKQIOIQON
[-6'WNRWI]Q %\]-)3- ;
7IYIRO
&
OIIROIRWS 7IXIP!OIQILIVRKQVNR ANJIQLVWIRINRIQM!IPI¥IRIGIbKUIO!N

C QMUJIQLVWI!ICINR!IQM!RIKIRNDL

"#$BNY%*C..501%4710" @R¥82"#9%%

Firstly, each support metric depends on the support metric on the previous level. The support
metric on the ISM practice level depends on the support metric on the ISM practiceConcept level that
depends on the support metric on the ICM concept level.

Secondly, the support degree on a level is high if the support degree on the previous level is also
high. For example, the support degree of an ISM practié® gV U, @d Support degree of one of
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its ISM practiceConcepts i86 W U.RAQalogously, the support degree of the ISM practiceConcepts
is 36 W U, @d support degree of corresponding ICM conceptsasV URQ J”
Finally, the support degree of the ISM practices represents the final result.

N==Z=2Z 1"22,%*'A1*%64./\ %'B@QA'@,7412*"

Foraconacwm, the metricSupCONC (Support of Concepts)determinests support degree for a
software project whose context is described by tgeusf

SupCONC depends on the reasoning of the relation between the SFM situationafsachmd
the ICM concept coneu.

The SupCONC valueeV 36 WURWKH UHDVRQLQJ KDV WKH ghyMeanXxH 3&R
D J H¥Whis means that the adoption of the ICM concept concerns or strongly manages a situation in
the software project and therefore, it is strongly recommended. The SupCONOWAIILBOH G L X P~
if the reasoning has the valdldd DQDJIJH V"™ R U 3 TQi$ tn¥adXkattke adoption of the ICM
concept manages a situation in the project or a situation in the project can influence the adoption of
the ICM concept and thus, the project members have to pay attention about the impact of this situation
on the project. Consequently, the adoption of the ICM concept is relevant for the software project.
Otherwise, the SupCONC valueV 3$ E VIHiIQMéans that the ICM concept does not have to be
adopted.

The metric is defined as follows:

[ s E JvP AU VZZIQMLIIVUIKILIPKQVNR! B QHRIDENRWQMQMILIKUNRVY
c}v Ever }E cr"SE}VPOCD v P «~X

VZZIQMLIVUIKILIPKQVNR!JQURTDENRIVQAQAILIKUNRY

SupCONC , = "HE06& Al
upCONC(sfsem, concicm) ¢H#S%E. cD v P+~ }E clv(op v "X

L QO+ A NQML[VUI#

N=l=Z=[ 1"22,%*A1*%64,%BIA'G%$4*641@,7412*"

Forapaswm tof type t » T, the metricSupPC (Support of Practice Conceptsjetermines its
support degree for a software project whose context is described byrthe sf

Let CONGism_t= {conacm | congew is related to pewm_t}. This set contains all ICM concepts
related to pewm_t

SupPC depends on the metric SupCONC for the ICM concepts relatesht@ past, the SupPC
valueis 36 W U,Rf@nd only if peswm_tof type ISM output, otherwise it i SOHGLXP"~ RU 3$EVH(
Furthermore, the SupPC value is given by the corresponding SupCONG ofathe related ICM
concepts. The SupPC value canb@WURQJ" R U, if thie GUpROGNC values for all related
ICM conceptsD UH 36 WheRSQPPC value can b0 H G L XfAt does not exist a SupCONC
value for a related ICM concept that¥sbsent’, i.e. the SupCONCvallé DUH 36 WURQJ.” RU 30
Otherwise, the SupPC value #bsent’

The metric is defined as follows:
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Gt Al VZZWNRW*)3- osed)3-CUZys WNRWe A CASE}VPA v
Q'/%6!N\Q\Q#

E#8%& N VZZINRIINZIQMIQINIWNROVQVNRUINPOUh
t WNRW*)3-  oeeai%\)3-CUZys WNRWe A CASE}VPA
SupPC(sfsem, PCrsm.e) = — Q' /%6!VR]\Q#
© AWNRW® )3 nesid %\-)3-CUZyps. WNRW I+ v ERO!
Q'/%6IN\Q]\Q#

Q™+ A NQAL[VUI#

N=l=Z=\ 1"22,%* A1*%64,9B!A'G%$4*641."

For apracism, the metricSUpPRACT (Support of Practices)determines its support degree for
asoftware project whose context is describedfey.

Let PGractism t={pCism_t | pGsm _tis contained in pragis}. This set contains all ISM practiceCon-
cepts contained in pragh.

SupPRACTdepends on the metric SupPC for the ISM practiceConcepts contained igvpract
The SupPRACT value is given by the corresponding SupPC values of the contained ISM prac-
ticeConcepts. The SupPRACT vallleV 26 WURQJ™ LoheisiiHptatticelJdnveyt Yor which
its SupPC value iF6 WURQJ ™ 2SUpPRACI WiHe iSOHGLXP ™ LI Wdhel ISM H[LV\
practiceConcept for which its SupPC value BHGLX P~ 2 WKpPBZXQTWHIueLV 3SEVHQW’

G- A VZIWyigi01® +- 1cwaroestd0\+-CUZ6 IWoeeio* A €A SE}VPAX

SupPRACT _ cD Jpu”rU  VZZIbNQMWNROVQVNRU!I"NPOh
up (sfspm, Practisy) = — e A ]W%ao!‘ +']LKWQ/%@'F€/°\]+'CU%6; Wasei ot A ch & E

Woesior® = jLcworesldoN+-CUZe. IWye0® A €D ]t

L A NQML[VUI#

$Q ,60 SUDFWLFH ZLWK WKH VXSSRUW GHJUH
WLRQDO)DFWRU bVARBGOX®: 36W BRIQFWLFH UH

R'ema-rk.

N=]=Z=] V10"6%1#17*.'F1%6/64%$*6,7'

We verify the achievement of the requirements that the support metrics need to fulfill.
First, the general requirement for all metrics (R-All) requests that the nfiggststs have to be
differentiable, comparable, reproducible and plausible. As the support metrics are based on the rela-
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tion between SFM situationalFactors and ICM concepts and its attributes, the results are differentia-
ble, comparable and reproducible. The plausibility of the results are verified during several experi-
ments performed with several experts (sectioih 8.3

Furthermore, the specific requirement (R1) requires that the importance of the ISM practiceCon-
cepts haso be considered. According to the assumption (Al), an ISM output is more important than
an ISM input. This is considered he SUupPRACT valuéeRU DQ ,60 SUDFWLFH FDQ RC
if this ISM practice contains an ISM output for which the SupPC vhal\e 3 6 W itReQSM practice
contains ISM inputs for which the SupPC valu® 36 WURQJ" RU 30OHGLXP valM&KHQ W |
is RQO\ 3S0HGLXP’

A=J=] (- 66+ +#

The algorithm identifies the support degree of ISM practices based on a SFM situationalFactor.
It receives as inputsfsem and delivers as output selected ISM practices for a software project whose
context is described by thisssfi. Therefore, it delivers the ISM practices pracivith their corre-
sponding SUpPRACT vallé 36 WURQJ™ DQG 30OHGLXP’

As the algorithm is based on the relations between the SFM situationalFactor and ICM concepts,
and this kind of relation can be exclusive or not, we remind about its definition.

The relation between an ICM concept and a SFM situationalFagtoisexclu-
sive, when exactly this combination of related ICM concepts have to be adg
i.e. only thelSM inputs and outputs that are related to all these ICM concepts

Reminder to be adopted. Otherwise, we say tkailis non-exclusive.

The algorithm consists of the following steps:
I" -)06.7898:;<+6=6>?@6

#' Al&6)%/B6&)*%0#!16&.A(C6#)10#D36<EF<6=>/11/G<(6H6/!1/G<(6#16&)J
*000)'60!61D.A(6K360B)6&)*%0#!16&.A(?@6

$" GD60B)6&)*%0#!16&.A(6#161!1J)L/*MI#N)C6#')10#D36<EF<46=6>/!1/G<(6
H6/11/G<(6#16%16G<(6")1/)1'%106/!1/)506!D6/!'1/G<(6 *6<EF<?@6-)06
<EF<6=6<EF<6 %<EF<4@66

%" GDB0B)6&)*%60#!16&.A(6#16111J)L/*MI#N)C6#)10#D368<06=6>5/G.(906H6
5/G.(906#16&)*%60)'60!6!1)6!&62!8)6/11/G<(6 *6<EF<C6 606 *6+?@6
EOB)&O#1)C6#)10#D368<06=6>5/G.(906H65/G.(906#16&)*%60)'60!6%**6
N'1/G<(6 +B<EF<6 606 *6+67@6

&" Al&6)%/B65/G.(906  +68<06'IP6

&""  G)10#D360B)68:;<+6=>58%/0G.(6H65&%/0G.(6/!10%#1165/G.(C6
606 «6+62@66
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&"#'  Al&6)%/B65&%/0G.(6 *68:<+P6

&#'"  G)10#D368<5&%/0G.(906=6>5/G.(906H65/G.(906#16/!1J
0%+%#1)'6#165&%/0G.(?@6

&"#'#"  Al&6)%/B65/5&%/0G.(906  +68<5&%/0G.(906''P66

& H N G')10#D36<EF<5/G.(906=6>/11/G<(6H6/11/G<(6
#16&)*9%0)'60!65/5&%/0G.(90?@6

& H Al&6)%/B6/11/G<(6  +B6<EF<5/G.(906/!25M0)60B)6
M5<EF<QID.A(C/'1/G<(R@6
& HH'$" <125M0)60B)6.M58<QID.A(C65/58%/0G.(90R6
K%!l)'6!160B)6/!125M0)'6.M5<EF<6N%*M)| @6
&'#'$"  <125M0)6.M58:;<+QID.A(C65&%/0G.(R6K%I)'6!160B)6/12]
5M0)'6.M58<6N%*M)| @66

&"#"%" GD6.7898:;<+QID.A(C5&%/0G.(R6 HESEVHQW™ WKHQ

.7898:;<+6=6.7898:;<+6 %%6>Q5&%/0G.(C6.M58:;,<+QID.A(C5&%/J
0G.(RR6?7@6

" )OM&16.7898::<+@6

The set SUP_PRACT contains WU R QJ~ R UISN pr&ticeédthat can be selected for the
software project whose context is described oy

A=]=\ E5$#2)1'

We illustrate the selection of the followin§M practices based on the SFM situationalFactor
SDSSOLFDWLRQ TXDOLW\~

x CMMI-'(9 334% 63 Communicate quality issues and ensure the resolution of noncompli-
ance issues with the staff and managers.
x SPICE SUP.1 BP%Ensure resolution on non-conformances.

The selection is based on the relations between the SFM situationalFactors, ICM concepts and
ISM practiceConcepts. Fig. 29 illustrates the modeling of the correspoigihgractices, their re-
lated ISM elements and of the SFM situationalFactor. The illustrated ISMs, ICM and SFM contain
only the needed elements to exemplify the selection.
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In this section we describe how MOSAIC implements the identification of similar ISM practices.
We propose practice similarity metrics and several algorithms that can be used to autonaically
tify similar ISM practices.

For the identification of similar ISM practices, we consider the mappings between ISMs and
ICM. Furthermore, we consider ISM practiceConcepisvpcthat are ISM explicit artifacts. The set
of ISM practiceConcepts types T is different for the three types of practice simitaaitics and
algorithms. Therefore, for each practice similarity metric, we define it individually.

To define the practice similarity metrics, we first perform an analysis of the similarity ttoeory
select the methods which can be used to identify similar elements.

N=N=26#6)$%6*&'J+1,%&'

In general, similarity is an important property because it is fundamental for human cognition.
Similarity plays a key role in problem solving, remembering, prediction, and categorization [Gold-
stone and Son 2005]. In fact, if there were no similar objects and events, an individual would perceive
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each situation as a new one and would have to learn how to use each particular object. The notion of
similarity is applied in different domains. For instance, in geometry two objects are similay if the
have the same shape; in psychology they are similar if they can be put into the same. dsgegory
WKHUH LV QR FRPPRQ GHIL QL WLire@efitiohvof BdoGntablDbjésts atéd U H | H
similar if they have a set of common featlif€&soodman 1972].

There are several methods to determine the similarity between objects based on their common
features. These can be categorized as follows

x Spatial methodsonsider objects as points or vectors in the n-dimensional space [Groenen and
Borg 2013]. Well-known examples of spatial methods are the cosine distance or the euclidean
distance methods

x Feature-based method®nsider objects as a finite unsorted set of features. They calculate the
similarity with respect to their features. For example, the numbers of equal and non-equal features
of different objects are combined to calculate their similarity [Tversky and Gati 1978].

x Transformational methods.g. the levenshtein distance [Levenshtein 1966], consider the features
of two objects and their order. They count the transformations needed to convert one object into
the other; i.e., the smaller the number of transformations, the higher their similarity.

x Alignment methodsuch as structure mapping engine method [Goldstone 1994], use features of
objects and their relations to determine their similarity.

As in MOSAIC the order of elementsR E M H F W V §oddhDt\WaxdJtbl be considered, we do
not use the transformational methods. Furthermore, the alignment methods compare two objects with
features only connectda one relation. As there are different similarity relations between the ICM
concepts, we do not use these methods too. We also do not use the feature-based methods as thes
consider only equal and nagual but not simlarREMHFWVY IHDWXUHYV

The spatial method¢s RQVLGHU WKH VLPLODULW\ EHWZHHQ WKH RE
distance. For this reason, we use two spatial methods for the definition of the MOSAIC metrics: a
variant of the cosine distance and the weighted euclidean distance.

First, a variant of the cosine distance method is proposed to consider the distance between fea-
tures in a mono-hierarchy [Ganesan et al. 2003]. As ICM concepts are organized inzgogr@li-
mono-hierarchies, we can apply this method. The similarity between features p and q othyhierar
considers their lowest common ancestor, LCA (p, q), and the depth of p and q in the hidtaechy
similarity of p and q is high if tree are located deeply in the hierarchy and their lowest common
ancestor is located close to both of them.

et —4

Second, we use the weighted euclidean distance method. This defines the similarity of two objects
composed of one or more features. Each feature pair has a certain weight that defines the contribution
of this pair to the final result. In MOSAIC, the ISM practices contain different ISM practiceConcepts
(ISM inputs, outputs, roles or purposes) for which we define different importance values. Conse-
guently, we can apply this method. The weighted euclidean distance between two vectors of features
v1 and v of size n with their corresponding weight veatoof size n is defined as:
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N=N=[B317*6/64%*6,7',/*+1'16#6)$%6*&">1*0117'BIA'G%$4*641.'

According to Goodman [Goodman 1972ZDbjects are similar if they have a set of common
features”. Therefore, ISM practices are similar if they have a set of common elements that are similar.
For the identification of the similarity between ISM practices, we consider ISM practicgiisnc

pasm tOf typet « T, T {ISM input, ISM output, ISM role, ISM purpose}.

N=N=[=Z 16#6)$%6*&'A1*%64.'

We define similarity metrics to determine the similarity degree between two or more ISM prac-
tices. According to the measurement theory, we define specific assumptions3jAdnd require-
ments (R1+2) for these similarity metrics:

Al. ISM roles and purposes are the less important ISM practiceConcept types.

A2. ISM outputsaremore important than ISM roles, inputs and purposes.

A3. ICM part concepts of an ICM whole concept are not similar.

R1. The computed similarity metri fesults should reflect the importance of the ISM prac-
ticeConcepts.

R2. The number of the ISM practiceConcepts of an ISM activityUnit should not influence the
similarity metricsfresults.

The first two assumptions (Al) and (A2) specify the importance of the ISM practiceConcepts in
an ISM practice. The ISM output is more important than an ISM input, role or purpose and an ISM
input is more important than an ISM role or purpose. This is because, the ISM outputs reflect the
practicef &ctual work, which is expected to be performed. The ISM inputs contribute to the creation
of the ISM outputs while theSM roles and purposes only give additional information about how to
perform an activity to produce an ISM output.

Based on these assumptions, we define the importance of the different typesf iSM prac-
ticeConcepts. These values are first defined based on the experience of the author and then they are
continuously calibrated based on the evaluations of the similarity metrics. The ISM output has the
highest value as it is the most important ISM practiceConcept. The ISM purpose has the lowest value.

Importance IMP, Value
IMPoutput 3.50
IMPinput 1.25
IMProle 1.00
IMPpurpose 0.25

</ =8788%,4.501/9@7%51%,*(%.0/@1"@7-59@7.12%I50%1A7%2"4"8/0"1D%4710"@2%

The last assumption (A3) reflects the real world as part concepts thah f@nole concept are
VHPDQWLFDOO\ GLITHUHQW H J 3ZKoEisR[ DPGRIRW ™ DIH® DLUHHQ R
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According to the measurement theory, we also define the measurement scale for these similarity
metrics. The similarity degree is given by an ordinal aratio scale. We use an ordinal scale with
WKH RUGHU 3(TXDO™ ! 3+LJK™ ! 3S0HGKRP” DYRBRZD UBIMRIQOR VFDC
between 0 and 1, where 1 is the highest value and means that the elements are semantically equal, (
is the lowest value and means that the elements are semantically different.

Furthermore, all similarity metrics are symmetric. For example, for two ISM practices, the Sim-
PRACT (pradkmz, practsmz) =SImMPRACT (pragémz, practsmz).

According to our design principle, we define the similarity metrics on different levels (Fig. 30).

(PIJIRQU %VJIVPKLVQS!6IQL

1%61+LKWQVWI %VI+&. Ty
WNRQKVRU
1%6!KWQVXVQS$RVQ %VI&S
WNRQKVRU
1%6!LKWQVWI-NRWIIQ WwVI+ 7
VUILIPKQIOIQN
/-6!WNRWIJQ %VI-)3-

o

7

7IYIRO

&

OlJIROIRWS 7IXIPIOIQILIVRKQVNR™  Aj131QLVWI&IINRIQMIPIIRIGIbKUIOINR!
c  QUUIQLVWICINRIQMRIXIRIHO

I"#$BUA'4"8/0" 1D %47 10" @052 "#9%%

Firstly, each similarity metric depends on the similarity metric on the previous level. The simi-
larity metric on the ISM practice level depends on the similarity metric on the ISM achititgMel,
that depends on the similarity metric on the ISM practiceConcept level, that in its turn depends on the
similarity metric on the ICM concept level.

Secondly, the similarity degree on a level is high if the similarity degree on the previous level is
also high. For example, ISM practices havé-ggh “ similarity degree on the ordinal scale, if their
parts, namely the ISM activityUnits, have a high similarity degree on the ratio scalegdumly,

ISM activityUnits have a high similarity degree on the ratio scale, if their ISM prachoepts have
a high similarity degree on the ratio scale. Finally, the ISM practiceConcepts halesanhiarity
degree on the ratio scale, if their related ICM concepts have a high similarity degree on sitaleatio

Finally, the similarity degree of ISM practices represents the final result.

AN=A=[=Z=16#6)$%6*&'A1*%64.'/, %' B@A'4,7412*.

For two concepts corgi:. anda conaemz, the metricSIMCONC (Similarity of Concepts)de-
termines their similarity degree. It is defined according to a ratio scale and depends on the type of
hierarchy (generalizationOf-mono-hierarchy or composedOf-poly-hierarchy) the two ICMptenc
belong to.
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e In a generalizationOf-mono-hierarchy, for each ICM concept there is only of
ICM parent concept in this hierarchy.

In a composedOf-poly-hierarchy an ICM part concept can have more 1Q
Reminder whole concepts in this hierarchy.

The metric is defined as follows:

56 VZZIWNRWROIWNRWIZILIQN!QMUKJIIY/-6'WNRW

VZZIWNRHRROIWNRVKLIIVRIQAIUKJI!
Om12 (cOmerems, conciemz)d  y|RILKPVTKQVNR)ZFINRNFAVILKWASH

0y aiz(Concrems, concrmn)d  VZZ'WHRHROMWNRVKLINRINRITKQUVRIQMIUK]
SimCONC(concicyy, conciemz) = — WNJINUIO)ZFINPSFAVILKWAS#

VZZ'WHNRWUINRYNIINUIO)ZFINPSFAVILKWASIKR(
WNRWVRIKIYIRILKPVTKQVNR)ZFINRNFAVILKLY

Op+a (concicuy, conceyeyz)4

76

NQAIL[VUI#

The functions enot Feompor @and Foth depend on different ICM structures. Two ICM concepts
can be contained in a generaliza@dmmono-hierarchy, composedOf-poly-hierarchy or in both of
them (Fig. 31).
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Fgenotis defined for two ICM concepts contained in a generaliz&ienono-hierarchy (Fig. 31
- (@)). It is based on the variant of the cosine distance method. The similarity of the:cand
conacmz is high, if these are located deeply in the generalizationOf-mono-hierarchy and their lowest
common ancestor (LCA) is located close to both of them. Furthermore, their similarity depends on
the cohesion of the ICM conceptCategory (cohesjoof an ICM concept on the leveldnd on the
strength of the ICM generalizationOf (strength) between an ICM concept and its ICM parent
concept on the level in the generalizationOf-mono-hierarchy. There mayidevels between con-
cicm1 andLCA and n levels between consi2 and LCA. Therefore, the metric considers the cohesion
and strength corresponding to the ICM concepts on the path betweesmc@md LCA. Then, it
considers the cohesion and strength corresponding to the ICM concepts on the path between conc
and LCA and finally, the cohesion corresponding to the LCA itself.
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n1—1

| | Cohesion,(conciemy ;i ) - Strengthgenor(concicms i, conciem iv1)
i=1

0pqp (cOMCiey1, CONCIoM2) =

ny-1

. | | Cohesiong,(conciemz i ) - Strengthgenor(concicmz i , conciemz ir1)
i=1

- Cohesion,(LCA(concicus, concICMz))

2 - depth (LCA(concicmy, conciemz))
depth(concicyq) + depth(concicymz)

As the cohesion and the strength are defined on an ordinal scale, we define their corresponding
rational values based on our experiences (TaP)leThe rational values for the strength are defined
based omnanalysis of similar ISM practicesal®RiQ WKH H[SHUWVY HYDOXDWLRQV
results. The rational value for the cohesion is 0 asthere are ICM concepts within an ICM con-
ceptCategory that are to some point similar, but their similarity is so small that ISM practices that are
connected to these ICM concepts should not be found as similar.

Strength - ICM GeneralizationOf | Value Cohesion - ICM conceptCategory  Value
High "HGG High "#GG
Medium G#9: Low G#GG
Low GHEG

</=87%3%J/1"59/8%:/8C72%I150%1A7%,-(%#7970fB/&ZIDBI#1A%/96%,-(%@59@7.1-/17#50D% @5A72"59%

Feompotis defined for two ICM concepts contained in a composedOf-poly-hierarchy (Fig. 31 -
(b)). It depends on the percentages (Percerdags of the ICM composedOf of an ICM concept o
the level |. The Percentagenporis given by the attribute percentage of the similarity relation ICM
composedOf. Its value is set by the Modeler and is a ratio value between 0 and 1. There may be n
levels | between conem1 and conewmz (I1is the level of conem: andlnis the level of conemz).

n

03 gs12(concicmy, coneyeyz) = | |Percentagecompof(conchM_i)
i=1

Foothis defined for two ICM concepts contained in both hierarchies (Fig. 31 4t(o)ltiplies
the SIMCONC valugcalculated according to the corresponding formulas until their intersections
congnt (Fig. 31 +(c)).

O+a (cONC ey, cONCieyz) = SIMCONC(coneyeyy, €ONCicm ine) - SIMCONC(conc ez, cONC ey int)

As the similarity metrics are to some extent difficult to understaedjive some examples for
the computation of the SImCONC values for ICM concepts contained in the foll@@hhg@Fig. 32.
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To give interpretations for the similarity degree on this level, we map the ratio to an ordinal scale
(Table 13).

Similarity degree
%KIHC*GTKFE &MDH
"#GG (a\KP
oGH@E;!"#G&EY Y
0G#0G;!G#@BHDV\J
cG#GG;IGHOFN[
G#GG 3NRF(a\KP

</=87%E%*"4"8/0"1D%6 7#E0[PL"9#%=T71;779%/%0/1"5%2@/87%/96%/9%506"9/8%2@/87%

First, we calculate the similarity of the ICM concefiisoject managemerd F W L YOLQ\Q. VR P
PXQLFDWLR QashvelVas trie sivhilatity 0 FRPPXQLFDWLRQ dasirerdrad-L HV "~ D
tivities " that are in the same generalizationOf-mono-hierarchy. The similarity degree between these
WZR SDLUV RI ,&0 FRQFH SWe\firdt ValkeRsWigherQhduiGtheXdecond valaehe
similarity degree between an ISM child concept and an ISM parent concept is higher thambetwe
ISM sibling concepts in the generalizationOf-mono-hierarchy.

SimCONC(project management activities, communication activities)

2 depth (project management activities)

= High - Medium -
% edium depth(project management activities) + depth(communication activities)
= 1085222~ 068
B U243 !
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SimCONC(measurement activities, communication activities)

) . ) 2 depth (project management activities)
= High - Medium - Medium

depth(measurement activities) + depth(communication activities)

=1-085-0.85-——==10.38

2%2
3+3

YXUWKHUPRUH WKH VLPLODULW\ RI WKH ,&0 FRQFHSWV AS
same composedOf-poly-hierarchy is given by the percentage the ICM part concept is part of the ICM
whole concept:

SimCONC(project plans, activities) "!G#:

Finally, the similarity of the, & 0 F R Q FprbfetWplan® D QuBmAunication activitiedwhich
are relatedby ICM generalizationOf- and composedOf is 0.18. It means that the similarity degree
between the considered ICM concepts fsw ".

SimCONC(project plan, communication activities)
= SimCONC(project plans, activities) - SimCONC (activities, communication activities)

= 0.36 - 0.5 'IG#"9

A=A=[=Z=]6H#6)$%6*&'A1*%64.', % BIA'G%$4*641@,7412*."

For the set®G ={pasm_t|paswm_tis of type t « T}, the metricSIimPC: (Similarity of Practice
Concepts)determines the similarity degree of its ISM practiceConcepts of a certaih type

Let CONGoycism 1= {conacwm | congem is related to pem + © PG}. This set contains all the ICM
concepts that are related to the ISM practiceConce&iin

Furthermore, there can be related ICM concepts that belong to a composedOf-poly-hierarchy and
form a unit. We define the following sets to differentiate between these ICM concepts and the other
related ICM concepts in generalizationOf-mono-hierarchies:

X CONGuhole ={CONAGCM_whole | CONGM_whole * CONGocism_tand congm_wholeiS an ICM whole con-
cept}
This set contains all ICM whole concepts that are related to the ISM practiceConé&tand
form a unit.

X For a con@m_whole * CONGuhole, its UNITCONGhole = {CONQCM_part | CONGem_pat * CONGoeism _t
and con@m_partis an ICM part concept of the ICM whole concept ¢&Ginole}-
This set contains all ICM part concepts for an ICM whole concept that are related to the ISM
practiceConcepts iRGC.

X ALL_UNIT =, aml@y amrepP GSRGuUfmMjC aml,ﬁAeb[%‘CONGthe
This set contains all ICM concepts that are related by ICM composedOf.
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X NON_UNIT = CONGycism_t\ ALL_UNIT
This set contains the ICM concepts that are related by ICM generalizationOf.

Before introducing the metric Simk@e exemplify the afore-mentioned sets for a better under-
standing. Based on the ICM structure presented in Fig. 32, let G&IMeontainall the illustrated
ICM concepts. For this set of ICM concepts, Table 14 illustrates the G&BCNITcoNGwhole and
NON_UNIT sets. As there is only one ICM whole concept, ALL_UNIT is equal to UNITgeRc

)&#) rrs1er )&#) qacrer (#"$TCL hacre- HeHe(#"$
JIKU\LIJIRQIKWQVXVQVIU;
WNJIJRVWKQVNRIKWQVXV JIKU\LIJIRQIKWQVXVQVIU:;!
JLNfIWQUKRKYIJIRQIKWQV WovxvoviL | WNIJRVWKQVNRIKWQVXVQ
OIXIPN]JJIRQIKWQVXVQVIU ]LNﬂWQ!]PKRu}éwg\/XVgS'Ol’]'IRO JLNfIWQUKRKYIJIRQIKWQVXYV|
KWQVXVQVIU:! ' OIXIPN]JJIRQIKWQVXVQVIU:;!
KWQVXVQSIOI]IROIRWVIU:; KWQVXVQVIU
JLNfIWQ!PKRU

</=87%F%'4"8/0"1D%4710"@2%/4.87%;"1A%,-(%@59@7.12%1A/1%I504%/%C9"1%671704"976%=D%,-(%@54.52'

SimPG is defined according to a ratio scale and depends on the metric SImCONC for all ICM
concepts related to the ISM practiceConcep®@f Furthermore, it uses two functionsiFand Fon
unit that considers the cases when there are only ICM concepts related by ICM composedOf or only
ICM concepts related by ICM generalizationOf. The percentagesio&ifd Fonunitfor SimPGC are
calculated according to the number of ICM concepts that are relevant for each function. iEinally,
considers the case when for a certain type (e.g. ISNI ttedee is only one ISM practiceConcegpt
PG. The metric is defined as follows:

. |ALL_UNIT]| | . |[NON_UNIT]| a VZA 1 "#
Fuit(PCe) * TconG ] K Fronun(PCe) “ fcone il PP

SimPC,(PC,) =

0, VZZpp!!I'#

Funit aggregates the SIMCONC values of the ICM concepts that form a unit. It is calculated as the
average of the similarity of all such units. The similarity of an unit is calculated as the silm of a
SIMCONC values between the ICM part concepts and their ICM whole concept. Therefore, it has a
high rational value if the SIMCONC values are high.

Zconcwhole € CONCyhole [Zconcch € UNITconc,, 110 SlmCONC(conCICM' concwhole)]
|C0Ncwhole|

Oy lPCy ) =

The Fonunit IS computed as the average of all SImCONC pairs (@@nconaewy;), where for
each ICM concept consui, its highest ICM similar concept casg; is considered. Therefore, it has
a high rational value if the SImMCONC values are high.

Os g PCe) = L concicp; € NON_UNITIMAX concyeyy; € NON_UNIT [SimCONC(conc;cpy;, conccy;)]
‘ INON_UNIT]|
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In the following, we exemplify the computation ofnk-and Fonunit for a set PGém outputthat
contains the following ISM outputs related to the ICM concepts illustrated in Figi®2URMHFW SO
SDFWLYLWLHV" 3DFWLYLWLHY GHSHQGHQFLHV™ 3FRPPXQLFDV
DQG 3 PHDVXUHPHQW DFWLYLWLHV”~

To exemplify the computation ofykr, we consider the ISM practiceConceptS URMHFW SO
SDFWLYLWLHV® DQG *DFWLYLWLHV GHStheGaid @aneHdrm a BikdleL U | &
unit. Therefore, the SImPC value is computed as the sum of the SImCONC values between the ICM
part FRQFHSWYV S:DFWLYLWLHV™ DQG 3:*DFWLWHOMW ERQ FGHIHESH QG R
SODQ”’ 7 KHYV HvaleP &e thé& percentages of the ICM composedOf between these ICM
concepts.

Funit(project plans, activities, activity dependencies)
= SimCONC(project plans, activities) + SimCONC(project plans, activity dependencies)

=0.5+0.3"IG#9

To exemplify the computation ofénunit, we consider the ISM practiceConcefitemmunication
activites” 3SURMHFW P DQDJH P HheagurénteWwn. Fr\V WY Rd\V ¢adD/S6! prac-
ticeConcept, its best pair is searched. As already mentioned, the similarity degree between an ISM
child concept and an ISM parent concept is higher than between ISM sibling concepts in the gener-
alizationOf-mono-hierarchy. Therefore, for each ICM child concept its ICM parent concept & its be
pair.

Fhon—unit(communication activities, project management activities, measurement activities )

1
=3 [SimCONC(communication activities, project management activities)

+ SimCONC (project management activities, measurement activities)]

= G#@9

The final result is computed as follows:

. 3 3
SlmPC]SM output(PCISM output) = E - 0.8+ E -0.68 = GH#ES8

N=N=[=Z=\6#6)$%6*& A1*%@VAYE*6;6*&S76*.'

For the seAU {auswi|i t 2}"1#3$%!&%#$MAU (Similarity of ActivityUnits) determines the
similarity degree of all ISM activityUnits in AU.
We define the following sets:

X PGCauism t={pCism_ t | pasm_t is contained in asi *AU andpaswm tis of type t«T }
This set contains all ISM practiceConcepts of a certain type that are contained in the ISM activi-
tyUnits of AU.

X Tausm={t|t eTand pasw t* PCausm i}
This set contains all the types for which ISM practiceConcepts exist in the ISM activityUnits of
AU.
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SimAU is defined according to a ratio scale and depends on the metrics:SonR({ ISM
practiceConcepts of typeet T of the ISM activityUnits in AU. It is based on the weighted euclidian
method and aggregates the Simi?&ues according to the importance of the ISM practiceConcepts.
The metric is defined as follows:

SimAU(AU) = Z Weight, - SimPC, (PCyuism ¢)
teType

IMP,

WEIGHT, = T
type

type € Tauism
N=A=[=Z=]6H6)$%6*& AL 9664. /%' BIA'GY6$4641.

For the set of practesPRACT {practsmi|i t 2}"the SImPRACT (Similarity of Practices)
determines the similarity degree of all ISM practices in PRACT.
We define the following sets:

X AUpractism= {@usm | auswm is contained in pragis *PRACT}
This set contains all ISM activityUnits that are contained in the ISM practices of PRACT.

X AUcombi= {{ ausm} | { ausm} is a possible combination of size |PRACT]| wailism * AU practismt
This set contains all possible combinations of ISM activityUnits from each ISM practice in

PRACT.

SIMPRACT depends on the metric SImAU for all ISM activityUnits of the ISM practices in
PRACT. It uses an ordinal scaeISM practices are described differently in the various PRs. One
ISM practice of a PR can contain only one ISM activityUnit, waildSM practice of another PR
can contain several ISM activityUnits. The aggregation of all SirvAlues on a ratio scale could
lead to low similarity values although the compared ISM practices contain ISM activityUnits with a
high similarity degree. Therefore, the metric is defined as follows:

[ c%<=nl VZZINKYdn e &$ o020V I&SEN, nd!!"#
o$/4 N VZZhKY, e &$ sl GH@E!q 1%V IRSgnd!q!"#
VZZ!bNQMWNROVQVNRU!"NPOh
EHE%& N I mKyne &% VI&ESK, nd!q!GH@E#
" T mKydne &y VIESEN, ndt GHOGH

SimPRACT(PRACT) = —

VZZ!IbNQMWNROVQVNRU!"NPOh
Q.@" T mKyne &$ynon%VI&SE, Nd!qIGHOGH
T MKy e &S\ %oVI&SEN, nd!r G#

@A.*9:;%<=" NQAIL[VUI#
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7ZR RU PRUH ,60 SUDFWLFHV ZLWK WKH VLP
GLXP® A/RZ3-RIXPLRUH FDOOHG 3(TXDO?® A+
31RQTXDO” ,60 SUDFWLFHV UHVSHFEWLYHO\

R'ema-rk.

N=N=[=Z=N10"6%1#17*.'"F1%6/64$*6,7"

We verify the achievement of the requirements that the similarity metrics need to fulfill.

First, the general requirement for all metrics (R-All) requests that the nfiggsedts should be
differentiable, comparable, reproducible and plausible. As the similarity metrics are based on the
cohesion of ICM conceptCategories, on the ICM concepts and their similarity relations, the results
are differentiable, comparable and reproducible plausibility of the similarity metrics are verified
during several experiments performed with several experts (sectjon 8.3

The specific requirement (R1) requires that the importance of different ISM practiceConcepts
types is considered. The similarity for ISM pracsit® based on the importance of its ISM prac-
ticeConcepts (attribute IMPY).

The specific requirement (R2) requires that the number of ISM practiceConcepts of an ISM ac-
tivityUnit should not influence its similarity value. The similarity metrics only depend on the weight
of the existing ISM practiceConcepts and their similarity. The weight for each ISM practiegfonc
type is dynamically calculated based on the {&tRibute and does not depend on the numberf IS
practiceConcepts.

n=n=[=] (- %6m+#

The algorithm identifies the similarity between ISM practices. It considers as input the set of ISM
practices PRACT {practismi | i t 2} and delivers as output the SIMPRACT value.
The algorithm consists of the following ssep

I" G")10#D36;7 se%i06.(6 =6>%M. 6H6%M. ( 6#16/!10%#1)'6#165&%/0 G *6
8::<+?@66

4 G')10#D36:7 s =6>>0%0 26HE>%6M,( 26#16%665!11#K*)6/12KH#1%0#!16!D6
[#$)6H8:;<+H60#0B6%M (6 *6;7 s8%/06.( ?7@66
$" Al&6)%/B61)06>%M . (?6 *6;7 noks 6''P6
$'1"  G)10#D360B)BI)0IBS<  vemc 006=6>5/ 6.0 0BHB5/ G (90 G#I6/110%6#1)'6
#16%NM.c *6>%M.  76%1'65/ .90 6#16!D6035)606 <6+?@6
$"#"  Al&6)%/B6035)606 +6+6''P6
$'#"1" G)10#D36<EF< 06=6>/'1/ c<6H6/'1/ c<(6#16&)*%0)'60!6%**6
5/ G.(o06 *8<uMc.(0? @66
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$"H'H#" G 10#D36%**65%#8&16Q/11/G<(SC6/!1/G<(TR60#0B6/11J
IG<(S6 +6<EF<0CB/!1/G<(T6 +6<EF<060B%06/!&&)I5!1'60!6G.(6
5&%/0#/)<!1/)5016D&!26'#DD)&) 106G . (65&%/0#/)| @6

$"#'$"  Al&6)%/B6IM/B65%#&6Q/11/G<(SC6/!1/G<(TR6/125M0)6
H#2<EF<Q/1/G<(SC6/'1/G<(TR@66

$"#'%"  <125M0)60B)6.#28<0Q8<%MG.(90R6K%I)'6!160B)6/!25M0)'6
H#2<EF<6N%*M)|@6

$'$"  <I25M0)60B)6.4#2;76Q>%MG.(?R6K%!I)'6!160B)6/!125M0)'6.4#28<06
N%*M)I@6

%" <I25M0)6.#28:;<+  (B:;<+R6K%I)'6!160B)6/!25M0)'6.#2;76N%*M)|@6
&" )OM&16.#28:;<+ (B:;<+R@6

N=N=\B317*6/64%*6,7',/*+1'@,;1%$-1>1*0117'B!A'2%$4*641."

According to Goodman [Goodman 1972ZDbjects are similar if they have a set of common
features”. Therefore, ISM practices are similar if they have a set of common elements that cover each
other. We identify the coverage of two sets of ISM practices. Based on this covetagesetsof
ISM practices, other coverage results are possible. We give guidelines how to compute the highest
coverage degree or the best coverage degree in a set of ISM practices.

The highest coverageaefers to a practice that has the maximum coverage dé
in a considered set of practices.

Thebest coverageefers to the minimum subset of practices with a coverage de-
Reminder gree of 1 in a considered set of practices.

For the identification of the coverage of ISM practices, we consider ISM practiceConggpts pc
oftypet « T, T {ISM input, ISM output, ISM role}. An ISM purpose is not relevasthe coverage
is a measure for the adoption of elements. An ISM practice requests by its definition, only that its
ISM outputs, ISM inputs and ISM roles are adopted.

N=N=\=Z @,:1%%$-1'A1*%64.

We define coverage metrics to determine the coverage degree of ISM practices.

According to the measurement theory, we have to define specific assumptions and requirements
for these coverage metrics. As these are exactly the assumptions and requirements for the similarity
metrics (see last section), we do not mention them anymore.

We also define the measurement scale for these coverage metrics. The coverage degree is given
by a ratio scale with values between 0 and 1, where 1 is the highest value and means that the elements
of the first set entirely covers the elements of the second set.
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Furthermore, the coverage metrics are not symmetric: CovPRACT (§pridcfpractisme, prac-

tisms}) ZCovPRACT ({prackmz, practsms}, {practismi}).
According to our design principle, we define the coverage metrics on different levels (Fig. 33).

(PIJIRQU -NXILKYI!61QLVWU
1%6!+LKWQVWI -NX+,&. 1o
WNRQKYRU
1%6!ILKWQVWI-NRWI]Q NX+- [
VUILIPKQIOIQN
J-6!\WNRWIQ %VIN3- 7
71YIRO
&
OlJIROIRWS 7IXIPIOIQILIVRKQVNR AJIQLVWIENINRIQMIPI¥IRIZIbKUIOINR!

C QMIJIQLVW!ICINRIQM!RIXIRNHL

"H#SBEAD: 70/#7%4710" @RBK72"#9%%

Firstly, each coverage metric depends on the coverage metric on the previous level. On the last
level,it depends on the similarity metrics. The coverage metric on the ISM practice level depends on
the coverage metric on the ISM practiceConcept level, that in its turn depends on the similarity metric
on thelCM concept level.

Secondly, the coverage degree on a level is high on the given scale if the e@reseilarity
degree on the previous level is high on the given scale. For example, the practice coveragetsf two
of ISM practices is high, if the coverage degree of their ISM practiceConcepts is high. The coverage
degree of the ISM practiceConcepts is high, if the ISM practiceConcepts of the fard laghly
covering the ISM practiceConcepts of the second set. The ISM practiceConcepts highly cover other
ISM practiceConcepts, if these are highly similar to each other, i.e. if the siyndagtee between
their ICM concepts is high.

Finally, the coverage degree between ISM practices represents the final result.

A=A2\=Z=10,11%$-1'A1%64.,% BIA'G%$4*641@,7412+."

For the type t T and the setBG_1 ={pCism_t|paswm_tis of type t}*+,! PCG_2 ={pCism_t|PCsm_t
is of type t}, the meic CovPC: (Coverage of Practice Concep)defines the coverage degree be-
tweenPG_1 andPGC_».
We define the following sets:

X CONGocsm t 1= {conacm | congem is related to pem t * PG 1}

This set contains all the ICM concepts that are related to the ISM practiceCond&@ts. in
X CONGyeism t 2= {conacm | congem is related to pem « * PG 1}

This set contains all the ICM concepts that are related to the ISM practiceConde@ts. in

Analogously to the similarity metrics, there are related ICM concepts that belong to a com-
posedOf-poly-hierarchy and form a unit. We remind about the ICM whole and part concepts:
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e An ICM whole concept andICM part concept are related by an ICM com
posedOf. An ICM whole concept can be composedOf more ICM part cong
JRU H[DPSOH WKH ,&80 ZKROH FRQFHSW 3SUR
FRQFHSWYV DFWLYLWLHV  DQG 3DFWLYLW\ GH

Reminder

ICM whole concepts entirely cover its ICM part concepts. If C@IN ¢ 1 contains such ICM
whole concepts and CON&swm _t 2 contains their ICM part concepts, then CQMNém ¢ 1 covers a
part of CONGyism_t 2 We define the following sets to differentiate between ICM whole and part con-
cepts in the composedoOf-poly-hierarchies and ICM concepts in generalizationOf-mono-hierarchies:

X CONGuhole ={CONAGCM_whole| CONGeM_whole * CONGyeism_t 1 and conewm is an ICM whole concept
of an ICM part concept in CONGswm_t 2}
This set contains all ICM concepts of the ISM practiceConceptsiintR&are ICM whole con-
cepts of ICM part concepts of the ISM practiceConcepts inePC

X For a congm_whole * CONGuhole, its UNITCONGnole = {CONACM_part| CONGem_part * CONGocism_t 2
and conewm partis an ICM part concept of the ICM whole concept e@Ginolg.
This set contains all ICM part concepts of the ISM practiceConceptst ipf®Gn ICM whole
concept.

X ALL_UNIT_2 =, amlgy | amrebP GSRGUfMjC amigarep|
This set contains all ICM concepts of the ISM practiceConcepts+dntR&t are related by ICM
composedOf.

X NON_UNIT_2 = CONGusm t 2\ ALL_UNIT_2
This set contains the ICM concepts of the ISM practiceConcepts:intia are not ICM part
concepts.

X NON_UNIT_1 = CONGcism_t_1\ CONGyhole
This set contains all ICM concepts of the ISM practiceConcepts:intR& are that are not ICM
whole concepts.

Before introducing the metric Covie@e exemplify the afore-mentioned sets for a better under-
standing. Let CONgzism_t 1andCONG,cism_t 2be defined as in Fig. 34.
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Table 15 illustrates the CONfgele, UNITCONGwole and NON-UNIT sets. As there is only one
ICM whole concept, ALL-UNIT_2 is equal to UNITconzle

)&#) Rrrsierer )&#) Rrrsiere, )&#) gacrer (#'$TCL Bacre- #adte(#"$e! #adte(# e,
JLNfIWQ!PKRU; KWQVXVQVIU;! .
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CovPG depends on the metric SImMCONC for each typeT. Analogously to the similarity
metrics on the ISM practiceConcept level, it usg@s &1d FRonunit that consider the cases when there
are only ICM concepts related by ICM composedOf and generalizationOf respectively. Thenfuncti
Funit IS actually a constant and always has the value 1. This is because ICM whole concepts from
CONGacism t_1entirelycover the ICM part concepts from COpfsw ¢ 2. The percentages of the two
functionsfor CowPG are calculated according to the number of ICM concepts in GEXNG 2 that
are relevant for each function. The number of ICM concepts in GEX¥NG 1is not relevant as these
ICM concepts do not influence the coverage degree. Finally, it considers the case veheerfain

type (e.g. ISM rolgthere are no ISM practiceConcepPG .. It is defined as follows:

|ALL_UNIT 2|

INON_UNIT 2| |
|CONCpeism_¢ 2|

KFson-unt(PCe1 PCe2) " fcongyuom cal VZZipyp!! G#

CovPC,(PC; 1,PC, ;) =
N VZ2ip,.pl IGH
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The Fonunit is computed as the average of all SICONC pairs (@@ncondgcw;), where for
each ICM concept commi from CONGeism ¢ 2, its highest ICM similar concept cas@ from
CONGoaism t 11s considered. This means that, for the eamneve search for comgy; that best covers
it to compute the coverage of COMfm ¢ 1in CONGeism t 2. Consequentlythis coverage has a high
rational value if the SImCONC values are high.

2 concicm; € NON_UNIT 2[MAX concycyy; € NON_UNIT 1 [SimCONC(conccy;, concycu;)]]

0. goedPCr 1, PCy 2) = INON_UNIT_2|

As the coverage metrics on this level are to some extent difficult to understand, we exemplify the
computation of CovPfem ouput for ISM practiceConcepts of type ISM output. We consider the two

sets of ISM practiceConcepts (Fig. 34). The result is 0.89 and it means that the first set of ISM prac-

ticeConcepts highly covers the second set of ISM practiceConcepts.
CovPCispy output(PCISM output_1» PCism output_Z)

2 1
= —+ SimCONC(project management activities, measurement activities) - 3

2 1.
==+4 0.68 s+ "1G#9?
3 3

N=A=\=Z=[@,;1%9$-1'A1*%64.'/,%'BIA'G%$4*64 1.

For two sets PRACI={practismi|i t 1} *+,! PRACT, ={practismi|i t 1}, the metricCovPRACT
(Coverage of Practicestalculates the coverage degree between PRAGdT PRACT.
We define the following sets:

X Tpractism= {t|t «Tand PQsm_t PCpractISM_Z}
This set contains all the types for which ISM practiceConcepts exist in the ISM practices of
PRACT..

X PGoractism t 1= {pCism_t | pasm_t is contained in pragin *PRACT: and p@w_t is of type t® Tprac-

tsm}
PGoractism t 2= {pCism_t | paswm_t is contained in pragin *PRACT, and p@&wm tis of type t e Tprac-

tism}

These sets contain all ISM practiceConcepts of the same type that are contained in the ISM prac-

tices of PRACT or of PRACTrespectively.

CovPRACT depends on the metric CovR& each type to Tpractism It is based on the variant
of the weighted euclidian distance and aggregates the GoaR@s according to the importance of
the ISM practiceConcepts. The metric is defined as follows:

96



="-9E,),*=(#)D)#)/,*-"&*8/#$)(,*

CovPRACT(PRACT, PRACT,) = Z [Weight,- CovPC(PCpractism ¢ 1, PCpractism ¢ 2)]
teType

IMP,

WEIGHT, =
Ztype € Tpractism IMPtype

N=N=\=Z=V10"6%1#17*.'F1%6/64$*6,7"

We verify the achievement of the requirements that the coverage metrics need to fulfill.

First, the general requirement for all metrics (R-All) requests that the nfggsests should be
differentiable, comparable, reproducible and plausible. The first three conditions are true as the cov-
erage metrics are based on the similarity metrics that fulfill this requirement. The plausibility of the
coverage metrics are verified only by us as we could not involve experts in this evaluation. However,
the coverage metrics are based on the similarity metrics and thus, their plausibility is partially verified.

The specific requirement (R1) requires that the importance of the different ISM practiceConcepts
types is considered. The coverage metrics for ISM practices are based on the importanS#of its |
practiceConcepts (attribute IMPY).

The specific requirement (R2) requires that the number of ISM practiceConcepts of an ISM ac-
tivityUnit should not influence the coverage value. The coverage metrics only depends omgkite wei
of the existing ISM practiceConcepts and their coverage. The weight for each ISMe@antept
type is dynamically calculated based on the {&tRibute and does not depend on the number of ISM
practiceConcepts.

A=AZ\E[ ()-, %665+

The algorithm identifies the coverage of two sets of ISM practices, i.e. the coverage ddggee of
first set of ISM practices in the second set of practices. It considers as input the two Séfs of |
practices: PRACT ={practsmi|i t 1} *+,! PRACT, ={pracitswi|i t 1}. The algorithm deliveras
output their CovPRACT value.

The algorithm consists of the following steps:

" Al&6)%/B6035)606 «6+6'1P6
" G')10#D360B)61)0168<09S6=6>5/G.(906HE5/G.(906416/!10%#1)'6

#16%**65&9%/0G.(6 +68:;<+S6%1'65/G.(906#I6!D6035)606 «6+?@66
"#"  G')10#D360B)61)0168<09T6=6>5/G.(906HE5/G.(906#16/110%#1)'6
#16%**65&%/0G.(6 +68::<+T6%1'65/G.(906#16!D6035)606 «6+?@6

I"$"  <125M0)60B)6<!N8<0Q8<09SC68<09TR6K%I)'6!160B)6/125M0)'6
H#2<EF<6N%*M)I@6

#' <125MO0)6<IN8:;<+6Q8:;<+SC68:;<+TR@6
$" )OM&16<!N8:;<+6Q8:;<+SC68:;<+TR@6
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Based on the coverage metrics, we can also calculateghest coverage degremd thebest
coverage degree of a set of ISM practices

To calculate thénighest coverage degree of a set of ISM practisescompute the coverage
degree for each ISM practice within this set of ISM practices and determine the maximum
CovPRACT value.

To calculate théest coverage degree of a set of ISM practieescompute the coverage degree
for each combination of ISM practices with one, two or more ISM practices in the set of ISM prac-
tices. Then, we identify if there is a combination with a minimum number of ISM practices that has
a coverage degree of 1.

N=N=1B317*6/64%*6,7',/*+1'H"*2"*"1*$*1." 'BIA'G%$4*641.'

According to Goodman [Goodman 197ZDbjects are similar if they have a set of common
features”. Therefore, ISM practices are similar if they are related to common ISM outputs that are
similar.

For the identification of the output states between ISM practices, we consider ISM practiceCon-
cepts pewm_tof typet « T, T {ISM output}. As the name says, we compute the output states of the
ISM practices and thus, consider only ISM outputs.

/\:/\:]:Z H"*2"*'1*$*1'A1*%64."

We define the output state metrics to determine the output state of an ISM practice regarding its
ISM outputs.

According to the measurement theory, we define the following specific assumption (Al). Besides
the general requirement (R-All), we do not specify any other requirement for these metrics:

Al. )ROORZLQJ VWDWHYV RI DQ ,&0 FRQFHSW KDYHK DRWLPH I
&KHFN" ZKHUH WKH 3:3\0WDQW H VR W & ENiiDate S staté/oN the timeline.

7KH DVVXPSWLRQ $ GHILQHV WKH WLPH RUGHU RI WKH V\
RI DQ HOHPHQW WKH VWDWH 3'R3 UHIOHFWV LWV LREGEOEHPHQW
tation and Do& KHFN" LWV YHULILFDWLRQ DQG XSGDWH DIWHU WKL\

According to the measurement theory, we define the measurement scale. Based on the assumption
Al,tKH RXWSXW VWDWH PHWULFV XVH DQ RUGEBQRBRWFROH ZL'
&KHFN" ZKHUH WKH 330DQ" LV&WHKHNHDMNXKH DWW WYWD WW DWW R

According to our design principle, we define the output state metrics on different levels JFig. 35
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Firstly, each output state metric depends the output state metric on the previous level. The output
state metric on the ISM practice level depends on the output state metric on the ISM practiceConcept
level, that depends on the output state metric on the ICM concept level.

Secondly, the output state on a level is high on the given scale if the output state on the previous
level is also high on the given scaf@r example, the output state of an ISM praddsc®’' R& KHF N~
if the output state of one of its ISM practiceConceptg 3 '&K H FAhalogously, the output state
of the ISM practiceConcepts V 3'&K H FfNHe output state of the corresponding ICM concepts is
3'R&KHFN’

Finally, the output state of the ISM practices represents the final result.

A=AZ|=Z =" 2" IF G ' AL*%664. | BOAD, T412*."

Foraconacwm, the metricStateCONC (State of Conceptydeterminests output state.
StateCONC depends on the different states of the ICM conceptsdhat can be extracted
from its ICM conceptCategory. It is defined as follows:

®. A VZZIQMY-6!WNRWIIQ-KQIYNLSINZIWNRW « ¢ }AX

VZZIQM!/-6IWNRWIIQ-KQIYNLSINZIWNRW « ¢ Z |4
€4"300 } e viE JvE Jv ¢ }AX

StateCONC(concicy) = —
VZZ'bNQMWNROVQVNRU!“"NPOh

B.9C4"3D! T /-6!WNRWI]Q-KQIYNLS!NZHMWWNRROKYRPX
T /-6!\WNRWIJQ-KQIYNLSINZIWNRW Jve ¢ Z [I™X

E=<)! NQMIL[VUI#
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A=A=]=Z=H"2"*'I*$*1'A1*%64.'/,%'BIA'2%$4*641@,7412*.

For pasm_output the metricStatePC(State of Practice Concepisdeterminests output state.

Let CONGcism_output= {CONQGcMm | congem is related to pem outpug. This set contains allCM
concepts related to @ _output

StatePC depends on the metric St@BIC for the ICM concepts related toigg output The metric
LV FRPSXWHG DV WKH ODWHVW ¥D®RH KKHEKHRBKBER D O W KX
WKH YDOXH 3'R” LI WKH UWalu¢WIKDWVW, it @R\ KRR & RH PFNR W KD
WKH YDOXH 3&KHFN" LI WBHN 1B RIHFAWY D W &KKIHV- MYKKHHF XD @ X MV K'IR
HILVWERHFN" 2WKHUZLVH WlikeHnetrio © defindd\as38lIovizQ

[ VZZIQMIQ[N'WNROVQVNRUI"NPOh

8. Al
T WNRW® -)3- 106! %QKQI-)3-CWNRW A ¢ } X
© AWNRWS )3 006!%\)3-CWNRW dle ;¢ Z 1N BZ}INfX
€4"300 VZZIQMIQ[NIWNROVQVNRUI"NPOh
T WNRWe -)3- 005! %QKQI)3-CWNRW A ¢ Z 17X
StatePC(pcism output) = — © AWNRW® -)3- jwioes!%\)3-CWNRW « A & 2 I"X
8. 9C4"30)! VZZWNRW® -)3- 006! 20QKQI-)3-CWNRW A & 2 17X
E=< NQAIL[VUI#

A=AZ]=Z=H" 2" IS AL*%64. ', % BIA'GY$4*641.

For pracism, the metricStatePRACT (State of Practice¥ determinests output state.
Let PGoractsm = {PCisM_output| PGsM_outputiS contained in pragis}. This set contains all ISM prac-

ticeConcepts contained in praet
StatePRACT is depends on the metric StatePC for the ISM practiceConcepts contained in prac-

tism. It is computed analogously to the metric StatePC as the latest value of the ordinal3sg@eD Q °
< "'"R<"&KHEN'R&KHFN’

/ B, A VZZIQM!QIN!WNROVQVNRU!I"NPOh
T MWoemano® +ikwostd®QKQI+-Mbone® A € }7X
* A MWyemono * T ikworsdd@QKQI+-gIM ol . Z 1M BZ} IS
€4"3D0 VZZIQM!'QIN'WNROVQVNRU!"NPOh
T Woemono ® + 1kworsdd®QKQI+-GlM oo A € 2 INX
StatePRACT (practsy) = — A IWoyemaono * +-1kworst@0QKQI+H-elMones A € 2 17X
8. 9C4"3D! VZZ)\Wyenane * *-1kwostQKQI+-GlMone® A € 17X
E=<! NQAIL[VUI#
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' 3 One ISM practice with the output stafelan® D®3 A & K H FAGCRedk3is
H called Plart D®3 A & KH FDbCReOk3ISM practice respectively.

R'ema-rk.

N=A=]=Z=M10"6%1#17*.'F1%6/64$*6,7"

We verify the achievement of the general requirement (R-All) that the output state metrics need
to fulfill. As these metrics are based on the ICM conceptCategory of an ICM concept, thearesults
differentiable, comparable and reproducible. The plausibility of the output states metrics are verified
only by us as we could not involagyexperts in this evaluation.

A==J] (- 9667+

The algorithm identifies the output states of ISM practices. It considers as input an ICM concept
conacm and delivers as output the ISM practices and their StatePRACT values.
The algorithm consists of the following steps:

I" -)06.+;+U98:;<+6=>?@6
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N=N="EGS$#2)1.'
We illustrate the identification of the following simile8M practices:

x CMMI-'(9 334% 63 Comimunicate quality issues and ensure the resolution of noncompli-

ance issues with the staff and managers.
X SPICE SUP.1 BP9Ensure resolution on non-conformancés

The identification of similaiSM practices is based on the relations between the ISM prac-
ticeConcepts and ICM concepts. Fig. 29 illustrates the modeling of the CMMI-DEV PPQA SP2.1
and SPICE SUP.1 BP9 practices and their related elements.
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Table 16 illustrates the steps to compute the similarity degrees on the different levels. As the
similarity degree computation does not consider ISM implicit artifacts, the ISM pralgicerd
SFRUUHFWLYH DFWLRQ UHSRUWV"™ LV QRW FRQVLGHUHG

First, all combinations of ISM activityUnits are identified. For each set of ISM activitglihé
SimAU is computed based on the SimPC values of the ISM practiceConcepts in such a combination
of ISM activityUnits. For each type, the SimHE computed based on the SIMCONC values of the
corresponding ICM concepts. The similarity degree between®@ SUDFWLFHV LV 3+LJK’
one ISM activityUnit combination that has a high similarity degree, namely the value 0.83.

Table 17 illustrates the steps to compute the coverage degrees on the different levels. First, the
coverage of the CMMI-DEYV practice is computed. Secondly, the coverage of the SPICE practice is
computed. For this purpose, the CovPRACT values are computed based on the CovPC values of their
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ISM practiceConcepts. The ISM practiceConcepts of the CMMI-DEV practice covers the ISM prac-
ticeConcepts of the SPICE practice. The ISM practiceConcepts of the SPICE practice do hot entire
cover the ISM practiceConcepts of the CMMI-DEV practice. Consequently, the CMMI-DEVogracti

has the highest coverage degree.
Finally, Table 18 illustrates the steps performed to compute the output states on the different

levels.
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In this section we describe how MOSAIC implements the identification of ISM practice depend-
encies. We propose the dependency metrics and associated algorithms that can be used to automati
cally identify the dependencies between ISM practices.

For the identification of ISM practice dependencies, we consider the mappings between ISMs
and ICM. Furthermore, we consider ISM practiceConceptmpthat are ISM explicit or implicit
artifacts of type « T, T {ISM input, ISM output}.

N=8=D12173174&'A1*%64.

According to the measurement theory, we define the measurement scale. The dependency metrics
XVH DQ RUGLQDO VFDOH ZLWK WR$HERHQWU 36WURQJ™ ! 3S0HGL

Furthermore, the dependency metrics are not symmetric. For example DepPRACEugpract
practsmz) zDepPRACT (pragmz, practsmi).

According to our design principle, we define the dependency metrics on different levels (Fig. 37).

(PUIRQU =IJIROIRWS!6IQLVV

1%6!1+LKWQVWI “+&- To
WNRQKVRU
1%6!]LKWQVWI-NRWI]Q =[]+
%VI+- 7,
7IYIRO
&

OIIROIRWS 7IXIPIOIQILIVRKQVNR™ A1 31QLVWISINRIQM!PIRIRIG!IbKUIO!N

C QMIIQLVWICINRIQM!RIXIRNHL

"#$BNVKT7.79679@D %47 10MBRYR"#9% %

Firstly, each dependency metric depends on the dependency metric on the previous level. On the
last level, it depends on the similarity metrics. The dependency metric on the ISM practice level
depends on the dependency metric on the ISM practiceConcept level, that depends oratitg simil
metric on the ISM practiceConcept level.

Secondly, the dependency degree on a level is high on the given scale if the dependency or sim-
ilarity degree on the previous level is also high on the given scale. For example, the dependency
degree between two ISM practides’ 6 W U BnQhk ordinal scale, if the dependency degree of their
ISM practiceConcepts i$ 6 W U BXlJE ordinal scale. Their dependency degree of the ISM prac-
ticeConcepts iS6 WURQJ™ RQ W KifAthBilsEnlagt) d2gké€ B Righ on the ratio scale.

Finally, the dependency degree between ISM practices represents the final result.

N=8=7=7D12173174& A1*%R%B!A'G%$4*641@,7412*.'

Forapasm_inputanda paswm_output,the metricDepPC (Dependency of Practice Conceptgjeter-
mines th@ dependency degree.
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DepPCdepends on the metric SImPC. If the ISM practiceConcepts are semantically equal
(SimPC value = 1), then the dependency degréstieng’. If the ISM practiceConcepts are similar
(O<SimPCvalug ), WKHQ WKH GHSHQ Gdught Otlehivisy, itheldeépénééncy degree
is 3Absent’. The metric is defined as follows:

[ g A VZZI%V I+ 15 Mkne TWessimano d! ' #!
'ER Pc(pcISMjnputrpCISMJrutput) =—  ¢"#5%& 1! VZZIG!%V I 6lMa!TWessimano Ao #
Lo A NQMIL[VUI#

N=8=7=[ D12173174&'A1*%64.1,%'B!A'G%%$4*641.’

For two practices praeti1 and praggwvz, the metricDepPRACT (Dependency for Practices)
determines thie dependency degree.
We define the sets:

X PGoractisM_input= {PCisM_input | PGsM_inputiS contained in pragivz}.
This set contains all ISM inputs contained in peaet

X PGoractisM_output = {PCisM_output| PGsm_outputlS contained in pragivi}.
This set contains all ISM outputs contained in psact

DepPRACT depends on the metric DepPC. The dependency degree betwean pratiprac-
tism2 LV 36 W U R Q acisvk comaitasiarsISM input that is produced as ISM output by theguact
and the ISM input and output are semantically equal. If the ISM input and output are only similar,
WKDQ WKH GHSHQGHQ FTh&Helrid i4 deflngd &6 talewsX P~

M G+-* Al VZZ]W%BIVR]\Q!. +']LKWQ/%GNR}&QO!]Wﬂ/gelN\Q]\Q!' +- LKWQIEINGI
=1]+-CIW jgevrpe I Woesnmone © A € SEFVPAX

VZZ)\Wosevrnor = 1kworesivRKR O TWossinmanar® +- jLkwarmesingid

'ERPRACT (practgyq, practigys) = —  ¢"#$%& /! v i
=I]+-CIW oeevrnaIWossiope © A €D Jpu”X

L g+ A NQAIL[VUI#
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A dependency between two ISM practices with the dependentyde H A6
RU AOHGLXPS3LVY FDOOHG 36WURQJ" DQG AOHGLXP:3 |6
tively.

R'ema-rk:

N=8=7=\ F1%6/64%$*6,7',/'V10"6%1#17*.'

We only verify the achievement of the general requirement (RaSlthere are no specific re-
guirements. This requests that the metfiiesults should be differentiable, comparable, reproducible
and plausible. As the dependency metrics are based on the similarity metrics that fulfill this general
requirement, the results are differentiable, comparable and reproducible. The plausibilitdef the
pendenciess verified during an experiment (section 8.3

A=8=[()-, %6*+#

The algorithm identifies ISM practice dependencies. It considers as input an ISM ppeatice
tism and delivers as output the ISM practices that are dependent agvpnditt their corresponding
DepPRACT values. It consists of the following steps:

I" -)064U898:,<+6=6>?@6

#' G")10#D368<5&%/0G.(9IM0O5M06=6>5/G.(9IMO5M0O6H65/G.(9!MO5MO6#16
/'10%#1)'6#165&%/0G.(?@66

$" Al&6)%/B65/G.(9IMOSM0O6  *68<5&%/0G.(9!MO5MO06'!P6

$"!" G")10#D36<EF<5/G.(6=6>/!1/G<(6H6/!1/G<(6#16&)*%0)'60!6
5/G.(9IMO5M0?@66
G")10#D36<EF<%1/)10!&6=6>/'1/G<(9%1/)10!&6H6/!1/G<(9%1/)I0!&6
#16%16G<(6%1/)10!&6/!1/)506!D6/!1/G<(6 *6<EF<5/G.(?@66
-)O6<EF<5/G.(6=6<EF<5/G.(6 IB<EF<%1/)10!&@6

$"#' AI&B)%/B6/I1/G<(6  «6<EF<5/G.(6#)10#D368<58%/0G.(9#15M06=6
>5/G.(9#15MO6HB65/G.(9#15MO6#168)*%0)'60!6/!1/G<(? @66

$'$"  Al&6)%/B65/G.(9#15M06  +68<5&%/0G.(9#15M06'1P6

$'$"1"  G)10#D368:;<+5/G.(6=6>5&%/0G.(6H65&%/0G.(6/!10%#1166
5/G.(9#15M0?@66

$'$"#"  Al&6)%/B65&%/0G.(#6 68:;<+5/G.(6'P66

$g# " G')10#D368<5&%/0G.(9#15M06=6>5/G.(9#15M06H6
5/G.(9#15MO06#16/!10%#1)'6#165&%/0G.(#? @66
$$"##" Al&6)%/B65/G.(9#15M06  +68<5&%/0G.(9#15M06

/125M0)60B)64)58<Q5/G.(9#15M0OC5/G.(9'MOSMOR @66
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$'$"#'$" <125M0)64)58:;<+Q5&%/0G.(C5&%/0G.(#R@6

$"$"H"%" GD64)58:;<+Q58%/0G.(C58&%/0G.(#R6 B3$SEVHQW’
0B)164U898:;<+6=64U898::<+6  %>Q5&%/0G.(R??@6

%" :)0OM&164U898:;<+@6

A=8=\E5$#2)1"

We identify the dependencies for the ISM practice CMMI-DEV PPQA SP1.2.5 considering the
ISMs and ICM illustrated in Fig. 38. The ISMs contains the following ISM practices:

X CMMI-'(9 334% 63 3 GHQWLI\ HDFK FDVH RI QRQFRPSOLDQF
X SPICE SUP.1 BP9Ensure resolution on non-conformancés
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We defined a set of analysis activities that can be used by an Analyzer to effeatidedjfia
ciently deal with multiple PRs:

X Selection of ISM practices based on SFM situationalFactors
x ldentification of similar ISM practices based on:
I Similarity degree between ISM practices
I Coverage degree of two sets of ISM practices (inclusively highest degree and twbest
eragein a set of ISM practices)
I Output states of ISM practices
x ldentification of dependencies between ISM practices

These activities are realized by different algorithms and underlying metrics

For each metric, we defined requirements and assumptions that are needed for their development.
Furthermore, the metrics are defined on different levels that are detefyitiedelements and their
relations in the IS and IC Meta-Models. Each metric on a level depends on the metric on the previous
level, and each metric result on a level is high on the given scale if the metric result on the previous
level is high on the given scale. The metric result on the first level represents the final result.

Based on the developed metrics, we illustrated several algorithms that implement the analysis
activities. For a better understanding, we exemplified these algorithms as well, by usioigatiibes
from our example scenario related to the application quality. The defined algorithms are only exam-
ples of how to apply the metrics on the built models. Other algorithms are possible. For example, the
similarity metrics can be applied to define a mapping between two ISM probgdsdestifying the
pairs of ISM practices that have the highest similarity degree.
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6 MOSAIC Toolbox

The MOSAIC Toolbox supports a Modeler to perform the modeling activitiesuaAmalyzer
to perform the analysis activities on the built modklsontains various tools that are integrated into
a web application based on the multilayered standard architecture of the Java Platform Enterprise
Edition (Java EE).

The MOSAIC Toolbox is developed in collaboration with two students and based on the results
obtained during their master thesis at our research department [Dragomir 2011; Mageramov 2013].

In the following, we define the MOSAIC Toolbox requirements. Functional and non-functional
requirements are generally defined for a software application. As the MOSAIC Toolbox aims to be a
proof-of-concept, we do not define any non-functional, but only functional requirements. Further-
more, we present the MOSAIC Toolbox architecture and describe in more details one of its tools.

8=ZN 746,7$)V1O 6%¢ 17*.'

We use an UML use case diagram to illustrate the functional requirements of the MOSAIC
Toolbox (Fig. 39).

%SUQIJh!6)%&/-.NNPbNe

I. Extract ISM elements

o /x
Extension Point:
Semi-automated extraction

2.1. Identify the similarity
degree of ISM practices

2.2. Identify the coverage
degree of ISM practices
2.3. Identify the output states
of ISM practices

3. Identify ISM practice
dependencies
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l.a. Extract semi-automatically
ISM practice elements

1. Select ISM practices based
on SFM situational factors

11.1. Extract ICM concepts
based on ISM practiceConcepts

A

Analyzer

A

Modeler

11.2. Relate ISM practiceConcepts to ICM
concepts

2. Identify similar ISM
practices

1Il.1. Extract SFM
situationalFactors

11l.2. Relate SFM situationalFactors to
ICM concepts
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The use cases describe the interaction between an actor and the MOSAIC Toolbox.

The Modeler uses the system to perform the modeling activities. Therefore, the Modeler uses the
system to extract the ISM elements from the PRs. For this extraction, he also has the possibility to
semi-automatically extract the ISM practice elements. Based on the extracted ISM Qoenxteqss,
he extracts the ICM concepts and relates them. Finally, he extracts the SFM situationalFactors and
relates them to the ICM concepts.

Based on the created models, the Analyzer can perform various analysis activities. He can select
ISM practices based on SFM situationalFactors that characterize existing and possible critical situa
tions in a software project. Furthermore, he can identify similar ISM practices. There are three possi-
bilities to compare practices: he can identify the similarity degree, coverage degheeconitput
states of ISM practices. Finally, he can identify the dependencies between ISM practices.

8=[ H;19%60", /*+1'J,,). '064¥a"*+1'AH! (K, , )> 5

The MOSAIC Toolbox refers to a set of tools that implement the requirements described in the
last section. Fig. 40 gives an overview of these tools and a mapping between these tools and the
implemented requirements.
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An Analyzer uses the analyzer tools to perform the analysis activities on the data in the database
He can use thgx)/0#11+11* , H2H&H#03+!1*  and théd)s)1)1/#)I+!1* to select ISM prac-
tices from multiple PRs based on the SFM situationalFactors, to identify similar ISM praatices
well asto identify dependencies between ISM practices of multiple PRs.
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A Modeler uss different modeler tools to model the datethe databasa&le differentiate be-

tween the'#$%&'(1")*)&+!1* which guides the Modeler to perform the modeling activities and
(%) &+!1* which can be used to model the data in XML format based on the MOSAIC meta-
models.
The"#$%&'(I')*)&+!1* contains the following tools:
X Theb.0)50#1)(1)*)&+!!* supports the Modeler step by step to manually perform all model-
ing activities.
X Thes V;+U(I")*)&+!1* suppors the Modeler to semi-automatically extract the ISM practice

elements. It uses GATE a natural language processing-based application for this purpose.

The,(- ("))&+!* contains the following tools:

X Thes+)LOUHO!&+!1* supports the Modeler to perform all modeling activities with the exception
of the extraction of ICM concepts.

X Thes V&%5BU#0!&+!I*  supports the Modeler to extract the ICM concepts based dishkhe
practiceConcept

X Thes G251&0)&+!"*  reads the data in XML format, modeled in th&0oU#0!&+!1* and
V&%5BU'#0!&+!"*  and imports it in the database.

To summarize, Table 20 gives an overview of the different modeler tools and their corresponding
use cases.
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10 GATE at http://gate.ac.uk/
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In this section, we describe the architecture of the web application that integrates the components
of the MOSAIC Toolbox tools.

The architecture does not contain components fortloe)'#0!&+!1* andv&%5BU#0I&+!1* .6
A Modeler can use Notepad or other text editoa @ 0U#0!&+!!* and the yED Graph Editdr
as av&%5BU#0!&+!"*  to model the data in XML format. Therefore, we did not implement these
tools by our own. The architecture description only contains the self-developed components.

8=\=7H;1%;610'

The architecture is based on the multilayered standard architecture of the Java Platform Enterprise
Edition (Java EE). Hence, the MOSAIC Toolbox architecture also contains twthaersin on the
Java EE Servemwebandbusiness tierWe differentiate between web and business compoaents
cordingly (Fig. 4):

X Theweb componentare the)K( *& and")K;1%*3%$)&@ These interact with the Modeler
and the Analyzer who aim to perform the modeling and analysis activities respectaety. E
contains components that correspond to the MOSAIC Toolbox tools') & #5%&'(1")*)&
or K G25!&0)& ).

X Thebusiness componerdge thavMI#1)l1(!)*)& andwMI#1)I1;1%*3%$)& . These are defined
to offer a single facade for the web components. \Wik#1)11(1')*)& is used by the web and
business components to get access to the data in the databas®1#FH)@;1%*3$)&  contains
the components that implement the logic of the analysis activities and is used by the
"K;1%*3%$)&

11 yED Graph Edit at http://www.yworks.com
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The MOSAIC architecture is loosely coupled and defines dedicated components for each of the
tools within the MOSAIC Toolbox. Consequently, the components of our architecture can be ex-
tracted and integrated into a single application based on the needs of an organization (Table 21). For
example, if an organization is only interested to create a repository of multiple PRs with a common
structure, then the components of one of the modeler tools, e gsthe’ (I")*)&+!* , can be
extracted and integrated into an application. If an organization is only interested in the sefection
ISM practices based on the software project context, then the components)9fothe+!1*
can also be extracted and integrated to a single applicatiowfMhe)i(!")*)& component has
to be used by all the tools as it is the component that interacts with the database and provides access
to the data.

Table 21 gives a mapping between the architecture components and the MOSAIC Toolbox tools.
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Fig. 42 exemplifies the detailed architecture of the web components. Based on the Java Server
Faces (JSF) framework, there are different components tkiftg)& and")K;1%*3$)&

X A%/)*)0I realize the user interface that is run by the web browser.

X (%1%X)'6W)%116 handle an event fired by teo/)*)0l , validate the data received from the user
and perform the processing to call the business components. K&k component, the
(%1%X)'W)%1IP 8&))10)&I  use theg%1%X)'W)%1l P6 8&)1)10)&Y%1*)&I to validate the
user request before sending the create, update or delete request to the business components. In th
"K;1%*3$)&6 components, there is no need to validate the user reagibstinput data for each
analysis activity is predefinad the user interface. Therefore, the call is directly delegated to the
business components by #9&1%X)'W)%1IP 8&)I)10)&I@
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The business components in thesiness tieareused by theveb components to process or get
the data from the database. The lowest level components are the EJBs (Java Enterprise Beans). Thes
are standard components within the Java EE framework. Fig. 43 illustrates the detailed architecture
of the business components.
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TheWMI#1)11()*)& components are used by thi€(!)*)& components to create, update,
remove or get the data into or from the database. It is mainly based on the components generated by
V%&X!3*) , a model driven software development tool developed at our department [LSwenthal
2011].v9&X!3*) generates various EJBs based on meta-models. We used this tool to generate the
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V%&X!3*) component with its!10&!**)&  and4%0%EKZ)/0 components based on the MOSAIC
meta-models. This generation allows us to easily maintaivthg1)li(!)*)& when the MOSAIC
meta-models change. For each meta-model elementoti8&!3*) tool generated the corresponding
4%0%6EKZ)/0 and<!10&!**)&6 components. Thé%0%6EKZ)/0l create and interact with the data-
base. The!10&!*)&l  control thecreaton, update or remal of these1%0%6EKZ)/01 by verifying

that certain conditions are fulfilled. As ti@&X!3*) component did not always fit our purposes, we
develogdtheV%&X!3*)ULO)1I#'1  component which wraps and extends the Gargoyle component
functionality:

X It extends method$§ thev%&X!3*) component does not consider all needed aspects (e.g. deletion
of an ICM concept must consider also the deletion of its corresponding similarity relations)

X It implements new methods (e.g. gets all ISM practicearid®M process from the database for
the identification of ISM practice dependencies)

ThewWMI#1)I1;1%*3$)&  is used by th®K;1%*3$)& components to call the various implemen-
tations of the analysis activities. These are implemented byithe1)i1.)*)/0#!1 , WMD)
H2H#%&H#03 andWMI#1)114)5)1")1/#)I . Furthermore, theK; 1%*3$)& uses thé&)K(")*)&
component to interact with the needed data.

8=\=] (7$)&.6.",/*+1'(%4+6*14*"%1"
We argue that the MOSAIC architecture is simple and flexible because of the following reasons:

x Dedicated component¥he components of our architecture can be combined and integrated to
build single applications that are needed for an organization. Furthermore, modifications of a
certain functionality only affect the components that impleritent

x Extension of analysis componerdifferent analysis activities are implemented by different anal-
ysis components and thus, the integration of new analysis activities can be easily performed.

X Modifications of modeling componeni®/e used th&/%&X!3*) tool to generate the modeling
business component that interact with the database. This modeling component can be-easily r
placed by another component, i.e. a (M9&X!3*) generated component or a component gener-
ated by other tools. Consequently, modifications in the MOSAIC meta-models do not require
complex modifications.

X Multilayer pattern.The communication between the components is based on the multilayered
standard Java EE architecture and thus, the communication is being kept simple.

Furthermore, to evaluate the simplicity and flexibility of the MOSADIbox architecture, we
performeda gatic analysis with the SonargrdphKey metrics such as overall coupling and the level
of package cyclicity are indicators for a simple and flexible architecture of a sofivednle 2) We
analyzed the results based on the interpretation guidelines by Son&tgraph

12 Sonograph available at https://www.hello2morrow.com/products/sonargraph
13 Definition for Sonargraph metrics available at https://www.hello2morrow.com/procusgsaph/sonar
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The afore mentioned arguments indicate that the MOSAIC architecture is simple and flexible.
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The MOSAIC Toolbox is implemented according to its architecture. We shortly describe an anal-
ysis that we performed to sustain this fact. Furthermore, we give a list of code metrics that give in-
formation about the size of the MOSAIC Toolbox. Finally, as the implementation wfttig'J
y)&+!1* is a complex component of the MOSAIC Toolbox, we describe it separately.

The appendices contain a short handbook of the MOSAIC Toolbox (chapter 10.2). Here, we give
guidelines how to use the tools within the MOSAIC Toolbox.

8=]=Z(%A4+6*14*"%1'@, 7/, %#$741’

The MOSAIC Toolbox is conformant to its architecture. To verify this, we peddendynamic
analysis with the CIC (Communication Integrity Checker), a tool developed within the ARAMIS
project in our research department [Dragomir and Lichter 2013]. The main goal of the ARAMIS
project is to support organizations in the development of systems according to their architecture. It
ensures that implemented use cases do not violate predefined architectural rules. Therefore, we could
verify if the communication inside the MOSAIC Toolbox is performed only in ways intended by its
architecture.
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Together with a master student, we defined different scenarios of using the MOSAIC Toolbox.
For example, we extraatl ISM practices and its practice elements from CMMI-SVC. While we per-
formed these modeling activities, the CIC registered the communication inside the MOSAIC
Toolbox. Based on an analysis of the CIC results, we disedtteait CIC identifies 3 kinds of viola-
tions with a total of 25 frequency within the used scenarios in more than one hundred thousand
checked communication attempts (Table 23).
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For example, one type of violation is that 8881)10)&1  of the")K(!)*)& web components
use the analysis business components*QI#lA%/%") ). Another type is that theg)l)10)&l  of
the")K(!")*)& directly interact with the business componea#s/¢o’)ULO)1I#!11  and(!')*#1XJ
A%/%") ) and not via th&&)1)10)&Y%1*)&l of the"K(""& . Such behaviorarenot allowed
according to the defined architecture.

To summarize, we can argue, that the MOSAIC Toolbox is developed according to its architec-

ture.

8=]=[ @,31'A1*%64.

In this section, we give some information about the size of the MOSAIC Toolbox implementa-
tion. Table 24 lists some key metrics computed in by CodelSwetich give information about the
size of the MOSAICToolbox software system.
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All the source files except for the JAPE Transducers are parts of the Java web application. The
JAPE (Java Annotation Patterns Engine) Transducers files are parts of the GATE application, that we
implemened to automatically extract ISM practice elements from an ISM practice. The Java web
application uses the output of these JAPE Transducers to finalize the extraction of the ISM practice
elements. This process and thus, the interface between the GATE and Java web application is imple-
mentedin the V;+U(I")*)&+!1* . Therefore Vv;+U(1")*)&+!* automatically extracts the ISM
practice elements. We describe this tool in the following.

14 CodeStats available at https://npmjs.org/package/code-stats
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In this section, we describe one of the tools within the MOSAIC Toolbox, nameklshe'J
&+ | asits implementation based on the natural processing language techniques is not straight-
forward and need some explanations.

TheV;+U(!")*)&+!* extracts ISM practice elements based on the identification of grammat-
ical structures in the text of an ISM practice. The extraction of ISM practice elements means not only
their identification, but also a normalization of their language. According to their personality, educa-
tional and cultural background the authorsPé&tstend to express the same ideas differently. For
example, while in COBIT and Functional Safety practices are abundant in passive structures, in
CMMI practices are written almost completely using the active form. A normalidgndg style, e.g.
using only active structures, supports a better understanding of the PRs and leads to a consistent
modeling of its elements in MOSAIC.

We developdthis tool iteratively and improved the results after each iteration. The architecture
and results of the first phase are described here [Jeners et al. 2012a]. The architecture of the improved
tool is described in the next sections.

8=]=\=Z H;1%;610'

Based on various Natural Language Processing (NLP) tasks and on the tool support offered by
GATE (General Architecture for Text Engineering) [Cunningham et al. 2012] and the Dragon Toolkit
[Zhou et al. 2007], we constractthe V;+U(!)*)&+!1* . This parseanISM practice, normalizes
and forms the ISM practice elements based on various extraction rules. We define such rules based
on language structure guidelines (normalization rules) and based on the elements and their relations
defined by the IS Meta-Model (forming rules) (Fig)45

To specifythee UXOHV ZH XvA WKRHHJBUM VYV WKDW WK Hnt®©thed W V L C
right side. The left and right side are specified using a variation of EBNF (Extended Bdalus
Form). :H XVH WKH VLJQ 3~ LQVWHDG Rl 3" EHFDXVH LQWIH.QJX
grammatical structures. Moreover, when a lexical structure has to have a certain value for a rule to
apply, then the allowed values are written under the rule &hdaVH S D U D W H GFd examk H VL J
ple, Fig. 44 illustrates such a rule, where the accepted values for the preposition are listed. This rule
transforms a verb that can be preceded by an adverb and followed by a noun, a possible relative
sentence, preposition and a nouto iaa verb followed by the first noun.

M&OXILbn!KIBILb!KI3N\R"IK!Im,IPKQV X1%IRQIRMUNKINRK3N\R IBILb!K!
3N\R"

+LIINUVQVNR!"lubSu!p!luZNLu!p!'uNR![*"VW"u!p!u["WWAL BWIRUJIPR Y UQu!p!
p'uVRu!p!uVRUVOIUlpluQ*"KQu!p!uVRIQILJUINZu!p'##

I"#$WFY%P+<>(567870<558%6>?/4.87 %51 Y8
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Language Structure
Guidelines

ISM practice elements

ISM practices
Normalization Rules
Forming Rules
=
@ T
IS Meta-Model
Legend

I ememigy>

I"#$%HZ2504/8"V/1"59%/96%1504"9#%51%,*(%.0/@1"@7%78747912%

TheV;+U(1")*)&+!1* contains a GATE application and a Java application with different com-
ponents which communicate with each other in a chain according to the pipes and filters architecture
style tone component uses as input the output of the previous component (Fig. 46).
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Firstly, we built the GATE application in the GATE environment that enables the developer to
run and test applications based on NLP tasks. These NLP tasks are performed by various plug-ins
within the GATE application. Shortly, the GATE application consists of three compogents:

X 8B&%l)6<BM1))& chunks the sentences in tokens and annotate them accordingly.

X 8&)JFI&2%*#$)& uses the normalization rules to perform a first normalization of the annotated
tokens.

X A part of the8&%/0#/)6 U*)2)1016 Al&2)& , namely ther![)116 G')10#D#)& , annotates the
pre-normalized tokens as activities, outputs, inputs, roles and purposes tokens based on the form-
ing rules.

Secondly, we instantiated the GATE applicatiorthe Java application that extracts the ISM
practice elements based on the token annotations from the GATE application and finalizes the no
malization based on the normalization rulesonsists of two components:

X A part of thes&%/0#/)6U*)2)1016A1&2)& ,6namely theB&%/0#/)6U*)2)1016G')10#D#)&
identifies the ISM practice elements based on the GATE application annotations.

X A#1%*JFI&2%*#$)& Wwith its \)&K6 -)229%0#$)&  finalizes the normalizations by transforming
passive or gerund form of verbs in the active form.

Table 25 illustrates the extraction of ISM practice elements from an ISM practice. We modified
the original form of the ISM practice CMMI-DEV PPQA SP2.1 to illustrate the normalization of the
passive form of the verfThe original text of this ISM practice does not contain passive structures.
First, theBB&%l) <BM1[)& annotates the tokens as verbs and nouns with the support of its three plug-
ins: ;FFGU, FIM1-8B&%l) <BM1[)& andFoR)' JU10#03J:)/!X1#$)& . Furthermore, theg&) -F!&J
2%*#$)& transforms the verb token and extracts the auxiliary form of the vertg&phie#/) U*)J
2)101 Al&2)& forms and annotates the pre-normalized tokens as activities, outputs and roles and
then forms the ISM activities, outputs, inputs and roles accordingly. The ISM outputs and inputs are
formed based on the output and activity annotations. Finallp#ise*IF'&2%*#$)& transforms the
extracted verb from its passive to its active form.
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In the following, we describe in detail s@components and describe the NLP tasks used.

8=]=\=] G+%$.1'@+"7?1%'

The 8B&%l)6<BM1))& splits a given ISM practice in Annotated Tokens based on various NLP
tasks:

x Part-of-Speech Tagging (POS Taggingnplementedy the ANNIE plug-n, identifies tokens
(such as verbs, nouns, adjectives, adverbs) and annotates them correspondingly.

X Noun-Phrase Chunkingmplementedy the GATE Noun-Chunker plugpy, annotates tokens as
composed nouns.

x Name-Entity Recognitionimplemented by the ANNIE-Gazettpiug4n, annotates tokens as
nouns and supports the identification of the ISM roles.

Firstly, thePOS Tagginghunks a sentence in POS tokens which are relevant for the identifica-
tion of all ISM practice elements. POS tokens aredtegory to which a word is assigned in accord-
ance with its syntactic functiotS. The set of all POS tokens is different from language to language.
For example, in English, the main POS categories are noun, pronoun, adjective, determiner, verb,
adverb, preposition, conjunction and interjection. There exist two main POS tagging techniques: rule-
based and probabilistic training POS tagging [Nau 2010]. On the one side, a rule-based POS tagging
system uses a list of possible tagging sequences as rules and verifies which best suit the input sen-
tence. On the other side, a probabilistic training system computes the occurring probabilities of the
POS based on a previously annotated text corpora (e.g. Brown Corpus which contains over one mil-
lion annotated words [Francis and Kucera 1979]). The probabilistic training system is ofters used
its results are more qualitative and the required storing space is less. However, the POS Tagging do
not always provide the correct results due to language ambiguities. For example, tHe stikeate
from the practice CMMI-DEV PP6 3 S(VWLPDWH WKH SURMHFW HIIRUW «
tionale” can be interpreted as a verb, but also as a noun.

We used the ANNIE (A Nearly-New Information Extraction System) piuigunningham et al.
2012] for the POS Tagging. There are various tool support for this NLP task (e.g. Stanford Parser
[Marneffe et al. 2006], Dragon Toolkit [Zhou et al. 2007] or UIMA (Unstructured Information Man-
agement Architecture) [Ferrucci et al. 2006]). As ANNIE is a GATE jphugve used it for our pur-
poses. Moreover, the results are satisfactory and the time performance is high. ANNIE uses a rule set,
the result ofa training on a large corpus taken from the Wall Street Journal, to identify the POS
tokens.

Secondly, théNoun Phrase ChunkinBird 2009] identifies noun phrases which are relevant to
form the ISM artifacts and roles. A noun phrase is a combination of more nouns that have a standalone
semantic meaning. R U H [ D Rv&riobrealkdown structure LV D QRXQ SKUDVH FRPSRYV
wvork~ bteakdown D @s@ucture’ As the Noun Phrase Chunking is based on the output of the
POS Tagging task, it relies considerably on the precision of the used POS Tagger. There are various
tool support for the Noun Phrase Chunking (e.g. Dragon Toolkit Xtract [Smadja 1993] or
NounChunker [Cunningham et al. 2012]). As the NounChunker is a GATE plug-in, wét tised
implement this NLP taskihis GATE plugin is a Java implementation of the Ramshaw and Marcus
BaseNP chunker [Ramshaw and Marcus 1999].

15 part Of Speech", Oxford Dictionaries http://oxforddictionaries.com/definition/part+of+spesgibA=us
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Finally, theNamed Entity Recognitiadentifies specific nouns and supports the identification of
ISM roles. It analyses a given text and identifies all the entities belonging to certain predefined cate-
gories. Such categories can be "persons”, organizations", "locations”, "roles (actors and stakehold-
ers)". The ANNIE Gazetteer, also a GATE plug-in, identifies named entities based on some prede-

fined list of entities.

8=]=\=\ GUIX,%#$)6L1%'

Based on the annotated tokens 8kpF!&2%*#$)& identifies the pre-normalized tokens. Based
on the normalizations rules, such transformations are possible. There are various tools that are based
on rules. For example, JAPE (Java Annotation Patterns Engine) Transducers, Prolog, SAIL (Semi-
Automated Interactive Learning) or UIMA are tools to perform such transformations:/[jhe
G')10#D#)& within the8&)JF!&2%*#$)& utilizes the JAPE Transducers. The JAPE "provides a reg-
uar-r-H[SUHVVLRQ EDVHG SDWWHUQ [CurMhiiRui® etlaX 20H2. RYHU DQQR)

8=]=\=\=2X,%#$)6L$*6,7'V")1."

The8&) JF1&2%*#$)& uses the JAPE Transducers to implement the normalization rules. It per-
forms the first step in the normalization of the original text. The second and final step is performed
later by thea#1%*JF!1&2%*#$)& .

To define the normalization rulewe analyzed several writing style guidelines. First,ana-
lyzed some recommendations from Requirements Engineering that are based on best practices from
Neuro-Linguistic Programming [Grinder and Bandler 1976]. These recommendations are defined by
the SOPHISTS to write clear, consistent, complete and unambiguous requirements [Pghl 2011]
[Geltinger 2010]. Furthermore, we analyzed further guidelines for scientific wfitiBgsed on all
these best practicese recommend the application of the following rules.

X Theactive form of the verb hato be used instead passive voicesmodal andpresentcontin-
uous tenses
For example, instead of the passive structure in the COBIT PO37KH OLNHGHOKIRR G >«
be determined individually, by category and on a portfolio Basi8V K H D F kéveYd-bd &sedP
Petermine the likelihood> « @ °

X The corresponding verb in active form has to be used insteamhwohalizations andgerunds.
For example, instead of the nominalization in CMMI-DERM SP 1.23se organizational pro-
cess assets and the measurement repository for estimating and planning project actiwiti&sH
corresponding verbs in active form have to be us@de organizational process assets and the
measurement repository to estimate and plan project actividesvever, not all gerunds have to
be transformed to their corresponding active form. For example in the practice CMMIFDEV
SP1.3.2%rovide ongoingP DLQWHQDQFH DQG RSHUDWLRQDO VXSSRUYV
ment.’, the gerundongoing’is an adjective and can be left un-normalized.

TheV;+U(!")*)&+!* only implements the first rule (the active form of the verb haeto
used instead of passive voices, modal and present continuous tenses). This is because the semantics

19968 ()&*('1+, (1-.%'18%6+%.10(%RUEAEB6) 7). *897)&'89'+6:1)/-'(8,67%,<.1=6('8 *(.'86>(%&%/16? @01/ ()BIREASE6>>>9. 2
<*AT%)9"*6.*67%,<,1=6*16('8)(.364)4'(9TBRLA566A)%.9CA*Q *6C *(/)<6%/: DEE/' () <FG*<'8F+,(F-.%'/&%+%.FB(%&%/194:+
3884566>>>9*1(9'86:)1.)8..6&% (()6H..861,>)<BI%F8.%'/ &%+ Y. FEYGERMBEER) #<&=9* )9’ *6A)(.36 7%, "68.96>(%&%6/ 16> (%82
&%48938&A9!
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is very important for the identification of the nominalizations and gerunds. An automated normali-
zation would become too complex. Consequently, based on the first writing style guideline, we de-
fine normalization rules to transform the original forms in normalized feffable 26). Not all

verb tenses neettwo-step normalization. If the verb is in its active or in the modal form (rule 1

and 2), then no second step needs to be performed any morea#yter'8&2%*#$)& . The sec-

ond step has to be performed only for the rule 3 and 4 and thus, it is marked accordingly (Eable 26
rule 3a and 4a).

-EMg*$ELGEG
"D _[#CMVKFHOKIHCL*%JFE 'EGTMHRIHCL .UKVRFE*3*& MHNHLKF $MKLG
] ] ] ] &-<#"#C+hI(UQKBPVUNWLVQILVH |t on

DIJvVAE Jv §A WDJvA E Jv 3]A AIXILBIVRIQMIKWQVXIIZNLIZNLIILIJKY RUMBRNIQEHWRVZSVRYIU\PVILU

1 ] ] JCIH)GHELNTPKRIUSNPOIVRWR] o)
s & Jvu} o ~u} o pAJo] EC = u Jv A |[EIKWRHDLANVUNeEKWQIOH OIQKVPUINZILNfIWQIOIPVXILKbP

ok |S € 1V % =+JA ~ pAEJo] EC AKE E]ulps -66/1) 1% TLLKVRVRYIZNLIVROVXY | o
JKVRIXILBIVRIKUQIKLQVWVIPI AIKVRIXILDIVRIKUQIKLQVWVIPIVUIeQLKWQIO#| ~ Y+ ]+ % E}A] X

oK BILb!VR!]LIUIRQ!WNRQVRN\UVR!KWQVXI!M@XFPK!KMBHXI C/HB#mC##FANILUNRRIPIKLIL [ o o o
$Z ulv A E -+ W r]vP (JEuU }( 3Z u J{ANFVRYIZNLINZIQMIKVRIXILbIVUIeQLKWQIO#  |JILZNLIVRYINRPSIK\Q NLVUIOIO\

</[=87%BK%Z504/8"V/1"59%0C88PD21%217.%
8=]=\=] G%$4*641'E)1#17*.'N,%#1%"

Within the GATE application, the![)116 G')10#D#)& within theU*)2)10I6A!&2)&  8&%/J
0#/)6U*)2)1016A!&2)& uses the JAPE-Transducers to implement the forming rules and to annotate
the pre-normalized tokens as activities, outputs, inputs, roles and purposes.

Within the Java application, ti8&%/0#/)6U*)2)1016G")10#D#)& 8&%/0#/)6 within theU*J
)2)1016 Al&2)&  uses Plain Java to implement the forming rules and thus, form the ISM activities,
outputs, inputs, roles and purposes elements based on the tokens received from the GATE application.

8=]=\=]=ZN,%#67-'V")1."

The forming rules are based on the ISM practice language elements that define the lexical struc-
ture of the ISM practice elements.
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Based on the annotations received from the instantiated GATE applicatia)&K6e22%J

0#$)& within the A#1%*JF!&2%*#$)& finalizes the normalization started by 88 JF'&2%*#$)& .
It calls the Dragon ToolKit lemmatizer to identify the lemmas for verbs in the passive form and
gerunds. Lemmatization is the process of reducing a word to its canonical form. The cananical for
is also a valid word that is called lemma [Nugues 2006]. For example, the canonical form of the

IROORZL QdoidgR Uiy dnd gone” LYo ™3 lik~ D @G’ réspectively. There is a GATE
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plug4n that supports the lemmatization task, but it can be used only under the UNIX system. There-
fore, we used the Dragon Toolkit within the Java application to perform this final normalization.
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Based on the writing style guidelines presented in the section abowKbe)22%0#$)&
performs the second and final step in the normalization for the rule 3 and 4 (Table 31 - rule 3b and
4b).
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Table 32 illustrates the application of the forming rules on the CMMI-DEV practice from our
example scenario. No normalization rules need to be applied.
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The MOSAIC Toolbox is a web application that integrates a series of tools to support the mod-
eling and analysis activities.

It offers different possibilities to model the ISM, ICM and SFM elements: the Modeler can be
guided stepwise and model the data directly in the database or can model the data in XML format and
then import it in the database. Furthermore, it offers a tool that semi-automatically extracts the ISM
practice elements based on the ISM practice.

Based on these models, the Analyzer can automatically select ISM practices based on SFM situ-
ationalFactors, identify the similarity degree, coverage degree, output states of Sigkeprand
dependencies between them.
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/ Applications

In this chapter, we give an overview of possible applications of MOSAIC for organizations that
are interested in the adoption of multiple PRs and assessment based on PRs. We call these possible
applications of MOSAIGQisage activities

As organizations use different types of PRs, we remind about their definition.

A reference PRis used as a guideline for the software process improvems
organizations. For example, CMMI-DEV, COBIT or ISO/IEC 12207 are rgfer-
ence PRs.

q? A process PRrefers to a process model and is more concrete than a refe
PR because it defines not onlyM practices, but also give additional infgr-
mation about how to adopt these. It can be used as a guideline, but it can
directly applied to describe the software processes of an organization. For|exam-
Reminder ple, V-Model XT is such a PR.

An internal process PRis a special process PR and refers to the internal soft-
ware processes of an organization. This PR defines activities to be used ag guide-
lines for the improvement of software processes in an organization, e.g. in soft-
ware projects. Hence, it defines the practices of this organization and thus
PR.

To offer a relevant list of usage activities, we intengdwarious experts that work in various
organizations and have experienced different usapBfs. We perfored two types of individual
interviews with these experts:

x We perfornedindividual interviews with eight experts about possible applications of MOSAIC.
After a short description of MOSAIC, we a&skthem about possible usage activities for the MO-
SAIC models and the analysis activities: selection of ISM practices based on the project context,
identification of similar ISM practices and identification of dependencies between ISM practices.

x We perforned interviews with seven software process assessors. Ve tmkm about the as-
sessment process in general and not about possible MOSAIC applications. The experts described
their method to perform assessments by answering questions, such as: how do they prepare for an
assessment, which strategy are they follow to perform such an assessment, do they consider the
software project context or how do they prioritize the improvement practices to be aeopted
software projects. Based on these questions, we analyzed the assessment process aiid verified
MOSAIC can support this process in particular.

Table 33 illustrates the profiles of the interviewed experts. Firstly, we involved industrial soft-
ware consultants specialized in supporting organizations in the usage of PRs. They play various or-
ganizational roles in the software process improvement initiatives. Secondly, we involved various
roles from two organizations, organization A and B (described in sectionV8e2interviewed a
software process improvement sponsor, process improvement lead, process manager and process en
gineer from the organization A. These organizational role names correspond to the roles defined and
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used in the software process improvement according to CMMI-DEV [Kulpa 2003]. At the time of the
interviews, we could not involve any software process assessors from this organization as this did not
perform such assessments. However, we involved software process assessors from organization B.
They were responsible to perform assessments and to continuously evaluate the process compliance
of software projects according to the internal process PRs and CMMI-DEV.
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In the following, we give an overview of the collected usage activities and describe them in de-
tails.

'=Z H; 19460

Based on the interview results, we identified several usage activities where MOSAIC can be
applied. We observed that these are related to the two main challenges mentioned in the introduction
of this work (section 1.3). Consequently, the experts implicitly acknowledged the fact that these two
challenges exist when dealing with PRs:

x Selection of the best PRs based on the internal needs and problems of organizations
X Simultaneous usage of multiple PRs to adopt and assess the adoption by the identification of
similarities and dependencies of the selected PRs
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As the selection and usage of a PR do not necessarily mean the selection and usage of the entire
PR we remind about.

e The termPR does not necessarily refer to all elements of a certain PR, bd
also refer to a subset of elements of this certain PR that are selected for the soft-
ware process improvement in an organization.

Reminder

In the following, we give an overview of the usage activities. A more detailed description that
explain their purpose is given in the next sectitihsecessary, we give examples for a better under-
standing of these activities.

For the selection of the best suited PRs, we identified the following usage activities that can be
supported by MOSAIC:

x Identify the process profile of the organizati@ased on the organizational context (inclusively
the needs or problems of software projects), create a process profile of ISM practices or processes
to be used as reference for the improvement of the internal process PRs.

x ldentify the value of PR8ased on the organizational context (inclusively needs or problems of
software projects), identify the value of a refereR&for an organization:

I Compare the values of reference PRs of interest to decide which reference PR(s) should
be adopted.

I Based on the value @freference PR for an organization and the effort needed for the
adoption, compute its ROI (return on investment) for this organization to decide if this
reference PR should be adopted.

I Identify the additional value of a referereR (Fig. 47 - marked in white) to decideitif
should be adopted.

I Identify the value that can be lost (Fig. 47 - marked in white) when the internal process
PRs remain compliant to a refereri®ig,, but not to PRanymore.

/RQILRKP!ILNWIUU,U

/RQILRKP!ILNWIUUN

TNUQ!XKF

&OOVQVNRKP!XKP\I
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x Establish a new PRBased ora PR for an IT domain, derive a new PR for anotfiedlomain that
is needed in an organization.

x Create a tailoring instrument for software projecBased on a mapping between the software
project context and the practices of the internal process PRs, create a tailoring instrument to rec-
ommend best suited ISM practices that need to be adopted to address critical situations in this
software project.

Once the best suited PRs are selected for the adoption, there are different activities that describe
the simultaneous usage of these PRs (inclusively internal process PRs) and can be supported by MO-
SAIC:

x Create a repository of multiple PRGreate aepository that covers multiplBRsand supports
the organization in an efficient adoption and assessment.

x Avoid redundancies:

I Avoid redundancies in the various ISM categories of the internal process PRs.
I Identify the redundancies of two or more reference PRs to be used for the improvement
of the internal process PRs.
I Identify the overlapping between a process &Rnternal process PR and refereiiies
when a process PR is considered to substitute the internal process PR.
X Avoid inconsistencies
I Assure a consistent definition of highly dependent ISM practices in the internal process
PRs.
I Verify whether the dependencies between ISM practices are consistent.
x Provide helpful information for adoption
I Use the additional information from similar reference PRs to improve the internal process
PRs.
I Identify which ISM practices from different PRs are abstract and which are more concrete
to better understand and adopt ISM practices that need to be considered.
I Identify thetime order of the ISM practices in the internal process PRs to give guidelines
for their adoption in the projects or other parts of an organization.
I Achieve a common terminology in the internal process PRs.

X Maintain the internal process PRiglentify the global impact of the local changes performed in
some ISM practices to avoid negative effects. If the negative global effects are higher than the
local optimization, then the local change should not be performed.

X Achieve compliance to referene®s Improve the internal process PRs accordingreference
PRbased on the gaps between them.

x Perform efficient assessments

I Perform assessments by simultaneously considering multiple PRs to avoid redundancies
in the evaluations.

I Perform assessments by considering the dependencies between the ISM practices to avoid
unnecessary evaluations.

Another usage activity that is mentioned by the experts concerns the redundancies and conflicts
of software requirements in one or more requirements specifications. These redundancies and con-
flicts have to be avoided. T¥wctivity can be supported by MOSAIC, but it is not reldteithe usage
of PRs. Therefore, it is not listed above.
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The afore-mentioned activities partially overlap or support each other. For ¢
ple, the activil SDFKLHYH FRPSOLDQFH WR UHIHUHQFH 35V
WLI\ WKH DGGLWLRQDO YDOXH RI UHIHUHQFH [35" 71
WLSOH 35V° SDUWLDOO\ RYHUODSV ZLWK WKH
— UHG XQ G D Q BtedHedch ackivi® to emphasize their importance as indivi
Remark activities that can be considered by organizations that deal with PRs.

In the following, we describe and motivate each usage activity in detail. We continue with guide-
lines on how MOSAIC can be applied to support these activities. Limitations for the MOSAIC appli-
cation are also mentioned. We differentiate between limitations for the approach and limitations for
the tool. We defined various algorithms that are implemented in the MOSAIC Toolbox. These algo-
rithms are only examples of implementing the MOSAIC analysis activities (chapter 5). However,
there are various algorithms for analyzing PRs that can be developed by applying theQ\axSad
models and metrics.

=[ GYL..'Cp/gl, I'$THW$765*6,7"

A process profile defines the ISM practices or processes from one or multiple PRs that are best
suited foranorganization and can be used as reference for the adoption and assessment.

The continuous representation of the CMMI constellation mentions such process profiles that
refer to different process areas. Within this representation, process areas have to be selected according
to the business objectives of the organization and adopted until a certain capability (0-5) is achieved.
For example, the CMMI-(9 36 XSSOLHU ODQDJHPHQW ™ SURFHVYVY DUHD FL
such a process profile of an organization, when the business of the organization highly depends
the systems or software developed by third parties.

Consequently, the benefit of such a process profile is that it considers the ISM practices or pro-
cesses that are relevant for an organization based on its current situation.

"=[=Z AH(B@'(22)64$*6,7'$73'K6#6*$*6,7."

To create such a process profile for an organization, the ISM practices and its corresi@viding
processes have to be selected based on the context of the organization. MOSAIC can blefirsed to
such a process profile based on the software project context. The selection of ISM practices base
SFM situationalFactors identifies ISM practices from multiple PRs that are best suited for an organ-
ization.

For this purpose, the context of software projects has to be analyzed and characte3izkU by
situationalFactors. The most frequent SFM situationalFactors that are critical or apply forthese
jects can be then used to select the best suited ISM practices and define the process profile. In collab-
oration with one organization, we analyzed the context of three software projects aretl $8Mct
practices that are important foidlorganization (section 8.4.3

A limitation of MOSAIC is that it only considers the selection of PRs for the software develop-
ment. The reason is that the SFM situationalFactors are derived from the situationsfrfacter
work >&ODUNH DQG 2 filtaRdesgribé&Jthe so@vare development settings. Howewer, w
argue that these SFM situationalFactors are also valid for other software areas. For éxaiSpM,

VLW XDW L Regrbdandbdohesvienés® ldustomesatisfaction | U R P peédsdhngl category
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could be considered to characterize each type of project or work and not only software ptoyects.
ever, a systematic analysis of the SFM situationalFactors validity has to be perfotimeduture
work.

Another limitation of MOSAIC is that we consider only the bottom-up approach to describe the
context of an organization. The bottom-up approach considers the software project context #® describ
the needs and constraints of an organization. However, the top-down approach based onithe orga
] D W4 go&smight also brelevant for the definition of the process profile an organization. There-
fore, a selection of ISM practices or processes based oR thd D Q Ls|do&islifn@efled. Based on
RXU H[SHULHQFHYV ZLWK dassib&thdtDhY ERVDsTtvatidiraibaatdrs @an also be
used to describe the However, this fact has to be closely analyzed in the future work. Furthermore,
there exist various approaches that address the selection of ISM processes based on goals (sectior
1.3.1). These approaches can be analyzed and integrated into MOSAIC to support a better selection
and definition of the process profile of an organization.

To summarize, MOSAIC selection of ISM practices based on SFM situationalFactors can be
applied to identify the process profile for an organization. A limitation is the validity of the SFM
situationalFactors for other software areas. Moreover, the lack of considerationRoftleD QL] DW L R (
goals is also a limitation of MOSAIC. The relation between organiz§tyfrals and SFM situational-

Factors need to be analyzed to verify if MOSAIC is suitable for this goal based selection.

=\ 9", I'$VU1%B741'GY

The value of a reference PR for an organization refers to the amount of the ISM practices of this
reference PR that@best suited for this organization. There are several situations where the value of
areference PR should be considered.

If an organization needs to decide which reference PRs have to be used for its process improve-
ment, the value of these reference PRs can support the decision process. For example, the interviewec
experts mentioned that many organizations have difficulties to decide whether they should use
CMMI-DEV, SPICE or ISO 12207 to improve their software processes.

Furthermore, this decision can also be supported by an analysis of the value of a relRrence P
and the effort needed to adopt it, i.e. by an analysis of the ROI of this reference PRalli¢hef a
reference PR is higher than the value of other reference PRs, but the ROI is smaller, then the organi-
zation should be aware of this fact and consider it in the decision process.

The additional or lost value of reference PRs can also support organizations in the decision pro-
cess. Organizations aim to be compliant to more than one reference PR for a certain software area to
increase their competitive strength on the market or to fulfill the requirements of a customer:

x Additional value If an organization is compliant to a reference PR and needs to decide to be
compliant to another reference PR for the same software area, the additional value for this gap
has to be estimated. This helps the organization to decide if this additional adoption is convenient
or not. For example, an organization adopts already CMMI-DEV, but the customer requests the
SPICE compliance. The gap or difference between CMMI-DEV and SPICt® basidentified
to decide if the adoption of this gap is valuable or not.

X Lost value Whenan organization needs to decide, if it is not convenient to remain compliant to
multiple reference PRfor a certain software area, the lost value have to be analjzlkd.effort
needed to maintain this process compliance is higher than the valwanhs lost, then the
organization can decide to not remain compliant to some PRs.

142



=330)(-#)%",*

'=\=Z AH!(B@'(22)64$*6,7'$73'K6#6*$%6,7.

To determine the value of a reference PR for an organization, the best suited ISMgfactice
this organization need to be identified. The selection of ISM practices based on SFM situationalFac-
tors in MOSAIC helps to identify the ISM practices that can be considered for this value oBased
their support degree, on the number of selected ISM practices and the total number of ISM practices
of a reference PR, the value of this reference PR can be calculated. This is not ¢orpdetignted
and thus, it is a limitation that can be addressed in the future work.

To compute the additional or lost value, the gap between the reference PRs have to be considered.
The identification of the gap is supportegd MOSAIC. However, the MOSAIC Toolbox cannot au-
tomatically identify this gapAn Analyzer has to manuglanalye the computed coverage or simi-
larity degree to identify which ISM practices are in gag Based on the support degree and the
number of these ISM practices in the gap, the additional or lost value can be calculated. Analogously
to the value ofreference PR, this is a limitation of MOSAIC and can be addressed in the future
work.

To summarize, MOSAIC with its selection of ISM practices based on SFM situationalFactors
and identification of similar ISM practices can be used but it has to be extended to compute the value
of a reference PR. Although we give some guidelines how this value can be calculated, this compu-
tation hago be systematically developed and evaluated. Furthermore, the identification of the gap
between reference BEs supported, butanonly be semi-automatically identified with the support
of the MOSAIC Toolbox.

‘=] X10'GV.'

New PRs can be established based on the knowledge of existing PRs. The reuse oP&ssting
is actually a fact. For example, an analysis of 52 PRs reveal that the most of themcdaom [GdM,
SPICE or CMMI-DEV [von Wangenheim et al. 2010].

7KLV LV EHQHILFLDO DV WKH H[LVWLQJ 35V UHIOHFW WKH (
There are different domains and not for every domain there is a corresp®ftiiogpe used. For
example, the software development in the health care industry domain becomes more and more im-
portant and thus, best practices are needed to guide this software development for macksal de
Consequentlynew PR for the health care industry are defined, e.g. MediSPICE is defined based on
ISO/IEC 12207, ISO/IEC 15504 and IEC 623827 0D OOH\ @

The definition of new PRs based on existing PRs catini@consuming. For this definition,
various similar PRs and the target domain have to be intensively analyzed. Therefore, techniques are
needed to support this process.

'=]=Z AH!I(B@'(22)64$*6,7'$73'K6#6*$%6,7.

An approach, called the translation of a PR, is proposed to create a new PR by transforming an
existing PR into a new one [Fricker et al. 2013]. Here, the concepts of the existing PRyaedana
and translated into similar concepts that are specific to the new domain. For example, the concept
3SFXVWRP H UFrdn@w@B (Software Product Management Framewdrk) WUDQVODWHG
WLHQW ™ LQ WKH QHZ 3H8ustR/[Pafekssiorketidd Q008K FDUH LQ

MOSAIC with its ICM can be useful to support this translation. ICM similar concepts of an ex-
isting PR and of the new PR can be modeled in the ICM. Based on these similarity relations between
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the ICM concepts, ISM practices can be automatically specified by replacing theoli@epts of
the existing ISM practices with ICM similar concepts from the target domain. This is currently not
implemented in MOSAIC and thus, it is a limitation.

To summarize, MOSAIC with its models can support the definition of new PRs based on existing
PRs. We did not implement such an automated transformation, but MOSAIC can be used to support
it.

=N J$6) % -'H. oH 177/, %,/ *0$B o<t

A tailoring instrument for software projects defines which ISM practices are best suited for these
projects and thus, supports the project members to select ISM practices of the internal process PRs.

For example, if the requirements volatility is high in software projects, then practices, such as the
SPICESUP.10% 3 3$QDO\]H DQG SULRULW LOrcCMMKIHEVARRERK) BRI W HT XH
SODLQWDLQ ELGLUHFWLRQDO WUDFHDELOLW\ DPRQJ WKH UHT
as possible mitigation actions to manage the multiple change requests that appear during the software
project. If the change requests are not analysed and prioritized, then the effect that geisiabam
the development is unknown and can jeopardize the project goals. Furthermore, if the traceability
among requirements and work products is not defined, then the changes cannot be effectively and
efficiently managed. The design components, the implementation or the test cases that are affected
by these changes need to be identified each time such a change is requeateidhFequirements
volatility, this requires a big effort without such a traceability between the requirements and the work
products.

Therefore, based on the context of software projects, PRs are adopted to suppprojbets to
address different situations. This leads to an effective adoption of the internal processoRRs
ISM practices that are beneficial are adopted. Moreover, the software projects recogbiezeetiis
and the process compliance improves.

‘=A=ZAHI(B@'(22)64$*6,7'$73'KEH#6*$46,7."

A possible implementation of a tailoring instrument for software projects is to define a mapping
between factors that characterize the project context and the internal procépsatites. Within
MOSAIC, the selection of ISM practices based on SFM situationalFactors can be appulieate
such a mapping. For each SFM situationalFactor, the ISM practices with their support degree is iden-
tified. In collaboration with our industry partner, we created such a tailoring instrument and applied
in the tailoring process of software projects (section 8.4.3). There is no limitation for MOSAIC to
support the creation of such a tailoring instrument.
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A repository of multiple PRs contains all the ISM practices oPtReof interest. For each ISM
practice, the traces Rs the similarities, differences and dependencies between the ISM practices
can be identified in such a repository. Furthermore, the process compliance according to these PRs
can also be documented here.

One of the PRs contained in such a repository can be the internal process P
increases the understanding and the acceptance of the multiple PRs to be
in the organization. The similarities between the internal process PRs anc
ISM practices lead to a better understanding of these PRs.

Rémérk

There are several advantages of creating such a repository of multiple PRs.

One advantage is that such a repository of multiple PRs helps an organization to avoid redundan-
cies in the adoption and assessmingives an overview of the similarities and the differences be-
tween the multiple PRs. This is time-efficient as ISM practices from different PRs neecbiushuk
ered and assessed only once. For example, the results of an assessment according to a PR can k
partially used to verify the compliance according to another PR when these PRs have rediindancie

A repository of multiple PRs can also support an organization to manage the communication
between the different departments responsible for the different PRs. The information flow between
the departments is known and this supports an efficient communication.

Another advantage is that such a repository supports a better understanding of the process needs
and wishes of an organization by giving an overview of the PRs that are currenteceasn the
organization. A better understanding is also supported by a common structure and terminology of the
multiple PRs.

Finally, this repository can help an organization that offers consultancy services about the usage
of multiple PRs to deliver their customers information about the similarities, differences and depend-
encies of PRs of interest.

"=8=ZE5%$#2)1.",/'V1/1%1741'GV.'$d12,.6*,%&"

We give some examples of commonly used reference PRs that can be considered for integration
into a repository of multiple PRs. There are different publications that mention which are most com-
monly used PRs [ISACA 2011c; Heston and Phifer 2011]. We present the results of a survey docu-
mented in the Global Status Report on the Governance of Enterprise IT (GEIT). This survey involves
834 business executives of small and large IT organizations of different types from 21 countries.
According to this surveyTIL or ISO 20000 are used by 28% of the organizations and thus, are most
widely used PRs (Fig. 48).

A repository that contains some of these commonly used reference PRs can be interesting for a
consultant organization as most of its customers use these reference PRs.

Furthermore, these can be relevant for an organization as these commonly used refesence
cover the process landscape of an IT organization and thus, can be used as a refetemdefer
process improvement. For example, CMMI-DEV can be used for the software development, ITIL or
ISO 20000 for the service operation, COBIT for the IT governance and TOGAF for the enterprise
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architecture management. However, we recommend organizaiiomvidually decide which PRs
or parts of the PRs are best suited for them based on their needs.

ITIL or ISO 20000

IS0 17799, IS0 27000, Information Security Framework
or other security standards
Six Sigma

COBIT (ISACA)
PMI/PMBOK
Risk IT (ISACA)
IT Assurance Framework (ISACA) 9.8
CMM or CMMI ] (9.3
IS0 38500 8.2
BMIS (Business Model for Information Security [ISACA]) 7.8
PRINCE2 6.4
Val IT (ISACA) 4.9

TOGAF 29
COSOERM | _]1.6

|28

]21.1

|
| 15.1

| [12.9
[12.7
]12

Base: 450 (IT only) 0% 5% 10% 15% 20% 25% 30%

I"#S$PNOP>, <UOG70@791/#7%51%C2/#7%51%:/0"5C2%GI2%
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There are various alternatives to implement such a repository of multiple PRs. Based on our ex-
periences, wroughly describe some alternatives how to create such repositories. For these alterna-
tives, we describe in the next section how MOSAIC can support them.

The multiple PRs can be integrated into the repository as they are originally defined. Howeve
we recommend integrating the PRs according to a common structure and terminology. This leads to
a better understanding of the PRs. Furthermore, the similarities and differences between tee PRs a
easyto identify due to this common structure and terminology. Otherwise, a mapping between the
PRs might be quite complex [Rout and Tuffley 2007].

Another alternative is to create a repository that contains unique ISM practices that are derived
from the ISM practices of the multiple PRs. For each unique ISM prattteéraces to the PRs and
dependencies to other unique ISM practices are given. For example, the internal prodpsad®Rs
tices can be considered as unique ISM practices. This leads to a better understanding and acceptanc:
of the PRs within an organization that uses the repository for their process improvement. We created
a repository of multiple PRs within the field study performed with our industry partner that contains
such unique ISM practices and the referencestoternal process PR and CMMI-DEV (page 189).

An enhancement of the last alternative is to differentiate between abstract and special unique ISM
practices in the repository of multiple PRs. For example, the repository of multiple i?Bsntain
the special ISMSUDFWLFHV 3(VWDEOLVK WKH RYHUD-OEY BRUFPRIHFW S
SUDFWLFH DQG 3(VWDEOLVK WKH-SXR WR SPRDpgactiGeHAO tebleGwoU R P
special ISM practices, such a repository also contains their abstrasiIS@ FWLFH 3(VWDEOLV
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In the future work, a systematic analysis has to be performed to analyze other alternatives to
create such a repository. Another future work could be to enhance the repository of multiple PRs with
guidelines for its use. For example, we make an analogy befRsftategories or processes and
software components. Then, we can state that the architecture of a repository of multiple PRs is de-
saibed by these components and dependencies between them. Therefore, an analogy between such :
repository and a software system can be useful. Inspired by architecture design principlas, such
repository of multiple PRs can be created. For example, the dependencies between process compo-
nents can be defined according to rules of cohesion and coupling for software components. Therefore
an efficient information flow between the departments can be better supported. The future work could
consist of an intensivanalysis of this analogy and definition of guidelines from software architecture
design theory to be used to create and maintain this repository of multiple PRs.

"=8=\AH!(B@'(22)64%$*6,7'$73'K6#6*$*6,7.'

There are various alternatives to create a repository of multiple PRs and thus, MOSAIC can dif-
ferently support the creation of such repositories.

One alternative is a repository that containdP&lks practices that are organized according to a
common structure and terminology. To create a repository with a common structure and terminology,
MOSAIC can be applied to achieve this. The IS Meta-Model can be used to normalize thieestruc
and the IC Meta-Model to normalize the terminology.

A repository with abstract and special ISM practices is also an alternatite MOSAIC, we
can support the definition of such ISM practices based on the identification of ICM abstract concepts.
These ICM abstract concepts are identified by the MOSAIC Toolbox when the similarity degree be-
tween two or more ISM practices is computed. However, the extraction of abstract ISM practices
cannot be automatically performed and thus, the MOSAIC Toolbox have to be extended.

For both alternatives and other alternatives, such as a repository that contains the PRs as they are
originally defined or a repository that contains unique ISM practices, the similarities, differences and
dependencies between the ISM practices have to be identified.

With MOSAIC, we can identify the similarities and differences between PRs by analyzing the
similarity degree, coverage degree or the output states of their ISM practicesafEhimatations
for the MOSAIC Toolbox as there are various possibilities how to present the similarities and differ-
ences between ISM practices. In some cases, an Analyzer has to manually analyze the MOSAIC
Toolbox results to get the information in the needed form. Therefore, based on the needs of an organ-
ization, the MOSAIC Toolbox has to be extended. Here are some examples of analysis activities that
can be patrtially or completely supported by the MOSAIC Toolbox:

x ldentify all the similar ISM practices of an ISM practi€®er a single ISMprackH DOO LWV 3(T:
3+LJK™ B30HGLXP IR pradtRes from other PRs can be automatically identbied
the MOSAIC Toolbox.

x ldentify the mapping between two PRé&th the support of the MOSAIC Toolbox, we can semi-
DXWRPDWLFDOO\ GHOLYHU WKLY PDSSLQJ )RU HMFK3}(GXBO
or3+LJK” ,60 S drbaNdmatieRlly identified. These have to be analyzed and added to the
mapping.

x Identify the differences or the gap between two. FR& the support of the MOSAIC Toolbpx
we can semi-automatically identify the gap. Based on the similarity de§reesI K~ 2O0OHGLXP~
RU 3/RZ" EHWZHHQ WZR ,60 SlydBRIMeddetvo idenBhpDtexdiferenz€y
between these ISM practices. A manual analysis of the computed coverage degree can also be
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performed to identify the gap. If there are no ISM practices from one PR that cover one ISM
practice from another PR, then this last ISM practice is in the gap between the two PRs.

A repository with multiple PRs contains the dependencies betitg&M practices. With MO-
SAIC, we can identify the dependencies for each ISM practice. This is also implemented in the MO-
SAIC Toolbox. There is no limitation to be mentioned.

The identification of similarities and dependencies based on MOSAIC metirogisonsuming
due to the detailed results. The computation of the results based on these metrics is parfoemed
fine-grained level of ICM concepts. Therefore, the results are differentiable and detailed. For exam-
ple, the similarity degree between 181 outputs of the considered ISM practices can be identified.
Furthermore, this fine-grained structure allows an automation. However, this requires a high compu-
tation time and depending on the number of selected practices, an Analyzer have to wait for the com-
puted results.

To summarize, MOSAIC can be used to create such a repository of multiple PRs. The following
parts of MOSAICarerelevant for this purpose:

X 1S and IC-Meta Models to achieve a common structure and terminology of the multiple PRs

x ldentification of similar ISM practices to identify the similarities and differences of the 1864 pr
tices

x Identification of dependencies between the ISM practices to define the information flow between
the different parte the repository of multiple PRs

However, MOSAIC could be improved or extended to satisfy the special needs of an organization
concerning the presentation of the similarities and differences. Furthean@etomated extraction
of abstract and concrete ISM practices can also be an extension of the MOSAIC Toolbox.

‘= (3, 63v13" 73$7461"

Redundancies of multiple PRs refer to their similar ISM practices.

Two or more reference PRs to be adopted can have redundancies and these need to be avoided
For example, CMMI-DEV and SPICE have a high number of redundancies because both PRs define
guidelines for the management and development of software products. The redundancies ef multipl
PRs have to be avoided for an efficient definition and improvement of the internal process PRs.

Another case if the organization decides to implement a process PR as the internal process PR
for a certain software area. For example, one of our industrial partners decided to implement the RUP
(Rational Unified Process) as their internal process PR. Moreover, another goal was to be compliant
to CMMI-DEV. In this case, the organization needed to know the intersection betweesxiteng
internal procesPR, between RUP and CMMI-DEV. Therefore, the experience reflected by the in-
ternal process PR did not get lost and the redundancies between all these three PRs were avoided.

There can also exist redundancies in the different ISM categories of the internal process PRs. For
example, we discovered such a redundancy in the internal process PR of our industry partner. In all
its ISM categores SURMHFW PDQDJHPHQW" SWHVW" S3VRIWZDUH GHY
tKkH ,60 SUDFWLFH 33HUIRUP D OHVVRQV OHDUQHGegRUWMVKRS"
lines how to perform such workshops or templates) was defined. This is a redundancy. A possible
solution to avoid this could be to define this ISM practice with all its additional information only once
and reference it in the different ISM categories.
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To identify the redundancies between PRs, we can use MOSAIC to identify similar ISM practices
by analyzing the similarity degree, coverage degree or the output states of their ISM practices.

Two or more ISM processes can be selected in the MOSAIC Toolbox and the similarity degrees
of all possible combinations of their ISM practices from different PRs are automatically computed.
Il WKH VLPLODULW\ GHJUHH LV 3(TXDO" 3+LJK" RU 3\WHK8LERFQ W
sidered PRs that need to be considered and analypeever, this computation time-consuming
due to the consideration of all possible combinations of ISM practices.

Furthermore, thighest coveragand best coveragean be used to avoid redundancies and per-
form a time-efficient adoption of more ISM practices.

? The highest coverageaefers to a practice that has the maximum coverage dg
in a considered set of practices.

Thebest coverageaefers to the minimum subset of practices with a coverage de-
Reminder gree of 1 in a considered set of practices.

If an organization needs to adopt more ISM practices, it can choose the ISM practice with the
highest coverage degree to cover as much as possible from the entire set of practieeseTher
redundancies are avoided. Redundancies are also avoided in the adoption of the subset of ISM prac-
tices with the best coverage degree. An organization can only concentrate on these subset of ISM
practices to cover the entire set of ISM practices. Consequently, it is time-efficient as ém abnt
all ISM practices are addressed, but only a minimum subset is considered.

A limitation for the MOSAIC Toolbox is the identification of the redundancies in a singlénPR.
the current version of the MOSAIC Toolbox, we can identify the redundancies between two different
PRs. This can be easily changed in the future work.

=a (;, 63894 7.6*17461'

Inconsistencies in the internal process PRs refer to an inconsistent description of its elements or
inconsistent relations between these elements. The inconsistencies in the internal process PRs have
to be avoided for an efficient and effective adoption of the internal process PRs in the organization.
We describe somexamples of inconsistencies that need to be considered.

The organization has to verify whether the dependencies between ISM practices are consistent
not. Fig. 49 illustrateaninconsistent definition of dependencies between ISM practices, namely the
ISM practices form a cycle and this is illegal.
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Furthermore, the organization has to assure a consistent definition of highly dependent ISM
practices in the internal proceBRs. This needs to be considered when improvements are only per-
formed on some selected ISM practices of the internal process PRs. Not only thesedi®Mspra
but also their high dependent ISM practices have to be considered to avoid inconsistent descriptions.
For example, improvements of a template that describes the output of an ISM practice can lead to the
deletion of some content that is relevant for another ISM practice.

‘=a=ZAH!(B@'(22)64$*6,7'$73'K6#6*$*6,7.

To assure a consistent definitiohimternal process PRs, the dependencies between its ISM prac-
tices can be analyzed. The identification of dependencies in MOSAIC can be used for ttss.purpo
This is implemented by the MOSAIC Toolbdr. the future work, an automated analysis of all de-
pendencies and identification of such faults can be implemented.

We have mentioned so far only inconsistencies related to dependencies between ISM practices.
A systematic analysis can be performed in the future work to identify other type®ns$istencies
and tool support to automatically locate them.

To summarize, MOSAIC with the automated identification of dependencies between the ISM
practices supports the identification of inconsistencies. With the MOSAIC Toolbox, we cannot per-
form an automated analysis of the inconsistencies and thus, this is a limitation.

" GYp; 63 M2 )/, % $16,71, % 3, 26 7!

Helpful information in the internal process PRs reterghformation about the adoption of its
ISM practices in software projects or other parts of an organization. We name some examples of such
helpful information.

Methods on how to perform the ISM activity described in the ISM practice, a template for its
ISM output or the lifecycle of this ISM output can be such helpful information. The knowledge con-
tained in the existing process or reference PRs can be used to identify this helpful information. For
example, if an organization needs information about how to analyze the software project stakeholders,
then the description of the CMMI-DEV PP SP2B8ODQ WKH VWDNHKROGHU LQYRO
%A two-dimensional matrix with stakeholders along one axis and project activities along the other
axis is a convenient format« . Relevance of the stakeholder to the activity in a particular project
phase and the amount of interaction expected would be shown at the intersection of the project phase
activity axis and the stakeholder aXis
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The time order of ISM practices is also helpful for the adoption. For example, this helps software
projects to know what to consider next in a certain phase of the project.

Furthermore, a dictionary of the terms used in the internal process PRs are also useful for the
adoption. This leads to a better understanding of the ISM practices and thus, to a better adoption.

‘=b=ZAH!(B@'(22)64$*6,7'$73'K6#6*$%6,7."

Helpful information contained in the existing process or reference PRs can be identified by ana-
lyzing the similarities between their ISM practices and the internal process PRs practices. MOSAIC
supports this identification of similar ISM practices.

The computation of the similarity degree or of the output states are the most relevant analysis
activities for this purpose.

The similarity degree between ISM practices of an internal process PR and a proeissmace
PR can be used. For example, methods or typical work products for an internal process P& practic
FDQ EH IRXQG LQ WKH GHVFULSWLRQ RI 3(TXDO" DQG 3+LJK"™ ,
Furthermore3S0HGLXP" RU 3/RZ° ,60 SUDFWLFHV FD Gfetehtebligv€h|HG W
them. These differences can reveal useful information.

The computation of the output states in the MOSAIC Toolbox delivers information about the
lifecycle of the ISM output, i.e. about its creation, implementation and verification. This is a valuable
information for the adoption of a required ISM output.

An important information in the internal process PRs is the time order of the ISM practices. MO-
SAIC supports this by the identification of dependencies between the ISM practices. Thd@IOSA
Toolbox implements this without any limitation to be mentioned.

MOSAIC also supports the creation of a dictionary of terms used in the internal process PRs. The
ICM with its ICM concepts, similarity relations between them and the relations to the ISM outputs,
inputs, roles and purposes can be used to create such a dictionary.

To summarize, MOSAIC with the identification of similar ISM practices and dependencies be-
tween them support the identification of helpful information that can be integrated in the internal
process PRs. Furthermorts, ICM can support the creation of a dictionary of terms used in the inter-
nal process PRs. There is no limitation to be mentioned.

"=Z9A$6T17$741,/ 'B*198%) Cp4l..'GV."

The maintenance of the internal process PRs refer to the changes performed in this PR to achieve
different goals. The internal process PRs have to be continuously maintained to respond to the
changes in the business processes of an organization or to fulfill customer, legal or regulatory require-
ments.

When the internal process PRs are maintained, the organizations need to pay attention to the
impact these changes have. The global impact of the local changes performed in someti&\d prac
has to be identified to avoid negative effects. Changes of some templates, methods or supporting tools
can have a negative effect for the different departments that work in the different software areas of
an organization. If the negative global effects are higher than the local optimization, thenlthe loca
change should not be performed. For example, such changes can lead to the deletion or modification
of somelSM categories or processes so that the internal process PRs loose the process compliance
according to reference PRs. This could jeopardize the cooperation between the organization and the
customer that requests this compliance. More, it can lead to a cancelation of the contract between
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them. For example, the compliance according to CMMI-DEV or SPICE is important in the automo-
tive industry and is requested by the OEMs (Original Equipment Manufacturers) for their suppliers.

'=79=7 AH!(B@'(22)64$*6,7'$73'K6#6*$*6,7."

The impact of the changes in the internal process PRs can be supported by the identification of
the dependencies between the ISM practices. These dependencies have to be analyzed tbelecide if
changes in one ISM practice could lead to negative effects in its dependent ISMeprddte MO-
SAIC7RROER[ FDQ EH XVHG WR LGHQWLI\ 36 Vihg Brgadizafod Beti8 H G L X
to differentiate betweerd 6 W W'BNQ 3 0 H G L ¥épendencies because the impact can be different.

The impact for3 6 W U BePehdent ISM practices can be higher thartfoH G L ¥dpéndencies as
S6WURQJ" GHSHQGHQFLHYV VKD Uhtr&it ddlinvtatioh 0 belme@ion&U W L 1D F

‘=Z7@#%# 2)6741*, VI BTA'GV"

7KH WHUP FRPSOLDQFH LV RIWHQ XVHG LQ WDHOSRICERQ ZLV
ISO/IEC 12207. To achieve compliance to a reference PR, the organization has to adBptQimis P
prerequisite for this compliance is tratinternal process PR is compliant to this reference PR, i.e.
there is no gap or difference between these two PRs and that the organization is wodkiiggacc
to its internal process PRs. The organizations aim to be compliant to different refersriod i
customer, legal or regulatory requirements or to improve their competitive strength on the market.

For example, Fig. 50 indicates that a high number of organizations aim to be compliant to CMMI.
The figure visualizes how many organizations performed a SCAMPI (Standard CMMI Appraisal
Method for Process Improvement) class A appraisal between 2007 and august 2013 [Keller and Mack
2013]. For example, 24.3% and 63.6% from 6.010 organizations performed such an assessment to
achievea CMMI level 2 and level 3 respectively.
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The gaps or differences between the internal process PRs and a referencé®Retarmined
by the identification of low similarities between these two PRs.

With MOSAIC, we can identify these low similarities between two PRs by analyzing the simi-
larity degree of the considered ISM practices. For example, if the similarity dedseseben ISM
SUDFWLFH RI WKH UHIHUHQFH 35 DQG DOO ,60 S(UXBPWL F M\ HRC
the first ISM practice is in the gap and the internal process PRs are not compliant. As already men-
tioned, the MOSAIC Toolbox cannot automatically identify the ISM practices that are in the gap
between PRs. This is a limitation and can be addressed in the future work.

Furthermore, we can identify if the internal process PRs are compliant to reference ¢aRs by
culating the coverage degree. If the coverage degree of the ISM practices of the internal pcess PR
and the ISM practices of the reference PRs is 1, then the internal process PRs cover the P&erence
and thus, it is compliant. However, we need to mention that this mighmheeonsumingf a high
number of ISM practices are considered. This is because the coverage metrics are cartipaited
fine-grained level of ICM concepts.

To summarize, MOSAIC with the identification of similar ISM practices can be used to support
organizations to achieve a compliance to reference PRs. The gap between PRs cannot be automati-
cally identifies, but we can verify if PRs cover each other.

‘=Z['B/66T*(.. 1. .# 17"

During an assessment the process compliance according to PRs is evaluated, i.e. the adoption of
all their ISM practices is evaluated.
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To increase the time efficiency, the number of ISM practices to be considered for the evaluation
has to decrease. Firstaifiorganization is interested to evaluate the process compliance according to
multiple PRs, then the assessment can be efficiently performed if these PRs are simultaneously con-
sidered. If the redundancies between the two PRs are identified, the adoption of these similar ISM
practices needs to be evaluated only once. Therefore, the number of ISM practices to beedonside
decreases. Second, the dependencies between the ISM practices can be cohsidlé&sdd practice
is not properly adopted then its dependent ISM practices are also not properly adopted. Therefore,
the adoption of these dependent ISM practices does not have to be evaluated anymore and thus, the
number of ISM practices to be considered decreases.

=7[=Z AH!(B@'(22)64$*6,7'$73'K6#6*$*6,7."

We can use MOSAIC to identify similar ISM practices to avoid redundancies in the assessments.
For this purpose, the similarity degree, the coverage degree or the output states of IS&k firactic
to be analyzed )RU H[DPSOH LI WKH VLPLODULW\ GHJUHH EHWZHHC
RU 3+LJK" WKHQ WKH DGR S Wiee&do elewlkaked ohly 6riceSRUBnEMidre, H V
one ISM practice has the highest coveriage set of ISM practices, then this ISM practice should be
assessed first to cover as much as possible of all other ISM practices. Analogously, for the best cov-
erage degree of a set of ISM practices. This allows the identification of ISM practices that cover as
much as possible from the considered ISM practices.

We can also use MOSAI® identify which ISM practices can be skipped for the evaluation
an ISM practicas not properly adopted. This is possible by the identification of all depetsint
practices for an ISM practice.

To summarize, MOSAIC supports this activity by the identification of similar ISM practices and
of dependencies between the ISM practices. These activities are also implemented by the MOSAIC
Toolbox. There are no limitations to be mentioned.

=Z\'X, 763" 73$7*$73'X,7 @, 7/)&67'V1O 6% 17*."

Redundant requirements for the software or system development #ppezre are different
sources or channels from which to receive requirements. In general, there are various stakeholders
(e.g. customers, end users, testers or suppliers) that have different requirements on the software prod-
uct. An expert mentioned during an interview, that the suppliers in the automotive industry receive
different requirement specifications from different OEMs. These overlap (the same law regulations,
the same PRs that need to be adoptéladecssame technical requirements) so that their implementation
is not efficient. Therefore, the redundancies in the requirements specifications need to be identified.
Furthermore, CMMI* (9 P H QW L R G-kequrkly) ¥lak®&holder needs, expectations, con-
straints, and interfaces are poorly identified or conflicting& 0 GDEV RD SP1.1). Therareoften
various stakeholders that have requirements on a software project, but these requirements are not sc
clear, are overlapping or are conflicting. Consequently, it is difficult for the software project member
to understand and clearly document these requirements. Therefore, the similarities between the re-
quirements need to be identified to identify such conflicts.
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To identify the redundant or conflicting requirements, the basic ideas of MOSAIC with its meta-
models and practice similarity metrics can be used.

However, these cannot be directly applied. The MOSAIC meta-models and models need to be
analyzed and eventually modified to reflect the elements of a software requirement. Furthermore, the
current ICM reflects the terminology used in the PRs and not the business terminology from the
different domains. Therefore, the ICM must be created from scratch or to be modified according to
the target domain, e.g. automotive industry.

=711 ## 8

We perforned various interviews with eight experts about possible MOSAIC applications for
organizations that work with one or more PRs. Furthermore, we interdsaven software process
assessors about the assessment process to identify if MOSAIC can support this process &s well. Al
these experts acknowledged the contribution of MOSAIC and mentioned different usage activities
that are relevant for such organizations.

Table 34 summarizes the usage activities that can be suppgmd@SAIC and that organiza-
tions can consider in their process improvement when working with PRs. This table can be used by
organizations as a check lesit provides usage activities they need to pay attention, when working
with PRs. This list can also support them in decisions related to their software process improvement
program. The table also visualizes which MOSAIC analysis activities and MOSAIC models support
thar implementation.

For each activity, we calculated the percentage of how many experts meittivYied¢onsidexd
only the first type of interviews where we asked the experts about possible applications of MOSAIC.
We did not count the answers of the software process assessors gathered in the interviews. The reasol
is that these interviews only foedon the assessment based on.Pfsvever, the interviewed soft-
ware process assessors confirmed that the creation of a tailoring instrument and the identification of
dependencies between the ISM practices is particularly valuable for such an assessment.

Furthermore, we do not only list the usage activities mentioned by the experts, but also other
applications of MOSAIC that we think can be considered by organizations. The voting 0% means
that no expert mentioned this usage activity. Furthermore, the MOSAIC models (meta-models in-
cluded) support each usage activity as the analysis activities are based on them. Howeveg, there ar
usage activities that can especially be supported by the MOSAIC models and thus, we mark them
with 9 9. The last two usage activities cannot be directly supported by MOSAIC and thus, we mark
them with o.
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Based on MOSAIC, we can select ISM practices based on the software project context and thus,
support organizations making decision forithprocess improvement. Other analysis activities, such
as the computation of the value of a reference PR, its ROI, the additional or lost valueeotecfe
PRs are not currently implemented in MOSAIC. Another limitation of MOSAIC is the selection of
ISM practices based on the organizatfogoals or the selection of ISM practices from PRs for other
software areas. We argue that the SFM situationalFactors in MOSAIC are also valid fesotither
ware areas or that the organizatfigoals can be characterized by these SFM situationalFactors.
However, this fact must be systematically analyzed in the future work.

In MOSAIC, there are various possibilities to identify similar ISM practices. However, based on
the needs of the organizations, the similarities and the differences between PRs can be presented
differently. Therefore, based on the similarity or coverage metrics, further analysis activities can be
implemented in the MOSAIC Toolbox. For example, the MOSAIC Toolbox can be extended to au-
tomatically create a mapping or identify the gap between PRs. Finally, the MO®Aallibx can be
extended so that abstract and concrete ISM practices are extracted automatically. ThHerefae,
ation of a repository of multiple PRs or the transformation of existing PRs into new PRs is supported.

With MOSAIC, we can also identify the dependencies between ISM practices. The MOSAIC
Toolbox can be extended to automatically analyze PRs. For example, the automated identification of
inconsistencies and redundancies in the PRs can support the definition and maintenance of PRs.

The identification of similarities and dependencies based on MOSAIC metrics is time-consuming
due to the detailed results that can be automatically deliviéradhigh number of ISM practices are
considered as input, the duration for the computation is high as it is perfatredfine-grained
level of ICM concepts. However, the results are very detailed as the similarity of each two ICM
concepts is considered for the identification of similarities and dependencies between ISM practices.
Furthermore, an automation of the analysis activities is possible.

Finally, MOSAIC can inspire other activities that are not related to PRs. For example, the iden-
tification of redundancies in the software requirements is such a case. The MOSAIC meta-models
and models need to be adapted to the new terminology of the target domain in which the requirements
are specified.
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8 Evaluation

The main goal of this evaluation is to verify the plausibility of the MOSAIC analysis and model-
ing activities with the support of the MOSAIC Toolb@n approach is plausible if there is a high
correlation between its results and the observations of persons which evaluate this approach [Ludewig
and Lichter 2010]. If the modeling and analysis activities are plausible, the goals defined in the first
chapter are achieved.

We also aim to verify the usefulness of MOSAIC for organizations working with multiple PRs.
Although several experts acknowledged the usefulness of the MOSAIC models and analysis activities
(chapter 7), we further applied MOSAIC in an organization. Therefore, we could collect first expe
ences with its application and thus, evaluate its usefulness for organizations in an effective and effi-
cient adoption of PRs and assessment based on PRs.

Another goal is to demonstrate that MOSAIC is flexible and supports the integration of PRs for
software development and other software areas, such software operation or IT governance as well.

Finally, we evaluated the quality in use of M®SAIC Toolbox by analyzing the quality attrib-
utes defined by the ISO/IEC 25010 [ISO/IEC 25010:2011 2011].

a=z7J&1.", I'E $) $6,7"

In the first step, we condwed an evaluation of the MOSAIC approach and thus, of its parts: the
models, modeling activities, analysis activities and their underlying metrics. This evaluation is sup-
ported by the MOSAIC Toolbox as this supported us to create these models and pedeattithe
ities. However, tIs evaluation is not sufficient to evaluate a tool. Consequently, in the second step,
we evaluated the MOSAIC Toolbox according to the quality in use model [ISO/IEC 25010:2011
2011].

An approach can be evaluatied different empirical strategies [Wohlin 2012]. There are three
types of such empirical evaluation strategies which engage subjects in the activities performed:

x Experiments (Egontrol a situation by defining independent and dependent variables. These var-
iables manipulate the behavior of an approach directly, precisely and systematically. For example,
experiments are best suited to evaluate metrics or algorithms [Wohlin 2012].

x Case studiefCS)are observational studies and are less controlled as experiments. Data about an
approach is collected to analyze this approach. This analysis can mean to tradicatipéate
or to establish relationships between different attributes of this approach. Therefore, an evaluation
and if necessargnimprovement of the approach related to this attribute or to its relationships is
performed.

Field studies (FSare special case studies. These are strategies to evaluate an approach in the
context of organizations [Ludewig and Lichter 2010]. The evaluation is pextbmsoftware

projects or other parts of one or more organizations. The experient§kdi RUJDQL]DWLR
ployees with the approach are collected to evaluate and eventually iniiproke field studies

are not as much controlled as the case studies. Therefore, the costs are lower than the costs of the
case studies, but the results are not as reliable.

X SurveyqS) are retrospective studies for the evaluation of an approach at the end of its develop-
ment to obtain feedback of the subjects involved.
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To evaluate MOSAIC, we perfordthe following evaluation activities that involved the partic-
ipation of various experts (Fig. 51):

x Experiments (E)We evaluated the plausibility of two analysis activities, i.e. identification of
similar ISM practices and of dependencies between them.

x Case and Field studies (CS and FS)

In two case studies, we evaluated and improved the MOSAIC models, as well as the model-
ing and analysis activities. We investigated various PRs and the software projecttoontext
collect relevant data about how to model and how to relate them. We investigated the mod-
eling and analysis activitieeQ WKH FDVH VMOSAC PR )GLHEDBAVGUAted an
analysis activity in particular, namely the selection of ISM practices based on SFM situa-
tionalFactors,LQ WKH FDVH VWIRIG pradieeS® SEM siRiationaFFW R UV’

In a field study, we evaluated the usefulness of MOSAIC and partially evaluated the plausi-
bility of the analysis activities.
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In this section, we provide an overview of the subjects involved in the evaluation activities of
MOSAIC and of the MOSAIC Toolbox (Table 35).

Various experts from different organizations were being engaged as appropriate in the evaluation
activities to acquire a broader feedback and to use this expertise to improve MOSAIC. Table 35 lists
the different subject§SURILOHY DQG WKHLU VNLOOV H[SHULHQFH ZLWt
rience in process improvement based on the mentioned PRs, active involvement in process working
groups at the international standardization level and experience in different organizations.

Firstly, industrial software consultants from different consultant organizations specialized in the
adoption of multiple PRs and assessment based on PRs were involved. They play variozs- organi
tional roles in the software process improvement initiatives of organizations.

Secondly, experienced academic software process researchers with different academic degrees
and from research institutes in different countries were involved. They also play various organiza-
tional roles in the software process improvement initiatives of organizations.

Finally, industrial partners from two organizations were involveds&h&o organizations are
both the IT of insurance companies and are located in Germany:

x Organization A has about 1350 empl@gand is located in more cities (Cologne, DYsseldorf,
Munich and Hamburg)lt started in 2012 with the process improvement according to CMMI-
DEV. This organization supported us intensively in the evaluation of MOSAIC. It uses the MO-
SAIC ideas and results for its software process improvement pragrén® project and organi-
zational level We do not mention all the organizational roles that use the MOSAIC results, but
only the ones that intensively participated in the evaluation of MOSAIC. We closely iateract
with a software process engineer (TablelB55) and one process consultant in this organization
(Table 35, ID 4).

x Organization B has about 1000 employers and is located in more cities (Aachen, Cologne, Munich
and Hamburg). The organization has experiences working with multiple PRs. Their process im-
provement program started in 2005 with the adoption of CMMI-DEV and they achieved the ma-
turity level 3 in 2012. Furthermore, the organization also considered the adoption of ITIL. Cur-
rently, it is interested in the adoption of COBIT and certification according to CMMI-SVC. Two
of its software process engineers participated in the evaluation activities of MOSAIC (Table 35,
ID 6/7). Four software process engineers and one software process improvement leaddsupport
us to evaluate the MOSAIC Toolbox (Table 83,6-10.
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The main goal of the experiments is to evaluate the plausibility of two MOSAIC analysis activi-

ties. We perforradthe following experiments (Fig. $2

</[=87%IP%:/8C/1"59%S%):70:"7;%51%1A7%2C=L7@12%.051"87%%

x Experimentzxldentification of similar ISM practicedVe selead ISM practices from multiple
PRs and involved subjects to evaluate the similarity degree of their ISM activityUnits.
x Experimentzldentification of dependencies between ISM practiés seleatd ISM practices

from a PRand used the results from published materials to evaluate the dependencydegree

tweenits ISM practices.
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We perforned experiments according to a process that contains four main activities: definition,
planning, operation, analysis & interpretation [Wohlin 2012].

a=\=72D1/676*6,7"

In this activity, we defined the goals of the experiments according to the following parameters
[Briand et al. 1996]:

x Object of Study [what is studied[he objects of the experiments were the followamglysis
activities:
I The identification of similar ISM practices based on the similarity metrics. For a more
precise evaluation, we evaluated the similarity metrics for ISM activityUnits instead for
ISM practices. The reason is that the ISM practices are described diffénghe differ-
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ent PRs (one can contain a single ISM activityUnit, other can contain several ISM activ-
ityUnits). Consequently, the similarity degree between these ISM practices is not very
precise.
I The identification of dependencies between ISM practices based on the dependency met-
rics
Purpose [what is the intentionThe purpose was thevaluation of the experiments objects.
Quality Focus [which effect is studied[he focus is on thplausibility of the experiment§ob-
jects.
Perspective [whose view] he experiments were performed from tAealyzer perspective.
Context [which environmentrhe context was determineg theartifacts used and thsubjects
involved in the experiments:
I Theartifacts (input data) used in the experiments had to be ISM practices of different
PRs.
I Thesubjects (experts)nvolved in our experiments haod be selected according to their
experience with the selected PRs, number of yigak$ [ S H UhLtheQpFoEEss improve-
ment based on these PRs and experience in different organizations.

a=\=[ G)$7767-'

Based on the goals defined in the previous activity, we peeibthe following six steps:

X X

X X

x Context selectianThe context within the experiments was not a real software prdjeeis
determined by professional and researchers as subjects and real specific data as artifacts.
Hypothesis definitionThere is a high correlation between the subjective results (observations)
obtained by different subjects and the results of the analysis activities for the selected artifacts.
Variables selection:

I Thedependent variableswere the two approaches that are used to obtain the analysis
activities results. On the one side, the subjects maniallyo perform the analysis ac-
tivities. On the other side, we had to perform the same analysis activities with the support
of the MOSAIC Toolbox.

I Theindependent variableswere different subjects and artifacts that represkhe con-
text of the experiments and were varied during the experiments.

Design We planned to perform the following steps:

X

x

x

1. Identify artifa¢s and subjects for the experiments.
2. Perform analysis activities.
3. Calculate and analyze the deviation betweelibdeE M HFW V | UMOBAXOrésMtsD Q G W

Validity evaluation Although we involved different expertise and we systematically identfied

high number of artifacts to cover as many results as possible, there are some threats to the validity
of these evaluations. Not only the planning of the experiments, but also the operation of the ex-
periments leads to threats. Therefore, we summarize them at the end of the chapter and propose
further work to address these threats.

x
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According to the planned steps, we evaluated the two analysis activities: identification of similar
ISM practices based on similarity metrics and the evaluation of the identification of dependencies
between ISM practices based on the dependency metrics.

a=\=\=Z B317*6/64%$*6,7',/"6#6)$%'B!A'G%$4*641.'>$.13",7'16#6)$%6*&'A1*%64."

Firsty, we identified artifacts to be used in these experiments to cover different values of the
similarity degree. Therefore, we identified 188 ISM activityUnits pairs from ISM practicaigmI-

DEV, SPICE, COBIT and ITILFurthermore, we identified the subjects according to their experi-
ences with the considered PRs. We distributed the artifactssesihigects.

There are three modalities to distribute artifacts to subjects: randomization, blocking and balanc-
ing design principle [Wohlin 2012]. In our experiments, the artifacts were not randomly assigned to
the subjects (randomization design principle), butwe @ RFNV RI DUWLIDFWYV EDVH
perience of the subjects (blocking design principle). The number of subjects in the different blocks
was 2-3 participants and thus, the blocks were partially balanced (balancing design principle). Con-
sequently, we distributed the subjects to PRs as follows:

x CMMI-DEV, SPICE, COBITWe identified two consultants and one industrial partner (Table 35,
ID 1/2/6). 61 ISM activityUnit pairs from these PRs were assigned to these three subjects.

x CMMI-SVC, ITIL We identified a consultant and one industrial partner (Table 35, ID 1/7). 10
ISM activityUnit pairs from these PRs were assigned to these two subjects.

x CMMI-DEV, SPICEWe identified a consultant (Table 35, ID 3). Moreover, we used the mapping
materials from ISCN (International Software Consulting Group) created by another consultant of
the ISCM group to evaluate the MOSAIC results. 117 ISM activityUnit pairs from these PRs were
assigned to these two subijects.

Secondly, we perforedthe analysis activities. The subjects individually identified the similarity
degree for the ISM activityUnits pairs according to the 5-point ordinal scale with the vatyes"

High ', Medium’, Low "and 3 1 R QT X DV also computed the similarity degree with the MO-
SAIC Toolbox and identified the similarity degree on a ratio scale. To calculate the deviation,
mapped our results to the 5-point ordinal scale as in Table 13 in chapter 5: [1,3X]TaX D[@67,
1)as3+L JKO0.3,0.67) assOH G LX® 0.3) as®/R Z 0,0] as Non-Equal.

Finally, we calculated the deviation between the suljett U Had<tkeWIRSAIC results. We
obtaired a deviation of 0.25 for the comparison of CMMI-DEV and COBIT, 0.26 for CMMI-DEV
and SPICE and 0.0 for CMMI-SVC and ITIL. The deviation is the number of incorrect results (the
MOSAIC result scale value is not equal to subj§otsult scale value) divided by the number of
compared pairs. This deviation indicates that on average less than every fourth metric result deviates
from the given scale value.

These results are promising and indicate that there is a high correlation between the results (ob-
servations) obtained by different subjects and the MOSAIC results. Therefore, the hypothesis stated
in the planning activityvasevaluated.

The deviations were mainly caused by missing mappings between ISM practiceConcepts and
ICM concepts and missing or inaccurate similarity relations between the ICM concepts. Based on
these evaluations, we performed some improvements of the ISM and ICM models.
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We abo demonstrated that the integration of PRs for other software areas beside the software
development is also possible. We integrated COBIT, CMMI-SVC and ITIL and pexdidia ex-
periments based on their models.

a=\=\=[ B317*6/64%$*6,7',/'BIA'G%$4*641.'D1217317461.'>$.13',7'D12173174& A1*%:¢

Firstly, we identified 54 pairs of ISM practices of CMMI-DEV from the following CMMI-DEV
processes: REQM (Requirements Management), MA (Measurement and Analysis), CM (Configura-
tion Management), PPQA (Process and Product Quality Assurance) and SAM (Supplier Manage-
ment) that have dependencies. Furthermore, as we could not engage experts as subjects, we used
published material which documents the dependencies between the CMMI-DEV practices [Chen et
al. 2008].

Secondly, we perforedthe analysis activity7 KH V X E M H aré/diven Hytbe@&panden-
cies for the 54 pairs of ISM practices documented in the published material. The MOSAIC results
were obtained with the MOSAIC Toolbox.

Finally, we calculated the deviation between the suljert U Haad<tkeWIRSAIC results. &/
obtaired a deviation of 0.19 (every fifth MOSAIC result deviates by one point from the experts'
result) for the 54 dependencies between the 24 CMMI-DEYV practices.

The results are promising and indicate that there is a high correlation between the results (obser-
vations) obtained by different subjects and the MOSAIC results. Therefore, the hypothesis stated in
the planning activityvasevaluated.

A deviationwas expectedcaswe did not model ISM artifacts that are not specified in Il
practice or in its description. The authors of the published materials considered for the identification
of dependencies ISM artifacts that are not specified in the ISM practices or in their description in a
PR For example, for the ISM practice CMMI-DEV MA SP1.4 "Specify how measurementreata a
analyzed and communicated”, they congd¢he ISM outputs "updated measures" and "updated
measurement objectives”. These outputs are not specified in the ISM practice or in its description.
Therefore, the MOSAIC Toolbox did not identify that CMMI-DEV M#¥P12 "Specify measures to
address measurement objectives" is dependent on CMMI-DEV MA SP1.4 "Specify how measure-
ment data are analyzed and communicated”.

a=\=] J+%1%$*.",'F$)636*&'$73'N"*"%1'0,%?"

For each analysis activity, there are several threats to validity that needmentioned. We
descrile these threats and the future work to address them.

a=\=]=Z B317*6/64%*6,7',/'6#6)$%'B!A'2%$4*641.">$.13',7'16#6)$%6*&'A1*%64.'

The evaluation of the identification of similar ISM practices from multiple PRs based on the
similarity metrics used the results of subjects with different expertise. From a statistical point of view,
the number of experts involved was small. Therefore, a broader involvement of subjects and artifacts
from more PRs is needed for a profound evaluation.

Furthermore, the plausibility of the identification of similar ISM prast&teongly depends on
the plausibility of the MOSAIC models (ISM for each PR and ICM). The modeling activities are
performed by the author of this thesis. Although the number of considered artifacts for this evaluation
is quite high, the selected artifacts did not cedall the entire created MOSAIC models, so that
fault results can be obtained in the future. Therefore, subjects have to be involved in the modeling
activities or in several reviews of the MOSAIC models.
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The evaluation of the identification of ISM practice dependencies based on the dependency met-
rics used the results of a published material. Although the authors of the published material mention
that a high number of experts are involved in the identification of the published dependencies, further
subjects are needed to validate this MOSAIC analysis activity. Furthermore, the published material
covers only one PR (CMMI-DEV), so that more PRs need to be considered in the future.

a=] @. 1'$73N\6)3'1 *' 3.

The case and field studies hetjus to collect experiences to evaluate and improve MOSAIC
The main goal of the case studies was to evaluate the plausibility of the MOSAIC meta-models, anal-
ysis and modeling activities, while the main goal of the field study was to evaluate the usefulness of
MOSAIC. A secondary goal of the field study was to evaluate the plausibility of the applied MOSAIC
analysis activities. However, we did not focus on this evaluation during the field study. We pdrform
the following case and field studies (Fig)53

x Case study+Building of MOSAIC model&Ve extraced over 2000 MOSAIC elements from
CMMI-DEV, CMMI-SVC, SPICE, ITIL, COBIT and internal process PR of one organization, as
well as eight elements from the situational factors framewo& ODUNH DQG 2f& RQQR
evaluate and improve the plausibility of the MOSAIC meta-models and of the modeling activities.

x Case StudytMapping between ISM practices and SFM situationalFact\s perforned sev-
eral mappings between 138 CMMI-DEV practices and eight SFM situationalFactors tegtther
four other experts. We aed to evaluate and improve the plausibility of the MOSAIC meta-
models and of the selection of ISM practices based on SFM situationalFactors.

x Field Study +Software process improvement in an organizatie used MOSAIC to support
the organization A (section 8.2) to perform a software process improvement according to CMMI-
DEV. Wecreated a mapping between 269 internal process PRs practd®3 SFM situational-
Factors and between the 269 internal process PR practices and 138 CMMI-DEV qrBciitey
thisfield study we collecedfirst experiences with the applicatiohMOSAIC for the evaluation
of its usefulness.

As the field study considered the internal process PR of an organization, we remind about its
definition.

An internal process PRis a special process PR and refers to the internal soft
processes of an organization. This PR defines activities to be used as gui
for the improvement of software processes in an organization, e.g. in softwafe pro-
jects. Hence, it defines the practices of this organization and thus, itis a PR

Reminder
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Analogously to the experiments, we perfedthe case and field studies according to the process
with the four main activities: definition, planning, operation, analysis & interpretation [Wohlin 2012].

a=]=Z@$.1'*"3&Y1"6)367-' ' AH|(B@'#,31)."

We modedda high number of MOSAIC elements to evaluate and improve the plausibility of the
MOSAIC meta-models and of the modeling activities.

a=]=Z=72 D1/676*6,7'

In this activity, we defined the goals of the case study according to the following paremet
[Briand et al. 1996]:

X Object of Study [what is studiedThe objects of the case study were the MOSAIC meta-models
and the modeling activities.

Purpose [what is the intentionThe purpose was tlevaluation of the objects.
Quiality Focus [which effect is studiedlhe focus was on th@ausibility of the objects.
Perspective [whose view] he case study was performed from khedeler perspective.

Context [which environmentDifferent PRs and SFM situationalFacdad to be selected as
artifacts.

a=]=Z=[ G)$7767-

Based on the goals defined in the definition activity, the planning actresyerformed accak
ing to the following six steps. This activity is similar to the planning activity for experiments except
that it does not request the planning of the dependent and independent variables:

X X X X

x Context selectianThe context was an off-line, not a real project, without any professional and

researchers as subjects, but with real specific data as artifacts. The caseastetyjormed by
the author of this work.

X HypotheS|s definitionWe defined the following hypotheses:
I It is possible to normalize the structure and terminology of multiple PRs and allow an

automated identification of similar ISM practices and of dependencies between ISM prac-
tices.

I Itis possible to integrate the multiple PRs with the software project context to allow an
automated selection ¢6M practices.

I Itis possible to integrate PRs for different software areas to allow the automaten of t
afore-mentioned analysis activities.

x Design We planned to perform the following steps:
1. Identify PRs and SFM situationalFactors as artifacts for the case study.
2. Perform the modeling of the selected artifacts with the support of the MOSAIC Toolbox.
3. Automatically perform analysis activitiasth the support of the MOSAIC Toolbox.
4. Analyze the case study and derive lessons learned based on the experiences collected.

x Validity evaluation:We analyzed and described the thrdatsalidity and the future work to
address these threats.
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a=]=Z=\ H21%%$*6,7'$73'(7$)&.6.'c’'B7*1%2%1*$*6,7'
We perfornedthe four steps defined in the planning activity.
a=]=Z=\=B317*6/&'(%*6/$4*.'

We seleatdthe following PRs as artifacts: CMMI-DEV, SPICE, COBIT, ITIL, CMMI-SVC and
the internal process PR of the organization A. We sldéhese PRs because these cover different
software areas: software development, operation and IT governance. Furthermore, the selected refer-
ence PRs are commonly used PRs by different organizations [Heston and Phifer 2011]. Fenally, w
have knowledge and experiences with CMMI-DEV, SPICE and ITIL and thus, we couldupetter
derstand the structure and terminology used by these PRs. We did not aim to model enbvé PRs,
only parts of them to evaluate the stated hypotheses (Table 36
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Furthermore, we selesd eight SFM situationalFacteto cover different categories from the sit-
uational factors framework EODUNH DQG 2(T&R@R R U @

)JKIENCMZ 5[1*GHIJKIHCLKF[KTICM[G 'EPHLHIHCL
Ja\VLIJIRQU! VYVOVQS!Ic%WN]N[!OIYLIINZ!IZLIIONJIVUIILIVQQIO!VRIVRQIL]LIQYIRQUA\V
S5VYXNPKQVRYIQ&VLIJIRQUWN\PGVUYRQN ILNfIWGHL IeKJ]PI;
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We extractdthe ISM and ICM elements from the CMMI-DEV, CMMI-SVC, COBIT and ITIL
practices in parallel. We stadwith these PRs to create an ICM that covers different software areas:
software development, software operation and IT-governance. Then we continued with the extraction
of elements from SPICE and from the internal procesaf®ese ard’Rs for the software develop-
ment area. Therefore, its ISM practiceConsepuld be related to existing ICM concepts from ICM
and thus, the modeling activities were legs-consuming. Then, we extractthe SFM situational-
Factors and related them to the ICM concepts.

We mainly used the-()*)&+!!* to extract the ISM elements, ICM concepts &M
situationalFactors and related them. Table 38 lists the total number of extracted MOSAIC main ele-
ments.

.FEVELI #IVgEM
+LKWQVWIU 197

NQI\QU @:H
1%6!PIJIRQU/R\QU 078
,NPIU 01

+\L]NUIU @
/-6lIP1JIRQU |-NRWIIQU 9G4
%*6!PIJIRQU %VQ\KQVNRKR*KWQN

</=87BN427%*1C6DLLWC"86"9#%()*+,-% (56 78 F>?10/@176%()*+,-%78747912%

The ICM with its ICM concepts and similarity relations is the model that connects the PRs with
each other and the PRs with the software project context. Therefore, it is the most important model
of MOSAIC. To get an impression about the size of the ICM, we present a snapshot of the created
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ICM (Fig. 54). The many generalizationOf-mono-hierarchies are represented as stars with their ICM
abstract concept in the middle.

"#SHFA27%*1CODLOWC"86"9#%0()*+,-% (56 78B4 %

Based on our experiences with the modeling activities, we estimated the effort needed for the
modeling of CMMI-DEV level 2 and 3 to give some guidelines for the integration of a PR (Table
39). These estimations are valid fatModeler that have experience with the MOSAIC modeling
activities and have a deep knowledge and understanding of CMMI-DEV, its elements and relations
between these elements. If such experiences are not available, then more effort is needed.

We estimated the effotd extract the ISM elements for CMMI-DEYV at approximately 7 working
hours ando extract the corresponding ICM concepts and relate them ttStHisat approximately
26 working hours. The creation of ICM concepts is coafig Modeler haso carefully define the
similarity relations of the new created ICM concepts.

The effort to relate one SFM situationalFactor to one PR is not relevant, as the SFM situational-
Factors are not related to one ISM but to more of them via the ICM concepts. As wedpaats
of CMMI-DEV, SPICE, ITIL, CMMI-SVC, COBIT and internal process PRs and related eight SFM
situationalFactors to their ICM concepts, we could perform an estimation based on these experiences.
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a=]=Z=\=\G 1%/, %# ("* #$*13'(7$)&.6.(4*6;6*61."

We perforned all analysis activities based on the created models. Firstly, the analysis activities
with the exception of the identification of similar ISM practices based on the coverage and output
state metrics are performed during the evaluations with the different subjects. Secondly, all analysis
activities are intensively performed by the author of this work to evaluate their results.

a=]=7=\=K1..,7.'K1$%713"

The hypothesis stated in the planning activity was evaluated. First, the normalization of the struc-
ture and terminology of the multiple PRs was possible and etl@an automated identification of
similar ISM practices and dependencies between them. Furthermore, the integration of PRs from
different software areas was also possible. Finally, the integration of multiple PRs and the software
project context was possible and alenithe automation of selection of ISM practices based on SFM
situationalFactors.

During the case study, we colledtexperiences with the modeling of PRs. The main lessons
learned are:

x The MOSAIC meta-models and modeling activities support a Modeler to build consistent MO-
SAIC models.

x The building of MOSAIC models requires a high software engineering expertise.

x The building of MOSAIC models requires a high effort that decreases over time.

The MOSAIC meta-models and modeling activities supgatus to achieve a robust integration.

This integration is mainly based on the ICM and thus, the quality of the integration depends on the
quality of the ICM. The structuring of ICM concepts in generalizationOf-mono-hierarchiag-and
striction of ICM composedOf relations between generalizationOf-mono-hierarchies supported us to
create a maintainable ICM. Without these guidelines, the ICM would become too complex to be
updated and extended and thus, the integration of multiple PRs with the software project context
would not have a high quality.

This case study also revealed that the integration of PRs and of the software project context re-
quires a deep knowledge of the software processes, &Rband of the software project context.
There are several challenges for these integrations that are worth to be mentioned andraamefully
dled by a Modeler:

x Extraction of ISM practicedVhile some PRs are well-structured and the ISM practices are easy
to identify (e.g. CMMI-DEV, SPICE), other PRs are very detailed and define not only ISM prac-
tices, but also additional information how to adopt them or about the meaning of the terms used
in such ISM practices (e.g. ITIL). All this non-relevant information needs to be identified as ad-
ditional information so that the ISM practices can be correctly extracted.

x Extraction of ISM practice elements and of ICM concéys.all PRsare properly written using
a consistent level across EIM processeslhe identification of ISM practice elements requires
sometimes an analysis of the ISM practice description for a better understanding of these ele-
ments. This is also necessary for the extraction of the ICM concepts based on ISM practiceCon-
cepts because the understanding of what exactly an ICM means is very important for the integra-
tion of PRs. Wrong interpretations of the ISM practiceConcepts and their ICM concepts lead to
fault results for the analysis activities.

x Creation and relation of ICM concept§he creation of ICM concepts includes the definition of
the similarity relations between ICM concepts. These relations need to be carefully defined. As
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thereis a high number of ICM similar concepts, it is not always easy to differentiate between
these similarities and to insert an ICM concept in the right spot in the generalizationOf-mono-
hierarchy. This requires a high understanding of the IT context and its terminology. Incorrect
definition of the similarity relations between ICM concepts lead to fault results for the analysis
activities.

x Relation of SFM situationalFactors to ICM concefithis requires a high experiencesoftware
projects to be able to identify the ICM concepts whose adoption support a project to manage a
certain critical situation described by a SFM situationalFactor.

We also learned that the building of MOSAIC models requires a high effort. Firstly, the modeling
at avery cetailed level in MOSAIC is necessary to allow the automation of the analysis activities.
However, this isime-consuming. Secondly, the extraction of ISM elements is a challenge. As already
mentioned, not alPRsare properly written using a consistent level acroskSMI processes. The
different structure and the information abundance, the usage of different terminology not only in
different PRs, but also within a PR leads to difficult and intensive modeling activities. Finally, the
extraction of ICM concepts and relation of these ICM concepts to the ISMsisonsuming. How-
ever, the effort needed for the extraction of ICM concepts and their relation to the ISM deifreases
MOSAIC contains a high number of PRs. This is because the ICM becomes stable and less and less
ICM concepts are needed to be created and related in the ICM.

a=]=Z=] J+%1$*.*'F$)636*&'$73'N"*"%1'P,%?'

The modeling activities were performed by the author of this work and no other experts were
involved in the case study. Therefore, there is the threaatlyanother Modeler might have diffi-
culties to integrate the multiple PRs and the software project context based on the defined meta-
models and modeling activities.

The ISMs and ICM were created based on our experiences. Therefore, experts hawetodoe
in the modeling activities or in reviews of the created ISMs and ICM. The SFM inclusively the rela-
tions to the ICM were created based on the results of the case study performed in collaboration with
four experts (next section) and thtle quality of these models is high.

a=]=[ @$.1'I*"3&t A$2267-'>1*0117BIA G%$4*641.' $73' INA'16*'$*6,7$)C
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We perforned several mapping exercises together with four other experts to evaluate and im-
prove the plausibility of the MOSAIC meta-models and of the selection of ISM practices based on
SFM situationalFactors.

a=]=[=Z D1/676*6,7"

In this activity, we defined the goals of the case study according to the following panemet
[Briand et al. 1996]:

X Object of Study [what is stusll]: The objects of the case study were the MOSAIC meta-models
and the analysis activity, the selection of ISM practices based on SFM situationalFactors.
Purpose [what is the intention]The purpose was tlevaluation of the objects.

Quality Focus [which effect is studied[he focus was on th@ausibility of the objects.

X Perspective [whose view] he case study was performed from Aralyzer perspective.

X X
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x Context [which environmentPRs and SFM situationalFacthad to be selected astifacts.
Subjectsthat have experience with theBBs and with software projecktadto be selected.

a=]=[=[ G)$7767-

Based on the goals defined in the definition activity, the planning actreisperformed accord-
ing to the following six steps:

x Context selectianThe context \asnot a real software project,was determined by researchers
as subjects and real specific data as artifacts.
X HypotheS|s definitionWe defined the hypotheses:
' The MOSAIC meta-models define the needed elements to allow an automated selection
of ISM practices based on SFM situationalFactors.
I There isahigh correlation between the subjective results (observations) obtained by sev-
eral experts and the MOSAIC results.
I It is possible to use the obtained results to relate the software project context with the
multiple PRs in MOSAIC.
x Design We planned to perform the following steps:

1. Identify subjects and artifacts.
2. Perform a manual mapping between the selected artifacts.
3. Evaluate and improve the MOSAIC mode#sed on the experiences collected.
4. Evaluate the MOSAIC selection of the ISM practices based on SFM situationalFactors.
5. Analyze the case study and derive lessons learned based on the experiences collected.
x Validity evaluation:We analyzed and described the threatsalidity and the future work to
address these threats.
a=]=[=\ H21%%$*6,7'$73'(7$)&.6.'c'B7*1%2%1*$*6,7"'
We perfornedthe four steps defined in the planning activity.
a=]=[=\=ZB317*6/&'(%*6/$4*.'$73'1"><14*"

We invited and motivated different subjects to participate in the case study (Table 35, 1D 11-14
Within this case study, we considdreight SFM situationalFactors (Table 37) and all CMMI-DEV
practices of level 2 and 3.

a=]=[=\=[ A$2267-'>1*0117'@AABCDEF' G%%$4*641.'$73'INA"16*"$*6,7$)N$4*,%."

Together with four subjects, we mapped the CMMI-DEV practices to SFM situationatiactor
defining the support degree of the ISM practices for a software project context characterized by the
SFM situationalFactors. These mappings were individually defined during a first iteration and then
collaboratively during a second iteration.

The first iteration consisted of the following steps:

1. Conduct multiple independent mappings between two SFM situationalFactoGNivid-
DEV.In the first iteration, we consideatitwo SFM situationalFactdry 3SDSSOLFDWLRQ SHU
DQG SUHTXLUHPHQWYV FK D Q-DBE\DJEACiaesWilevel2@ual D Bolr sklfjéxts
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individually attempéd an initial mapping, with a fifth subject performing the review of the map-
pings. A template was created to document the subjective mappings of each subject (Table 40
provides a snapshot). This template contains all the afore-mentioned CMMI-DEV practices cat-
egorized by their process areas and maturity levels. The support degree between an 1SM practic
and a SFM situationalFactor was identified according to a four-point ordinal scale (3: Strong, 2:
Moderate, 1: Weak, 0: Absent). Each subject specified the support degree by marking the corre-
spondingcellZLWK 3[" $V WKH PDSSLQJV D Ul jusifiediddn Eoilnivtd ZH L
document the reasoning of the subject for the chosen degree.

2. Analyze mappings for deviations and commonalitreseveral discussions, the subjects used
WKH LGHD RI WKH-r&d tdicos @diafdaking the contributors with the
minimum and maximum supporting degree to justify their decision. This often led to an adjust-
ment of the initial inputs.

3. Review the recorded mappind$ie consolidated and analyzed mappings were independently
evaluated by a subject who was not involved in the mapping process up to this point. He specified
the support degree by marking tkReR U U HV SR Q G L Qid theHemh@laté Pk tkempores h
identified the frequencies of provided support degrees as a mechanism for taking all views into
account. These frequencies also asdist to calculate the overall support degree between a
SFM situationalFactor and the CMMI-DEV practice.
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Required performance of
application(s)/product(s)
"%1*RMKTIHTEG*X* , o
N " Concerned with the performance demands that are placdut{is)/application(g
5[1*GHIJKIHCLKF[KTICM L )
under development. For example, product(s)/applicationés)be required to
process a high number of transaction per second.
Consolidated Inde pendent Mappings
-66/1+LNWIUU!I&LIK 3:Strong| 2: Moderate [ 1: Weak| 0: Absent NGIHPHTKIHCL
Measurement and Analysis MA
Establish and maintain measurement objectives SP1.1
that are derived from identified information needs
and objectives. If there are specific performance
requirements, then it may be
necessary to set objectives and
measures in relation to the
X XXXX performance of
Specify measures to address the measurement SP1.2 application(s)/product(s).
objectives.
XXXXX
Specify how measurement data will be obtained |SP 1.3 Although the collection of
and stored. XXX X measurement data may be importnant
Specify how measurement data will be analyzed |SP 1.4 whete performar]ce s an |mportant
and renorted consideration, this does not imply that
s ’ it is necessary to specifiy how the
measurements w ill be obtained or
XXX XX analysed.
Obtain specified measurement data. SP21
XXXX X If ther are specific performance
Analyze and interpret measurement data. SP22 criteria to satisfy, then the collection
and analysis of the measurement
data is going to be necessary.
XXXXX
Manage and store measurement data, SP23 If there are specific performance
measurement specifications, and analysis results. criteria to satisfy, then the
X XXXX measurement data/results may need
Report results of measurement and analysis SP24 to be stored and communicated to
activities to all relevant stakeholders. X XXX X stakeholders.

<[=87HII427%*1C6DRA(/.."9%#%,*(%.0/@ 1" @ZRY862"1C/1"59/8!/ @ 150846>?@70.1%51%1A7%C276%174.8/17%

The second iteration consisted of the following steps:

1. Conduct collaborative mappings between six SFM situationalFactor<CaidI-DEV. We
consideedsix SFM situationalFact&Y 3UHTXLUHPHQWY VWDQGDUWUi@& 3UHT >
to-market SWHFKQRORJ\ HPHUJHQF\" 3SHUVRQQHO GLVKDUPR
mapped to all CMMI-DEYV practices of level 2 and 3. Four subjects were involved in workshops,
with the fifth subject performing areview, QVSLUHG EOBQYRNRU" FRVW HVWLPI
the four subjects used cards with the 4-point ordinal scale values described in the first iteration.
For each CMMI-DEV practice and each SFM situationalFactor, the subjecesdphaey cards
simultaneously and the subjects with the minimum and maximum supporting degree were asked
to justify their decisionsThis often led to an adjustment of the initial inputs as the cards were
played several times. The results were documented in the template described in the first iteration.
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2. Review the recorded mappingss in the first iteration, the mappings were independently
evaluated by the subject who was not involved in the mapping process up to this point. He also
specified the support degree by marking hR UUH V SR Q G L Qid theketh@até.L WK 3[°

Table 41 lists the effort needed to map the CMMI-DEV practices to SFM situational factors.

During the case study, we recetthe effort of the subjects involved in the second iteration. &s w

did not record the effort for the first iteration, we estimatelbased on the efforts in the second
iteration and chose the maximum effort of mapping one SFM situationalFactor to all CMMI-DEV
practices of level 2 and 3 (written in italics). Consequently, each subject spent totally 13.35 working
hours to map CMMI-DEYV practices of level 2 and 3 to eight SFM situationalFactors and thus, 1.66
hours to map these CMMI-DEV practices to one SFM situationalFactor.

5[1*GHIJKIHCLKF[KTICM .PPCMI $CIKF*.PPCM
PPCMI| .PPCMI ]2YEMKNE*aCl| ]aCIMG_
2TIHYHIHEG YKIENCMZ #KVE JVHL_ | ]JaCIMG|  &LE*5[1* @*5[1*
GHIJKIHCLKF[H GHIJKIHCLKFIK]
Ja\WVLIJIRQU!LVYVOVQS!Ic%WN]Id"18 1#GE
Ja\WVLIJIRQU|,Ia\VLIJIRQUI-*KRYIKbVPVQS SR\  1#GE
Ja\VLIJIRQU!%QKROKLO ?? “H@)
/ROIJIROIRQ!KRO! [C\UVRIUU [.VJIIQNIBKLMIQ @ "#7( “E@ "OHO:
WNPPKbNLKQVXIIIH&]IPVWKQVNRIPVWKQVNR!+ILZNLIKRWI 9 GH7E '
JWARNPNYS.IWARNPNYVIU!(JILYIRQ SRW  1#GE
+ILUNRIPP FHLUNRIPENNUVNR @ 4@
+ILUNRIP!=VU*KLINRS

<[=87%8&%-127%21Calth."9%#%=71,779%,*(%.0/@1"@72%/96%*!(%2"1C/1"59/2%#H +8601%%
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The following experiences collected during the mapping exercises supported us to evaluate and

improve the MOSAIC meta-models:

x Adefinition of SFM situationalFactors is nhecessary for a common understafdiagub-factors

defined in the situational factors framework& ODUNH D QG 2 fi& motQaiwRyY suppo@

the understanding of the SFM situationalFactor and thus, they are not enough to describe it. We
observed that during the case study, the subjects had different interpretations of a SFM situa-
tionalFactor. Consequently, the SF meta-model contain®tié W WefliKdN Hora SFM sit-
uationalFactor.

A 3-point ordinal scale to define the support degree of an ISM practice is entduglsubjects

had often problems to differentiate between fvoderate” and IWeak” support degree of a
CMMI-DEV practice for a SFM situationalFactor. Therefore, a 3-point is more appropriate in-
stead ofa 4point ordinal scale. This decision was also supported by several software process
improvement experts from industry and research. Therefore, the MOSAIC support metrics uses a
3-point ordinal scale.

A definition of the semantic of tidledium” and 3Strong” support degree is needebhesub-

jects had difficulties to indicate the support degreardSM practices for the SFM situational-
Factors. Consequently, the SF meta-Model defines the reasoning for a relation (Concerns,
StronglyManagedBy, ManagedBYy, Influences) to semantically enrich the mapping between an
ISM practice and a SFM situationalFactor.
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Based on the experiences collected during the mapping exercise and its results, we alsd extract
the SFM situationalFactors and related them to ICM concepts. This extratdioad us to improg
and evaluate the MOSAIC meta-models and the selection of ISM practices based on SFM situational-
Factos.

a=]=[=\=] E;$)"$*6,7',/*+1'AH(B@'11)14*6,7','BIA'G%$4*641.">$.13" 7'INA'I6*"$*6, 7$)N$4*,%."

Based on the mapping results between CMMI-DEV practices and eight SFM situationalFactors,
we evaluated the plausibility of the selection of ISM practices based on SFM situationalFactors. We
performedthe following steps:

1. Map V X E MrdstMg ¥0IMOSAIC results on a 3-point ordinal scdlee subjects useal 4

point ordinal scale to define the support degree of a CMMI-DEYV practice for a SFM situational-
Factor. As the MOSAIC support metrics ws&point ordinal scale, we mapped the subjééit
results to the MOSAIC results as illustrated in the Table 42.

5JRRCMI*DENMEE

1CG2")  |)KGE*51(0

%QLNRY %0Ql
61OV 610V\J
41KM

&bUIRQ &bUIR

<[=87%3%/27%*1C6DRA(/.."9#%=71;779%1A7%()*+,-W QG VXEMHBEBWVY UHVXOWYV

2. Calculate deviation between the two results typés calculated the deviation between the

V X E MreisalWy ahfil MOSAIC results. The deviation is given by the number of incorrect results
(the MOSAIC result scale value is not equaM E MresklVésal value) divided by the number

of compared paitg-or the eight SFM situationalFactors, we obtdiasmall deviation of 0.02.

This means that on average less than every tenth result deviates from the two-point scale.

3. Analyze deviations and identify possible improvemdfitst, the deviation is small as the
selection of ISM practices is based on the MOSAIC models that are build based on the results of
the case study. However, together with some subjects, we analyzed this deviation and discovered
one main causéVe observed, that the subjects considered that the support degree of an ISM
practice is based on the support degree dfit4 outputs, but not on its ISM inputs. MOSAIC

also considers the support degree of ISM inputs. To know if this is an issue, a broader evaluation
is required.

a=]=[=\="K1..,7.'K1$%713'

A challenge of this case study was to assure the participation of suitable expert participants and
to assure the coordination issuesiferexecution We used a network of personal contacts, which
was initially established at international software process conferences. From a starting point of two
experts, a third one was recruited. The communication in the first iteration was conducted via email
and teleconference facilities (Skype), which was hindered by scheduling/availability of experts,
differences, etc. The second iteration was performed in the same location, so that more and profound
discussions were performed that led to a great improvement of MOSAIC.
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Therefore, we could evaluate the hypothesis stated in the planning activity. The integration of
multiple PRs with the software project context and the selection of ISM practices based on this inte-
gration was possible and plausiblee WPDOO GHYLDWLRQ EHWZHHMDSAIKH VXEI
results existed and thus, the results are promising.

Although, we cannot compare the efforts of the mapping between a SFM situationalFactor and
the ISM practices with and without MOSAIC (1.66 hours and 13 hours respectively), we can argue
that on a long-time perspective, the effort needed with MOSAIC is smaller. These two values cannot
be compared due to the following reasons:

X The mapping with MOSAIC considers the relations of SFM situationalFactors to ICM concepts
and not to ISM practices directly.

X The estimated effort for a mapping with MOSAIC is valid for a Modeler that have experience
with the MOSAIC modeling activities.

X The mapping with MOSAIC is performed based on the experiences gained during the case study
and thus, previous knowledge of the relations between SFM situationalFactors and PRs exists.

We argue that the effort needed is smaller as the SFM situationalFactors have to be rglated onl
once to ICM concepts. Then, all the various PRs that contain these ICM concepts become related to
the SFM situationalFactors. As the various PRs have redundancies, they share a great nGiviber of
concepts. Consequently, the relation between the SFM situationalFactors and these redundant parts
of the various PRs are performed only once.

a=]=[=] J+%1$*.”*'F$)636*&'$73'N"*"%1'P,%"?"

Different aspects decreased the controllability of this case study and have to be considered as
threats to its validity:

X The subjects possible influenced each other as they pactiahge their individual results bas
on the justification or estimations of other subjects.

X Missing definition of the first two SFM situationalFactors led to misinterpretations of the SFM
situationalFactors and thus, to misinterpretations of the support degree of a certain ISM practice
for this SFM situationalFactor.

X Missing guidelines about when the support degree has a certain Y6lMURQJ"~ 30HGLX
3:HDN"~ 3% HadHdWferent interpretations and definition of a mapping betveeetsM
practice ané SFM situationalFactor.

X The selection of ISM practices based on SFM situationalFactors used the MOSAIC models build
based on the results of the case study and thus, the evaluation of the plausibrigstricted.

x Only CMMI-DEV was considered for the mapping between PRs and SFM situationalFactors.

To address these threats, an evaluationtdias performed with subjects that are not involved in
the MOSAIC modeling activities. Moreover, fully independent experiments with predefined rules
and guidelines are requested. Finally, further PRs have to be considered as input.

a=]=\N61)3'*"3&",/*0$%1'G%,41..'B#2%,;1#17*'67'$7'H%-$76L$*6,7"

We used MOSAIC to support the organization A (section 8.2) in its software process improve-
ment initiative. This organization aimed to improve its internal process PR for the software develop-
ment area according to CMMI-DEV and to improve the process compliance in the software projects.
This field study allowed us to apply MOSAIC and to evaluate its usefulness.
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In this activity, we defined the goals of the field study according to the following parameters
[Briand et al. 1996]:

X Object of Study [what is studiedThe object of the field study was MOSAIC with the following
analysis activities: selection of ISM practices based on SFM situationalFactors and the identifi-
cation of similar ISM practices based on the similarity and coverage metrics.

X Purpose [what is the intentionThe purpose was tlevaluation of the objects.

X Quality Focus [which effect is studiedThe focus was on thesefulnessof the objects in an
organization. Th@lausibility of the objects was also considered, but it was not in focus.

x Perspective [whose view] he field study was performed from tAealyzer perspective.

x Context [which environmentDifferent PRs and SFM situationalFacdrad to be selected as
artifacts. An organization that started the improvemenaofnternal process PR according to
these PRs had to be selected to allow the involvemesuilgécts. Organizations with higher
experience in the process improvement according to certain PRs were not suitable for the selection
as in general there is no need for the MOSAIC analysis activities anymore when the software
process improvement is on progress as these are already performed.

a=]=\=[ G)$7767-

Based on the goals defined in the definition activity, the planning actresyerformed accak
ing to the following six steps. This activity is similar to the planning activity for case studies:

x Context selectianThe context consists of a real software process improvement project and sev-
eral software projects, with professionals as subjects and real specific data as artifacts.
X Hypothesis definitionWe defined two hypotheses:
I The application of MOSAIC with the afore-mentioned analysis activities is possible and
useful.
I There is a high correlation between the subjective results (observations) obtained by dif-
ferent subjects and the MOSAIC results.
x Dedgn: We planned to perform the following steps:

1. Identify subjects and artifacts

2. Apply MOSAIC to create work products that can be used for the software process improve-
ment.

3. Analyze the field study and derive lessons leab@sgd on the experiences collected.

x Validity evaluation:We analyzed and described the thraatsalidity and the future work to
address these threats.

a=]=\=\" H21%%*6,7'$73'(7$)&.6.'c’'B7*1%2%1*$*6,7'
We perfornedthe steps defined in the planning activity.
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We identified an organization that starts the software process improvement according to CMMI-
DEV. Because of their little experience with CMMI-DEV, we could apply MOSAIC and evataate
usefulness.

Various Analyzers were involved in the field study: one software process engineer of this organ-
ization (Table 35 ID 5), one software process consultant that support the organization in its software
process improvement (Table B54) and several software project members of three software projects
that had approximately 1200, 1500 and 2000 person days per year. These three medium-size software
projects were selected to participate in the start phase of the process improvement projects.

We also identified the SFM situationalFactors that were relevant for this organization (Table 43).
16 SFM situationalFactors from the framework of Clarke et al. were identified as relevant. Further-
more, four SFM situationalFactors were defined based on the organizational context.
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We perfornedthe following activities where we could demonstrate the application of MOSAIC:

1. Create a tailoring instrument for software project§e created a tailoring instrument for the
software projects to recommend internal process PR practices that are best suited for these pro-
jects.
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2. ldentify the process profile of the organizati@asedon the organizational context defined
by the needs and wishes of the software projects, we identified CMMI-DEV practices to be used
as reference for the improvement of the internal process PR.

3. Achieve compliance to referenB®s We identified the gaps between the internal PR and
CMMI-DEV to improve the internal process PR and be compliant to CMMI-DEV.

4. Create a repository of multiple PRs and perform efficient assessméntgeated a repository

that contains unique ISM practices with references to the internal process PR and CMMI-DEV
to evaluate and improve the process compliance in the software projects according to these two
PRs

5. Provide helpful information for adoptioWe identified similar ISM practices from CMMI-
DEV to extract additional information for the adoption of the internal process PR practices that
are selected with the tailoring instrument.

To perform these activities, we used the MOSAIC ideas and partially used the MOSAIC Toolbox.
For a complete usage of the MOSAIC Toolbox, all the ISM practices of the internal procesd PR
to be modeled. Due to the high number of ISM practices and due to the restricted time to deliver the
results, we only modeti some of its ISM processes (Table 36).

In the following, we give details about each activity.

a=]=\=\=[=ZLreatea Tailoring Instrument for Software Projects

We created a tailoring instrument to recommend internal process PR practices to software pro-
jects that are best suited for their context. We aimed that the selection of these best suited ISM prac-
tices motivates the software project members to adopt these ISM practices and thus, that the process
compliance will improve.

Based on the MOSAIC models and on the selection of ISM practices based on SFM situational-
Factors, we created such a tailoring instrument. This tailoring instrument contains the following arti-
facts:

x List of SFM situationalFactors to analyze and evaluate the software project context
X Mapping between the SFM situationalFactors and the internal process PR practices to select the
best suited ISM practices based on the analyzed software project context

In the list of SFM situationalFactors, we documented for each SFM situationalFactors its defini-
tion (Table 44). This definition describes critical situations that exist or could appear in thersoftw
project. To describe if these critical situations are relevant for a software project, we defined the
criticality degree for a SFM situationalFactor. We usa@-point ordinal scale to analyze together
with the software project members their project context and to evaluate the criticality degree:

X Non-Critical : The situations described by the SFM situationalFa®@not relevant or do not
apply for the software project.

x 3Apply © bhe situations described by the SFM situationalFactor apply for the software project.

x Lritical " The situations described by the SFM situationalFactor apply for the software project,
are critical and can jeopardize the achievement of the software project goals.
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The tailoring instrument also contains a mapping between the internal process PR practices and
the SFM situationalFactors. To create this mapping, we computed the support degree of an ISM prac-
tice for each SFM situationalFactor. For each internal process PR practice in the tailoring instrument,
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we documerdd only the SFM situationalFactéd IRU ZKLFK WKH VXSSRUW GHJUHI
G L X Pable 45.
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To achieve a better quality of these mappings, we validated and improved them as follows. First,
we computed the support degree between the CMMI-DEV practices and each SFM situationalFactor.
Based on a mapping between the internal process PR and CMMI-DEV, we could use theee result
the validation as we assumal KDW WKH VXSSRUW GHJUHH Rices(iFegpal” D QC
This validation was valuable as it allowed us to use the expertise of five experts that mapped the
CMMI-DEV practices to SFM situationalFactors (section §.42cond, the mappings were individ-
ually reviewed by the software process consultant and the software process engineer involved in this
field study. The reviewers mostly repeaitmissing mappings and some fault mappings.

Based on this mapping, best suited internal process PR practices for the softwarequalect
be selected. For each SFM situationalFactor that M&sD O X D W H G for\d sb&whteViriojedd O ~
ISM practicesZLWK WKH VXSSRUW GHJU H Werg&@ledteddar thi® Qraect.0RIG L X P
example, the support degree of the ISM pracBi@eKH SURMHFW VWDNHKROGHUV D
O \] Hf@ the SFM situationalFactotH [ WHU QD O G W& H QW U RBielcHti¢dlity degree
for this SFM situationalFactor was evaluated® & U L Wdr & Bditware project and thus, th&M
practices was selected as best suited practice for this project (Table 46).
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Based on the organizational context defined by the needs and wishes of software prejects,
identified CMMI-DEV practices to be usedaeference for the improvement of the internal process
PR

Firstly, the context of three software projects was analyzed and the criticality degree dfldach S
situationalFactor was evaluated. Then, we ideatithe most frequent SFM situationalFastaith
WKH FULWLFDOLW\ GHJU Hdi ex@ntple VdILtRrBeofthaperdj@ciIrerdaiat
the external el QGHQFLHY DUH YHU\ LPSRUWDQW DQG FRP&&BH[ DQC(
identified as one of the most frequent SFM situationalFactor.

Secondly, we used the mapping between CMMI-DEV practices and SFM situationalFactors to
select the CMMI-DE\pradices for the most frequent SFM situationalFagtérccording to the crit-
icality degree of the SFM situationalFactors and support degree of the selected ISM practices, we
performeda prioritization for the adoption of the selected CMMI-DEV practices. If the selected ISM
practices were already adopted, a review and improvement of the ISM practices (inclusively tem-
plates or examples attached to these ISM practices), was performed. For example, thBEXXMMI-
PP SP2.6 practice330DQ WKH VWDNH K Ra3 Getetied &3 ARiDpOHAAHEMApractice
EDVHG RQ WKH 6)0 VLWXDWLRQDO)DFWRU 3H[WHUQDO GHSHQ

a=]=\=\=[=\(4+61;1'@,#2)6$741*,'V1/1%1741'GV."

We identified the gaps between the internal PR and CMMI-DEV to improve the internal process
PR and be compliant to CMMI-DEV.

First, we identified 3 (T XD O~ D Q &@milarUSM practice from the internal process PR and
CMMI-DEV. Then, foreach CMMI* (9 SUDFWLFH WKDW KDV QR 3(TXDO™ LQW
we computed the coverage degree. The coverage degred iglp verify if the internal process PR
practices cover this CMMI-DEV practice.

Based on the similarity and coverage degree, we aigqubint ordinal scale to evaluate the gap
between the CMMI-DEV and internal process PR practices (Table 47).

X 35HG :OhéUH DUH QR 3(TX hterhnaRpdocksd B practices for the CMMI-DEV
practice.
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X 3<HOOR:ZTKHUH DUH 3+LJK" LQWHUQDO SUR-PBWpNagdiée 3MdDFW L
the coverage degree is greater than 0.3 and smaller than 1. This means ¥halL th&fternal
process PR practices do not entirely cover the CMMI-DEYV practice.

X 3*UHHQ TKHUH DUH 3(TXDO ~ LQWH Uapdthe SiRgdedesis 1SThid F W L
means that the internal process PR practices entirely cover the CMMI-DEV practice.
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Based on the evaluation of tF 6 H@® "~ D QG 3 <O @R e identified the differences
between the CMMI-DEV and the internal process PR. For examplgagfer the CMMI-DEV CM
63 3(VWDEOLVK DQG PDLQWDLQ D FRQILIXUDWLRQ PDQDJHF
S UR G X&WH O )R &the change management approach defined in the internal process PR
only addressed project management changes (e.g. time, scope, budget) dracig@sges to the
project documents, but not technical changes in the development environment. There is no configu-
ration management system that helps the projects to manage the changes across all software develop
ment phases.

The identified mappings between CMMI-DEV and the internal process PR were individually
reviewed by the software process consultant involved in this field didedyostly repored missing
mappings.

a=]=\=\=[F]@%1$*1'$'V12,.6*,%&'",/'A")*62)1'GV.'$73'21%/ ,%#'E/I64617*(..1. #17*.

We aeated a repository that contains unique ISM practices with references to the internal process
PRand CMMI-DEV. We used this repository to evaluate and improve the process compliance in the
software projects according to these two PRs. To evaluate the process compliance according to the
internal process PR, we only evaluated the adoption of the selected internal process PR practices
during the tailoring. To identify the CMMI-DEV process compliance, we evaluated all the CMMI-
DEV practices.

The created repository contains unique ISM practices that cover the internal process PR and
CMMI-DEV. As the terminology of the internal process PR is known in the organization, we defined
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the unique ISM practices based on the internal process PR practices. Haw#heeinternal process
PR did not cover the CMMI-DEV, we also had to define unique ISM practices based on the gap
between the CMMI-DEV and the internal process PR.

The repository contains the following three artifacts:

X A list with the unique ISM practices derived from the internal process PR practices
X An invert list with the ISM practices derived from the CMMI-DEV practices
X Process compliance metrics in the software projects

First, the list with unique ISM practices contains the references to the internal process PR and
CMMI-DEV practices. For each such unique ISM practice, we docwdéme IDs of the3 (TXDO”
D Q G 3 +HhtdrKal process PR and CMMI-DEV practices. These references to these two PRs allow
the identification of further information regarding a certain ISM practice in the PRs descriptia (Ta
48). The identified mappings were individually reviewed by the software consultant involved in this
field study. As already mentioned, he mostly reported missing mappings and some few fault map-
pings.

Furthermore, the list with the unique ISM practices contains their corresponding process compli-
ances. We defined the process compliance to evaluate the adoption of the internal process PR and of
CMMI-DEV practices in the software projects. For this purpose, we aisqubint ordinal scale:

x 35HG :the’adoption is not or not properly performed.

X 3<H O O R:Zhe adoption is partially performed.

x 3*UHH Q: thé@ ddoption is properly performed.

X 31RW DSSOLF DiieGébptiQn Banrot be performed as it is not applicable or the corre-
sponding ISM practice is not selected for adoption.

x 31RW \HW th@adoption is not started yet.
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As for each unique ISM practice, there is a single internal process PR practice, the process com-
pliance for the internal process PR could be determined. However, for each unique ISM practice,
there are more CMMI-DEV practices. Therefore, the process compliance could not be determined
and we needed to crearinvert list.
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The invert list contains ISM practices derived from the CMMI-DEV practices. For each CMMI-
DEV practice, we automatically impedthe process compliance of the corresponding unique ISM
practices. Based on the process compliance of these unique ISM practices, we manually defined the
process compliance for a CMMI-DEV practice (Table 49).
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Finally, we defined some metrics to get an overview and monitor the development of the process
compliance according to the two PRs in the software projects.

We developda process compliance matrix which visualizes the process complianceksi all
practices of a single PR to get an overview of the adoption in a software project. Each column in this
matrix refers to a process within the internal PR or CMMI-DEV (Fig. 55).
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PP
PMC
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SP1.2 Ln. n.y. n.a.
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SG1 sp14 S

SP1.5 S

SP1.6 g S

SP1.7 n.v.
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SG2 SP24
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GGz ©P25
GP2.6
GP2.7
GP2.8
GP2.9
n.y. GP2.10

ny. GG3 GP3.1

ny. GP3.2
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Based on the process compliance matrix, we defined a metric to measure the processceomplian
and monitoedthe development of the adoption of each PR. It uses a ratio scale with values between
0 and 1. This metric determines the percentage of ISM practices that are properly adopted by the
software project.

2NK?AOO %KE:HEFNAAJE raw ® ;AHHKS

To monitor its development, we built a line chart and docuetkthie process compliance for
each month when an assessment was performed.
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Development of the process compliance
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To summarize, we created a repository with unique ISM practices, their references to the internal
process PR and CMMI-DEV practices and their corresponding process compliance in software pr
jects. The repository also contains several metaevaluate and monitor the process compliance
according to the internal process PR and CMMI-DEV in the software projects.

a=]=\=\=[="G%,631'M1)2/")' B7/,%#$*6,7'/,%'(3,2*6, 7"

For some internal process PR practices that were selected for the adoption, the software project
members and the software process engineeeslasiout additional information. The purpose of this
additional information was to help them to better understand how to adopt this ISM practice. Conse-
guently, we identified similar CMMI-DEV practices that provide such helpful information for the
adoption. For an internal process PR practicge] XD LJK”~ 30H G L X P ‘sifRildr EMRME-"

DEV practices are potential sources to identify this additional information. The PRs description for
3(TXDO" RU 3+LJK" SUDFWLFHV FDQ UHYHDO KHOSIXO LQIRUPD
tices have a lower similarity as they have differences. T¢awsae analyzed for relevant information.

For example, for the internal process PR pracéidee project stakeholders are identified and
analyzed, we identified additional informatioin the description of the CMMI-DEV PP SP2.6 prac-
tice 330DQ WKH LQYROYHPH QAMwR-Hirérsibngl idriX Witk Rtakenblidexs alohg
one axis and project activities along the other axis is a convenient fornaRelevance of the
stakeholder to the activity in a particular project phase and the amount of interaction expected would
be shown at the intersection of the project phase activity axis and the stakeholder axis

a=]=\=\=\K1..,7.'’K1$%713'

The two hypotheses stated in the planning activity were evaluated during this field study.

Firstly, the application of MOSAIC is useful and supports the organization in its software process
improvementt the project and organizational level.

At the project levelwe create@tailoring instrument and supported the selection of internal pro-
cess PR practices (section 8.4.3.3.2.1). Only best suited ISM psaaticeselected for the adoption.
The software project members accepted our recommendations as valuable information. In some cases,
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they reported that the adoption of some ISM practices has been shown to be beneficial after a period
of time. Furthermore, we created a repository with unique ISM practices that cover the two PRs.
Redundancies were avoided in the adoption and assessssantlar ISM practice from the internal
PR and CMMI-DEV were adopted and assessed only once based on the created repository with
unique ISM practices (section 8.4.3.3.2.4). The avoidance of redundancies was confirmed by the
software project members. Finally, the software project members found that the provided additional
information was helpful to better understand and adopt the ISM practices in their projects (section
8.4.3.3.2.5).

At the organizational levelve identified the gaps between the internal PR and CMMI-DEV.
Based on these gaps, we estalelidfogether with the organization an improvement plan to achieve
a compliance to CMMI-DEV in several increments (section 8.4.3.3.2.3). Furthermore, the software
process engineers found the additional information from CMMI-DEV to be beneficial and cedsider
it for the description of ISM practices in the internal process PR (section 8.4.3.3.2.5). Finally, we
seleced CMMI-DEV practices based on the most frequent SFM situationalFactors that could be used
as references for the improvement (section 8.4.3.3.2.2). Although the approach for selecting practices
at the organizational level was considered as valuable, its results were not considered as input for the
process improvement. One reason was that the number of the considered software projects was too
small.

Secondly, the application of the MOSAIC analysis activities led to plausible results. All the map-
pings between the internal process PR and CMMI-DEV practices and between the inteesas proc
PR practices and SFM situationalFactors were created. We created them by applying the MOSAIC
ideas or directly by using the MOSAIC Toolbox. Therefore, we could observe that the MOSAIC
analysis activities are robust. Furthermore, the software project members confirmed and accepted the
defined mappings. Finally, the reviewers reported some few fault mappings. An analysis of these
fault mappings indicated that these were caused by our faulty interpretations of the ISM pradtices a
not by a possible ineffectivesgof MOSAIC analysis activities.

a=]=\=] J+%1%$*.™*,'F$)636*&'$73'N"*"%1'P,%?"

There are some threats to validity concerning the plausibility and the usefulness of MOSAIC
application that need to be mentioned.

Regarding the application of MOSAIC and its usefulness, there are some threats to validity. One
threat is given by the small number of software projects that were involved in the field study. For a
profound evaluation, it is necessary to apply MOSAIC in more software projects. Furthermore, an
evaluation in different organizations is also needed. Finally, we could not evaluate the usefulness of
the entire MOSAIC. For example, the identification of dependencies between the ISM practices was
not evaluated.

Regarding the plausibility of the MOSAIC analysis activities, there are also some threats. First,
we partially used thRIOSAIC Toolbox to get the analysis activities results. Therefore, the evaluation
of their plausibilityis restricted. Furthermore, the plausibility from the software projects perspective
could not be entirely evaluated. The benefit of the selected ISM practices cannot not be immediately
identified in software projects, but have to be monitored over a certain period of time. Therefore, we
cannot say that the support degree identified by us will support the software project to manage its
critical situations. Some punctual experiences indicated this fact, but a systematic analysis of the
benefit of the selected ISM practices could not be performed due to restricted time of the field study.
Therefore, such an analysis is needed to verify if the support degree of an ISM praci&-id
situationalFactor identified by us turns out to be correct for a software project.
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We perforned two case studies to evaluate the plausibility of the MOSAIC meta-models and of
the modeling and analysis activities and a field study to evaluate the usefulness of MOSAIC.

The modeling of a high number of MOSAIC elements within the first case study led to an inte-
gration of the afore-mentioned PRs between each other and the integration of these PRs with the
software project context. These integrations adldws to automatically perform the MOSAIC anal-
ysis activities. Based on the created models, we automatically selected ISkegradentified sim-
ilar ISM practices or dependencies between ISM practices. Consequently, an integcatidimgc
to the MOSAIC meta-models and modeling activities was possible and allowed the automation of the
analysis activities.

Furthermore, the mapping of the CMMI-DEV practices to SFM situationalFactors in the second
case study indicated that the selection of ISM practices was possible based on the relations between
ISM practicsand SFM situationalFactors. These relations were defined based on the mapping results
obtained in the case study.

Finally, the implementation of several usage activities where MOSAIC could be applied within
the software process improvement program of one organization indicated the usefulness of MOSAIC
We also partially evaluatithe plausibility of the analysis activities.

a="AH! (B@ , >, 5E $)'$6,7"

During the implementation of the MOSAIC Toolbox, we focused on the fulfillment of the defined
functional requirements and less on non-functional requirements. However, besides the evaluation of
the achievement of the functional requirements, wedimgive an impression about the fulfillment
of some non-functional requirements, such as the efficiency or usability. Therefore, we performed
some activities to roughly evaluate these.

Based on a quality model [ISO/IEC 25010:2011 2011], we evaluated the quality in use of the
MOSAIC Toolbox. Consequently, we evaluated the effectiveness, efficiency, satisfactiont@hd usa

LW\ DWWULEXWHYV DFFRUGLQJ WR WKH IROORZL Qhr dgublityLQDO
DWWULEXWH 3VDIHW\" G Hdth&lkeMaBt Hetavgdthery /Mo QR hat e MOSAIC
Toolbox could harm people.
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The effectiveness refers to the capability of a software application to allow users to Huhieve
specified requirements with accuracy and completeness.

To evaluate the effectiveness of the analyzer and modeler tools, we peEH@ETous tests de-
fined according to the black-box testing method. For each functional requirement, we defined test
cases to evaluate its accuracy. Based on the test results, we evaluated the effectivenéspaoising a
ordinal scale:

X 3High : More than 70% test cases are performed successfully.
X 3Medium " Between 30% and 70% test cases are performed successfully.
x 3Low " Less than 30% test cases are performed successfully.

=A=7=7(7$)&L1%'J,,).

We systematically verified the results of the analyzer tools by defining two types of equivalence
class partitioning tests:

x Output based equivalence class partitioning teBtsobtain different values for the support, sim-
ilarity and dependency degree, we defined test cases that use as input CMMI-DEV, SRICE, |
CMMI-SVC or COBIT practices and SFM situationalFactors from the situational factors frame-
work >&ODUNH DQG 2J&RQQRU @

' Over 1000 test cases evaluated the support degree of CMMI-DEV practices and eight
SFM situationalFactors.
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I Over 180 test cases evaluated the similarity degree between ISM activityUnits of CMMI-
DEV, SPICE, CMMI-SVC, ITIL and COBIT practices.

I Over 50 test cases evaluated the dependency degree between CMMI-DEV practices.

X Input based equivalence class partitioning te#le defined over 200 test cases based on dummy
ISM practices to evaluate the results of all metrics. As the metrics are defined on different levels,
we considezd differentnumbers andtypesof elements on each level:

I ISM practice levelWe varied thenumber of ISM practices and define test cases that
received as input two or more ISM practices. For example, we used these test cases to
verify the computation of the similarity degree between two or more ISM practices.

I ISM activityUnit levelWe varied th@umber of ISM activityUnits within the ISM prac-
tices and defined test cases that received as input ISM practices with one or more ISM
activityUnits. For example, we used these test cases to verify the computation of the sim-
ilarity degree of these ISM practices based on the similarity of their ISM activityUnits.

I ISM practiceConcepts level

f Wevaried thenumber of the ISM practiceConcepts within the ISM practices and
defined test cases that received as input ISM practices with one or more ISM out-
puts. For example, we used these test cases to verify the computation of the output
states of these ISM practices based on the state of their ISM outputs.

f We varied theype of the ISM practiceConcepts and defined test cases that received
as input ISM practices containing only ISM outputs, ISM roles or ISM inputs. For
example, we used these test cases to verify the computation of the coverage degree
between these ISM practices based on coverage degree of their ISM practiceCon-
cepts.

I ICM concepts level

f We varied thenumber of ICM concepts related to one ISM practiceConcept and
defined test cases that received as input ISM practices with ISM practiceConcepts
related to one or more ICM concepts. For example, we used these test cases to verify
the dependencies between ISM practices based on the relations between these ICM
concepts and their related ISM practiceConcepts.

f We varied thaype of similarity relations between ICM concepts and defined test
cases that received as input ISM practices with ISM practiceConcepts related to
ICM concepts related only by ICM composedOf, only by ICM generalizationOf or
by both of them. For example, we used these test cases to verify the similarity de-
gree between these ISM practices based on different similarity relations.

For the afore-mentioned tests, we defined the expected results. The test cases are 100% success
fully performed, i.e., the obtained results were equal to the ones expected. Therefore, the effectiveness
of the analyzer tools was evaluatedAas L JK 3

a="=7=[ A,31)1%,,).

The modeler tools support a Modeler to manually and semi-automatically perform the modeling
activities. During the evaluation, we differentiated between the evaluation of the manual and semi-
automated extraction of the MOSAIC elements.

Firstly, we evaluated the manual extraction of the MOSAIC elements witl)gaa#)(!'J
y)&+1*  except for they;+U(1)*)&+!1* . As the MOSAIC elements have to be entered step by
step, the probability of error is very small. However, weetggir each type of MOSAIC element,
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that it was correctly saved in the database after its creation. Therefore, the effectivereassdweated
asA+LJK3

Secondly, we evaluated the semi-automated extraction of the MOSAIC elements wiGethe
5!&0)&+!"* . The extraction is semi-automated as the data has to be modeled before it is automati-
cally imported. Within a case study, we extesltver 2000 MOSAIC elements and we mainly used
this tool for this purpose (section 8.4.1). After each automated import, we verified that the input is
properly modeled in the database. Therefore, we evaluated the effectiasdesd J K 3

Finally, we evaluated the semi-automated extraction of the ISM practice elements Wwjtiuthe
(%) &+1* (also described in [Jeners et al. 2013b]). The extraction is semi-automated as the au-
tomated extracted ISM practice elements have to be corrected if necessary. We defined test cases by
randomly selecting ISM processes with all their ISM practices. Weddionobtain different results,

i.e. different types and number of extracted normalized ISM practice elements. We totalgdselect
110 ISM practices of CMMI-DEVSPICE COBIT and IEC 61508.

Together with two students within our research department, we defined the expected results for
each test case. Consequently, for each ISM practice we defined the exjpecbed of ISM practice
elements with their expected type (ISM activity, output, input, role and purpose). We @ertbem
afore-mentioned test cases, compared the test results with the expected ones adthemutdcess-
ful tests cases. 63% of the test cases were successfully performed and thus, the effectigeness wa
evaluated asOHGLXP”

In the pattern recognition and information retrieval theory two special metrics are used to calcu-
late the accuracy of an automated extraction of elements from the given text: pteaisiorecal®.
Therefore, we also calculated these metrics to give a more precise information about the effectiveness
of theV;+U()*)&+!1*

To measure to what extent the extracted ISM practice elements were correctly extracted, we did
not count the fault results (0 and 1 for an unsuccessful and successful test case). Instead, we used the
cosine distance method to calculate the deviation between the extracted ISM practice elements and
WKH FRUUHFW RQHV )RU H[DPSOHEUHWNK & RZO)}tRWQ AKX WD E |
activity and thev;+U(!")*)&+!!* extractedWKH HOHPH@D ZARVMDEOHIBKGRZQ VYV
then the test case was not successful. Instead, the cosine distance determined a very small deviation.

The cosine distance method for two vectors of size n is defined as follows:

Aop-0 —
%o e TM| —=8U-> <]
o e atL A g OA g

To calculate the cosine distance between the extracted and correct ISM practice element, we
automatically created the corresponding vectors based on the'stértisee words. Therefore, we
obtaired a rational value between 0 and 1 and used it to compute the precision and recall metrics.

Table 50 lists theP H W Welsity fr the automated extraction of the ISM practice elements. The
resuls are promising and indicates that the automated extraction is to some extent robust.

There are three main reasons why the automated extraction delivered fault results:

17 Precision = fraction of retrieved instances that are correct

18 Recall = fraction of correct instances that are retrieved

19 Stem = the base form of a given word. Common examples of sterigvat" for written, "do" for doing, "categor"
for categorize
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X Semantic of the elemenifthe semantic is sometimes very important, especially for the identifi-
cation of the ISM inputs and purposes. For exampleyhg(!")*)&+!* could not always
differentiate between an ISM input and an output.

x Complex languageThe language of the PRs is sometimes too complex for an automated extrac-
tion. For example, some PRs contain large sentences with more than 25 words.

X Non-effective toolsThe applied GATE plug-ins did not always deliver the correct results. We
observed that the ISM practice elements of ISM practice that contain verbs in the present contin-
uous tense were not properly identified.

LEIMHT "51*RMKTIHTE*EFEVELI*IZRE
2TIHYHIZ &JIRJI "LRJI %CFE 2JMRCGE
+,(-/%0)3 92t 2t ot ot 20t
(-&77 o8t o1t @t ot @Gt

</[=87THW>?10/@1"59%51%,*(%.0/@1" @ 7%B8GOT 225 9%/96%07 @/88%4710"@2%

a="=[E/I646174&'

The productivity of a software application depends on the amount of resources the users are
spendinginak LHYLQJ WKHLU JRDOV 7KH SURGXFWLYLW\ LV A+LJK
users is small. Therefore, we analyzed the effort users need to perform the modeling and analysis
activities according to the 3-point ordinal scale:

X *High =~ A Modeler or Analyzer automatically performs an activity. Therefore, their effort is
small.

X 3Medium “: A Modeler or Analyzer semi-automatically performs an activity and their time effort
is medium. The MOSAIC Toolbox automatically performs this activity, but the Modeler and An-
alyzer have to prepare or correct the results before or after the automation regpéttisgrep-
aration or correction is not time-consuming and thus, their effort to perform the activity is me-
dium.

X 3Low "~ A Modeler or Analyzer semi-automatiyaperforms an activity and their time effort is
high. The MOSAIC Toolbox automatically performs this activity, but the Modeler and Analyzer
have to prepare or correct the results before or after the automation respectively. This gmeparati
or correction is time-consuming and thus, their effort to perform the activity is high.

The analyzer tools suppah Analyzer to automatically perform the analysis activities. Conse-
quently, we evaluated the productiviag A + L JK 3

The modeler tools support a Modeler to manually and semi-automatically perform the modeling
activities. We evaluated the productivity of each of these tools based on our experiences. For this
evaluation, we assumed that the given input did not contain any fault data:

X The.0)50#I)(I")*)&+!* supported us step by step to manually perform all modeling activi-
ties. We had to perform several steps to create, retrieve, update or delete the MOSAIC elements.
For example, for the creation of an ISM practice, we had to select the cowaspISM process,
thenclick RQ WKH Xttbhr, QiVé the ISM practice name and the ISM practice short-name
in a separate window and finally clic/ K H 3@&Otter. Therefore, we estimated the produc-
WLYLW\ DV 3/RZ’

199



8;<=I"*C%%9F%5*4D-9'-#)%"*

X TheV;+U(!")*)&+!* supported us to semi-automatically extract the ISM practice elements.
As its results were not highly accurate and if necessaryedéedbe corrected, we evaluated the
SURGXFWLYLW\ DV 30HGLXP’

X The+)LOU#0!&+!1* supported us to semi-automatically perform all modeling activities with
the exception of the extraction of ICM concepts. We could use the functionality of a simple text
editor (e.g. with copy-paste functions the Modeler can easily add and edit elements) to prepare
the data to be automatically imported in the system. Therefore, we evaluated its productivity as
S0HGLXP’

X TheV&%5BU#0!&+!"*  supported us to extract the ICM concepts. The tool offers different sup-
port to search for the ICM concepts, to edit them by copying and pasting them. However, we
differentiate between two cases:

I Small number of ICM concepts (under 500 ICM concepts} tool was easy to usde
could create the ICM concepts and the similarity relations by drawing the corresponding
elements on the canvas. Furthermore, the drawing canvas offers an overview of the exist-
ing ICM concepts and thus, supports the identification of ICM similar concepts. We eval-
uatedWKH SURGXFWLYLW\ DV 30HGLXP~

I High number of ICM concepts (over 500 ICM conceggkt, the editing of the ICM
with a high number of ICM concepts became complex. This is because all the ICM con-
cepts were not fitting the drawing canvas so that it became difficult to edit them. For
example, it was very difficult to define an ICM composedOf between ICM concepts lo-
cated in different parts of the canvas. Furthermore, the time response of the tool de-
creased. Therefore, we evaluated the productasty/ R Z~

a="=\1$*6./$4*6,7'$73'S.$>6)6*&'

The satisfaction of a software application refers to its capability to support users in a specific
context of use. The usability refers to the capability of the software application to supp®iiouser
achieveits goals with effectiveness, efficiency and satisfaction.

We organized a workshop in collaboration with the organization B (section 8.2). \&d taim
HYDOXDWH WKH RUJDQL]DWLRQTY VDWLVIDFWLRQ UHJDUGLQ.
MOSAIC Toolbox (presented also in the [Jeners and Lichter 2013]).

We conduatd a workshop with five software process engineers of this organization and per-
formedthe following steps:

x Presentation of MOSAIGNe described the modeling activities and the resulted MOSAIC mod-
els, the identification of similar ISM practices and of dependencies between ISM practices. Not
all analysis activities were presented because only the mentioned activities were implemented at
the time of the workshop.

x Usage of MOSAIC by the workshop participafitse workshop participants identified sienties
and dependencies between CMMI-DEV, ITIL and CMMI-SVC practices of interest.

x Evaluation of the satisfaction and usability of the MOSAIC Toolboxvaluate the satisfaction,
we asled the participants to evaluate how relevant the analysis activities are for organizations
working with multiple PRs. Then, we askthem to evaluate the usability of the MOSAIC
Toolbox.

The participants evaluated the satisfaction according to a 3-point ordinal scale:

X 3High ": The analysis activity is relevant for organizations working with multiple PRs.
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X 3Medium ": The analysis activity is nice to have for organizations working with multiple PRs.
X 3Low ": The analysis activity is not needed for organizations working with multiple PRs.

The evaluation results shedthat the participants acknowledged that organizations might have
a A + L Jitérest in the implemented analysis activities (Table 51). Theyesh@v A+LJK3 LQWH L
for the identification of similar ISM practices especially on the computation of the highest coverage
degree. At the time of the workshop, the organizatioredito evaluate the process compliance of
the internal process PRs according to CMMI-SVC and to get certified. Therefore, the software pro-
cess engineers were especially interested in the computation of the highest coverageernal
process PR practice considering a set of CMMI-SVC practices. Finally, the identification of the out-
put states of the ISM practices and the identification of dependencies between the ISM practices were
DOVR HYDOXDWHG DV A+LJK?

We calculated the frequencies of thi] S H &vsilidtibns and maekl the highest value. Based
on the average of these frequencies, we calculated the total frequency and aésbtmeahnkghest
value to evaluate the satisfaction. To summarize, the participants evaluated the satisfactidnJ K 3

Satisfaction

Tools Metrics Experts Frequencies Total Frequencies
High [ Medium | Low | High [ Medium | Low High [ Medium | Low

Similarity Degree 4 1 0 80% 20% 0%

SimilarityTool Highest Practice Coverage 5 0 0 100% 0% 0%
Best Coverage 3 2 0 60% 40% 0% | 1% 23% 0%

Output State 4 1 0 80% 20% 0%

DependencyTool Dependencies 4 2 0 67% 33% 0%

</=87W&%>:/18C/1"59%5I%1A7%2/1"2l/@1"59%51%1A7%()*+,-%<558=5?%%
Furthermore, the participants evaluated the usability of the MOSAIC Toolbox accordirg to
point ordinal scale:

X 3High ": The MOSAIC Toolbox tool is easy to use.
X 3Medium : The MOSAIC Toolbox tool is moderate in use.
X 3Low : The MOSAIC Toolbox tool is difficult to use.

Usability of the MosAIC Toolbox
Tools Metrics Experts Frequencies Total Frequencies
High | Medium | Low | High | Medium | Low High | Medium | Low

WizardModelerTool 20% 0% 80%

40% 20% 40%
XMLModelerTool

Similarity Degree 3 2 0 60% 40% 0%
SimilarityTool Highest Practice Coverage 5 0 0% 100% 0% 45% 55% 0%
Best Coverage 3 0 40% 60% 0%
Output State 1 0 80% 20% 0%
DependencyTool Dependencies 2 0 60% 40% 0% 60% 40% 0%
0 4
2 0

w P WA N

60% 40% 0%

</[=87%3%>:/8C/1"59%51%1A7%C2/="8"1D%5I%1A7%()*+,-%<558=57%

The usability of the#2#*%&#03+* wasHYDOXDWHG DV AOHGLXP34pQG WK
5)1)1/3+!* as A + L JKable 52). To improve the usability, we colledthe feedback of the five
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experts and perfored some improvements of the MOSAIC Toolbox. For example, we improved the
visualization of the similarity results by sorting these results according to their similarities or by the
visualization of an overview with the maximum similarity degree. The usability abth&0#l)J
(1)¥)&+11* wasHYDOXDWHG DV A/RR3BQG R$ AWK BK 3

a="=]1"##%$%&'$73'N"*"%1'P,%""
Table 53 summarizes the evaluation of the quality attributes defined by the ISO/IEC 9126.
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To increase the quality of the MOSAIC Toolbox, the following aspects should be addressed in
the future work:

x Efficiency. As the modeling of a high number ICM concepts becomes difficult with the
V&%5BU#0I&+!*  within the,(-(1)*)&+!!* , the usability of the#$%&'(1)*)&+!1* have
to be increased to efficiently support the Modeler in this modeling activity.

x SatisfactiontRelevance of the analysis activitidde participants askl for the implementation
of an access management to protect information from unauthorized users. There exist commercial
PRs that can be integrated in MOSAIC. Consequently, this should be available only for the or-
ganizations that have a license for it. Moreover, the internal process PRs hayadtetied.
Consequently, user accounts need to be implemented to protect the information from unauthor-
ized users.

x Usability of the MOSAIC ToolboxFive subjects evaluated the usability during the workshop.
First, the number of the subjects was small. Second, they used the MOSAIC Toolbox only during
the workshop. The MOSAIC Toolbox have to be used during a longer period of time to evaluate
its usability. However, the MOSAIC Toolbox is only a pradfeoncept and its usability is only
to some extent important. To achieve a production quality, various users (Modeler, Analyzer) and
developers need to be involved to evaluate and impteusability.
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We performed several experiments, a case and a field study with the support of different subjects.
Furthermore, we evaluated the MOSAIC Toolbox according to the quality in use model [ISO/IEC
25010:2011 2011].

The involvement of various experts in the evaluation activities was important to acquire a broader
feedback and to use this expertise to improve MOSAIC. First, the involvement of the software process
consultants was very important for our evaluation because of their high expertise. Furthermore, the
involvement of academic researchers was also very important. They did not only evaluate MOSAIC
based on their experiences with the definition and adoption of multiRdeldat also from an aca-
demic perspective. Finally, the involvement of our industry partners helped us to evaluate MOSAIC
usefulness, to exemplify its application and finally to evaluate the satisfaction and usability of the
MOSAIC Toolbox.

Some students supported us in the development of the MOSAIC analysis activities too. However,
we did not involve any students in the evaluation of the analysis activities eessuébserved that
a certain working experience in the adoption of the considered PRs is necessary.

Table 54 provides an overview of the evaluation performed with the experts mentioned in the
section 8.2. We mark the PRs that are used in the evaluation activities. Therefore, we demonstrated
the flexibility of MOSAIC, i.e. that the integration of PRs for different software areas is possible.
Based on the integration of all these PRs, we could evaluate the plausibility and usefulness of MO-
SAIC. For each MOSAIC analysis or modeling activity, we document if it is evaluated \aithin
experiment, case or field studies, if its plausibility, usefulness and flexibiis/ HQWLUHO\ 3\H\
SDUWLDOO\ “SDUWLD O O Finally,UheQd&ztWolufr@ Rustratds thiatl lHHEe analysis
and modeling activities were considered in the evaluation of the MOSAIC Toolbox.

)CLGHDEMED*?{ .YKFJKIHCL*KTIHYHI YKFJKIHCL*NCKFG
. ~l<|e JKGE*X [FEUHgHF
1852")*2TIHYHIHEG 58|38 UREMHVELIGE . 0l 2FKIGHgH (GEPJFLE ]"LIENMKII—l&SZ)
S I A A JIHEFD*GIJ . $CCFg(
o g CP*?2%G
= = &REMKIHEL  &REMKIHCL
%IPIWQVNRINZ/%6!]LK
bKUIOINR!%6*6! %INLQBIQLVWU | 9 | F| F| R F F 9 JKLQVKPAPS SIU RN Siu
UVQ\KQVNRKP*KWQNL
0,
JOIRQVZVWKQUNRINZ|2VIVPKLVOSBIOlvavio | o] o] of 9 9 SIU SIU SIU siy
966ILKWOVWIU NXILKYI'SIQLVWU] 9 | F| F| H F F 9 JKLQVKAPS SIU SIU SIU
' NQQwQKQsiQLwd § F [F [F F F FRN RN RN | SIU
/OIRQVZVWKQVNRINZ!
OIJIROIRWVIU! =IIROIRWSIEIQLVWO | F| F| B F 9 F SIu RN RN Siu
bIQ[IIRIQM %6 LKWQV
6NOIPVRYINZ!/%6U;/-6lKRO1%*6 | 9| 9| 9| 9] 9 F 9 JKLQVKAPS RN SIU siu
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There are several threats to validity to be mentioned for eachAWD&halysis or modeling activity:

x Selection of ISM practices based on SFM situationalFactors:
I The plausibility was not evaluated during controlled experiments, but only within a case
and field study and thus, the controllability and the plausibility is restricted.
I The plausibility evaluation within the case study is restricted as the case study experiences

and results were used for the development of this analysis activity and of the modeling
activities.
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I The plausibility evaluation within the field study to verify if the recommended ISM prac-

tices bring the promised benefit in the projects could not be performed.
x ldentification of similar ISM practices:

I The plausibility of the identification of similar ISM practidgased on similarity metrics
was not evaluated for the entire MOSAIC models. As this analysis activity highly depends
on the MOSAIC models, the identification of similar ISM practiiwe other parts of PRs
that were not considered in the experiments could lead to wrong results.

I The plausibility of the identification of similar ISM practices based on the coverage met-
rics was not evaluated during controlled experimentaak partially evaluated in the
field study.

I The plausibility and the usefulness of the identification of similar ISM practices based on
the output state metrics was not evaluated in experiments, case or field studies. However,
its usefulness was evaluated in a workshop with one organization (see MOSAIC Toolbox
Evaluation).

x Identification of the dependencies between ISM practices:

I The usefulness could not be evaluated in a field study, but it was evaluated in a workshop

with one organization (see MOSAIC Toolbox Evaluation).
X Modeling of ISMs, ICM and SFM:

I The plausibility of the ISMs and ICM was only evaluated by us and not by other experts.
However, we evaluated the MOSAIC results during the experiments, case and field stud-
ies based on the built models.

I The modeling activities were only performed by us.

Therefore, from a statistical point of view, the number of evaluation activities and of involved exper-
tise is small. Further evaluation needs to be performed to improve MOSAIC:

x Further experts need to be involved to evaluate the plausibility of the analysis activities in con-
trolled experiments.

X Analysis activities need to be broadly applied in the industry and their impact need to analyzed
over the years.

x The MOSAIC models need to be systematically reviewed by experts with a deep knowledge of
the PRs and software project context.

X The modeling activities need to be performed by experts to objectively evaluate them.

x Further PRs and SFM situationalFactors need to be integrated into MOSAIC and used in the fu-
ture evaluation activities.

We close with a summary of the main results and lessons learned gained during these evaluation
activities:

X The integration of multiple PRs with the software project context within the modeling activities

is possible to allow the automation of the analysis activities.

The integration of PRs for different software areas is possible.

The analysis activities deliver promising results.

The modeling activities require a high expertise of the software engineering.

The modeling activities require a high effagthe PRs have different structure and terminology.
This high effort is also caused by the modeling of PRs on a very detailed level.

X X X X
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X The usage of the MOSAIC Toolbox supports organizations to get consistent results. Furthermore,
the more experts participate in the creation of the MOSAIC models, the better the models are and
the better they can be used to deliver reliable results.
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O Conclusions

We close this work by a short description of the contributions that we achieved with MOSAIC
A summary of its main limitation and a short outlook is also given. Finally, we give an overview of
MOSAIC and state the final conclusion.

b=Z2@7*%>*6,7."

MOSAIC supports organizations that deal with one or more PRs to adopt and assess their soft-
ware processes according to these PRs.

There are numerous approaches that support organizations in the selection of best suited PRs for
their software process improvement program or in the simultaneous usage of these PRs. However,
there is no single approach being universally applicable. Our tool based approach, called MOSAIC
facilitates the selection and usage of PRs by an integration of the PRs with eaand#reintegra-
tion of the PRs with the software project context.

This integration is possible based on three meta-models and their instantiations: ISM (Integrated
Structure Model), ICM (Integrated Concept Model) and SFM (Situational Factors Model). The cen-
tral model is the ICM. This integrates the various PRs at a fine-grained level by extracting their con-
cepts. These concepts are related td$is which are used to normalize the structure of the PRs.
Furthermore, the concepts are related to the SFM that contains situationaltéachanscterize the
software project context. Due to this desiffOSAIC has various benefits, of course within the
boundaries of its meta-models. According to the evaluation performed and our experiences with MO-
SAIC, we mention the following benefits:

x Various analyses of PRs are enabledMOSAIC allows running different automations on its
models depending on the interests of the organizations that work with multiple PRs. These are
offered by the MOSAIC Toolbox and are an implementation of the following analysis activities:
selection of practices based on situational factors that describe the software project context, iden-
tification of similar practices or of dependencies betweemtti\s their name says, tlamalysis
activitiescan help organizations to analyze various PRs and to make software process improve-
ment decisions.

x Further analyses of PRs are possibléelhe implementations of the analysis activities are only
some examples of automations that MOSAIC offers. Such an example is the computation of the
similarity degree between two or more practices based on the similarity metrics. Other implemen-
tations are also possible based on MOSAIC meta-models, models and metrics. For example, a
algorithm can be developed to identify a mapping between the processes of two PRs based on the
similarity metrics. Furthermore, other analysis activities can be implemented by extracting the
information from the MOSAIC models. For example, the identification of the value of a reference
PR for an organization can be developed based on MOSAIC.

X Multilateral comparison of ISM practices is supported.The related approaches always con-
sider a bilateral comparison between PRs, practices or practice elements. Not only a bilateral
comparison, but also the comparison of three or more practices is supported by MOSAIC. The
MOSAIC design with its ICM that connects all PRs concepts allows us to compare more than two
practices at onday identifying their similar concepts. This comparison can support organizations
to identify the commonalities of more than two PRs in a single operation.
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X MOSAIC can be extended and applied for further domainsMOSAIC can be used to support
activities that are not related to the usage of PRs. The MOSAIC models and metrics have to be
extended, but can inspire the development of such approaches. For example, the similarity metrics
caninspire the development of approaches to identify redundancies in the software requirements

x MOSAIC models are extendableNew PRs or situational factors can be easily integrated into
MOSAIC by defining their relations to the ICM. For example, agile PRs can beatedgnto
MOSAIC as this might address a larger part of the software development community. Moreover,
factors that influence how IT supports the business could be integrated into MOSAIC. These
could be then mapped to COBIT concepts that are specific to business and allow an automated
selection of their corresponding practices. This could be relevant for many organizations as CO-
BIT is a commonly used PR. The integration of new PRs becomes easier when the ICM contains
a high number of concepts. This is because the ICM already contains many of the corresponding
concepts and few new concepts have to be added. In this case, only the relationgistirige e
concepts have to be defined. Not only the design, but also the MOSAIC Toolbox, supports an
easy extension of the MOSAIC models by modeling the new PRs in XML format and importing
them in the system.

X MOSAIC is not limited to software developmentWe demonstrated that not only PRs for the
software development, but also for other software areas can be integrated into MOSAIC. PRs,
such as ITIL or COBIT are modelled and analyzed in MOSAIC during its evaluation. Further-
more, we argue that the situational factors extracted from an existing framework [Clarke and
21 &R Q QR are not @ly valid for the software development, but also for other software areas
Hence, the selection of practices based on these situational factors can be used in these areas.

X MOSAIC maturity grows. The more PRs are integrated into MOSAIC, the better is the quality
of ICM and the easias the integration of new PRs. Practices from multiple PRs provide the use
context of a PR concept and thus, a Modetarbetter understand its meaning and can better
extract new concepts or improve the ICM. Therefore, the ICM acts as a dictionary, where the
context for each concept is described in the PRs.

X An ontology of PRs terms is createdMultiple PRs are integrated based on an extraction and
relation of their concepts. Therefore, the ICM defines an ontology of terms of the software areas.
It unifies the knowledge of the multiple PRs and thus, can serve as a knowledge base fot differe
automations.

X MOSAIC is maintainable. Modifications of the MOSAIC meta-models, models or of the anal-
ysis activities can be easily performed. When the PRs are changed and a new vergiéh of a
exists, the changes to the models can be easily performed by modifying only the eamgeds
and their relations to the concepts. Furthermore, the MOSAIC Toolbox is also maintainable. First,
the analysis activities can also be easily modified as #rededicated components that handle
the analysis activities. Furthermore, when the meta-models are changed, new code can be gener-
ated based on these meta-models and integrated in the MOSAIC Toolbox.

Another contribution of this work beyond MOSAIG the description of varioussage activities
that can be relevant for the software process improvement of organizations (chapter 7). Therefore,
organizations receive a check list that reveals various cases they need to pay aitehgordealing
with PRs. For each such usage activity, we described their benefits and how MOSAIC can support
its application. Furthermore, we also gave guidelines how to apply them concretely. For example, we
provided guidelines how to identify the value of PRs for an organization (sectjar W8 describe
various alternatives how to create a repository with multiple PRs (section 7.6.2).
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Although various experts participated in the evaluation of MOSAIC and they acknowledged the
contribution of MOSAIC for organizations that work with one or more PRs, there are some limitations
thatcanbe addressed in the future work.

From a statistical point of view, the number of evaluation activities and of involved experts is
small. A broader involvement of experts from research and industihe evaluation and improve-
mert of MOSAIC analysis activities and in the reviews of the MOSAIC modateeded. Further-
more, the implemented analysis activities need to be broadly applied in the industry and their impact
needs to be analyzed over the years.

Finally, the MOSAIC Toolbox offers a prototypical implementation of MOSAIC to demonstrate
that the integration of PRs and software project context is possible to allow various automations. This
tool support can be improved and extended in the future work. Further implementations of the anal-
ysis activities or further analysis activitieasnbe implemented by the MOSAIC Toolbox to support
organizations to work with multiple PRs. Furthermore, the MOSAIC Toolbox has to be improved to
fulfil not only functional, but also non-functional requirements, such as usability or performance.

b=[ I" ## P&

An approach, called MOSAIC, is proposed to integrate multiple PRs with the software project
context (Fig. 58). This integration is based on a hormalization of the structure and terminology of the
various PRs. It is performed at a conceptual level by extracting concepts and relatitghectice
elements, as well @e a wide variety of situational factors that describe software development set-
tings, domains and contexts& ODUNH DQG 2f&RQQRU @
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In addition, MOSAIC offers a wide variety of implementations of analysis activities, that can be
automatically performed on a collection of diverse PRs. These activities can be utilized by organiza-
tions when attempting to make key process decision for an effective and efficient adoption of PRs
and assessment based on PRs. An effective adoption and assessment is possible because only pras
tices are selected that are best suited for software projects of an organization. This selection of prac-
tices is based on the situational factors that characterize the software project context. Furthermore
the identification of similar practices and dependencies between these practices support an efficient
adoption and assessment. Redundancies in the adoption and assessment can be avoided by the con
putation of the similarity and coverage degree between practices. Helpful information for the adoption
can be provided by the identification of similar practices concerning a certain outp &wodking
state. Finally, inconsistencies and dependencies in the software processes can be wellbganaged
the identification of the dependencies between the practices.

Various experts were engaged to evaluate the approach and its contribution. We totally involved
24 experts from different organizations, countries and with a different expertise: software consultants
from consultancy organizations, academic researchers and the employees of two organizations.

In the absence of published guidance with respect to such automations, we presented a robust
approach for relating software processes and software development contexts. Several publications
and distinctions for this approach recognizsd/alue and contribution within the research commu-
nity. Furthermore, early evidence from industrial application suggested that the approach brings also
benefits in practice. Therefore, MOSAIC can serve as a valuable approach for differeatesoftw
practitioners involved in the software process improvement initiatives of organizations.

211



<'GG-$E*

212



=33/"8)(/,*

10 Appendices

In this chapter, we give more details about the MOSAIC Toolbox. We describe the functional
requirements and give guidelines how to use the MOSAIC Toolbox.

Z9=7AH! (B, , )> 5%0 6% 17*.'

The MOSAIC Toolbox requirements refer to functional requirements and are illustrated by the
use cases in Fig. 39. In the following, we describe these requirements using an use case template, the
most common used method to describe a use case [Hoffmann 2013]. The table oriented use case
template contains different parameters that define the type of information to be described (Table 55).
This information is categorized in stages:

X First stagecontains general parameters, such as the name of the use case or the actors involved
in it.

X Second stageontains parameters that describe the innards of a use case, such as the standard
steps inside an use case. Furthermore, the conditions for the start and at the finish of the use case
are also described.

x Third stagecontains a description of the alternatives and exceptions from the standard flow.

8VH &DVH 7THPSODWH

)LUVW 6WDJH
' 'l

1DPH 1DPH RI WKH 8VH &DVHV!
$FWRUV 1DPHV GHV DFWRUV RI WKH 8VH &DVH!
*RDO 6KRUW GHVFULSWLRQ RI WKH JRDO RI WKH

6KRUW '"HV| 6KRUW GHVFULSWLRQ RI WKH 8VH &DVH!
6HFRQG VWDJH

BUHFRQGLV /LVW RI SUH FRQGLWLRQV!

SRVWFRQG, /LVW RI SRVW FRQGLWLRQV!

6WDQGDUG 'HVFULSWLRQV RI WKH PDLQ VWHSYV WKDW
IORZ >6WHS @
>6WHS @

«

$GGLWLRQ] $GGLWLRQDO KLQWYV WR EHWWHU XQGHUV
VWDQGDUGDOVR DGG H[FHSWLRQV KHUH 7KLV VKRXO(
IORZ VWHSV LQ WKH VWDQGDUG IORZ !

7KLUG VWDJH
$OWHUQDW 30HDVH WDNH HYHU\ DOWHUQDWLYH DQG

213



8;<=1*C%%IF%5*$/0")$/G/"#,*

([FHSWLRQ OHDG WR WKH JRDO VRPH PD\ HQG LQ DQ *
D >&RQGLWLRQ @

D >6WHS @

D >6WHS @

E >&RQGLWLRQ @

E >6WHS @

«
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In the following, we describe the use cases that define the interactions between avadiger
or Analyzer xand the MOSAIC Toolbox.

Z9=7=7 S.1'@$%$.1./,%'$'A,31)1%'

As the following use case description refers to IS Meta-Model elements that are not often ad-
dressed in this work, we remind about their puepos

? ISM practice repository elementsare the elements that group or refer to
ISM practices of the multiple PRs. Such elementsi@k& practiceReposito-
ries, categories processesandpractices.

Reminder

8VH &DVH

1DPH ((WUDFW ,60 HOHPHQWYV

$FWRUV ORGHOHU

*RDO 6WUXFWXUH QRUPDOL]DWLRQ RI D 35
6KRUW 'HV 7KH ,60 HOHPHQWY UHODWHG WR RQH ,60 S

VA\VWHP
SUHFRQGL\$Q ,60 SUDFWLFH LV LGHQWLILHG E\ WKH 0l
SRVWFRQG|$00 ,60 HOHPHQWY UHODWHG WR WKH ,60 §

6WDQGDUG1. ORGHOHU UHTXLUHV JHWWLQJ DQ RYHUYL
IORZ HILVW LQ WKH V\VWHP
2. 6\VWHP YLVXDOL]HV WKH UHTXHVWHG HO
3. ORGHOHU H[WUDFWV WKH FRUUHVSRQGLQ(
31.0RGHOHU H[WUDFWV WKH ,60 SUDFWLF
VA\VWHP
3.2.6\VWHP VDYHV DQG YLVXDOL]HV WKH ,¢(
33.0RGHOHU VHOHFWYV WKH ,60 SUDFWLFH
FRUUHVSRQGLQJ ,60 FDWHJRU\ DQG H(
34 6\VWHP VDYHV DQG YLVXDOL]HV WKH ¢
35.0RGHOHU VHOHFWYVY WKH ,60 FDWHJRU\
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SURFHVV DQG HQWHUV LW LQ WKH V\V
36.6\WWHP VDYHV DQG YLVXDOL]HV WKH ¢
37.0RGHOHU VHOHFWV WKH ,60 SURFHVYV
LW LQ WKH VA\VWHP
38.6\WWHP VDYHV DQG YLVXDOL]JHV WKH ,¢
4. ORGHOHU VHOHFWVY WKH ,60 SUDFWLFH D
SUDFWLFH HOHPHQWYV IURP LW
41.0RGHOHU HQWHUV DQ ,60 DEWLYLW\8Q
42.6\WWHP YLVXDOL]HV WKH ,60 DFWLYLW
43.0RGHOHU VHOHFWYV DQ ,60 DFWLYLW\8(
HOHPHQWYV
43.1. ORGHOHU H[WUDFWV DQ ,60 DFWLYL
43.2. 6\VWHP VDYHV DQG YLVXDOL]HV LW
433. ORGHOHU H[WUDFWV DQ ,60 H[SOLF
VI\VWHP

434. 6\VWHP VDYHV DQG YLVXDOL]HV LW

435 ORGHOHU H[WUDFWV DQ ,60 H[SOLF
VI\VWHP

43.6. 6\VWHP VDYHV DQG YLVXDOL]HV LW

437. ,1 DQ ,60 UROH H[LVWV WKH ORGHO
VI\VWHP

438 6\VWHP VDYHV DQG YLVXDOL]HV LW

439. ,1 DQ ,60 SXUSRVH H[LVWV WKH OR
WKH V\VWHP

43.10.6\VWHP VDYHV DQG YLVXDOL]HV LW

4311.0RGHOHU FRQWLQXHV ZLWK VWHS
DQG ,60 H[SOLFLW DUWLIDFWV IRU W
WR EH H{IWUDFWHG DQ\PRUH

44.0RGHOHU FRQWLQXHV ZLWK VWHS X

FRQWDLQV DQ\ ,60 DFWLYLW\8QLWV DQ

5. ORGHOHU VHOHFWV WKH ,60 SUDFWLFH D
DUWLIDFWV IURP WKH 35VY] GHVFULSWLR(
51.0RGHOHU VHOHFWYV DQ ,60 DFWLYLW\8(

DUWLIDFWYV

51.1. ORGHOHU H[WUDFWV DQ ,60 LPSOLF

VI\VWHP
51.2. 6\VWHP VDYHV DQG YLVXDOL]JHV LW
51.3. ORGHOHU H[WUDFWV DQ ,60 LPSOLF
VI\VWHP
51.4. 6\VWHP VDYHV DQG YLVXDOL]JHV LW
515 ORGHOHU FRQWLQXHV ZLWK VWHS
SUDFWLFH DUWLIDFWV QHHG WR EH

$OWHUQDW
([FHSWLRQ

D &RQGLWIORGHOMKBHFLGHY WR VHPL D)
,60 SUDFWLFH HOHPHQWY EDVHG RQ WKH ,¢
D 8& ([ WUDFW VHPL DXWRPDWLFDOO\ ,60
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8VH &DVH

. , D

1DPH (( WUDFW VHPL DXWRPDWLFDOO\ ,60 SUDFW
$FWRUV ORGHOHU

*RDO 6WUXFWXUH QRUPDOL]DWLRQ RI D 35

6KRUW 'HV )RU DQ ,60 SUDFWLFH LWV ,60 DFWLYLWLH
DUH DXWRPDWLFDOO\ HHIWUDFWHG JURXSH
ORGHOHU DQG VDYHG LQ WKH VA\VWHP

BUHFRQGL\V7KH ,60 SUDFWLFH DOUHDG\ H[LVWV LQ WK

SRVWFRQG 7KH ,60 SUDFWLFH HOHPHQWY DUH VDYHG |

6WDQGDUG 1. ORGHOHU VHOHFWY DQ ,60 SUDFWLFH D
IORZ HIWUDFW LWV ,60 SUDFWLFH HOHPHQW
2. 6\VWHP H[WUDFWV WKH ,60 DFWLYLW\B8(
UROHV DQG H[SOLFLW DUWLIDFWYV VDY,
3. ORGHOHU YHULILHY WKH H[WUDFWHG ,6
FRUUHFWO\ HHIWUDFWHG KH GRHV QRW

$OWHUQDW D &RQGLWLRQ ,I WKH H[WUDFWHG ,60 SU
([FHSWLRQ H[WUDFWHG
D ORGHOHU VHOHFWV WKH FRUUHVS
QHZ ,60 SUDFWLFH HOHPHQWY XSGDWH
D 6\WWHP VDYHV DQG YLVXDOLJHV W

$V WKH IROORZLQJ XVH FDVH GHVFULSWLRQV DGGUHVVHV WK
D JHQHUDOL]DWLRQ2!I PRQR KLHUDUFK\ ZH UHPLQG DERXW W

An ICM abstract conceptis a ICM general concept and is the root of the g
? eralizationOf-mono-hierarchy.

An ICM synonym conceptfor an ICM concept has the same semantic mea
as the ICM concept and refers to the same ICM concept.

Reminder
An ICM descendant concepfor an ICM concept conc is a ICM special conc
on the many paths between the ICM concept conc and ICM coratdptger
levels in the generalizationOf-mono-hierarchy

8VH &DVH

1DPH ((WUDFW ,&80 FRQFHSWV EDVHG RQ ,60 SUDEF

$FWRUV ORGHOHU
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*RDO

THUPLQRORJ\ QRUPDOL]DWLRQ RI D 35

6KRUW '"HV

JRU DQ ,60 SUDFWLFH&RQFHSW LWV ,&0 FR
VA\VWHP

3UHFRQGL\

7KH ,60 SUDFWLFH&RQFHSW DOUHDG\ H[LVV

SRVWFRQG

((WUDFWHG ,&80 FRQFHSWY DUH VDYHG WKH

6WDQGDUG
IORZ

1.

2.
3.
4

41. ORGHOHU HQWHUV WKH ,&0 FRQFHSW Q

ORGHOHU UHTXLUHV WR JHW DQ RYHUYLH
VA\VWHP

6\VWHP YLVXDOL]HV WKH UHTXHVWHG HO
ORGHOHU LGHQWLILHY DQ ,&0 FRQFHSW L
ORGHOHU VHDUFKHV WKH ,&0 FRQFHSW L(

42.6\WWHP VHDUFKHV WKH ,&0 FRQFHSW D
,&0 FRQFHSW GRHV QRW H[LVWYV
43.0RGHOHU LGHQWLILHV LWV ,&0 DEVWU I
VIQRQ\P FRQFHSW LQ WKH JHQHUDOL]LC
4.4. 6WWHP YLVXDOL]HV WKH JHQHUDOL]DW
ORGHOHU GRHV QRW ILQG DQ ,&0 V\QROQ\F
FRQFHSW DQG LWV ,&0 DEVWUDFW FRQFH
51.0RGHOHU FUHDWHYV WKH ,&0 FRQFHSW
52.6\WVWHP VDYHV DQG YLVXDOL]JHV LW
53.0RGHOHU FUHDWHV LWV ,&0 FRQFHSWE&
54.6\WVWHP VDYHV DQG YLVXDOL]JHV LW
55.0RGHOHU FUHDWHV LWV ,&0 DEVWUDFW
56.6\WVWHP VDYHV DQG YLVXDOL]JHV LW
ORGHOHU FUHDWHVY WKH UHODWLRQV RI V
FRQFHSW
6. ORGHOHU LGHQWLILHV ,&0 VLPLODU FR
GHILQHV WKH FRUUHVSRQGLQJ VLPLOD
DQG FRPSRVHG?2
6.2. 6\WVWHP VDYHV WKH VLPLODULW)\ UHOD
6.3.,1 WKH ,&0 DEVWUDFW FRQFHSW ZDV FU
6)0 VLWXDWLRQDO)DFWRUYV
6.4. 6\VWHP VDYHV WKH UHODWLRQV DQG Y
65.0RGHOHU YHULILHV LI WKH UHODWLRQ
DQG WKH ,&0 DEVWUDFW FRQFHSW RI V
YDOLG IRU WKLV FXUUHQW ,&0 FRQFHS
GHVFHQGDQW FRQFHSWV LQ WKH JHQH
WKH FXUUHQW ,&0 FRQFHSW ZLWK WKH
6.6. 6\VWHP VDYHV WKH UHODWLRQV DQG Y
6.7.,]| WKH ,&0 DEVWUDFW FRQFHSW ZDV FL
,&0 VLPLODU FRQFHSWYV DQG GHILQHV
6.8. 6\WVWHP VDYHV WKH VLPLODULW\ UHOD

$OWHUQDW

([FHSWLRQ

D &RQGLWLRQ ,I WKH ,&80 FRQFHSW HJL
D ORGHOHU FRQWLQXHV ZLWK VWH
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LGHQWLILHG DQ\PRUH

D &RQGLWLRQ ,I WKH ,&0 VIQRQ\P FRQFH
D ORGHOHU FRQWLQXHV ZLWK VWHS
LGHQWLILHG DQ\PRUH

8VH &DVH

1DPH SHODWH ,60 SUDFWLFH&RQFHSWYV WR ,&0 FH¥
$FWRUV ORGHOHU

*RDO 6WUXFWXUH QRUPDOL]DWLRQ RI D 35

6KRUW '"HV

7KH HIWUDFWHG ,&80 FRQFHSWYV DUH UHODW

3UHFRQGL\

7KH ,&0 FRQFHSWV WKDW QHHG WR EH UHO
H[LVW LQ WKH V\VWHP 7KH ,60 SUDFWLFH&

3RVWFRQG

7KH UHODWLRQV EHWZHHQ WKH ,&0 FRQFHS
SUDFWLFH&RQFHSW DUH VDYHG LQ WKH V\\

6WDQGDUG
IORZ

1. ORGHOHU UHTXLUHV WR JHW DQ RYHUY
H[LVW LQ WKH V\VWHP

6\WWHP YLVXDOL]HV WKH UHTXHVWHG
ORGHOHU VHOHFWV WKH ,60 SUDFWLFH
6\WWHP GLVSOD\V DOO ,&0 FRQFHSWV T
ORGHOHU VHDUFKHV IRU DQ ,&0 FRQFH ¢
6\WWHP ILQGV WKH ,&0 FRQFHSW DQG Y
ORGHOHU UHODWHY WKH ,&0 FRQFHSW
6\WWHP YLVXDOL]HV WKH UHODWHG HO
ORGHOHU FRQWLQXHV ZLWK WKH VWHS
UHODWHG WR WKH ,60 SUDFWLFH&RQFH

©CoNokrwWN

$OWHUQDW
([FHSWLRQ

8VH &DVH

1DPH (IWUDFW 6)0 VLWXDWLRQDO)DFWRUYV
$FWRUYV ORGHOHU

*RDO ORGHOLQJ RI WKH VRIWZDUH SURMHFW FRQ

6KRUW '"HV

$6)0 VLWXDWLRQDO)DFWRU LV HIWUDFWHG
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3UHFRQGL\

7KH 6)0 VLWXDWLRQDO)DFWRU LV LGHQWLI

3RVWFRQG

7KH 6)0 VLWXDWLRQDO)DFWRU LV VDYHG L(

6WDQGDUG
IORZ

1. ORGHOHU UHTXLUHV WR JHW DQ RYHUY
HILVW LQ WKH V\VWHP

6\VWHP YLVXDOL]HV WKH UHTXHVWHG H
ORGHOHU LGHQWLILHV WKH 6)0 VLWXDYV

2.
3.
4. 6\VWHP VDYHV DQG YLVXDOL]HV WKH 6

$OWHUQDW
([FHSWLRQ

8VH &DVH

1DPH 5SHODWH 6)0 VLWXDWLRQDO)DFWRUV WR ,&Q(
$SFWRUV ORGHOHU

*RDO SHODWLRQ RI 35V WR VRIWZDUH SURMHFW

6KRUW '"HV

$6)0 VLWXDWLRQDO)DFWRU LV UHODWHG W

SUHFRQGLY\

7KH 6)0 VLWXDWLRQDO)DFWRU DQG WKH ,&
LQ WKH V\VWHP

SRVWFRQG

7KH UHODWLRQV EHWZHHQ WKH 6)0 VLWXDYV
VDPHG LQ WKH VA\VWHP

6WDQGDUG
IORZ

1. ORGHOHU UHTXLUHV WR JHW DQ RYHUY
RI WKH ,&0 FRQFHSWV WKDW H[LVW LQ
6\WWHP YLVXDOL]HV WKH UHTXHVWHG +
ORGHOHU VHOHFWV D 6)0 VLWXDWLRQD
FRUUHVSRQGLQJ ,&0 DEVWUDFW FRQFH
6\WWHP YLVXDOL]HV WKH IRXQG ,&0 DE
ORGHOHU LGHQWLILHY WKH UHDVRQLQJ
DEVWUDFW FRQFHSW DQG WKH 6)0 VLW
UHODWLRQ LV YDOLG IRU DOO ,&0 GHVE
FRQFHSW
ORGHOHU UHODWHY WKH ,&0 DEVWUDEV
VLWXDWLRQDO)DFWRU

7. 6\WVWHP YLVXDOL]HV WKH UHODWHG HO

2.
3.

6.

$OWHUQDW
([FHSWLRQ

D &RQGLWLRQ ,| WKH UHODWLRQ EHWZHH
, &0 DEVWUDFW FRQFHSW LV QRW YDOLG IR
D ORGHOHU VHDUFKHV IRU ,&0 GHVFH
UHODWLRQ LV YDOLG
D 6\VWHP YLVXDOL]J]HV WKHVH ,&0 GHY
D ORGHOHU UHODWHYV WKHVH ,&0 GH
VLWXDWLRQDO)DFWRU
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D 6\VWHP YLVXDOL]J]HV WKH UHODWHG

79=7=[ S.1'@$.1.7,%*+1'(7$)&L1%'

8VH &DVH

1DPH 6HOHFW ,60 SUDFWLFHY EDVHG RQ 6)0 VLW

$FWRUV $QDO\|HU

*RDO 6HOHFWLRQ RI EHVW VXLWHG ,60 SUDFWLF}
FRQWH[W

6KRUW '"HV

,60 SUDFWLFHY DUH VHOHFWHG
6)0 VLWXDWLRQDO)DFWRU

IRU D VRIW

SUHFRQGLY\

7KH 6)0 VLWXDWLRQDO)DFWRU DQG WKH ,6(
VA\VWHP

SRWFRQGL

,60 SUDFWLFHYV IURP PXOWLSOH 35V WRJHW
VLWXDWLRQDO)DFWRU DUH LGHQWLILHG D(

6WDQGDUG
IORZ

1. $QDO\]JHU UHTXLUHV WR WKH JHW DQ R
DQG ,60 SUDFWLFH5HSRVLWRULHYV WKD
6\VWHP YLVXDOL]JHV WKH UHTXHVWHG H
$QDO\]JHU VHOHFWYV D 6)0 VLWXDWLRQD
SUDFWLFH5HSRVLWRULHYVY WR EH FRQVL
6\VWHP FRPSXWHV WKH VXSSRUW GHJU
VHOHFWHG ,60 SUDFWLFH5HSRVLWRU\ [
ZKHUH WKH VXSSRUW GHJUHH LV 36WUHF

2.
3.

$OWHUQDW
([FHSWLRQ

8VH &DVH
1DPH ,GHQWLI\ WKH VLPLODULW\ GHJUHH RI ,60 S
$FWRUV $QDO\]HU

*RDO ,GHQWLILFDWLRQ RI VLPLODU ,60 SUDFWLF

6KRUW '"HV

7KH VLPLODULWLHY EHWZHHQ WZR RU PRUH

SUHFRQGLY\

7KH ,60 SUDFWLFHV IURP PXOWLSOH 35V RI
HOHPHQWY DUH FRQWDLQHG LQ WKH V\VWH

3RVWFRQG

7KH VLPLODULW\ GHJUHHV RQ WKH GLIIHUH
SUDFWLFH&RQFHSWY DQG ,&480 FRQFHSWYV D
FRPPRQ ,&0 DEVWUDFW FRQFHSWY DUH YLV
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6WDQGDUG
IORZ

$QDO\]JHU UHTXLUHV WR JHW DQ RYHUY
WKH V\VWHP

6\VWHP YLVXDOL]HV WKH UHTXHVWHG H
$QDO\]JHU VHOHFWV WZR RU PRUH ,60 S
FRPSDULVRQ

6\VWHP FRPSXWHV WKH VLPLODULW\ GH
IURP GLIITHUHQW 35V LGHQWLILHV WKH
YLVXDOL]HV WKH UHVXOWYV

w N

$OWHUQDW
([FHSWLRQ

D &RQGLWLRQ ,I WKH $QDO\]HU GRHV QRV
D 6\WWHP FRPSXWHV WKH VLPLODUL
SUDFWLFHV DW RQFH DQG YLVXDOL]HV

,Q WKH
FRYHUDJH

IROORZLQJ XVH FDVH GHVFULSWLRQ WKH $QDO\]
TKHUHIRUH ZH UHPLQG DERXW ZKDW WKHVH PHDC

)

Thehighest coverageefers to a practice that has the maximum coverage dé
in a considered set of practices.

The best coveragerefers to the minimum subset of practices with a cove

Reminder degree of 1 in a considered set of practices.

8VH &DVH

1DPH ,GHQWLI\ WKH FRYHUDJH GHJUHH RI WZR V1
$FWRUV $QDO\]HU

*RDO ,GHQWLILFDWLRQ RI VLPLODU ,60 SUDFWLF

6KRUW '"HV

7KH FRYHUDJH GHJUHH EHWZHHQ ,60 SUDFYV
,60 SUDFWLFHYVY ZLWK WKH EHVW FRYHUDJH
JXUWKHUPRUH WKH VLPLODULWLHYV DQG Gl
DUH DOVR LGHQWLILHG

SUHFRQGLY\

7KH ,60 SUDFWLFHVY DQG WKHLU UHODWHG

SRVWFRQG

7KH ,60 SUDFWLFHVY DQG WKHLU FRYHUDJH
SUDFWLFHV SUDFWLFH&RQFHSWYV DQG ,&0
FRPPRQ GLITHUHQW DQG ,&0 VLPLODU FRQ

6WDQGDUG
IORZ

1. $3QDO\]JHU UHTXLUHV WR JHW DQ RYHUY
WKH V\VWHP

6\VWHP YLVXDOL]HVY WKH UHTXHVWHG H
$QDO\]JHU VHOHFWV WZR RU PRUH ,60 S
SUDFWLFH5HSRVLWRULHYV

$QDO\]JHU GHFLGHV WR FRPSXWH WKH H
6\VWHP LGHQWLILHY WKH FRYHUDJH GH

2.
3.

ok
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I[URP GLIITHUHQW 35V $V WKH FRYHUDJH
VHW RI ,60 SUDFWLFHV IURP D 35 LV FR
WKH ILUVW VHW 7KH VHFRQG VHW FRQ
7KH VA\VWHP YLVXDOL]HV WKH UHVXOWY

$OWHUQDW
([FHSWLRQ

D &4RQGLWLRQ ,I WKH $QDO\]HU GHFLGHYV
GHJUHH
D 6\VWHP LGHQWLILHV WKH ,60 SUDHF
GHJUHH LQ WKH VHW RI DOO VHOHFWHC(
FRPPRQ GLITHUHQW DQG ,&0 VLPLODU

E &RQGLWLRQ
GHJUHH
E  6\WWHP LGHQWLILHV WKH VHW RI ,
GHJUHH LQ WKH VHW RI DOO VHOHFWHC
FRPPRQ GLIIHUHQW DQG ,&0 VLPLODU

I WKH $QDO\]JHU GHFLGHYV

8VH &DVH

1DPH ,GHQWLI\ WKH RXWSXW VWDWH RI ,60 SUDF
$FWRUV $QDO\]HU

*RDO ,GHQWLILFDWLRQ RI VLPLODU ,60 SUDFWLF

6KRUW '"HV

6LPLODULWLHY EHWZHHQ ,60 SUDFWLFHV F

3UHFRQGL\

7KH ,60 SUDFWLFHVY DQG WKHLU UHODWHG

SRVWFRQG

,60 SUDFWLFHYV IURP PXOWLSOH 35V WRJHW
LGHQWLILHG

6WDQGDUG
IORZ

1. $QDO\]HU UHTXLUHV WR JHW DQ RYHUY
LQ WKH V\VWHP

2. 6\VWHP YLVXDOL]HV WKH UHTXHVWHG H

3. $QDO\]JHU VHOHFWYV DQ ,&0 FRQFHSW

6\WWHP FRPSXWHV WKH RXWSXW VWDW

,60 RXWSXWV UHODWHG WR WKLV ,&0 F

DQG YLVXDOL]HV WKH UHVXOWV

$OWHUQDW
([FHSWLRQ

8VH &DVH

1DPH

,GHQWLI\ WKH GHSHQGHQFLHYV EHWZHHQ ,6
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$FWRUV $QDO\]HU
*RDO ,GHQWLILFDWLRQ Rl GHSHQGHQFLHV EHWZ}

6KRUW '"HV|'"HSHQGHQFLHYVY EHWZHHQ WKH ,60 SUDFWLF
LGHQWLILHG

SUHFRQGL\V7KH ,60V RI 35V RI LOWHUHVW DUH FRQWDL

SRVWFRQG '"HSHQGHQFLHV RI WKH VHOHFWHG ,60 SUDKH
YLVXDOL]HG

6WDQGDUG 1. $QDO\]HU UHTXLUHV WR JHW DQ RYHUY

IORZ SUDFWLFH5HSRVLWRULHY WKDW H[LVW

2. 6\VWHP YLVXDOL]HV WKH UHTXHVWHG H

3. $QDO\]JHU VHOHFWV WKH ,60 SUDFWLFH
,60 SURFHVVHV IRU ZKLFK WKH GHSHQQG
WR EH LGHQWLILHG

4, $QDO\]JHU GHFLGHVY WR LGHQWLI\ WKH (¢
GHJUHH 36WURQJ”

5. 6\VWHP LGHQWLILHVY WKH 36WURQJ" GH
WKH VHOHFWHG ,60 SURFHVVHYV DQG YL

$OWHUQDW D &RQGLWLRQ ,I WKH $QDO\]HU GHFLGHV
([FHSWLRQ GHSHQGHQF\ GHJUHH 20HGLXP"

D 6\WWHP LGHQWLILHVY WKH 30HGLXP"’
SUDFWLFHV RI WKH VHOHFWHG ,60 SUR

Z9=[AH! (E, ,)> SM¥3>, , ?

In the following, we give detailed guidelines how to use the tools within the MOSAIC Toolbox.

Z9=[=Z V"7767-'E5$#2)1'

After a description of the MOSAIC Toolbox tools, we illustrate them by using as input the fol-
lowing ISM practices within our scenario related to the software quality:

x CMMI-'(9 334% 63 3, GHQWLI\ HDFK FDVH RI QRQFRPSOLDQF

x CMMI-'(9 334% 63 Comimunicate quality issues and ensure the resolution of noncompli-
ance issues with the staff and managers.

X SPICE SUP.1 BP%Ensure resolution on non-conformancés

79=[=[ A,31)1%1,,).

A Modeler uses the modeler tools to save the ISM, ICM and SFM elements in the database. For

this purpose, he can be guided by "##86&'(I")*)&+!!* and save the data directly in the database
or can use fth,(-(1)*)&+!* to model the data in XML format and then import it into the data-
base.
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Z9=[=[=ZP6L$%3A,31)1%J,,)'

The Modeler extracts the ISM elements by usingays#1)(!")*)&+!!* and thev;+uU('J
))&+!1* . He enters each ISM element step by step (Create). For the ISM practice elemesnts, he
parse the ISM practice and get them at once (R4F3g) 59). Although the results of the automated
extraction are useful to some extent, the Analyzer has to validate or correct the eb@idqteaktice
elements. The tree elements are all editable, i.e. their type (ISM input, output or role) csilybe ea
changed by dragging and dropping them to different positions in the tree-structure.

15K Modelling ICM Modelling Situational Factor Import/Export

PRs Practices Activity Units
Update Delete Update Delete
* PRACTICE REPOSITORIES * PRACTICES A ACTIVITY UNITS]
~ CMMI-DEV SP 1.1 Objectively evaluate selected performed processes agail > ACTIVITY UNIT
+ Engineering SP 1.2 Objectively evaluate selected work products against appl ACTIVITY Communicate quality issues
+ Generic = TGSl - TETS TS T ROLES
i F’r-]F:-BSS Hanageman SP1.2.5 |dentify each case of noncompliance found during evaly T INPUTS
+ Project Management . quality issues
. _— SP2.2 Establish and maintain records of quality assurance actiy a =
E - ) ' quality trends
Decision Analysis and Resolution
S - . ~ QUTPUTS
communicated quality issues
b CHMI-SVC SEEREES
r COoBIT » ACTIVITY UNIT
b ITIL ks
"H#SWDN*17.;"27(567870<55886710/@1%,*(% 78747 K29/ 4.87%
The Modeler extracts the ICM concepts by using @ygO#1)(!")*)&+!!*6 (Fig. 60:

X He searches the ICM concept in IChBearch by Hierarchy or Search by Name.

X He creates the ICM concept and its ICM abstract cone€eate child and Create abstract re-
spectively. The similarity relation ICM generalizationOf is also created when Create child action
is performed.

X He defines the similarity relations ICM composedOf between the created ICM concept and exist-
ing ICM concepts by selecting and relating thefdssign composition. The similarity relations
ICM generalizationOf and composedOf between the ICM concepts are visualized in th@-Gene
ization and in the Composition list respectively.
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"#PWUPALT .;"27(567870<558W6>?10/@1%.,-(% @59 @B12%87%
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Once the ICM concepts are extracted, the Modeler can relate them to ISM practiceCancepts
Assign concept (Fig. §1

I"#$%&RI17 .;"27(567870<558%6J78/17%,-(%@59@7.12%15%,*(%.0/@ 1" @ BERE8T2%6
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Finally, the Modeler extracts the SFM situationalFactors (Create) and relates them to the ICM
concepts (Create relation) by using isO#1)(!1")*)&+!!* (Fig. 62)

I"#$%39%617.;"27(567870<558%W6>?10/@1%*!(%2"1C/1"59/8! 2868B078/17%1AT74%15%,-(% @ BDEXT41 2980

227



8;<=1*C%%9F%5*N-"&F%%A*

Zg:[:[:[ dAKA,31)1%J ) ,)l

The Modeler useg-(1")*)&+!* to model the data in XML format and import it into the
database (Fig. 68

79=[=[=[=HL5*E36*,%J,,)

The Modeler can use th0)5%' or any other text editor to extract ISM elements, relate ISM
practiceConcepts to ICM concepts, extract SFM situationalFactors and relate them to ICM concepts.
As this tool allows to enter the data in each possible format, we introduce an XML-Schema to define
the accepted XML format. We call this schema the TextEditorTool-Schema. There are various tools
to represent such XML Schema (oXyg&mlt?, Sty??). We use oXygen to represent the TextEdi-
torTool-Schema. Fig. 63 illustrates a legend of the used oXygen XML Schema elements.

I"#$WEY5 D#79% (a%*@AT74/%78747912%

The TextEditorTool-Schema is based on the MOSAIC meR@&HOV DQG WKXV RQ W
DQG WKHLU UHBPOMLRQVYT QDPHV

20 OXygen available at http://www.oxygenxml.com/xml_schema_editor.html
21 Alt available at http://www.eclipse.org/m2m/atl/
22 Sty available at http://www.stylusstudio.com/xml_schema_editor.html
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I"#$%F%<771>6"150<558S*@A74/%150%1A7%7?10/@1"59%51%,*(%78747912%

229



8;<=1*C%%9F%5*N-"&F%%A*

I"#$%HPo<7?1>6"150<558S*@A74/%150%1A7%7?10/@1"59%51%*!(%78747912%
%

Z9=[=[=["%$2+E36*,%J,,)’

The Modeler can use thaJ4V8&%5BU#01&+!1* 23 to extract ICM concepts based on ISM prac-
ticeConcepts. As the name says, 2b@V&%5BU'#0!&+!*  is a graph editor where graph elements
and their relations can be edited. There are different ways to represent such elements and relations,
for example by using rectangles or arrows. Therefore, we introduce a schema to definepvhich r
sentations are accepted by MOSAIC (Fig). 66

[-6'WNRWIJQ!

-1IVUIK!IYIRILKPVTKQVNR)Z

-1IVUIWNJINUIO)Z!-"

.FEVELI¢-6!'WNRWI]Q-KQIYN
2[IMHgJIBYNMUVNR

I"#$%K%HD>XP0/.A>6"15026>8747912%/96%078/1"592%/@ @7.176%=D%()*+,-%

23 yEDGraphEditor at http://yworks.com
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The output of thesu4v&%5BU#0!&+!"* is a graphml XML file that can be imported by the
(- G25!&0)&+!"* in the database.

Fig. 67 illustrates an excerpt of the ICM and exemplifies the generalizationOf-mono-hierarchy
RI WKH ,&0 FRQFHSW 3ULVNV’

"#SUMO>?@70.1%51%1A7%,-(%
Z9=[=[=[AAKB#2,%*1%J,,)’

The Modeler uses theG25!&0)&+!!* to import the data in XML format that he models using
the +)LOU'#0!&+!1* and thev&%5BU'#0!&+!* . Fig. 68 exemplifies the upload of the ICM, ISM
and SFM that are contained in the ICM.graphml, ISM.xml and SFM.xml files.
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1"#$%NP46" (a,4.50170<558%26,4.501%,*(2Q%,-(%/96%*!(%78747922%2/4.87%

Z9=[=\ (7$)&L1%'J,,).

An Analyzer uses the analyzer tools to select ISM practices from multiple PRs bas8é&Mn a
situationalFactor, to identify the similar ISM practices as well as to identify the ISM praegfiead-
encies from multiple PRs.

79=[=\=2!1)14*6,7J,))’

The Analyzer uses thg)/0#11+11* to select ISM practices based on SFM situationalFactors.
He selects an SFM situationalFactor and the ISM practiceRepositories he is interested)in. The
*)/O# L+11* visualizes the corresponding ISM practices with their support degree. Fig. 69 illus-
trates the selection of the ISM practices CMMI-DEV PPQA SP2.1 and of SPICE SUP.1 BP9 from
the running example.

"#$KO* 787 @1"59<FEBHY0GCO/@ 1" @ 7%* 73 BAHIV80

Z9=[=\=[ |6#6)$%6*&J,,)’

The Analyzer uses the2#%&#03+!'*  to identify similar ISM practices. There are three pos-
sibilities to identify similar ISM practices.

Firstly, the Analyzer computes theimilarity degree of the ISM practiceSor this purpose, he
has to select ISM practices or ISM procesHfekSM processes are selected then all their ISM prac-
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tices are considered. The PRs are visualized as a tree, where each element candbd txpaual-
ize its sub-elements: an ISM practiceRepository with its ISM categories, ISM categorigs 18t

processes, and ISM processes with its ISM practices (Fig. 70).

I"#$%906*"4"8/0"1D<558846787 @1"59%51%,*(%.0/@1" @ 72%" 9% AP E.ITY%L0 77 %

The Analyzercanchoose between the following two options to compute the similarity degree:

x Bilateral comparisonpairs of two ISM practices are generated and compared.
X Multiple comparisonsall ISM practices are simultaneously compared.
Furthermore, a minimum threshold for the similarity degree can also be set to filter the results.

Finally, the Analyzer initiates the comparison (Compare
The application displays an overview of similarities between the considered ISM prédeiices (

71). The maximum similarity degrees of the ISM activityUnits within all possible combinations of
ISM activitiyUnits of the considered ISM practices are displayed.
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I"#$% &6*"4"8/0"1D<55884"4"8/0" 1D %6 7#077%5: 7% 24.87%

A more detailed view with the similarity degrees between the ISM activityUnits, their ISM out-
puts, inputs, roles and purposes are also visualized (FigF@2example, the similarity degree of
WKH ,60 DFWLYLW\8QLWYV 3QY¥PRUP DONROXWQEB G (RVNRBKY WKH
FRPSOLDQFH LVVXHV ZLWK WKH VWBEYIAn®SPEEPaciced i40.93 ardl W K
WKXV LV 3+LJK" )XUWKHUPRUH WKH WRRO DOVR YLVXDOL]H
the ISM practiceConcepts of the considered ISM practices.

I"#$% 3%6*"4"8/0"1D<5588%"4"8/0"1D%6 7#07 7% 0PBEFU28% %%

Secondly, the Analyzer can compute towerage degreef ISM practices. Analogously to the
similarity degree, he selects ISM practices or ISM processes to perform this activity. Foregxampl
the coverage degree between the CMMI-DEV practices and SPICE practices is calculat&g) (Fig
As the coverage degree for the CMMI-DEV practices is 1, the CMMI-DEV practees the SPICE
practices. The SPICE practices do not entirely cover the CMMI-DEYV practicescavénage degree
is 0.75.
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"#$MER6*"4"8/0" L D<558865: 70/# 7% X 7#0298%6?/4.87%

He can also calculate tinghest coverage degree or the best coverage for a set of ISM practices.
For example, the highest coverage is given by the CMMI-DEV PPQA SP2.1 practicelas thie
maximum coverage degree. The SPICE SUP.1 BP9 practice has a coverage degree tifeOs®4 in
of the CMMI-DEV and SPICE practiceSurthermore, additional information is displayed (Fig. 74).
The additional information can be:

x Fraction result This indicates how many ISM practiceConcepts from the set of all ISM prac-
ticeConcepts are covered by an ISM practice. For example, the 2 ISM outputs of theBENMI
practice entirely covers all 2 ISM outputs of the SPICE and CMMI-DEV practicd SMeputs
in the SPICE practice only covers 1.56 from the 2 ISM inputs that are contained in Me CM
DEV and SPICE practice.

x Different, common and similar Concepthis visualizes the ICM concepts for a certain type of
ISM practiceConcept. For example, for the type ISM role, the SPICE practice doemtain c
WKH ,&0 FRQFHSWYV 3PDQDJHUV"  DQG 3VWDII’
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"#$MM6*"4"8/0" 1 D<55880 "#AT721%-5:70/#7% X 7HOETHE.87 %

Finally, the Analyzecanselect an ICM concept to identify the output states of the ISM practices
that contain ISM practiceConcepts related to this ICM concept or to ICM similar concepts. The sim-
ilar ISM practices and their output state are visualized. Fig. 39 illustrates the output states of the
CMMI-DEV practices from our running example.

I"#$9d16*"4"8/0"1D<5588)C1.C1%*1/122%R/4.87%

Z9=[=\=\D1217317461.J,,)'

The Analyzer uses thg5)1")1/#)l+!1* to identify the dependencies between ISM practices
and their dependency degrees. First, he can select the ISM practiceRepositories to spedHiRsvhich
have to be considered. Then, he can select ISM processes. The dependencies betwkenaaH 1S
tices of these ISM processes and all ISM practices contained in the selected PRs are cbigputed (
76). )X UWKHUPRUH KH FDQ FKHFN 3(Te&ré&sted @ khs teQeddegied with a L |
36WURQJ" GHSHQGHQF\ GHJUHH 2WKHUZLVH WKH GHSHQGHQ
considered
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I"#$% 6 X7.79679@D<588%7.79679@"F2%6?/4.87%
%
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11 Acronyms

Acronym Description

&,&6/%! &, WYQIWQ\LI'&RKPSUVU!KRO!6NRVQNLVRY!/RZLK%QL\WQ\LI!
&,&6/%!-/-! &,&6/%!-NJI\RVWKQVNR!/RQIYLVQS!-MNWMIL!

-66/! -K]JKbVPVQS!6KQ\LVQS!6NOIP/RQIYLKQVNR!

-66/F=(B! -K]KbVPVQSI6KQ\LVQS!6NOIP/RQIYLKQVNRIZNLI=IXIPNJJIRQ!
-66/F=(B!-6! -66/F=(B!-NRZVY\LKQVNR!JKRKR@I

-66/F=(B!/+6! -66/F=(B//RQIYLKQIO!+LNfIWQIEKRKYIJIRQ!

-66/F=(B!++! -66/F=(B!+LNfIWQ!+PKRRVRY!

-66/F=(B!++<&! -66/F=(B!+LNO\WQ!KRO!+LNWIUU!I<\KPVQS!&UU\LKRWI!
-66/F=(B!,(<6! -66/F=(B!,1a\VLIJIRQU!6KRKYIJIRQ!

-66/F=(B!B(,! -66/F=(B!BILVZVWKQVNR!

-66/F %B! -KIKbVPVQS!I6KQ\LVQS!6NOIP!/RQIYLKQVNRIZNL!%ILXVWIU!
-66/F%B-14+! -66/F=(B!4NLM!+PKRRVRY!

-)C/.! -NRQLNPHbfIWQVXIU!ZNLI/RZNLIKQVNR!KRO!,IPKQIOLIWARNPN
/-6! /RQIYLKQIO!-NRWIJQ!6NOIP!

/-161QKF6NOIP! /RQIYLKQIO!-NRWI]Q!6IQKF6NOIP!

/%8 /RQIYLKQIO!%QL\WQ\LI!6NOIP!

1%!aQK=6NOIP!

/RQIYLKQIO!%QL\WQ\LI!6IQKFENOIP!

117!

/IRZNLIKQVNRLIWARNPNYS!/RZLKUQL\WQ\LI'7VbLKLS!

+,U!

+LKWQVWI!LIINUVQNLVIU!

%*6!

%VQ\KQVNRKP!*KWQNLU!6NOIP!

%16 IQK-6NOIP!
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12 Dictionary

Term

Definition

Adoption of a PR

An adoption of a PR is the process of following this PR by an organiz
in order to improve its software processes. The adoption does nog
mean the organization-wide process improvement to defmeaternal
process PR, but also the adoption of this PR in software projects.

Assessment based ¢
a PR

An assessment based on a PR is the evaluation process of softwe
cesses of an organization or part of an organization according to a
identify deviations from this PR and thus, to identify improvement pd
tial for the software processes. If such an assessment is successful,
that the organization is PR compliant.

Best practice

A best practice (in short practice) describes an activity which has p
itself as a guideline for the improvement of software processes in &
ganization.

ComposedOf-poly-
hierarchy

In a composedOf-poly-hierarchy, an ICM part concept can have more
whole concefs.

Domain

A domain refers to a sector within the economic system that pro
goods and services for the end-customer, e.g. health care or the autd
industry.

Extraction of ISM and
ICM elements

The extraction of ISM or ICM elements consists of the identificatio
these elements in the PRs as well as their modeling according to the
lines defined by the MOSAIC meta-models.

Extraction of SFM el
ements

The extraction of SFM elements consists of the identification of thes
ements in the situational factors frameworl&k ODUNH D QG 2
as well as their modeling according to the guidelines defined by the
SAIC meta-models.

GeneralizationOf-
mono-hierarchy

In a generalizationOf-mono-hierarchy, each ICM special concept;
have only one ICM general concept.

ICM abstract concep

An ICM abstract concept is a ICM general concept and is the root
generalizationOf-mono-hierarchy.

ICM ancestor concey]

An ICM ancestor concept for an ICM concept conc is a ICM general
cept on the single path between the ICM concept conc and the root
generalizationOf-mono-hierarchy.

ICM child concept

An ICM child concept for a ICM general concept is its ICM special (
cept for an ICM generalizationOf.

ICM composedOf

ICM composedOf is a similarity relation between an ICM whole con
and an ICM part concept.

ICM concept

An ICM concept is an ICM element, a word or the smallest combin
of words contained in a practice that has a uniqgue meaning in the c
Rl 35V H J B3SURMHFW SODQ" 3ZRUN EU
KROGHU RU 3VRIWZDUH VWDNHKROGHU”’
cally define one ISM practiceConcept contained in different ISMs
FRQFHSWV 3NH\ VWDNHKROGHU" DQG 3V
SVRIWZDUH NH\ VWDNHKROGHU"

241



8;<=1*C%%9F%5*N-"&F%%A*

ICM
gory

conceptCate/

ICM conceptCategory categorizes different ICM similar concepts ir
generalizationOf-hierachy in ICM.

ICM descendant con
cept

An ICM descendant concept for an ICM concept cong IISM special
concept on the many paths between the ICM concept conc and ICN
cepts on lower levels in the generalizationOf-mono-hierarchy.

ICM different concepit

An ICM different concept for other ICM concept is an ICM concept
is not connected with this other ICM concept by any similarity relatig

ICM generalizationOf

ICM generalizationOf is a similarity relation between a ICM general
cept and a ICM special concept.

ICM parent concept

An ICM parent concept for a ICM special concept iG] general con
cept for an ICM generalizationOf.

ICM sibling concepts

An ICM sibling concepts are ICM special concepts that share the
ICM general concept for an ICM generalizationOf.

ICM similar concepts

ICM similar concepts are related by ComposedOf or Generalization

ICM synonym con-
cepts

ICM synonym concepts have the same sematic meaning and thus, t
semantically equal and refer to the same ICM concept.

Internal process PR

An internal process PR is a special process PR and refers to the i
software processes of an organization. This PR defines activities to b
as guidelines for the improvement of software processes in an org
tion, e.g. in software projects. Hence, it defines the practices of this ¢
ization and thus, it is BR.

ISM activity

An ISM activity describes an action that is defined by an ISM practic

ISM activityUnit

An ISM activitiyUnit refers to a group an ISM activity with its related I
outputs, inputs, roles and purposes.

ISM artifact

An ISM artifact refers to work products that are needed or produced
ISM activity.

ISM category

An ISM category defines a certain topic that is addressed in one or
ISM processes.

ISM input

An ISM inputs is an ISM atrtifacts that is needed by an ISM activity.

ISM output

An ISM output is an ISM artifacts that is produced by an ISM activity

ISM practice element

An ISM practice element refers to the elements contained in an ISM
tice.

ISM practice lan-

guage elements

ISM practice language elements defines syntactical elements that ai
to textually describe the ISM practice elements.

ISM practice reposi
tory elements

ISM practice repository elements are the elements that group or re
the ISM practices of the multiple PRs. Such elements are ISM practi
positories, categories, processes and practices.

ISM practiceConcept

An ISM practiceConcept is an ISM element, a word or a combinatig
words which semantically represent the following practice elements
T role, which performs the activity described by the practice.

T output, which is produced by this activity.

T input, which is needed by this activity to produce the output.
T purpose, which motivates the activity operation.

ISM practiceReposi

tory

ISM practiceRepository represents a certain PR.
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ISM process An ISM process addresses a topic to be improved by defining ISM
tices.

ISM purpose An ISM purpose refers to the goal that need to be achieved when pe
ing an ISM activity.

ISM role An ISM role refers to the role involved in an ISM activity.

Ontology An ontology is an explicit specification of a conceptualization, an abg

view of the world that we wish to represent for a purpose. Therefore
an linguistic, formal representation of a set of concepts and their rel
within a particular domain.

Practice repository

A practice repository (in short PR) is a collection of practices defing
being based on the experience and knowledge of many practitioner
the years in order to be used for the improvement of software proces
an organization. A practice repository does not only contain practice
also other elements that are related to these practices (e.g. proce
activities are such elements).

Process PR

A process PR refers to a process model and is more concrete than
ence PR be-cause it defines not only practices, but also gives add
information about how to adopt these practices. It can be used as a
line, but it can also be directly applied to describe the software prod
of an organization. For example, the V-Model XT is such a process

Reference PR

A reference PR is used as a guideline for the software process im
ment of organizations. For example, CMMI-DEV, COBIT or ISO/I
12207 are reference PRs.

Schema-based matc
ing

Schema-based matching is the process of identification of elemen
are semantically related.

SFM situationalFac]
tor

A6)0 VLWXDWLRQDO)DFWRU LV D VLWXDW
of a software development setting that is known to affect the softlea
YHORSPHQW >&0ODUNH DQG 2T1&RQQRU

Software area

A software area is a sphere of activities in an organization relate
software product.
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