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W_ETADW]"3AU`Uc¦Q¹GfW�c�eaGaCUG#*HeacÌV�PFZ9ADh�c�hHENADhTo�c/"�c�hRW+W_Znc�ADW`"�c�hRW�K
I
Pil-,Heac�&�PUZYlyc�Z]"�Pylyc�eXQ]$HZnc�lHGao�W�W_EHc,Z_c�eaADW_GaqUc�2.,TADeaGfWrg�PDV

c�AUoYEf"�Pyl�,HeacDwyc�Q`$�c�o�GXAUefeag W_EHc?"�PRQrWÌV�A�,HefWrg�PUhHc¦Q�Kh[®c�Znc�+c�GfeaeDZYADhT`4WnEHc;"�Pil-,Heac�Q>AFo�o�PFZnlHGfhTCÌW_P9WnEHc+h.,�"Y*�c�ZÂPDVyV�A0,TeªWYQ

V�P�,HhNl¶l�,HZnGahHC;Q_gyQrWnc/"2W_c¦QrW�K�@ÌEHc,Wrg�$�c PUV¹Qno�ADeac�hTPUZ3"3ADeaeag,TQ_c�luZYADhHCFc�Q�V�ZnP�"ÉPUZYlyGahTADeHW_P,A�*TQSPFe#,yW_cUK�@ÂP,Q`,-"%"3ADZnG#M�cDwDA"�Pyl�,Heac�&�PUZYlyc�ZA"�Pylyc�eTGaQ^o�P�"%$�PFQ_c�l0PUV�WnEHc�V�PFefeaP!�GahHC®W_EHZnc�c
o�P+"%$NPFhHc�hRWnQ�KODK9m9hN,HhNlyc�ZneagRGahHC0QSPUVXW +AUZ_c72.,TADeaGfWrgg$HZnc�lyGXo\WnGaPUh_"�Pylyc�e¢KbiK9m±ZYADhH`iGahHCdPDV("�Pyl�,Tefc¦Q�AUo�o�PUZYlyGahHC9WnPOW_EHc�2.,TAUeaGªWrgdV�AFo�&

W_PFZ^c¦QrWnG^"3ADW_c¦lY*ig0W_ETc6,HhTlHc�ZnefgiGahHC?$HZnc�lHGao�W_GaPUh<"�Pylyc�e¨KVyK9m�$HZnPio�c�l�,TZ_c,V�PUZ*c�qvAUe^,NAvW_GahHC©AUo�o/,HZYAUo�gjPDV¹W_EHcuZYADhH`.&
GahHCHK

2.2. Underlying SoftwareQuality PredictionModel

]qUc�Z_gdQSPUVXW +AUZ_cd2.,TAUefGfWrg�$TZ_c¦lyGXo\W_GaPFhp"�Pylyc�e0"3A g6*�c^o�PFh�&
QSGXlyc�Z_c¦l
AUQdA;Ve,HhTo\WnGaPUh¶PUV¹A©qUc�o�W_PFZ4PUV¹QSPUVXW +AUZ_cY"�c�AFQ4,HZnc�&"�c�hRWnQ�w��l�Åw-$TZ_c¦lyGXo\W_GahHC0Ag2+,NADeaGfWrg,V�AFo\W_PFZÌV�PUZ]"�Pyl�,Heac0�aw(���Sw�����+�A:e�q��=YK!m9hig\$HZnc�lyGXo�W_GaPUh\"�Pylyc�e]"3A g�*�c)QSc�eac�o\Wnc�l�AUQ
ADhC,HhTlHc�ZnefgiGahHCm"�Pylyc�e^AFQ*eaPUhHC�AUQ�GªWB$TZ_c¦QSc�hFWYQ*Znc�Q`,HefWnQOPUh
ADh±PUZYlyGahTAUe9Q_o�ADeacDK�cÅh!P�,HZ;o�AUQ_c
QrW3,TlygG¹c�QSc�efc¦o\Wnc�lµW ¹P
o�P+,HhRWR"�Pylyc�eXQ�w+WnEHc9Q�PFGXQ_Q_PUh|Z_c�CUZnc�QnQSGaPFhI"�Pylyc�edADhTl|WnEHcM�c�Z_P�&¨Gah�rNADW_c¦l_Q�PUGXQnQSPFh3Z_c�CUZnc�QnQSGaPFh%"�PilHc�e¨K
2.3. Ranking Results@>c�W���%:��q��=Y*�cjAUhµc�QSW_G#"3ADW_c3PUVp���7*igLWnEHcf,ThTlyc�ZneagiGfhTC"�Pylyc�e¨w �� :e�l��=YK��p��GXQ'W_EHc+hHPDWYAvWnGfPFh*V�PUZBWnEHc5$�c�Z_V�c�o�W#ZnAUhH`iGfhTC
PDV6"�Pyl�,TefcR��AUo�o�PUZYlyGahHC�W_PC�A�p�ETGfeac���<:e����=,GXQ�WnEHcjQnA0"�c
ZnAUhH`iGahHC1*-,HW®AUo�o�PUZYlyGahHC�WnP���%:e�q��=YK
2.4. PerformanceEvaluation

@ÌEHc9V�PFefeaP!�GahHC4c�qvADe#,TADW_GaPUhY"�c�W_ETPilgÌAUQ�$HZ_c�qiGfP+,TQ_efg�lHc�&
qUc�efP+$Nc¦l�ADW*W_EHc©]�"%$HGaZnGao�ADe�xiPDVXW ÌADZnc�]hHCFGfhTc�c�ZnGahHCf@ÂA0*�P0&
ZnADW_PFZ_g�H bLK¨K«bdGaqFc�h�A�"�Pylyc�eÌAUhTl|A�qvAUefGXlHADW_GaPUh¬lTAvWnALQ_c�W
GahTlyc�Zyc¦lR*ig
�`�ODK9I
AUhTADCFc/"�c�hRW_�Gaeae®oYEHPiPFQ_c)WnPµc�hTETADhTo�c8"�Pyl�,Heac�Q3Gfh

At$HZnGaPUZnGfWrg+&�*TAFQSc¦l¯PUZYlyc�Z�w�*Nc�CUGahHhHGahHCC�GfW_E±WnEHcS"�PRQrW
V�A0,TeªW`&�$TZ_PFhHcDK9[®P!¹c�qUc�Z�wBW_EHc©ZnAUhH`ºPDV�W_ETc©eXAUQSW1"�Pyl�&,Heacjc�hHETAUhTo�c¦lµGXQ<,HhTo�c�Z_WnAUGfh|AvWuW_ETc�W_G#"�c©PUVp"�Pylyc�es&
GahHCHKBs+AFQSc¦l*PUh,W_EHcÌQnoYEHc�l�,Tefc¹ADhTl,Z_c¦QSP+,HZno�c�Q>AUeaefPyo�AvW_c¦l
V�PUZÂZ_c�eaGaA�*HGaeaGªWrg+c�hTETADhTo�c/"�c�hFWYQ'AFo\W_GaqiGfW_Gac�Q�w�lyc�W_c�Z`"�GahHcA
ZYADhHCFc9PDVq$�c�ZYo�c�hFWnGaefc¦Q�W_ENAvW+o�PvqUc�ZnQd"3AUhTADCFc/"�c�hFW�' Q�P+$�&
W_GaPFhTQ+V�PUZ�WnEHc*eXAUQSW�"�Pil-,Heac4WnP%*Nc,c�hHETAUhTo�c¦l�K�F¹ETPRPRQSc
A
Q_c�W,PUV9Z_c�$HZnc�Q_c�hRWnADW_GaqUcuo�,yWnP0Xa$Nc�Zno�c�hRW_Gaeac�Q�wÌ��w�V�Z_P+"
W_ENAvW9ZYADhHCFcDKbiK9kHPFZ4c¦AUoYE¶o/,yW_P�Xt$Nc�Zno�c�hRW_Gaeac*qvADe#,Hc,PUVGahFWnc�Znc�QSW�w�\w'lHc�&EThHc¹W_ETc¹h�,-"<*Nc�ZÂPUVHV�A0,TeªWYQÂAFo�o�P�,HhRW_c¦lOV�PUZi*ig?"�Pyl�,Heac�Q
A0*�PvqUc4W_ETc?$Nc�Zno�c�hRW_Gaeacu�0�
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�EHc�Znc©A�EHGaCUETc�Z)�©o�PUZnZ_c¦Q4$�PUhNlHQ*WnP�WnEHcm"�PFQSW,V�A0,TeªW`&$HZnPUhHc�"�Pyl�,Heac�Q�K
VyK�@>c�W �7�e�`� *Nc¹W_ETc^WnPDWnAUeih.,�"Y*�c�ZBPDVNAFo\W3,TADeFV�A0,HefWYQ'Gah*WnEHc
qvADeaGXlHAvWnGfPFh4lHADWnA4QSc�W�KBkTPUZÂc�AUoYE,ZnAUhH`iGfhTCHw¦o�P�"%$-,HW_c#WnEHc$Nc�Zno�c�hRWnAUCUcdPDV�V�A0,TeªWYQ�AUo�o�P�,ThFWnc�l;V�PUZ�wTG¨K cUKªw��O½r�SÀ�� � �e�4�
ADhTlt�� :���=`� � �e�`� wFADhNl lyc�$HGXo\W�W_ETc+Znc�Q`,HefWnQBPUVTW_ETc;"�Pylyc�e�GfW_E�ADh�m9e#*�c�ZnC*lyGXADCUZYA0" HsO�O/K¢K#m9e#*�c�ZnC�lyGXADCFZnA�"3Q'ADZnc
A*qvADZnGXAvW_GaPFh PUV�Q#ADZnc�WnP�lyGXADCUZYA0"3Q�A�$-$HeaGac�l W_PY"�Pil-,Heac�&
PUZYlyc�Z]"�Pylyc�efGahHCTK

PHKpF+ADeXo�,TeaADW_cOA0Ve,HhTo�W_GaPUh)"�c¦AUQ`,HZ_GahHC,W_EHc1"�PilHc�eq$�c�Z_V�PUZ`&"3ADhTo�cDw0¡A:��/=\w+�EHGXoYE*GahTlyGXo�ADW_c¦Q>EHP!¬o�efPRQSc�eag�W_EHc¹V�A0,TeªWYQ
AUo�o�P�,ThFWnc�l¬V�PUZg*ig¯W_EHcN"�Pylyc�e+ZYADhT`RGahHC9"3AvWYoYEI�GfW_E
W_EHPRQScOPUV'W_ETc?$Nc�ZSV�c¦o\W9ZYADhH`iGahHCHK

¡A:��/=h� �� :��/=� :��/= :�V.=
}ºc�o�ADh
WnEHc�h�$HeaPDW*Af$Nc�ZSV�PFZ`"3AUhTo�c�CFZnA�$HE�lHc�Qno�ZnG^*�c�l
AUQ�A Ve,HhTo�W_GaPUhjPDV��\K
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3.1. Count Models for SoftwareQuality ModelingQ�PFGXQ_Q_PUhNH ¤LK�AUhTl%M�c�ZnP0&�Gfh-rNAvWnc�l<Q�PUGXQ_Q_PUhuADZnc�W +P,Znc�CFZ_c¦Q &
QSGaPUh)"�Pylyc�eXQ��GXlyc�eagm,TQ_c�l)V�PFZ*o�P�,ThFW*lHADWnA;Q_c�WYQ�K,m/o�P�,HhRW
lHAvWYA9QSc�WÂGXQ'A4QSc�WÂGah?�EHGXoYEOW_ETc¹Znc�Q`$NPFhTQ_c6:�lyc�$Nc�hTlyc�hFW�=>qvAUZ_G^&
A0*Heac�QuAUZ_c�Q_o�ADeXADZ0hHPFh�&¨hTc�CFADW_GaqUc©GahFWnc�CFc�ZYQ�K±@ÌEHc�Z_c¦Q4$�PUhTQ_c
q AUZ_GXA�*Heac�GaQ WnEHc©Pyo�o�,HZnZ_c�hTo�cjPDV®W_EHc�c�qFc�hRW�K|@ÌEHGXQ0A�$-$HeaGac�Q
qUc�Zngt+c�eae+W_P¬Q_PDVXW ÌADZncm2.,TAUefGfWrgC"�Pylyc�eaGahHCºQSGahTo�cf"�PRQrWuPDV
W_EHc<"�c�WnZ_GXo�Q4ADZnc o�P�,HhRWp"�c�W_ZnGXo�Q1:�¹cuo�AUh¶ETAUZnlHefgjG#"3ADCFGfhTc
A0lHc�o�G#"3AUeNPFZ9A hTc�CFADW_GaqUcdh�,-"<*Nc�Z+PUV'V�A�,HefWnQ�=YK
3.2. The PoissonRegressionModel (PRM)

@ÌETcpQ�PUGXQnQSPFh,Znc�CFZ_c¦Q_Q_GaPUh1"�Pylyc�el:�Q¹t9IS=6H ¤�K�GXQA*Znc�CFZ_c¦Q &
QSGaPUhR"�PilHc�e�lyc�ZnGaqUc�l�V�Z_P+"/W_EHc?Q�PUGXQnQSPFh3lyGXQrWnZ_G#*-,HW_GaPUhJKB@ÌEHcQ�PUGXQ_Q_PUh;Z_c�CUZnc�QnQSGaPUhR"�PilHc�eJGXQ�$TAUZSW9PUV�A�Q_c�W9PUVi"�Pylyc�eXQ^V�PFZ
o�P�,ThFW*lHADWnAf"�PilHc�eaGahHCHK�@ÌEHcg*�c�QSWOZnc�Q`,HefWnQ®V�PUZdWnEHGXQp"�Pylyc�e
ADZnc9P�*yWYADGahHc¦l%�EHc�h;W_EHcOlHADWnA,Q_c�WÌETAFQ¹A<Q�PUGXQnQSPFhulHGaQSW_ZnG#*-,�&
W_GaPUhJKj@ÌEHGXQOG^"%$TefGac¦Q9WnETAvW*WnEHc3c�Z�$�c�o�W_c�l¯o�P�,HhRW�cU2+,NADeXQdGªWYQ
q AUZ_GXAUhTo�cUK6[9P!+c�qUc�Z�wTW_EHcgQ�PUGXQnQSPFh©Znc�CFZ_c¦Q_Q_GaPUhm"�PilHc�eÂlHPRc¦Q
hHPDW<$Nc�ZSV�PFZ`"¥¹c�eaeh�EHc�h¯W_EHcjlHAvWYA¶Q_c�Wuo�PUhRWYADGahTQ�A¶efPUW�PDVM�c�ZnPFQ¹V�PFZÌW_EHc*Znc�Q`$NPFhTQ_c4qvADZnGXA0*HeacUK

¦z§e¨>§�© ªp«(¬��U«(®G¯m¬��°/±!¬e²i³l°U¬�«´®
@ÌEHcBQ�PUGXQnQSPFh3lyGXQrWnZ_G#*-,HW_GaPUh3GXQ+c�Z�$HZnc�QnQ_c�ljAUQ+V�PUeaeaP!7�

QZL:eµq¶ ·l=�� ¸+¹>º ·q»µ´¼ V�PUZ�µg�j½�¾UO0¾�b�¾/¿�¿/¿�À :�P.=
�EHc�Znc)�0GaQ*W_EHc3ZYADhNlyP�" qvAUZ_GXA0*Tefc ETA qiGahHC)A)Q�PUGXQ_Q_PUh�lyGXQ &
W_ZnG#*-,yW_GaPFhG�GfWnEj$TADZYA0"�c�W_c�Z_·�K/kTPUZjEHGaCUEHc�Z3qvADe#,Hc¦Q3PDVY·
W_EHcY*Nc�ETA qiGaPUZ�PDV�WnEHcYQ�PFGaQnQ_PUh�lyGXQrWnZ_G#*-,yWnGaPUh�A0$-$HZnPLZyG#"3AvW_c¦Q
W_EHcm*�c�ETA qiGaPUZ PDV4A�hHPUZ3"3ADe+lyGXQrWnZ_G#*-,HW_GaPUhJKLkHPFZ WnEHcNQ�PUGXQ &
QSPFh©lyGXQSW_ZnG#*-,yW_GaPFhJwDW_ETcdc/Z�$Nc¦o\W_c¦l3qvADe#,HcdPDV¹�9GXQ¹cU2.,TADeNW_PuGfWnQ
qvADZnGaAUhTo�cUK�@ÌETGaQ+GXQ�ADeXQ_P,`ihHP!�h�AUQ��Y���y���v�a�¨�H���Y�\���v���

]�:�µ-=h�aÁAUZU:�µ�=��j·\À :�T�=
¦z§e¨>§e¨ Â<³�¬�Ã�ÄA¬�®AÅS°UÆ�Ç)ªp«(¬��U«´®GÈfÇ�Å�±!Ç��U¬�«´®GÉk«qÄAÇ.Ã
@ÌEHcaQ�PUGXQ_Q_PUh.Znc�CFZ_c¦Q_Q_GaPUh�"�PilHc�euAUQnQ4,-"�c¦Q)WnETAvWºW_EHc±Znc�&
Q4$�PUhNQSc�q AUZ_GXA�*HeacjGXQ©Aµo�P+,HhRWjAUhTl!ETAFQ©A�Q�PUGXQ_Q_PUh±lyGXQSW_ZnGs&*-,yWnGfPFh%�GfW_E%"�c�AUhg·�w��ETGaoYEuGXQ^lHc/$�c�hTlyc�hRW¹PUh3W_EHcdo�PvqvADZnG^&
AvWnc�Q�w.�q�SK�@>c�W7:eµ��Sw��q��=�*NcOADh;P�*TQ_c�ZnqvAvW_GaPFh Gah�WnEHc4lHADWnA QSc�W�K
bdGaqUc�hN� � w�AFQ_Q`,-"�c?µ � ETAUQ®A_Q�PUGXQnQSPFhjlyGXQSW_ZnG#*-,yW_GaPFhR�GfW_E
A
lyc�hNQSGfWrguVe,HhTo�W_GaPUhq�

QZU:eµ���¶ ·q� ¾`�l��=h�Ê¸ ¹>º � · » ��µ � ¼ V�PFZËµ��l�Ì½�¾UO0¾�b�¾/¿�¿/¿p¾Í:�J+=
�EHc�Znc)·q��GXQuWnEHcS"�c¦ADh±qvADe#,Hc)PUVdWnEHc¶Znc�Q`$�PUhTQ_c)qvADZnGaA�*Heacµ��ÅK¹xyGfhNo�c�·q��GaQ�AUe#+A gyQ�$�PFQ_GfW_GaqUcUwFWnEHc*eaGahH`0Ve,HhTo\WnGaPUhm�EHGXoYE
lyc/"�PFhTQSW_ZYAvW_c¦QjW_EHcµZ_c�eaADW_GaPUhNQSEHG#$Ë*Nc�W ¹c�c�h.W_ETc¬c�Z�$�c�o\Wnc�l
qvADe#,Hc�PDVJZnc�Q`$NPFhTQ_c�q AUZ_GXA�*Heac+AUhTl0W_EHc4o�PvqvADZnGXAvW_c¦Q�wDCFc�hHc�ZnAUeaefg
ETAUQ�A0eaPUCRADZnGfW_E-"ÉV�PUZ3" AFQ�QSEHP!�hm*�c�eaP!OK

eahq:e·q��=��!eahq:¢]6:eµ+�`¶ �q��=`=h���qÎ�eÏ ¾ :�¤0=�EHc�Znc�eah�"�c¦ADhTQ0hTADW`,HZYADe�eaPUCRADZnGfW_E-"�wd� � Znc/$HZnc�Q_c�hRWYQ,WnEHc
o�PvqvADZnGXAvWnc�Q�w�� Î� GXQ®W_EHc,W_ZYADhTQ`$�PFQ_c,PDV#WnEHc0qUc�o�W_PFZ6� � wJAUhTl Ï
GXQ9A�qUc¦o\WnPUZ9PUVBWnEHc1,ThH`ihHP!�hN$TADZYA0"�c�W_c�ZYQ�K][®c�ZncDw(*�PDWnE8� �
ADhTl Ï AUZ_c*qFc�Z_W_GXo�AUeJqUc�o�W_PFZnQ�K¹@ÌEHc�c/Z�$Nc¦o\W_c¦l�qvADe#,Hc?Ð_:�¿	=�GXQ
c�2.,HGaqvADeac�hRW#WnP�W_ETcp"�c¦ADh�qvADe#,Hc®lHc�hHPUW_c�l_*Rgg·�WnEHZ_P+,HCUETP�,yW
W_EHGXQA$TA�$Nc�Z�K#xiP�"�c�W_G#"�c�Q�w�WnEHcÌeaGfhT`4Ve,ThTo\WnGfPFh,GXQ�ADeXQ_P��Z_GfW_W_c�h
GahjAUh©c/Z�$�PUhTc�hRW_GXADe�V�PFZ`"N�

· � �«]6:eµ � ¶ � � =�� ¸�Ñ0Ò�#Ó À :�Ô+=
m®o�o�PUZYlyGahHC W_P.W_ETc«c�2.,HGXlyGXQ`$Nc�ZnQ_GaPUhÕ$HZnP�$�c�Z_Wrgn:�]52.,TA!&

W_GaPUhC:�T+=4=+PUV'W_ETcBQ�PUGXQ_Q_PUh©lyGXQrWnZ_G#*-,yWnGaPUhJwRGªWÌV�PFefeaP!9Q^W_ETADW
ÁAUZ�:eµ � ¶ � � =5� ¸UÑ0Ò� Ó ¾ :�Ö+=

]h2.,TADW_GaPUhS:�J+=ÌAUhTl�]h2.,TAvWnGaPUhS:�¤0=�WrPUGahRW_eag3lyc/EThHcdW_ETcBQ�PUGXQ &
QSPFh©Znc�CFZ_c¦Q_Q_GaPUh%"�Pylyc�e¢K
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A©QSWnAUhTlHADZYl)Wnc�oYEHhTG#2.,Hcuo�AUeaefc¦l)I
A!ZyG#"<,-"Í@>Ga`Uc�efGaEHPiPyl�]^Q4&
W_G#"3AvWnGfPFh9HÙ¤UK¨K�}«EHc�h)W_EHcY"�Pylyc�e>GXQ6*-,HGaefW�wNPFhHc,o�ADh),yWnGfeaG#M�c
W_EHGXQq"�Pylyc�eUWnP6$HZnc�lHGao�W>W_ETc¹Znc�Q`$NPFhTQ_c6:�lyc�$Nc�hTlyc�hFW�=>qvAUZ_GXA0*Tefc
V�PUZ+c�AUoYER"�Pil-,HeacDKBmË$HZnc�lyGXo�W_GaPUh%"�Pylyc�eTV�PFZ^WnEHc�Q¹t9Iôo�ADh*Nc?�ZnGfWSW_c�h©AFQÚµ���� Ú·q��� ¸ Ñ0Ò�LÛÓ V�PFZË�d�~O�¾�b�¾�¿/¿�¿pÀ : OU½+=
3.3. The Zero-Inflated PoissonRegressionModel

(ZIP)

m4Q�+c®ADeaZnc�AFlyg,QSWnAvWnc�l�wRGfW^GXQ#PDVXWnc�h3Q_c�c�huWnETAvW+A�lHAvWYA*QSc�W
ETAUQ*c/ZHo�c�QnQ?M�c�ZnPFQOV�PFZ�W_ETc3Z_c¦Q4$�PUhNQSc3qvAUZ_GXA0*Tefc0Gah¯QSPUVXW +AUZ_c2+,NADeaGfWrgY"�Pylyc�efGahHCTKBm~$-,TZ_c?Q^t®IôGXQ+hHPDW9Q`,HGfWnA�*Heac9V�PUZÌWnEHGXQ
QSGfW`,NAvW_GaPFhIH�O�K¢K;mÜM�c�ZnP0&�Gfh-rNAvWnc�l
o�P�,HhRW?"�Pylyc�e#GXQOADhLc�X�c�o�&
W_GaqUc7ÌA g;PDVlyc¦ADeaGahHCg�GfW_EjW_EHGXQ6$HZ_P+*Heac/"�K¹mÝM�c�Z_P�&¨Gah�rNADW_c¦l
o�P�,ThFW;"�Pylyc�e�AUQnQ4,�"�c�Q#WnETAvW�M�c�ZnPFQ^o�ADhf*NcdCUc�hHc�ZYAvWnc�l%*ig3A
lyG^X�c�Z_c�hFW�$HZnPyo�c¦Q_Q¹W_ENADhN$NPRQSGfWnGfqFcdo�P�,HhRWYQ�K^@ÌE�,TQ�wHW_ETGaQÌ`iGahTl
PDVB"�Pylyc�ep"�PylyG^ETc�QuWnEHcS"�c¦ADh«QSW_Z3,To\W3,HZnc¶Q4,NoYE!W_ETADW;WnEHc
o�PUhNlyGfW_GaPUhTAUeJqvADZnGaAUhTo�c*AUhTl�W_ETc1$HZnP�*TA�*HGaeaGªWrguPUV�M�c�ZnP;o�P�,HhRW
GfhNo�Znc�AUQ_cDKjI),HeaeXADEig8,TQ_c�l¯Am}«GfW_E-& Þ�c�Z_PRQ%:o}�Þz=B"�Pylyc�eGah
EHGXQ�A0$-$HeaGXo�ADW_GaPUh8HsO�½!K¢KhcÅhCOUÖ�Ö+byw�@'A�"Y*�c�Z_W5ENZnQSW9GahFWnZ_Pyl�,No�c�l
W_EHc?M�c�ZnP0&�Gfh-rNAvWnc�l_Q�PFGaQnQ_PUh�Znc�CUZnc�QnQ_GfPFh_"�Pylyc�edH Ö!K¨K
¦z§o¦z§�© ¯fÇ.ßi®�¬�°�¬�«(®cÅhµA8M�c�ZnP0&�Gfh-rNAvWnc�l�"�Pylyc�e¨wd¹c©CUZnP�,-$¬AUeaehM�c�Z_PRQ�GahRW_P)W +P$TADZ_WnQ�K?D4hHcY$TADZ_Wdo�P�"�c¦Q�V�ZnP�"?W_EHc<$�c�Z_V�c�o\W7"�Pyl�,Heac�Q�wNG¨K cDKfw"�Pil-,Heac�Q��GfWnESM�c�Z_P;V�A0,HefWYQ�K,@ÌEHc0PDWnEHc�Z7$TAUZSWOo�P+"�c�Q®V�Z_P+"
W_EHc¹hHPUh�&�$�c�Z_V�c�o\W�"�Pil-,Heac�Q>�EHc�Z_c#WnEHc^h�,-"<*�c�Z'PUViV�A0,HefWnQ>V�PUe^&
efP!9QOQ_P�"�c�QSWnADhNlHADZYl�lHGaQSW_ZnG#*-,yWnGfPFhJK_cÅh¯ASÞ´c Q.Znc�CUZnc�QnQ_GfPFh"�PilHc�e¨wA+c;GahRW_ZnPyl�,To�c;A8$TAUZnA�"�c�Wnc�Z?à��EHGXoYE¯Z_c�$HZ_c¦QSc�hRWnQ
W_EHcY$HZ_P+*TA0*TGfeaGfWrg�PDV^AR"�Pyl�,HeacB*�c�GahHC_$�c�Z_V�c�o�W�K?[9c�hNo�cDw�WnEHc$HZ_P+*TA0*TGfeaGfWrgjPDV+W_EHc%"�Pyl�,Heac<*Nc�GahHC�hHPUh�&�$�c�Z_V�c�o\W�GXQgO7á\à®K
m9eXQSPTw!¹c�AUQnQ`,-"�cWnETAvW#Gah,hHPFh�&�$Nc�ZSV�c¦o\Wi"�Pil-,Heac�Q�w¦WnEHc�h�,-"g&*Nc�Z�PDVBV�A0,HefWnQ¹V�PFefeaP!9Q+AgQ�PUGXQ_Q_PUh©lyGXQrWnZ_G#*-,yWnGaPUhJK@'c�W�WnEHc�Znc�Q`$NPFhTQScdqvADZnGXA0*Heac6â9�ã:�µ.äU¾3µ�å!¾�¿/¿/¿/¾`µ�æ-=;*�c*Gah�&
lyc/$�c�hTlHc�hRW®ADhTlµ��ç� �T�������n��� $HZnP�*NA0*HGaeaGfWrgÊài�;¾� ���v�N°f�H�������Y���(èjQ�PUGXQnQSPFh´:�·q��=Ì$HZnP�*TA�*HGaefGfWrgÍO�á�àd�;À
@ÌEHc%$HZnP�*TA�*HGaefGfWrg�lyc�hNQSGfWrg)Ve,HhNo\W_GaPFhG:�$�liV�=*PDV+W_ETcmÞ´c Q�Z_c/&
CUZnc�QnQSGaPUh%"�Pylyc�e�W_EHc�Z_c�V�PUZncOGaQ
é7ê�:�µ���¶ �q�4¾`àd��=��Êë à �(ì :4O�á9à � = ¸ ¹´º � ¾íµ � �Ì½�¾: O�á�à � =�î�ï�ð � º!ñ ��» ��ò ¾ µ � �kO0¾�b�¾/¿�¿/¿�À :4O�OU=
@ÌEHcSÞ´c Q8Znc�CFZ_c¦Q_Q_GaPUhC"�Pylyc�eÌGXQ0P�*yWYADGahHc¦l\*igµAUlTlyGahHC
WnEHc
V�PUeaeaP!�GfhTC*efGahH`uVe,ThTo\WnGfPFhTQ/�

eahq:e·q��=ó� � Î� Ï : OLb�=
eaPUCUGfW�:eà � =ó� eah àd�O�á�à � �a� Î� Ï ¾ : OUV+=

�EHc�Znc6*�PDWnE Ï AUhTl%ôjZ_c�$HZnc�Q_c�hRWW_ETcdo�PRc/õ3o�Gac�hRW^qFc�o\WnPUZYQPUV
W_EHc3o�PvqvADZnGaADW_c¦Q6� � KR[9P!+c�qFc�Z�w Ï Q_c�ZnqUc¦Q4W_EHc�eaPUC©Ve,HhTo�W_GaPUh
PDV�"�c�ADhI·q�*ADhTl¬W_EHcNô«Q_c�ZnqUc�Q0AUQ WnEHc�efPFCUGfW�Ve,HhNo\W_GaPFh�PUV$HZnP�*TA�*HGaefGfWrgYài�SK
¦z§o¦z§e¨ ö�÷/ªnÈfÇ�Å�±!Ç��U¬�«´®GÉk«qÄAÇ.Ã5ª7±!Ç.ÄA¬�Ø�°�¬�«(®cÅh)PUZYlyc�Z®W_P3c¦QrWnG#"3AvW_cdWnEHc1$TAUZnA�"�c�Wnc�ZYQ+V�PUZ7Þ>c QBw(+c,ADCRADGah,TQ_c^I
A!ZyG#"<,-"Ë@'Gf`Fc�eaGaEHPiPyl®]^QSW_G#"3ADW_GaPUh<H ¤LK¢K�}«EHc�h*WnEHch$NA!&
ZnA�"�c�Wnc�ZYQB: Ï ¾3ô>=4ADZnc,c¦QrWnG#"3AvW_c¦l�wNPFhHc o�ADh8,HW_GaeaG^M�cOW_EHc_Þ´c Q
Z_c�CUZnc�QnQSGaPFh�"�Pylyc�e+W_PC$HZnc�lyGXo\W0W_ETcjZnc�Q`$�PUhTQ_c©qvAUZ_GXA0*Tefc3V�PUZ
c�AFoYE\"�Pyl�,HeacDw^AUhTltEThNl¯W_ETcm$TZ_P+*TA0*HGaeaGfWrg)V�PUZ0c�AFoYEI"�Pyl�&,Heac8*�c�GahHC\$�c�Z_V�c�o�W�KÉ@ÌETcS$HZnP�*TA�*HGaeaGªWnGac�Q PDVOW_EHcºZnc�Q`$NPFhTQSc
qvADZnGaA�*Heac5*�c�GahHC,q AUZ_GaP+,TQo�P+,HhRWnQ¹o�ADh%*�c®P+*yWnAUGahHc�lg*ig<,TQSGahHC
]h2.,TADW_GaPUhS:4O�OL=+PDV'WnEHcYÞ´c Q|Znc�CUZnc�QnQ_GfPFh%"�Pylyc�e¨K
@ÌEHc�"�c�AUh1$HZnc�lHGao�W_GaPUh,V�PUZ�WnEHc�Þ´c QºZnc�CUZnc�QnQ_GfPFhB"�Pylyc�eyGXQÐR:eµ��3¶ �l��=h�Õ:4O�á �ài��= ¸ � � Ò �Ó À : O�P.=�EHc�Znc Úà � GXQ�W_ETc�$HZnc�lyGXo\Wnc�lY$HZnP�*TA�*HGaefGfWrgOPDV>"�Pyl�,Heac]��*�c�GahHC$Nc�ZSV�c¦o\W�K Úài�GaQ+c¦QrWnG^"3ADW_c¦l_*ig�W_ETcOV�PUeaeaP!�GfhTC-�

�à � � ¸ � Ò� � øO ì ¸ � Ò� � ø À : OLT�=
ù���úfû]ü xJ�(� ýãx � ~H}
4.1. SystemDescriptionDp,HZ3Znc�Q_c�ADZYoYE\ÌAUQ�o�PUhTl�,No\W_c¦l|PUh�W ¹P¯lHADWnA¯Q_c�WnQuP+*�&
WnAUGfhTc�l±V�ZnP�" WnEHcLGfhNl�,TQSW_ZngDK @ÌEHc¯lHADWnA|QSc�WnQm¹c�Z_c9*NPUW_E
o�PFefeac¦o\W_c¦luV�ZnP�" WnEHc�QnA0"�c7$HZnP0Wrc�o�W��GªWnEHGah3WnEHc,QnA0"�cdPUZnCFA!&
hHG#M�ADW_GaPUhJK�@ÌEHc7$HZnP0Wrc�o�W+o�PUhTQ_GXQrWnc�l�PUV'W +P,eXADZnCUc�}«GahTlHP!9Q &*TAUQ_c�l�A0$-$TefGXo�AvW_GaPFhTQ�,TQ_c�lS$HZ_G#"3AUZ_Gaeag�V�PUZ*o/,TQrWnP�"�G#M�GahHCuWnEHc
o�PFh�ETC�,TZnADW_GaPUh3PUVA�GaZnc�eac�QnQ5$HZ_Pyl�,No\WnQ�K¹@ÌEHc�lTAvWnAuQ_c�WYQ�¹c�Z_c
P�*yWYADGahHc¦l�V�ZnP�"8W_EHc�GahHGfW_GXAUeFZnc�eac�AFQSc¦Q�KB@ÌEHc9A0$-$TefGXo�AvW_GaPFhTQÂAUZ_c�Z_GfW_W_c�hºGahIF ì?ì wBADhNl¶WnEHc�g9*NPUW_Et$HZnPvqiGXlyc0Q_G#"�GaeaAUZ�Ve,HhTo�&
W_GaPUhNADeaGfWrgDK>m®Q#A4Z_c¦Q4,TeªW�wvW_EHc�A�$-$HeaGXo�AvWnGaPUhTQJo�PUhRWnAUGfh o�P�"%"�PFh
o�PylycUK!@ÌETc)"3ADGahµlyG^X�c�Znc�hTo�cm*�c�W +c�c�hµWnEHc�W +PLA�$-$HeaGXo�A0&
W_GaPUhNQ�GXQOW_ETc;Wrg�$�c;PDV��GaZnc�eac�QnQ7$HZnPil-,To\W W_ETADW GfW o�AUhµQ`,-$�&$NPFZSW�Kj@BA0*HeacNO%$HZnc�Q_c�hRWnQdWnEHc_$HZnP0ENefcuPUV¹WnEHc;Q_giQSW_c�"í,TQ_c�l
V�PUZÌWnEHGXQ�o�AUQ_c*QrW3,TlygUK
@BA0*Heac_bjeaGXQrWYQ®WnEHcgETqFc3QSPUVXW +AUZ_c<"�c�WnZ_GXo�Qp,TQ_c�lºGah�P+,HZ

o�AFQScºQrW3,TlygDK @ÌEHcºlyc/$�c�hNlyc�hRW�q AUZ_GXA�*HeacDwpþ'�D�y����wpÌAUQ�WnEHc
h�,-"Y*�c�Z�PDV�V�A�,HefWnQ)V�P+,HhTl8Gfh÷AÌ"�Pyl�,Heac¬l�,HZnGahHCËQ_giQSW_c�"
W_c¦QrW�K#m�Q_PDVXW ÌADZnc�"�Pil-,Heac�+AFQ^lyc/EThHc�l;AUQ+A�QSc�W¹PUV>Z_c�eaADW_c¦l
QSP+,HZYo�c�&Åo�PylycpETeac�Q�K
@ÌEHc¶Q_giQSW_c�" ENAUl!A0*�P�,HW3PUhHeag�V+V.ÿ&PDV?"�Pyl�,Heac�Quo�PFh�&

WnAUGfhTGfhTCuV�A0,HefWnQ�K4@ÌEHc<"�PFQSW9V�A�,HefWrgf"�Pyl�,Heac*ETAFl8Ö.¤0V�A0,HefWnQ�K
kBGfC+,HZncYO*Q_EHP!9Q¹W_EHc�lyGXQSW_ZnG#*-,yW_GaPFh3PDVhþ'�D�y����K
4.2. ExperimentsDescription}ºc�,NQSc¦l�lHAvWYA!&ÅQ4$HeaGfWSWnGahHC4AFQ#AOq AUeaGalTAvW_GaPFh,QrWnZnADW_c�CUgDK#@ÌEHc
¸^�¹lHAvWYA0Q_c�W�ÌAUQÌo�P+"%$NPRQSc¦l3PUVAÔ�½�¤?"�Pyl�,Tefc¦Q¹AUhTl;W_EHc����\���
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þÂ�v�y�ª�

Table 1. System Profile for Case Studies
xic�ZnqiGao�c

m6$-$HeaGXo�ADW_GaPUhTQ F¹PUh�ETC+,HZYAvW_GaPFh
xiPDVXW ÌADZnc@ÂADhHC+,TADCFc F ì?ì

m6$-$HeaGXo�ADW_GaPUh8O��^m®]��4x�F;@�� V+b0½Y"�GaeaefGaPFh
m6$-$HeaGXo�ADW_GaPUh8O��^m®o�W`,TAUeq@>GahHc�QÌPUVdF¹Pylyc b0ÖY"�GfeaeaGaPUh
m6$-$HeaGXo�ADW_GaPUhfb��^m®]��4x�F;@�� V�½�½Y"�GaeaefGaPFh
m6$-$HeaGXo�ADW_GaPUhfb��^m®o�W`,TAUeq@>GahHc�QÌPUVdF¹Pylyc b+¤RK	T1"�GfeaeaGaPUh
�6,-"<*Nc�Z�PDV#QSP+,HZno�c6ENefc¦Q OUb0½�¤
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Table 2. Software product metrics

xig�"<*NPFe 	4c�Qno�ZnG^$HW_GaPUh

��� �6,-"<*Nc�Z�PDVBW_G#"�c�Q^W_EHc�Q_P�,TZno�cpENefc7ÌAUQ

GahTQ`$�c�o\Wnc�lf$HZnGfPFZ+W_P�QSgyQSW_c�" W_c¦QrW�Znc�eac�AFQScUK
������� ¸ �6,-"<*Nc�Z�PDV�efGahHc¦Q^PUV�o�PylycdV�PUZÌW_ETc�QSP+,HZno�cENefc7$HZnGaPUZ¹W_PuWnEHc�o�PylyGahHC<$HETAFQScUK#@ÌETGaQ

Znc/$TZ_c¦QSc�hFWYQÌA0,yWnP0&�CUc�hTc�ZYAvW_c¦l;o�PilHcDK
� ����� ¸ �6,-"<*Nc�Z�PDV�efGahHc¦Q^PUV�o�PylycdV�PUZÌW_ETc�QSP+,HZno�cENefc7$HZnGaPUZ¹W_P3Q_gyQrWnc/"ÊWnc�QSW9Z_c�efc¦AUQ_cDK
�Y������� �6,-"<*Nc�Z�PDV�efGahHc¦Q^PUV�o�P�"%"�c�hFWnc�l3o�PylycOV�PUZ

WnEHc�Q_P�,HZYo�c�ETeac�$HZ_GaPFZ¹WnP0W_EHc�o�PilHGfhTCY$HENAUQ_cDK
@ÌETGaQÌZnc/$TZ_c¦QSc�hFWYQÌA0,yWnP0&�CUc�hTc�ZYAvW_c¦l3o�PylycUK

� ������� �6,-"<*Nc�Z�PDV�efGahHc¦Q^PUV�o�P�"%"�c�hFWnc�l3o�PylycOV�PUZ
WnEHc�Q_P�,HZYo�c�ETeac�$HZ_GaPFZ¹WnP�QSgyQSW_c/" W_c¦QrW
Znc�eac¦AUQ_cDK

lHAvWYA)QSc�WB+AFQ*o�P+"%$NPRQSc¦l¶PUV;P.½0PN"�Pyl�,Heac�Q�K;@ÌEHc,¸¹�4lHADWnA
QSc�W_+AFQg,TQ_c�l�W_PC*-,HGaeXlµW_EHc)Znc�CFZ_c¦Q_Q_GaPUh\"�Pylyc�eaQuAUhTl¬WnEHc
�¨�����ÌlHAvWYA�QSc�W6+AFQ�,TQ_c�ljWnP3c�qvADe#,TADW_cdW_ETc?EHWSWnc�l)"�Pylyc�eq*ig
o�P+"%$-,yW_GahHC9W_EHcÌm9qFc�ZYADCUc¹m�*TQ_PUe#,yWnc+]^Z_ZnPUZh:¢m®m4]5=BADhTl m9q.&
c�ZYADCFc+t�c�eXAvW_GaqFc¹]ZnZnPUZ]:�m®t®]5=BqvADe#,Hc¦Q�KAcÅh PFZnlyc�ZBW_P?$HZnPvqiGalHc
GahTlyc/$�c�hNlyc�hRW_:XWnE.,NQ�Znc�eac�qvADhRW�=9Znc�Q`,HefWnQ�+c<,NQSc¦lCT�½�lyG^X�c�Z4&
c�hRW4lHADWnA3Q`$HeaGfWnQ�K9@ÌEHGXQ�c�hTQ`,HZnc�Q9W_ETADW4P�,TZ�EThTAUeÂZnc�Q`,HefWnQ9AUZ_c
hHPDW9AUh�AUZSWnGfV�AUo\WÌPDV�Aue#,ToY`ig3lHAvWYA0Q`$HeaGfW�K
@ÌEHcËZnc�Q`,HefWnQLV�PFZ�"�Pyl�,Tefc/&¨PFZnlHc�ZC"�Pylyc�eaGahHC~¹c�Z_c!P+*�&

WnAUGfhTc�l�,TQ_GfhTC©WnEHc©xiPUVXW +AUZ_c�I)c¦AUQ`,HZnc/"�c�hRW�m9hNADeagyQSGXQOADhTl
t�c�eaGXA0*TGfeaGfWrg®@ÂPiPUea`iGªW]:¢xyI¶m®t�@�=�H P!K¢K^xyI¶m®t�@µGXQ�AdZ_c¦QSc¦ADZYoYE
W_PiPUe#lyc�qUc�efP+$Nc¦l
AvWdW_ETc0]h"%$HGaZ_GXo�AUe'xiPDVXW ÌADZnc ]^hHCUGahHc�c�ZnGahHC@'A�*NPFZnADW_PUZngDwykBeaPUZnGalTA,m+W_eXAUhFWnGXo®p9hTGfqFc�ZYQSGfWrgUK
4.3. PatternsPresentationD4hTo�cN+cjo�P�"%$Heac�Wnc�l¯P+,HZuc/"%$HGaZnGXo�ADe¹GahRqFc�QSW_GaCFADW_GaPUhºPUh
ADeae-ETVXWrg3lHAvWYA,Q`$HeaGªWYQ�w.¹cdQSc�eac�o\Wnc�l0WnEHZ_c�c4lyGXQSW_GahTo�Wh$TAvW_W_c�Z_hTQ�K
@ÌEHc�Q_c%$TADWSW_c�Z_hNQ,ADZncg$HZnc�Q_c�hRW_c¦lLGfh¯@BA0*Heac%VyKSD®W_ETc�Z,lHADWnA
Q4$TefGfWYQ9lyGXl�hHPDWp$HZ_PvqiGXlyc�AUhRg�AUlTlyGfW_GaPUhTAUeJGahyV�PUZ3"3AvWnGfPFhJKh}Lc
lyGXlOhHPDWBc�Z�$�c�ZnGfc�hTo�cAUhigdlHADWnA4Q4$HeaGfWnQq$HZ_PvqiGXlyGahHC+c�qiGXlyc�hNo�cPUV
A_*�c�W_W_c�Z?$TZ_c¦lyGXo\W_GaPFh�AFo�o/,HZnAFo�gjPDVWnEHcgQ�PUGXQ_Q_PUh�Znc�CFZ_c¦Q_Q_GaPUh"�Pylyc�e>o�P�"%$TAUZ_c¦luW_PuWnEHcYÞ´c Q�Z_c�CUZnc�QnQSGaPUhR"�PilHc�e¨KQ#AvWSWnc�ZnhÕODw�ÌAUQ3Q_c�eac¦o\W_c¦la*Nc¦o�A�,TQScS*NPUW_EËo�P�,HhRWR"�Pyl�&
c�eXQdETAUl�CUPiPyl9$HZ_c¦lyGXo\WnGfPFh¶AUo�o�,HZYAUo�g
ADhTltÞ´c Q�$HZnPvqiGalHc�l
A
QSGaCFhHG^ENo�AUhFW4G^"%$TZ_PvqFc/"�c�hRW9PvqFc�Z?Q�PUGXQnQSPFh)Gfh¶W_c�Z`"3QdPDV;$HZnc�&
lyGXo\WnGfPFhJK�}«GfW_E�Q#AvW_W_c�Z_h�biw+W_EHc
W ¹P¯o�P+,HhRW_"�Pylyc�eXQ0ETAUl
ADh�c�qUc�hI*�c�W_W_c�Zg$HZnc�lHGao�W_GaPUh¬AFo�o/,HZnAFo�gC*-,yWuWnEHc�ZncfÌAUQ hHP
QSGaCFhHG^ENo�AUhFWÌG#"%$HZnPvqUc/"�c�hRWh�EHc�h),NQSGahHCRÞ´c QBKNkBGahTAUefeagUw�Q#ADW4&
W_c�Z_hÌV�$HZnc�Q_c�hRWnQ;W_ETcºlHADWnA�Q4$HeaGfWR�EHc�Z_c¶W_EHc�$HZnc�lyGXo�W_GaPUhTQ
V�PUZ�*�PDWnE)o�P�,ThFW�"�Pylyc�eXQ5+c�Znc*c�ZiWnZ_c�"�c�eaguGfhNAUo�o/,HZYAvW_cUwTADhTl
V�PUZ�WnEHGXQ+Wrg�$Nc�PUV�lTAvWnAuQ`$HeaGfW�w´Þ´c Qa$�c�Z_V�PUZ3"�c�ljQSGaCFhHG^ENo�AUhFWneag
� *�c�W_W_c�Z���GahºW_c�Z3"3QOPDV�$HZnc�lHGao�W_GaPUh>K©@ÂA�*Heac%P)$HZnc�Q_c�hRWnQ�lHc�&
Q_o�Z_G#$yWnGaqUc#QrWYAvWnGaQSW_GXo�Q�V�PUZÂW_EHc+lyc/$�c�hTlHc�hRWBqvAUZ_GXA0*TefcUwLþÂ�v�y����w V�PUZ
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4.4. Prediction Results
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Figure 2. Alber g Diagram for Pattern 1.
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Figure 3. Performance for Pattern 1,
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Figure 4. Alber g Diagram for Pattern 2.
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Figure 5. Performance for Pattern 2,
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Figure 6. Alber g Diagram for Pattern 3.
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Figure 7. Performance for Pattern 3,
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