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Abstract: The increase in complexity and the rate of technological changes in modern software development have led to a demand 

for systematic methods that raise the abstraction level for system maintenance and regression testing. Model Driven Engineering 
(MDE) has promised to reduce extra coding efforts in software maintenance activities using traceable change management, 
especially in rapidly changing application. The paper presents a Z-notation based framework, called Changed-based Regression 
Testing (ChbRT), for formal modeling of regression testing in the context of MDE. The framework proposes to automatically 
propagate the changes from a software specification to testing artifacts in order to preserve consistency after system evolution. The 
framework is enriched by providing a new category of coverage metrics for change-based regression testing. The proposed 
framework is expected to be beneficial in both platform independent and specific levels of ChbRT by identifying the suitable 
coverage according to available testing resources. The accuracy and efficiency of the proposed framework have been evaluated and 
analyzed on three case studies. 

Keywords: Model Driven Development, Regression Testing, Incremental Model Transformation, Change Model, Consistency, 
Coverage Criteria. 
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(�     GnY�2 ���5 5 �!n�i6 -!n"(� �� �� �,N
�,nnn� /�nnn���.   ;�nnn� �nnn� ���nnnQ� xnnn� �nnn�  ,nnn�#* P�nnn� xnnn�

IndependentTestModel  ?��@
�
 �,�   * �A��< �0 �n<,���  �nC/ 
 ��#* U,� #� /�5�:�TestTemplate  ��!n"C .   �n� ��#* U,n� 1n��    �,n�<

�D h�K�  ,�#* P�� x� �A��< ?��@
 /��� P����
 �,� . �C 1�������
     �nn� M��nnK�  * �nnA��< �nn0 Gnn�� �nn�,�� P�nn� xnn�  ,nn�#* P�nn�

TestTemplate  ?nn��@
nn�
 ��,nn� . P�nn���D 1nn��  R��nn�STATE �
TRANSITION �EVENTT    �GCON 5EFFECT �
 ���� .����  �n��/ 

P����D TestTemplate ��       �n>�� �n
 Gn�� ��n� -(b�
 ������� \K�
    Rn:� ?n�0 Gn(���] 1(�B�C 5 8��((O
 #� �@�  ,�#* �� �KN ?�0

�C� F���D� �� �KN.  /���;�� /��i6 x� #� P�� �C �A��<  �!>� �����
ID ���T!�� �
 �,� . _��� �� P�� /�!"�� GY�2 8��((O
 P�!�0 /���

 /�,k
X��6 �C/ U,� x� �U,� 5 GTA /���� typeID  5 �n<,��� �/  #�
5�6r
 �C  ����9� ����C �� *  �nC �attinstanseset�    En��,
 yn�,
type  5

value  P�� �A��< #� x� �C ��G�"�  �����
  �,n� .   #� \Kn� 1n�� ��
 U��!��ID  5Value �� ��   �,�<�<,��� �C/ ��� ����  ?��@
�
 �0(-.  

[ ID ,Value] 
TestTemplate ::= STATE œ��∑     | TRANSITION œID∑                 
| ACTION œID∑  | GCON œID∑ | EFFECT œID∑ 

 �K��� 5�  ,�#* P�� ��FromSource  5ToTarget  ?n��@
   ��n�
G��     �n�� �� ��in6 x� �V9� 5 ���� GY�2 Z(
�
 �� �0 n�
  �n�C� .

      �n� P�n���D ?n��@
 _�n�� �n�  ,�#* P�� x� ~�N �A��< �<,���
 �n<,���  �nC/ State � Transition� ACTION� GuardCon 5 Effect 
 ?��@
�
 ��,�.     ,n�#* P�n� #� �n�,�� �C ��,D ?��@
 M��K�   R��n�

 5 y���� �����5� ���i6 �GY�2 �<,���8��(`a
  �� �0 G�� P�� /5� ��
Stt �Trans �Eve �Gaurdcon  5EffectT  ?(A,
�
 �,� .  ����n6 F[�

 5 y���� � ,�#* P�� /��Q��5�:��G �C/   
nD�@� y��5� ��� 5 �����

S1:WaitingforRequest S2:RequestAdded

S4:RequestNotIdentified

T1 : / Initialize()

T2 : findItemEvent / FindItem

T3 : / Identify()

S3:RequestEvaluated

S5:RequestIdentified

T4 : [ Indentified==false ] 

T5 : [ Indentified==true ] 

T8 : / StoreEvent

S6:RequestBigS7:RequestSmall

T7 : [ width>40 ] 

S8:SuitableFit

T6 : [ width<30 ] 

T10 : [ width>=30 and width<=40 ] 

T9 : / StoreEvent

T11 : / StoreEvent

T12 : / StoreEvent

S9:Requestlog

T13: / log

T14:/ StoreEvent

New

New

Delete

Update

Update

ChgTag:

New

Update

Delete

T15: / log

New

Update

Update
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  �(� �� ����
 ��0 .  ,�#* P�� x� �A��< ��C �n<,��� �/    ;�n� �n�
TotalElem  R(>�
 ���
 ��C�      8��n((O
 Rn(�:
 5 /�n(�(' /��n� �0

 ���] ���T!�� ��,� P�� /5��
 6(���.   P�n� �� 8��((O
 G����� /���
 8��((O
 Z"^�� #�  ,�#*ChgTag  ���T!���
 �,� . Gn��	���  �nK��� �

labelE   ,�#* P�� ?(A,
 ��      Zn���� Zn"^�� xn� I�n"!�� /��n�
 �����5� R�������y  5 tD�:�`a
(�   ���T!n�� ��i6 x� /��� ����5� �C

�
 �,�.  
     State == ran STATE  

Transition == ran TRANSITION  
ACTION == ran EVENT  
GuardCon == ran GCON  
Effect == ran EFFECT 
typeID == ID  
attrID == ID 
attinstanseset == attrID ∂Value 
ChgTag ::= New | Update | Delete  
»_IndependentTestModel_________________ 
ÆTotalElem: P TestTemplate 
ÆStt: F State 
ÆEve: F Event 
ÆGuardcon: F GuardCon 
ÆEffectT: F Effect 
ÆTrans: F Transition 
ÆFromSource: Transition f State 
ÆToTarget: Transition f State 
Ætype: TestTemplate ß typeID 
Ævalue: TestTemplate ß attributeset 
ÆlabelE: Transition j TestTemplate 
ÆTagFunc: TestTemplate ß ChgTag 
«_______________ 
ÆAtrans: Trans • Es1, s2: Stt • trans å s1 eToTarget ¶ trans å 
Æs2 e FromSource 
Æran ToTarget z Stt; ran FromSource z Stt ;ran labelE = 
ÆEffectT U Eve U Guardcon; dom ToTarget = Trans 
Ædom FromSource = Trans;dom labelE z Trans 
ÆTotalElem = Stt U Trans U Eve U Guardcon U EffectT 
–_____________________________  

 
  
�@
�? 3 );���C #��/ P��  .(5� P����D  ��n�� 5  �nV9� SM  5  

TM 1(�B�C 5 �K��� ��6#��/  P�� 5� 1�� 1(��� �� �b� ��(���. �x 
;���C ����0 ��^ :K� 
��^ �!	� 5� /��1 P�� �� ;�� fxDML  �n� 
���T!�� #� ConsistentR �@
�? �
  �,n�.  U,n� 5�  �n!	� � n�1  ;�n��C 
����0 �0 BiDiML ���(�� �
 �,�� 5� P�� ���� 5 �V9� /��  �n0 �� 
�K��� ConsistentR ��A �
 ���0 5 1(�B�C P�� O
((8�� �� ���GD� 

�
 ��0 5 P�� O
((8��  �� ��^ 5� /P�� �C/ /�5�5 Q�P��<  n�
  �n�0 
�0 P�� �C/ ���� 5 �V9�  ��B�C ��6#��  ]�n� 
 �n����� . �n�
�R  �nC/ 

��C��C ����0 '(5�� FDML 5 Z9< ��6 BDML �� 
�
 n(Z O
 n((8�� 
P�� ���� �� �� P�� �V9� 5 O
((8��  P�n�  �nV9� ��  �n�  P�n�  ��n�� 

 ��^ P��<� �
 ���0 �0 P�� �C/  n�5�N 
  �n�B�C  �n�C��C  ]�n� 

������ .G�� ���* ����� �� P�� ����0 ;���C /�,A ?���@
:  

[ SM , TM ]  
ConsistentR ::= BasicML œSM x TM∑ 
        | FDML  œConsistentR x P SM∑ 
        | BiDiML œConsistentR x P SM x P TM∑ 
        | BDML œConsistentR x P TM∑ 

�@
�? % ) �n�
�R  �nC/  ��n����	��  ��6#�n�/ .( n�   P�n� R��n�
 x
      �nV9� P�n� �n�  �n�^ �� ��n�� P�� x� �6� G�� ��6#�� ������	��

 1(� 8��((O
 #� R�] /��6#�� �0 ��0 R���
 * �C  �,n�� �9� .  8�n�`�
 
N��5�6r
 �C/  E��� �� /��6#�� ����� P�� R���
]&[   ��n� �0�
G�� . ��#* U,�ConsistentR   ��� �� 

=���
 1(�^�
 �C�.  

ConsistentR ::= BaseMT œConsistentR∑ 
| UpdateTarget œConsistentR x DirectDeltaTrans∑        
| Sync œConsistentR x DirectTransSource x 
DirectTransTarget ∑  
DirectDeltaTrans:: = DirectTransSource œTM x P TM∑ 
| DirectTransTarget œSM x P SM∑ 

DirectDeltaTrans � -(9!"� P�� R���
 x� �n0 G�    P�n� xn�
 /�5�5) P�� ������V9� �(  P�� x� 5 8��n((O
  �n� ��   /�5�5  �,n�<
 GD�����
 ��0 �� P�� 5       �n(Y5� P�n���D  �n�C �n� Mn�K�� �� ��� #5�

���
 �����6 .UpdateTarget    ��n�C� ��n�!�� R���
 x� 8��n((O
   xn�
 5 �!	�Sync   ��� �� �!	� 5� ���C� ���!�� R���
 x��
 ��C� .  

 )دلتا(تغييرات  مدل -  1- 3

  F��n�� R��] 
�A� x(�>
 5� �� 8��((O
 #� P�� x� �/��!N�� �b� #�
G�� : P��8��((O
  P�� 5 -(9!"�8��((O
  ��9!� .   �� 8��n((O
 
nY5�
��    �,n�< �nY���� �/      
C����#�n� P�n� xn� /5� 8�n(��< #� n�
  �n�0 


Y�2�� �0 *�� 
�5�� �n� P�� /5� �� �((O
 8�(��< ��    X=!nN�  �,n�<
    �n�� ��n� �"��9� �["� 5� 1(� �<,��� n�
  �nC� .   ��nY�9� 1n�� ��

 x(�>
8��((O
     � * �n!D�� �@n�,
 U,n� 1(�B�C 5 -(9!"� 8��n((O
 

����D�� G�� �b� ��,�.  

 ?��@
� )�((O
 .(�� �((O
 x�   5 �,n�	� /�!��� �� ��i6 x�  �,�<
 #� -!"(� x� R��>
#��<,���� �/     �n0 P�n� �nA��< #� n'(F  GnY�2 

 ��(����
 �,�   �n0 P�n���D  ��C �� /���� �<,��� �� � Jn'  GnY�2 
 ��(����
 �,��@
 �� ?�
  ���n6 .  5 ��n@�� �nC�!����'/   

5�nT!�  �n����


 U,� ��((O
 �#���� 5 �((O
  ��# ��((O…   �,n�5 8��((O
 ?(A,
 /���
�� �0 ���� FC5r' �C
�  �����]�[  5]$)[ �� 
�,N    �n(� ��n�  �n�� . ��

 �((O
 �C /��� �b� ��,� ��@�� �Y�9� 1��8���< ��� #� :  Zn(
�
 ��((O
 U,�
�!D�� �((O
 �V�< 5 8��((O
.   /��n� �� ��@�� 1�� ��C �0 �((O
 P�� x�
 �b� �� �((O
 G��,N�� �C�
 6(��  ��ChgModel ;�� /��i6 �
 �,�.  

 ?��@
| )�!Y� �A��< .(P�� �C /��� �!Y� /��� �V�< �<,��� �� �
  ��� F�,'U�,��  �b� �� 8��((O
�
 6(��-: <,������ ��� �A��< � 

��       /��n�� #� Jn' 5 �n����� �,n�5 P�n� 
�,�0 GY�2 �� �0 /�A��<
 �D�L� P�� �� ��u,��� 1(��,]�
 ��,� ���� Xi2 �A��< �<,���  �n� 

   1(��,n] /��n�� #� J' 5 ����� �,�5 P�� 
�,�0 GY�2 �� �0 /�A��<
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 Xi2 P�� #� ��u,����
 ��,�  5�� �A��< ��� #5� ��  J' �0 /�A��<
��0 ��C�,N �((O
  ,��] /���� #� .  �n� �nA��<   ��n� #5� n�
  �n���,
   �n�

 �((O
 _���5�6r
 �C� �� ��,� �(Y,
#�� . 

 ?��@
f )�!Y� R�< .(    -(9!n"� P�n� R��n�
 xn� �!Y� R�< x�j 

 �(Y,
#�� /��� G��P�� �C  
n<��!�� ,:�  ��C �� .    �� Rn(Y� 1(n�C �n�
 ;�� /��!�� * �C  ��,�(' #�MT  ���T!���
 �,� . E]�5 ��a���  8��((O


  ��!n"C �nn!Y� 8�n(��< .�nnC����</    -(nn"9
 
�nnA� �!n�� 5� �nn� �n!Y�
�
 ��,� :F���D� ����<“Add” Xi2 ����< 5“Delete” . #� /���� U,�

�C����</  R�< �!Y��� ����#5�
 “Update”  E]�5 �� �0 G���Y���� �/ 
     �nb� �� c[n�� �nV�< xn� /5� F���D� 5 Xi2 8�(��< #�  �n!D�6

�
 �,� . /���� �!Y� R�< �C'(F ����y  5J' ����y  Gn�� .  
��n��C
 ���� P�� R���
 x��
 �,�  �0'(F ����y     ��n� ���5*�n� �n((O
  *

���� . �� I,^��^ ?(A,
 ��Y�9� 1��O!�(�C�/  Jn'  s�n�   ;�n� /����
 �(O!� �� �����'(F s��   Gn�=< yn9D 5 ��!"C(‘)  �n�  *  �nC   RnV!�

�
 �,� . �!Y� P�� ���
  �,
  #��C,�Y�/  5 F(' �� ��(B('J' ����y 
 55�� �nC��>/       Mn(�K
 
n���� /��n� ,n�Y� ��n�K�� *  �nC   ��n� ��n	�. 

 ��C �0�,u  �!Y� P�� ��  �(���  8�,nA  �nY���� �/    xn� �8=��n�
 #�
��  ,�#* P�� �� ��  ,�#* P��  R���
 ��� #5��
 ��0 . 8��((O
 P��<�

�� 8�,A �!�� �/  �� 5 �!Y� P�� R0 _��� ���� 8�,A 
����D�]$$[  ��
�,� P��<� 8��((O
 ��,0� �C _���.  

  �!Y� 8�(��< /���MTOpi  �0i≥ 1 �� 8�,A  /�,A �(��
  �,
 
G�,�:  
  

DeltaPreCon= ⋀ Pre−condition (MTOpi)
n
i=1    

DeltaPostCon=⋀ Post−condition (MTOpi)
n
i=1 

  

�� 8���<  �n���         ��n�K�� /�n�@� �n� �n!Y� P�n� xn� ��n�K��  �n�C
'(F ����y  5  ,�#* �(Y5� P�� ��  *�a
(1  �n�C  Jn'  ��n��y  ��  *

G��  ,�#* �!D�� �((O
 P��. �!Y� 8�(��< �1(�B�C/ �� 1����    �,n�<
 ?��@
 

�(��<�
 ��,�  �0'(F ����y  *  �nC     ���5*�n� P�n� xn� ��

 G	� 1�� #� ����� ���� * �C ��
 ����,
 ��,� ���� 
�(
�
 �(C �� .  
 R��� �!Y� R�< �C'(F ����y �J' ����y  R��] P��<� #� 
!"(Y 5

 /5� �� ����O!�(�C�/  R�< �� ��� ?��@
�
 ���� .  I�n"2 �� M��K�
 �� F�W�nn'Z  ?nn��@
 �nn� M��nnK� �nn!Y� Rnn�< xnn� �DeltaOperation 

R��] �@
�? G�� .  
  
  

DeltaOperation  ?��@
 �� 
��<�
 ��0   y���n� �0 
!Y�2 �� �0
 �(Y5�pre-conditionElem  ���5*�� ���
 ��0   �n0 
!Y�2 �� 5 ��� #��*

 y���nn�post-conditionElem  ���nn]�� -!nn"(� ��nn�
 �,nn�  �nn�
�N
�
  in'��� . �nC�(O!�   Gn:
 �n0 
� ̀an
(�    ���n] 8��n((O
 n�
 6( �n��  ��

chgSubjectModelElements  G"(Y��� ���.  

 ?��@
$.f ) R�<��  �5�D�  P���!Y� .( R�<
����D� ��  �!Y�

Y�� R���
 R>� �� G��Add: IndependentTestModel → 

IndependentTestModel’  /����  ,�#* P�� �C /��� �0
�A��<IndependentTestModel < Stt, Eve, Guardcon, EffectT, 

Trans>��  ,�#* P�� �  ��� #5� IndependentTestModel’  ��^ ��
 ������
 ��0  �0;��0�C  8��((O
 #� R�] �A��< �<,��� #�

#��<,���� �/  �A��< �<,��� #�8��((O
 #� �@� G�� . 
 �� ���� �V�< M(�K
 �� X��6 /,�Y� x� R�< 1��J'  ��n��y  ��

 ?(A,
�
 ��0 .��   ��5* -C��D �,b��x� ���  �� 
�0 R2_�'  ,n�5/ 
�� P�� �� 8�<=u�  E��
 ���� #5�TagRelation   Zn"^�� x�“New” 

�� ���� �A��<  G�"��
 �C�.  
»_AddStt______________________ 
Æ∆IndependentTestModel 
Æs?: State 
Æv?: Value 
Æattribute?: attrID 
«_______________ 
Æs? ‰ Stt; Stt' = Stt U {s?} 
Ævalue' = value U {(s? å {(attribute? å v?)})} 
ÆTagFunc' = TagFunc U {(s? å New)} 
ÆEve' = Eve; Guardcon' = Guardcon 
ÆEffectT' = EffectT; Trans' = Trans 
–_________________________  

 ?��@
3.f ) Xi2 R�<P�� #� �!Y� .(Di2 R�<�� 
   �n!Y�  R��n�

 Gnnn�� 
Y�nnn� R>nnn� �nnn�Del: IndependentTestModel → 

IndependentTestModel’     /����  ,nnn�#* P�nnn� �nnnC /��nnn� �nnn0
 �nA��<IndependentTestModel < Stt, Eve, Guardcon, EffectT, 

Trans> �n�  ,�#* P�� �   ��n� #5�IndependentTestModel’    �n�^ ��
 ������
 ��0  �0;��0�C  S�A��< #�#��<,���� �/  �z��!� �<,��� #�

G�� 8��((O
 #� R�] . ���� �V�< M(�K
 �� X��6 /,�Y� x� R�< 1��
 ��'(F ����y  ?(A,
 ���
 ��0 .��    ��5* -C��nD �,b�� xn� ���   Rn2

 �� 
�0 _�n'  ,n�5/ u�   �n� P�n� �� 8�n<=     Zn"^�� xn� ���n� #5�
“Delete”  �A��< /������ Xi2 E��
 y�,
 TagRelation ���� G�"� 

�
 �,�.  
»_DelStt_______________________ 
Æ∆IndependentTestModel 
Æs?: State 
Ætype?: typeID 
Æattribute?: attrID 
«_______________ 
Æs? e St; Stt' = Stt \ {s?} 
ÆFromSource' = FromSource u {s?} 
ÆToTarget' = ToTarget u {s?} 
Ævalue' = {s?} y value; type' = {s?} y type 
ÆTagFunc' = TagFunc U {(s? å Delete)} 
ÆEve' = Eve; Guardcon' = Guardcon 
ÆEffectT' = EffectT; Trans' = Trans 
–__________________________  
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G��	��� �V�< �C �� ��� #5�  5 Xi2 8�(��< #� 
�(0�
 _��� ��
 ���R��] �@
�? 5 G��  Z"^�� #� ���T!�� ��“Update”  ��,�_�' ,�5 
 ���]�
 6(��.         ��nY�9� 1n�� �� ��n� ?n��@
  ,n�#* P�n���D �n� M��K�

 P�� �(Y,
#�� /��� 

5�T!� �!Y� ������� 8�(��<R��]  ?n��@
  Gn�� .  �n�
 Z(0�
�C��Q�/  ?�![��
  �,
 ,�Y��C  �n((O
 /'(B n(�� �/   5 ?n��@


  ��n0 P�n�<�.  �n�   �n�,��  �,n�<    �n!Y� Rn�< 5�“Add”  5“Del”  /5� ��
  ,�#* P�� 8W�2 �<,���IndependentTestModel  �n��(�� �b� �� .

 /�5�5 GY�2 x�  �5�D� /���s?      ��nQ� �8W�n2 �n<,��� �n�AddStt 
G�� ��� ?��@
 .'(F ����y  ;��Y� ��Q� 1���
 ��0    �n��� GnY�2 �0

s?   8W�nn2 �nn<,��� �� �nn����
�,nn�0   5 �nn��� �!nn��� �,nn�5 P�nn�
J' ����y  ;��Y� R�< 1���
 ��0      �nV�< �Rn�< 1n�� /��n�� #� �@� �0

 ����s?        �n��� ��n� ��5�nD�  ,n�#* P�n� �n� �n��� . �n�  �,nu   ���n��
'(F ����y  5J' ����y     

�n(��< ��nQ� yn�,
DelStt    Xin2 /��n�

2 /��D #� /�V�<  ,�#* P�� GY�IndependentTestModel   ?n��@

 ;��Y� �0 G�� ����
 ��0     /�n�D �� �n��� �nV�< �R�< ���N� #� R�]

        1(n�^ Gn�� ;#W �Rn�< ���nN� #� Jn' 5 �n��� �!n��� �,�5 GY�2
  �n��� ��n� Xi2  ,�#* P�� #� /�V�<.    R��n�
 Rn�< �n�  ��n��#5�
 

�
 ���,
 9!"�(���  ����� 
���Q� y�,
UpdateStt    #� �n� 5 �,n� ?��@

�,� RA�2  �5�D� 5 Xi2 R�< 5� Z(0�
.    �C��nQ� xn(>T
 5 Z(0�


 -C��D ��  �>�� 1���
 ��0  �0 �nC��!D�/      �n� �� -!n"(� xn� ��n(B('
 _����C��!D�/  ���' * �C ��0 ?��@
 .   5 �n(Y,
#�� P,nA� _��� 1�� ��

 �!Y� ���' 8�(��< �<,��� M�u �� �� P�� x� /��>!���� 8�,A   �n�#
�
  �,
 ��0 ?��@
:  

ChangeState Í AddStt v DelStt v UpdateStt 
ChangeTransition Í  AddTransition  v DelTransition  v 
UpdateTransition  v AddLabel  v UpdateLabel  v DelLabel 

��@�� 
�,	T�      ?n��@
 Gn�� ;#W 8��n((O
 P�n� �C /��� 

5�T!�
�,� .P�� �@�,
 -(C�T� �� ��,
 �� ��@�� 1��4  �n��� 8��n�<  �n��   ,n:� #�

+�� ,:� ��!Y� 
<��!��
 �!Y� P���  #� G���� 5 
���@� �b� #� �!Y� P��

@]�5 \K� �� 
<��!�� \K� .    
�,n	T� �n���� ����n(� �!Y� 
<��!�� ,:�

 �!Y� P���
 ����        5 P�n� �nA��< 1(n� �,n(] �P�n� 
�nA� �A��< �0
�5�:��G �C  ��� �� y��5� ��
 �C�  5�W,�@�  �� P�n���D  #�n�/   ���n�C
G�� .    �� 
n@]�5 /�n(�� 8��n((O
 P�� �!Y� P�� 
@]�5 ,:� �n�  8�,nA 

  ��� 5� 1�� #� 
�(0�
 �� 
>(D��6 �
�!��
 �C�. ,:� +��
 �!Y� J' 
#� @
((1 :�(y '(��� #��/ 5 �� \K� �!"��5  �n�  ,>n�/  ~�nN  5  �n�

 
<��!�� �A��< �� 
@]�5 ����9� I�"!�����!Y� P� �2 RA�
 �,� . P��
 #� ���T!�� �� 
���@� �b� #� �!Y�A,
(? �C/   �n� 
n�!�� /�,A   
nL���

 �(� /���  
��@�x�  �0�� M(]�  ��0 �� �!Y� P���
 �5� .  
�@
�? j  ),:� <��!�� 
�!Y�.(    R��n� �n!Y� P�� �C /,:� ��:Y #�
 �n<,��� �/  #� �n�  �n

�  �nC    R>n� �n�(DeltaSIG x dependency x 

DeltaSIG)  ��!Y� P�� �V�< �C �0 G��DeltaSIG ��� 8�,A  
��
��^
 ?��@
 ��#�
 �,�: 

DeltaSIG == TestTemplate x DeltaOp x Value x Value 

 Z(
�
 �� �A��< 1��8���< ��� #�  /�V�<   �n((O
 ��n^� �0 P�� #�
��� ��((O
 #� R�] ���9� �((O
 R�< U,�  5  �n((O
 #� �n@� ���9� .   U�,n��

�((O
 8�(��< 5 �!Y� P�� x� �A��< 1(� 
�!"��5 DeltaOp ��   8�,nA
 ?��@
 ��#�
 �,�: 

DeltaOp ::= AddMT | DelMT | UpdateMT  
dependency ::= Direct | Indirect | Indep | Conflict 

 �!Y� P�� �� �V�< 5� �C 1(��!"��5
 �C/    Gn�� 1n>�� 

5�T!�
 ���� \(L,
 ����� �� �0 ���� �!��� �,�5�
 �,� .  1n�� �!n"��5
  �nC 

 1(�B�C 5 -!"(� �� 8��((O
 \(:A P��<� /���	�( �n�  #�n�/   P�n�
 ���T!�� 8��((O
�
 ���6.     �nK��� xn� P�n� �A��< 1(� y��5� E]�5 ��
G�� 
+�� Z(
�
.  

  راتييتغ مدل يساز نهيبه -3-2

 \K� �� �((O
 �C���� ���/  /���� �,N x� ��>��<~�N   �� 5 Gn��
 \K����� ���/ ���� ���� �
 ���,
  �n��� /���� 85�T!� 
��@� /���� .
�=}�  �((O
Add  \K� �� �n���  �n��/   /���� �,nN ̀an
(�   �� 5 
n����D�

 \K����� ���� )�=}� �!"� 5 _=0 �K��� ( /���� ̀an
(�  �n�  ��n��#5�
 
G�� . 5 Xi2 8��((O
 Z(
�
 1(�C ���� ����#5�
  \K� ������ ���/ 
���� �
  /����`a
(� �� ����#5�
 ��!"C. �!"��5 U�,��
 ��!N��/  n�(1 

O
((8��    ���� �n!Y� P�n� �� �,n�,�/      P5�n� �� ��n� �n0� yn��5�$ 
��!"C .��  ��,��  �,�< 5�O
((� ��5�D�
  U,� #�AddMT  �� G�� 1>��

P,�� �K��� -C& 5� ������ �!���/ �x  �V�< Rn�<     -nC �n� 5 ���n0
 5 �!��� ��,N���� C(� �!"��5
  ����>��� ����� �!����.  Rn0 ��   �nC

O
 R�< 5�((� ���� G�� 1>��/ # y��5��� �����) :$ (   R9!n"� -nC #�
� �� �0 ������1 
�
 �C �� 8�,A(Z   ���!n"C ���� R��])3 (5�/  n�x 

���� �0 ��,� P��<� �V�</  �K���?��@
/ ���T!n���  ��!n"C 5    -nC �n�
�� �0 ����� ��,N���� �����G  5 ��,�)% ( -C �� P,��� 5 R��� �K���

����! � �� �0 ������1 �� ��!�� 8�,A�� �,�,�  �5�D� R�<�G  P��<�
6 ;���� ���,�(�� .�#* 
����0 F���D� /���  ,(��6�  ,�(���#�/ �C/ 

���0 F���(' �� ��� ��(	� �!Y� P�� ����  ,�#* . 

 #� 
!�"] �8�:(L,
 1�� _��� �� �!Y� P�� /��� �� �0 

��((O

 
2��u #�D �� ��!D�8���N I5  R>�$  ;�������� �  P5��3   ���

G�� ��� ���� .�� �,b�� 	�(�� #��/  /5� 8��((O
 ���� 8��((O
 P��
T19  /5� 8��((O
 5 ��� �!D�6 ������T6 Z"2��  �((O
 U,�

��,� G�����.  
  داخلي بين عناصر دلتا يها يوابستگ يساز نهيبه:  1 جدول

DelMT UpdateMT AddMT Op1/Op2 
None Sequential(def/use)  Conflict for 

op2 
AddMT 

DelMT Sequential  Conflict for 
op1 

UpdateMT 

Conflict 
for op2  

Conflict for op2  AddMT DelMT 
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 سكو از مستقل آزموني معناشناس - 4

   ,>n� #� R9!n"�  ,�#* -(C�T� ?(A,
 �� F[� 1�� �� n�
  #���n'�- .
  ,(��6�  ,�#* /��� ��� �+��� S5�  8��n((O
 �n� 
�!���  �@
 �n� n� ?

@�(�C��/ 85�T!� F�,'�  P���� ��  ��5*�n� �( �n��#�/  �nC/   � ,n�#*
����/ ���� 5  ,�#*
 �!��RA�2 { _��� �� �5 �b� ��,� R0��G��. 

 ?��@
& )x(�
� /,�Y�  ��,n�   ,n�#* .(     /��n!D� P�n� �nC /��n�
      /,n�Y� �Zn"^�� /���� GnY�2 1(n��� P�n���D _��� �� ��� ?��@


 ��  ,�#* x(�
�{�' �

�  ?��@
 ��#�
 �,�.   
ÆAtomicTestCasePattern: P (State x Event xGuardCon x 
ÆEffect x Transition) 
«_______________ 
ÆAtc: AtomicTestCasePattern 
Æ   • Em: IndependentTestModel 
Æ        • tc . 1 = m . FromSource tc . 5  
Æ          ¶ tc . 2 = m . labelE tc . 5 
Æ          ¶ tc . 3 = m . labelE tc . 5 
Æ          ¶ tc . 4 = m . labelE tc . 5  

  

  1 شكلفاز تكامل  تغييرات مربوط به مدلقسمتي از  :2جدول 

 (T2: Transition, UpdateMT, empty, NewVal) 
(T6: Transition, UpdateMT, empty, NewVal) 
(T13: Transition, AddMT, empty, NewVal) 
(T14: Transition, AddMT, empty, NewVal) 
(T15: Transition, AddMT, empty, NewVal) 
(T16: Transition, AddMT, empty, NewVal) 
(T6: Transition, UpdateMT(event), OldValue, NewVal) 
(T16: Transition, DelMT, OldVal, empty) 
(T8: Transition, UpdateMT, OldValue, NewVal) 
(S8: State, UpdateMT, empty, NewVal) 
(S9: State, AddMT, empty, NewVal) 

 ?��@
� )
<��!��  ,�#* /,�Y�.(  
<��!��  ,�#* ��,� x��Y���� �/ 
        ,n�#* P�n� xn� �� �� �(n"� xn� �n0 G��  ,�#* x(�
� /,�Y� #�

�
 �#�� .  ���n� 1((@
 F�,' ��(@� _��� �� 
<��!��  ,�#* /,�Y� �C
       
n���� ��,n� P�n� /5� �n��� �n0 Gn��  ,�#* /���#�(� x� ����(�

�!D�6���] �,� ���5*�� 5.  
ATC == seq AtomicTestCasePattern 

   \Kn�  ,n�#* ��,� x� �?��@
 1�� _��� ��' n(���  #�n�/  /����
 x� �� G�"� �!�(� 

�(���ATC G�� .   ����n9� �n���� 

�<=u� ���#

 5 �C�(O!�5�6r
 �C/  �� ��!@� /�5�5 ����� _��� �� ;#WO!�( �nC�/ 
�("� ���,� F���(' ���� I�"!�� G�� ���.  

�@
�? $) ) ?(A,
��@�
� ,����  ,�#*.( #� �b� ������@� n� 
x 
��,nn�  ,nn�#* �nn� _�nn�� �nn<,��� �5�5/ �nnC 5 nn�5�N
 �nnC�F �nn� 
�
5�
�<Inputs, Outputs> A,
(?  n�
  �,n�]$3[ .�5�5/  �nC  R��n� 
'(F ����y 5 ;�6 �C )�Y���� �/ #� ��< n(8�  �n0 ��  n"�(�   ,n�#*  ��n�� 
�
 ����6 (��,� 5 �5�N
 �C R��� ��9���  ��,n�  ��nb!�� 5  Jn'  ��n��y 
nn�
 ��nn���  ��!nn"C  ,nn�#* ���,nn� /��nn�� 8�nn(��� �nn� �!nn"��5 �nn0. 
'(F ����y  1(��
�
 ��0    -!n"(� 
�,n�0 GY�2 ��  ,�#* ���,� �0

 5 ��!"C ���� R��];�6 �C �Y���� �/  ��,� �C �("� �� 
����� 8�(��< #�

  ��� ��  ,�#*�
 ��C� .   /��n�� #� RnA�2 {��!� ���b!�� ��,� 
�5�N
 5 . ,�#* ��,� x�J' ����y     #� Jn'  ,n�#* ��,n� /�C�(O!� ����9�

 �����
 ����.  

  ونيرگرس زمونآ موارد يبند دسته -5

�� �!Y� �� 
�!��  ,(��6�  ,�#* S5�      �1n�� xn(�>
 xn�  �,n�<
 ��CF[� �C/   ���n] ����  ,�#* ��,� ��  ,�#* P�� x� �!D�� �((O


�
 �C� .    xn� �,nb�� 1n�� �� �!n��  �n��/       ,n�#* ���,n� /��n� 
n�0
��  ,(��6�!G�� 8���< �!Y� �� 
�:  �,n�#* ���,�
     �� �n!Y� P�n� �n0
 F���('�
 0���  5 ���,�*,�#�  F��n�(' �� �!Y� P�� �0 
 n��
  �n��0 .

 �,n�#* ���,� R��� P5� �!��
   �n0 Fn[�  �nC/     �� P�n� ��n� Xin2
 F���('�
 ���0 �,�#* ���,� 5
  �0 Fn[�  �nC/  �n�    �� P�n� ��n� #5�
 F���('�
 ������ .  P�n�<� R��]  ,�#* ���,� ;5� �!�� ��  ��n��  �n(�

�
 ,6(�- .       Rn��] -!n"(� �n��� �[n"� /��n�  ,n�#* ���,� �!�� 1��
 ���� /���� 
Y5 ��!"C P��<� * �C �5�L8  ����n� .   /��n� 1(n�B�C

T2t �,�#* ���,� G�� ;#W /��6#��
  F���(' /���F[� �C/  ����
��,� ?��@
 �(� P��.    _�n�� �n�  ,(��6�  ,�#* ���,� ?(A,
 /���

�<,��� 5� F(' ?���@
totalTrace  5AllTest     �n<,��� �n� Zn(
�
 ��
  �nC y�,
 �0 P�� �A��< ��CATC   F��n�(' n�
  ��,n�  5  �n<,���
 ,�#* P�� /��� �(Y5�  ,�#*  ?��@
�
  n�0(- .     ���,n� _�n�� 1n�� �n�

   �n!Y� Rn�< �0 ��!"C /���,� �!Y� ����0 F���('  ,�#* *  �nC   Rn�<
DelMT 5/ ��UpdateMT  �A��< ���!�� 5 ��,� * �C    �nA��< �n�  P�n�
�(� �!Y� G�� 
	
.  

»_ChMeeted____________________ 
ÆΞChgModel 
ÆΞTestSuite 
Ætraverse!: P ATC 
«_______________ 
ÆE ChModel: P TestTemplate    | ChModel    = { e: 
ÆTestTemplate | Es: TotalDeltaSig • s . 1 = e ¶  
Æ s. 2 e {DelMT, UpdateMT} }   • traverse! = { s: ATC | s e 
ÆAllTest! ¶ totalTrace! s I ChModel Î 0 } 
–____________________________ 
»_NonChMeeted____________________ 
ÆΞChgModel 
ÆΞTestSuite 
Ænontraverse!: P ATC 
«_______________ 
ÆE ChModel: P TestTemplate   | ChModel = { e: 
ÆTestTemplate | Es:TotalDeltaSig • s . 1 = e }    
Æ• nontraverse! = { s:ATC | s e AllTest! ¶ totalTrace! s I 
ÆChModel = 0 } 
–_____________________________ 

 ?��@
$$ )���� ���T!�� R��]  ,�#* ���,� .(   Rn��]  ,n�#* ���,�
�,�#* ���,� ����� ���T!��
  �A��< ���!�� �0 ��!"C * �C  �A��< ��

G�� 
	
 �!Y� P��. 
»_ ReusableATC ___________________ 
ÆΞChgModel 
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ÆΞTestSuite 
Æ reusable!: P ATC 
«_______________ 
ÆE ChModel: P TestTemplate    | ChModel = { e: 
ÆTestTemplate | Es: TotalDeltaSig • s .1 = e }   •  reusable! = 
Æ{ s: ATC | s e AllTest! ¶ totalTrace! s I ChModel = 0 } 
–___________________________ 

 ?��@
$3 ) ��n�� /���� R��]  ,�#* ���,�.(     Rn��]  ,n�#* ���,n�
����/     �n!Y� Rn�< �n0 ��!"C �!Y� ����0 F���('  ,�#* ���,� �����
 * �C  R�<UpdateMT G��. 

»_UpdatableATC___________________  
ÆΞChgModel 
ÆΞTestSuite 
Æupdatable!: P ATC 
«_______________ 
Æupdatable! z AllTest !  
ÆE ChModel: P TestTemplate  |ChModel = {e:TestTemplate 

 
Æ | Es: TotalDeltaSig • s . 1 = e ¶ s . 2=UpdateMT } 
Æ   • updatable! = { s: ATC | s e AllTest! ¶ totalTrace! s I 
ÆChModel Î 0 } 
–___________________________  

 ?��@
$% )�,"��  ,�#* ���,�.( �,"��  ,�#* ���,��  ���,�
 �!Y� R�< �0 ��!"C �!Y� ����0 F���('  ,�#* * �C  R�<DelMT 

G��.  
»_RemovableATC__________________ 
ÆΞChgModel 
ÆΞTestSuite 
Æremovable!: P ATC 
«_______________ 
ÆE ChModel: P TestTemplate   | ChModel  
Æ   = { e: TestTemplate | Es: TotalDeltaSig • s . 1 = e ¶ s .2 = 
ÆDelMT }    • removable! = { s: ATC | s e AllTest! ¶ 
ÆtotalTrace! s I ChModel Î 0 } 
–____________________________ 

G��	��� �� �0 /�A��< /��� G�� ;#W����  ��5�D� P�� ����� ��� 
�,� ?��@
 /����  ,�#* ���,�. 

»_NewATC_______________________ 
ÆΞChgModel 
ÆΞTestSuite 
Ænewtest!: P ATC 
«_______________ 
ÆE ChModel: P TestTemplate    | ChModel 
Æ       = { e: TestTemplate | Es:TotalDeltaSig • s . 1 = e ¶s . 2 
Æ= AddMT }    • newtest! = { s: ATC | s ‰ AllTest! ¶ 
ÆtotalTrace! s I ChModel Î 0 } 
–___________________________  

 دلتا بري مبتن پوشش يارهايمع -5-1
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 ���� R��� 
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E��,
 5 �C�(O!� ����9� �� E��� 

�<=u� . /��� ;#W �A��< 5 �C�(O!�
(@� �C �((O
 �V�< ��((O
 R�< U,� R��� �!Y� �� 
�!�� F�,' ��

 ��!Y� �A��< 1(� 
�!"��5 5 �!D������ �C/  I,":� /����
�
 ��,�.   
��  /5� �!Y� F�,' 1(��,] P��<Q� �,b���(���#�/ �C/  G�� ;#W  ,�#*
'(F ����y �,� ���5*��  ,��] �C .'(F ����y  /��� 
�,�Y� R���

 ���K�� 
����-C  ��# G�� 
�!"��5 U,� 5 �((O
 U,� ��V�< . E]�5 ��
 �� F�,' ��(@� �C y���� ���� 8�,A  /,�Y� x�_�' ,�5  ?��@


�
 �0(-  /,�Y� 1(� ���K�� � *  �� ���5*�� /��� G�� ;#W �0
 5 F�,'�(���#�/ �C/ ���� �!��� �,�5  ,�#* . ��,� ��@�(�C��/ 

 R�< � ,�#* ��(@� X�C ��,� �A��< �� �5=< ��!Y� �� 
�!�� F�,'
 ��(' G(�C� �(� 8��((O
 1(� 
�!"��5 5 �((O
�
 ��0 . ��(@� �C 
�@�

 �<,��� ��  ,�#* P�� 5 8��((O
 P�� #� 
@��
 �!Y� �� 
�!�� F�,'
����6 �C/ �((O
 �(6�� �A��< /5�G�� 8�.  G�� 1>�� ����6 �C

�V�< 1���^ ���� �!��� X�C . #� �V�< x� �((O
 �C �� _��� 1�� ��
 �((O
 -C �V�< 1�� �� s,��� �V9� P�� �P���
 ��0 . �� M��K�

@�(�C��/  �� �0 
��,'P�� �C/ ��i6 /��!D�4 ?��@
 GY�2�
 �,� �
@�(�C��/  �(� �!Y� P�� /��� 

5�T!� F�,'�
  �,
  �0 ��0 ?��@

�>
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namespace SM2TF; 
import statemachine.metamodel; 
import TestCaseMM.metamodel; 
@incremental  
machine TriggerAllState 
{  gtrule testTrigger(in SM, inout State) = 
  {   rule main() = call transform();  rule transform() = seq { 
  let TestFramework = undef in  
   forall SM with apply transformSM(SM, TestFramework) 
do   try seq {  call checkTransformation(SM); 
println("*** UML SM "  + name(SM) + " has been transformed into 
Test Req "       + fqn(TestFramework));      } 
println("*** Cound not transform UML SM: " + name(SM)); } 
 gtrule transformSM(out SM, out TestFramework) = { 
  precondition pattern unmappedSM(SM) ={ 
 'StateMachine'(SM);  neg find stateMapping(SM,  
NoTestFramework);  } 
  postcondition find stateMapping(SM, TestFramework) 
  action {  move(SM, statemachine.models); 
   call copyName(SM, TestFramework); 
  call TransFunc(SM, TestFramework); }  } 
rule TransFunc(in SM, in TestFramework) = seq { 
forall X in SM with apply additionalState(SM, State,TestFramework) 
do  println("AddPred to satisfy CC:All State " + fqn(State)); 
forall X in SM with apply additionalTransition(SM,Transition, 
TestFramework) do println("AddPred to satisfy CC:All Transition " + 
fqn(Transition)); 
forall X in SM with apply UpdatedState(SM, State,TestFramework) 
do println("Retest Test Cases that trace the state " + fqn(State)); 
forall X in SM with apply UpdatedTransitions(SM,Transition, 
TestFramework) 
do println("Retest Test Cases that travese the transition " + 
fqn(Transition)); 
forall X in SM with apply RemovalState(SM,State, TestFramework) 
do  println("Delete Test cases that travese the state" + fqn(State)); 

forall X in SM with apply RemovalTransformation(SM,Transition, 
TestFramework) do  println("Delete Test cases that travese the 
transition " + fqn(Transition));               } }  } 

 مدل آزمونتبديل مدل افزايشي مدل رفتاري به : 1ليست 
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 عمليات دلتا روي موارد مطالعه : 3جدول
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P e {i : � | i ⊆ e} 
e1r e2 {i : e2 | first i ∈ e1} 
e1y e2 {i : e2 | first i ∉ e1} 
e1 ß e2 {i1 : P (e1 × e2) | ∀ i2, i3 : i1 | first i2 = first i3 • 

second i2 = second i3} 
e1 → e2 {i : e1 ß e2 | dom i = e1} 
DS Shortcut for S ¶ S' 

XS Shortcut for S ¶ S' ¶ qS = qS'   
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