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NQP��OIKP [�?ÐRÐP�Ak]�W\GJIOR�S`? ]eSQ?BNQP GJIOR
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�KN`P�b0h�]QP�[\?ÐRÐP+AkhkIKE�b0?_IHSdGJhkIO]+WlPBv EpviWXPfR%�
hDS`?_N�GJIOR?�OG_N`]QP+N2CF?_N2S`MKP x ����vïL�R��
RÐhiSQhk?_IOG_ABC<�OIObVS`hi?BIOGJAkhDS�þ§CF?BN&S`MKP;�_P�NQh'���
b+GJSQhk?_I&�KN`?Tb+P�]`]�h�]��KN`?-�ThkRÐPfR�WXP_v EOvkWJCF?BN
ÿ=NQhiSQhkIKE&�KN`?T?JCï?BoKAkhiEHGXSQhk?_Ip]+v
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[%GJc_P�]$�KN`P_WÐP_v EOvkWTSQMpGXS=SQMOP+N`P2GJN`PçIK?%b+þTb+Aih�b�RÐP��pP�IORÐP+Ipb0hkP�]=hkIW�KNQ?T?_C·]B�0v
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oOG_]QP�RÖ?_I GJIÖhkIHSQP�N`GBbVSQh0�_Ps�_P�NQh'�pb�GXSQhk?_I ]eþÐ]eSQP+[ b+?_[�oKhiIOP�R9ÿ=hiSQM¥�¹?Xÿ�P�NeC<�KA=G	�ÐSQ?	�
[%GXSQPfR<RÐPfR��ObVS`hi?BI�SQPfbdMKIKhb>9�KP�]/SQMOGJSçhkIOb0N`P�GB]eP§S`MKP�RÐP�E_N`P+P2?_C*G��ÐS`?_[%GXS`hi?BI8pOhiS�G_Ak]Q?
b0?BIBSdGJhkIO]G|�OGJNQS2CF?_N�G��ÐS`?_[%GXS`hkb�GJAkAiþ E_P�IKP+NdGXS`hiIKE<b+?	�KIHS`P+N2P��ÐG_[&�KAiPf]�CFN`?_[�C·GJhkAiPfR
�KN`?H?_C2GXSeS`P+[&�ÐSd]+v=YZMKP<hkIHSQP�N`GBbVSQh0�_P@GJIOR G	�ÐSQ?B[%GXSQPfR SQPfbdMKIKhb>��OP�]ÕG_IOR S`MK?B]QP<CF?BN
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L/AiSQMK?��KE_M%b0?BIO]Qhk]eSQhkIKE�?JC�RÐh'c¹P�NQP�IHS�b0?_[&�¹?_IKP�IHS`]�WXSQMKP#r§PUt ]QþÐ]�S`P+[:h�]�EB?_hkIKE�SQ?�o¹PZC<�KAiAkþ
hiIHSQP�E_NdGXS`P�Raÿ=hDS`M�G
�KIOhDCF?BNQ[¦�p]eP�N=hiIHSQP�NeC·GBb0PBv

L§�ON`]eS�r§PUt ]eþÐ]eSQP�[¨�KN`?JS`?JS�þ%�¹P�MpG_]=o¹P+P�I�hi[&�KAkP+[\P+IHS`P�R�WphiIHSQP�E_NdGXS`hiIKE�S`MKP
�'LçwKm
SQ?T?_A��D���q���Z�q���ÞGJIORSQMKP/]QþÐ]�S`P+[©L�^.Le�HG&�+*,�_�OG_] � hiIHS`P+Ndb+GXS`h'�BP,��RÐPfR��ObVS`hi?BI%b0?_[&�¹?_IKP�IHS� hiS'MOGB]�Akhk[�hiSQPfRÕb�G��OG_oKhiAkhiSQhkP�]'GJIOR%A�G_bdcÐ]�SQMKP��_P�NQh'�pb+GJSQhk?_I%[%GJIpGJE_P�Nv�0vB> ?_N`c�?_I%S`MKP�C<�OAiA
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ª «¬�®Hé/¯�á�éQá#¯±°a².³#®Bâ�¬q´ µ é�â�¶
j�ë�ê k2÷�ø|· ôq¸ïøTð·ó�í�¹�l§ûXô8n_øTòfò
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IK?aRÐh'cµP+N`P+IOb+P2hk]ç[%G_RÐP�opP+S�ÿ�P�P+I�S`MKP[%GJhkI�GBbVSQh0�ThDS`hiPf]¤y GJIpGJAkþT]Qh�]+WORKP�]QhiEBI�Wphk[&�KAkP+[\P+I��
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YZMKP
r§PUt�]eþÐ]eSQP+[ RK?HPf]�IKP+hiSQMKP�N�]/�����p?BNeS§IK?_N�N`P�>9�KhkNQPSQMKP
�O]`GJE_P�?JC�G(¡�H-G`RUQ£Y J�K'H�G
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SQN`P�GXSd].5çg|�@[�?ÐRÐP�Ak]'GJIpR G_RKRKhDS`hi?BIOGJAf�_P�NQh'�pb+GJSQhk?_I\SdG_]QcT] � ]QP+P§wTP�b0SQhk?_I 4 v 7 �VvTYZMKP��_P+N`h'�
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>@PÞRÐ?<IK?_S�GB]Q]$�K[\PÕGJITþÑRÐP��¹P+IpRÐP+IOb+hiPf]o¹P �
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b0P�]`]G_IORÑS`MKP��BP+N`h+�pb�GXS`hi?BI�?JC#�KN`?T?JC=?_oKAkhkEBGXS`hi?BIO]�vx IÕS`MKP�NQhkE_MHSfW��KNQ?BE_N`P�]`]�hkI�[\?TRKP+AkhiIKE%h�]=RÐP��Khkb0SQPfR
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hDCFþThkIKEº�KNQ?T?_C?_oKAkhkEBGXS`hi?BIO]Þ?_I SQMKP=�BP+NQSQh�b+GJA§G-�Ðh�]+v
YZMKP@?-�BP+NdGJAkA�EB?BGJA�h�]ÕS`?º�KNQ?Ðb+P+P�RýCFNQ?B[ SQMKP?�����
�pP�N'AkP0CÓS/b+?_N`IKP+N � P�[
�KS�þ%[�?ÐRÐP�A�WÐIO?JSQMOhiIKE
�KN`?-�_P�I��
SQ?�SQMOP op?_SeS`?_[ NQhkE_MHS2?_IOP � b0?B[&�KAiP+SQP%[\?ÐRÐP+A�WïG_AiA
�KNQ?T?_CZ?BoKAkhiEHGXSQhk?_Ip]D�_P�NQh'�OPfR��Vv�YZMKP+N`PÕG_NQP%S�ÿ'?<P��9�
SQN`P+[\P§ÿ'GlþÐ]Z?JC�RÐ?_hkIKE�SQMpGXS�1

(a)

(a)

(c)

(b)

progress in modeling 

progress in proving

w�� hiNd]�S�b0?_[&�KAkP0S`P%SQMOP ÿ=MK?_AkP%[\?ÐRÐP+AkhiIOE�GJIOR�b+?ÐRÐhiIOEO�KNQ?Ðb+P�]`]+W�?BIKAkþ<SQMOP+IÖ]eS`G_NeS�S`?
�_P�NQhiCFþ � AkhkIKP � G9�/�Vv

w wHS`G_NeS#�BP+N`hDCFþThkIKE
�KNQ?T?_Cï?_oOAihkEBGJSQhk?_IO]ZG_]=]Q?T?_I�G_]'S`MKP+þÞGJN`PçEBP+IKP�N`GJSQP�R � AkhkIKP � o��$�Vv
L�I2�KNdG_b0SQh�b0P�GJI hkIBS`P+N`[\P�RÐh�GXS`PÞG	���KN`?BG_bdM hk]%bdMO?B]QP+I � AihkIKP � b��/�0v�n/?Xÿ SQMKh�] G����KNQ?HG_bdM
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ÿ=NQhiSeS`P+IÑhiI S`MKhk]2AkG_IKE	�OG_E_P\GJN`P&�KIORÐP�N`]eSQ?T?ÐR hiI SQMOP b0?_IHS`P �TS�?JC=GO5�g|� [\?ÐRÐP+A�W�S`MKP+þ
IKP��BP+NZ]�SdGJIORaoTþ\SQMKP�[\]QP+A0�_Pf]+vÐYZMKP x ��� GJAkAi?Xÿ/]�SQ?\GXSQS`G_bdMd�KN`P�b0?BIORÐhiSQhk?_IO]�W%�p?H]�Sdb0?BIORÐh'�
SQhk?_IO]�WKhkI9�XG_NQh�GJIHS`]�WÐGJIORaE	�pGJNdRK]�SQ? ]$�pPfb0h'�pb§P+AkP+[\P+IHSd]Z?JC�G
5çg|�Ñ[\?ÐRÐP+A�v
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b0?_[\[\?_Ia?_IKPf]�]$�ObdMÞG_]'Aih�]eS`]�WT]eS`GBbdcÐ]+WBSQN`P+Pf]B��hiIÕSQMKPP5çg|�ÑGJIOR SQMKP x ���@b�GJIaopP§RÐ?_IOP
hiI<G\C<�OAiAkþ�G��ÐS`?_[%GXS`P�RÞÿ'GlþBWKÿ=MKhkAiPSQMKP@�O]eP�Nç]Qhi[&�KAkþ�]/�����KAihkP�]�IOGJ[\Pf]/?JC*b+?_IO]eSQNB�ObVS`?_Nd]
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]QbdMKP�[%GXSQh�b�ÿ'GlþBWKb0?BIO]eh�RÐP�N`G_oKAiP�OG_NeSd];�O]/�pGJAkAiþÕb�GJI�v

L�I\GBRKRÐhiSQhk?_I�WBÿ�P=MpG_�_P=RÐP��BP+Ak?	�¹P�R\G§[\P0S`MK?ÐR%]/�����p?BNeS`hiIKE§S`MKP/P��HS`P+IO]Qhk?_I\?JC�GP5�g)�
[�?ÐRÐP�A/oTþ x ��� b+?_IO]eSQNdGJhkIHS`]�SQMpGXSÕh�]%oOGB]ePfR ?BI P+IKN`hkbdMOP�R RÐP�]QhiEBIº�OGXSQSQP+N`IO]�v�L�I SQMOP
r§Put ]QþT]eSQP�[ ÿ'P3�KN`?-�ThkRKP�b0?B[\[�?BI)�OGJSeS`P+N`IO]çSQMOGJS�b+?_[\P\b0?_[&�KAkP0S`P\ÿ=hDS`M��KN`P�RKP �OIKPfRx ���<b0?BIO]�S`N`G_hiIHS�]`bdMKP�[\GJS`GOvBYZMKP�þ\G_NQP#»OP �ÐhkoKAiP�GJIORÕGJAkAi?Xÿ SQMKP�O]QP+N�SQ?EBP+IKP�N`GJSQP/ÿ'P+AkA'�
G_RKG	�ÐSQPfRab+?_IO]eSQNdGJhkIHS`]�CF?_N'SQMOP2RÐh+cµP+N`P+IHS=hkIO]�SdGJIOb+P�]Z?_C�G3�OGXSQSQP+N`I�G_]ZP�GB]ehkAkþ G_]Z?_IOP��O]QP�]
�OGXSQSQP+N`IO]ZGJAk?_IOP_vTYZMKPC�O]eP�NZIKP+PfRK]'IK?JSZÿ=NQhiSQPçCF?_N`[%GJA�]$�pPfb0h'�pb+GJSQhk?_IO]�CFNQ?B[ ]Qb+N`GJS`bdM�WHo��ÐS
?_IKAkþÕS`?aGBRKG��ÐS�GJIOR�b+?_[&�KAkP0SQPSQMKP�[�v¹L RÐP0SdGJhkAiPfR�RÐP�]`b0N`h'�KSQhk?_I�?JC�S`MKh�]/S`P�bdMKIKhb>9�KPG_IOR
?JC�P ���pP�NQhkP+Ipb0P�]'ÿ=hiSQM�hiS`]=G	���KAkhkb�GXSQhk?_IÞhkIs�ON`GBbVSQh�b0P§h�]ZE_h0�_P�IahkI=� g	��v

L�]'GJI P��KGJ[&�KAkP_WTb0?_Ip]eh�RÐP+N�SQMKP
YB]�[#¡�]_^`QAR¤SÄ�pGXSeS`P+N`I�W2RÐP��Khkb0SQPfR ?BI
SQMKP�NQhkE_MHS&�+*�*JWZ��v!*�� 7 cf��vµYZMKh�]�h�]§G
�KoKhb>��OhDS`?	�O]6�pGXSeS`P+N`I�hiI�[%GJITþÕb+?_I��
SQP �TSd]�]/�ObdM G_]�O]QP+N�hkIHSQP+NQC·G_b+P�]�WµNQP��
b �KNd]eh0�_P@RKGXSdG9]�S`N$�pbVS$�ONQPf]+WZGJIOR�W�hkI
�OGJNQSQh�b �KA�GJNfW�hiI SQMOPÞ[\?ÐRÐP�AZCF?_N�SQMKP
G_RKRÐN`P�]`]\o¹?H?BcÖ?_C§G_I P�[%GJhkA�b0AkhiP�IHS
SQMOGJS�h�]W�OG_NeS�?JC�?_IKP ?JC�?	�KN<b�G_]QP
]�SB�ORÐhkP�]�v

Component
+Operation()
+Add(c:Component)
+Remove(c:Component)
+GetChild(i:int)

Leaf
+Operation()

Composite
+Operation()
+Add(c:Component)
+Remove(c:Component)
+GetChild(i:int)

 children
 0..*

Client

YZMKPb0?BIOb0N`P0S`P
Add

GJIOR
Remove

?��pP�N`GJSQhk?_IO]�hiI�Å�Æ�Ç#È�Æ,É/Ê ËTÌ§GJN`P�hkIBSB�KhiSQh0�_P+Akþ�b0AkP�G_N
o��ÐS�AiPfG_�_P�]Q?_[\P.>9�KPf]�S`hi?BIO]��KIOGJIp]eÿ'P+N`P�R�v��'GJIÿ�P'G_RKR2SQMKPZ]QG_[\P�P+AkP+[\P�IBS�S�ÿ=h�b0P,ÍZwT?B[\P
hi[&�KAkP+[\P+IHSdGXSQhk?_Ip]§?JC�S`MKP|Yv]-[�¡�]-^vQAR¤SF�pGXSeS`P+N`I G_AiAk?Xÿ S`MKhk]F�'*�g���v�L�C'hDS2h�]§IK?JS�hkIHSQP+IpRÐP�R�W
SQMKP�IÞ?BIKP§MOG_]'S`?%hi[&�¹?B]QP�G%b0?_Ip]�S`N`G_hiIHS�WÐ]$�ObdM�G_]�1

context Composite::Add(c:Component)
post: self.children Î select(p |p = c) Î size = 1

YZMKhk]�h�]çGd�¹?B]eS`b0?BIORÐhiSQhk?_I<?BI<S`MKP�b�GJAkAï?_C*SQMOP�?��pP�N`GJSQhk?_I
Add

hkI x ��� ]eþTIHS`G���v¹L/CÓSQP+N
b0?_[&�KAkP0S`hi?BIÑ?JCZSQMKP%?��pP�N`GJSQhk?_I�b+G_AiA�W�S`MKPÕ]eS`GXS`P�R��¹?B]eS`b0?BIORÐhiSQhk?_IÑh�]2E	�pGJNdGJIHSQP�P�R�S`?<o¹P
SQNB�KP_vT>ýhiSQMK?��ÐS=E_?_hkIKE�hiIHSQ?\RÐP+S`GJhkA�]�?_C�SQMOP x ����WHÿ'P�E_h0�_Pç]Q?_[\PçMKhiIHSd]Z?_I MK?Xÿ SQ?�NQPfG_R
SQMKh�]&P����KNQPf]Q]Qhk?_I�v+YZMOP�GJN`N`?XÿÏM Î N=hkIORÐh�b+GJSQP�]�SQMOGJS&S`MKP�P��%�ONQPf]Q]Qhi?BI�SQ?/hiS`]ïAiP+CÓSïN`P��KN`P�]QP+IHSd]
G�b0?_AkAkP�bVS`hi?BI�?_C¹?Bo���P�b0S`] � G�]eP+S�W_G�oOG_EOWJ?BN*G�]QP�>9�KP�IOb0P_�VW_G_IOR�SQMKP=?��pP�N`GJSQhk?_I�SQ?�hiS`]�N`hkE_MHS
hk]&SQ?�opPZG����KAihkP�R�SQ?/S`MKh�]�b+?_AkAiPfbVS`hi?BI�vfYZMOP'RÐ?_S�M�Ã N�hk]��O]QP�R§S`?çIOG_�ThkEBGJSQP*ÿ=hiSQMKhkI�RKhkG_E_NdGJ[%]
GJIOR � MKP�NQP_��þThkP+A�RK]ïSQMK?H]eP�?_o���PfbVS`]�GB]Q]Q?Ðb0h�GXSQPfR§SQ?çSQMOP�hiSQP�[ ?_I2hiS`]�AkP0CÓS��ThkG�SQMOP�N`?_AkP�IOG_[\P
?_IÕhiS`]'N`hiEBMHS�v9L�C�Ð h�]�SQMKP�[@�KAiSQh�]QP0S=?JCïG_AiA�bdMKhkA�RÐNQP�I ?JC&SQMKP§?_o���P�bVS

self
SQ?�ÿ=MKh�bdM

Addhk]*G	���KAkhiPfR�WlSQMOP+I�SQMKP
select

?	�¹P+NdGXS`?_N�þThiP�AkRK]�S`MKP/]QP0S:ÑÏÒÔÓ$ÕWÖWÐa×vÕdÒ
c Ø GJIOR�SQMOP]/�Kop]eP,>��OP+IHS2hiIHS`P+E_P�N/�T�XGJA0�KP�R@?	�¹P+NdGXS`hi?BI

size
E_h0�_Pf]�SQMKPÕI9�O[o¹P+N2?_CZP�AiP�[\P+IHS`]�hkI�Ñ2v

YZM9�p]+WµS`MKPF�p?H]�Sdb0?BIORÐhiSQhk?_I P ���KN`P�]`]ePf]�S`MOGXSGJCÓSQP�N2G_RKRÐhkIKE
c
GB]�G�bdMKhiA�R�SQ?

self
WµSQMOP

?_o���PfbVS
c
?Ðb�b �KNd]ZP �KG_b0SQAkþ ?_Ipb0P�GJ[\?_IOES`MKP2bdMKhkAkRÐN`P+IÞ?JC

self
v
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b0?_Ip]�S`N`G_hiIHS S`MOGXS S`MKPÑbdMKhiA�R N`P+A�GXSQhk?_Ip]eMKh0�ýo¹P0S�ÿ'P+P+I ?_o���PfbVS`]Õ?JC2b0A�G_]`]�Ù�]�[#¡�]-XZS X�R hk]
G_b0þÐb+Aih�bJv
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YZMKP�r§PUt ]eþÐ]eSQP�[ ]$�����¹?_NQS`]Þ[\?ÐR��KA�GJN`hiqfGXS`hi?BI ?JC2S`MKP [�?ÐRÐP�A§hiI G��OG_NeS`hkb��KA�GJNÞÿ'GlþBv
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hk]�Aihk[\hDS`P�R�WHS`MKP�b0?B[&�KAiP��ÐhDS�þ�?JC8�BP+N`hDCFþThkIKE2G2]QþT]eSQP�[ EBNQ?Xÿ/]�AkhkIKP�G_NQAkþ�hkI%S`MKP/I%�K[o¹P+N
?JC�hiS`]�[\?ÐR��KAkP�]§GJIpR�SQM%�O]�hkI<SQMOP�]Qhiq�P�?_C*SQMOP�]QþÐ]�S`P+[�v¹YZMOhk]�h�]çhkIORÐh�]$�pP�IO]QG_oKAkPCF?BN
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GXSQPfR�ÿ=hiSQMG=[\?ÐR��KAkP�h�]�S`?�]QMK?Xÿ SQMOGJS&SQMOP�]QP�N`P �OIKP�[\P+IHS`]ïGJN`P*b0?_N`N`P�bVS � ]eP�P'wTPfbVS`hi?BI 7 v0*,�Vv
YZMKPçN`P �pIKP+[\P+IHSZNQP�AkGJSQhk?_IO]�[@�O]eSZopP�KN`?-�Hh�RÐPfR%oTþ�S`MKPC�O]QP+N,p_S�þ%�Kh�b+G_AiAkþ_WBSQMKP�þ%hiIpb0A0�ORÐP§G
]ehkE_IOGJS$�KN`P�[\G	���KhkIKEOv

Y&?aC·G_b+hiAkhDSdGXS`P�hkIÐCF?BNQ[%GXS`hi?BI<MKh�RÐhkIKEOW�Ga[\?TR��KAiP\h�]�RÐh0�Hh�RÐPfR�hkIHSQ?�Gd���KoKAkhkb
�OG_NeSfW¹hiS`]
YB]�X�RUG$H	Y�R�W�GJIORýG?�ONQh0�XGXSQP � MKh�RKRÐP+If�F�OG_NeS,p�SQMKP)�O]eP�NÕb+G_I RÐP�b+AkG_NQPW�OG_NeSd]%?JC�SvH	Yvß NQP��
�OIKP+[\P�IBS§AkP��_P�AïGB]����OoKAih�b2?BN��KN`h0�lGJSQPBv x IKAkþÞSQMKP3���KoKAkh�bhkIÐCF?_N`[%GXS`hi?BI<?JC�G%[\?ÐR��KAkP&Ñ
hk]�Thk]QhkoKAiP�hiI GJIK?_SQMKP�Nç[\?ÐR��KAkP&àá�KN`?-�ThkRKP�R�S`MOGXS§[\?TR��KAiP&à)hi[&�KAkhkb+hDS`Aiþ�?_N�P ���KAkhkb+hDS`Aiþ
QA[#¡�]-G`Ru^[\?ÐR��KAkP3Ñ2vµg�?BNQP�?-�_P+NfWKG b+?_[&�p?BIKP+IHS�?JC�[\?TR��KAiP
à o¹P+Ak?_IKEBhiIOE%SQ?Þ]e?B[�PNQP��
�OIKP+[\P�IBS/AkP��BP+A�b�GJI�?_IKAkþO^�SvS§S`MKPP�Thk]QhioOAiP§hkIÐCF?_N`[%GXSQhk?_IaCFN`?_[ [\?ÐR��KAkPDÑ SQMpGXS/o¹P+Ak?_IKEH]
SQ?�SQMOPÕ]QG_[\P%AiP��_P+A�v�YZM%�O]�W�SQMKP��KNQh0�XGXS`PF�OGJNQS2?JC=G�[\?TR��KAiP b�GJIÑo¹PÕbdMOGJIOE_P�R G_]2Ai?BIKE
G_]/hiS`]�b0?BIHSQNdG_bVS/h�]çIK?JS§G-cµP�bVS`P�R�v � ?BN/S`MKP�RÐPf]Qb+NQh0�ÐS`hi?BI�?JC�G%N`P �OIOP+[\P+IHS�N`P+A�GXS`hi?BI � AkhicBP
G�]QhiEBIOGXSB�KN`Pç[%G����KhiIOE9��GJAkA¹P�AiP�[\P+IHS`]Z?_CïG[\?ÐR��KAkP§opP�Ai?BIKE_hkIKE�SQ?�SQMKP§hkIKhiSQh�GJA�[\?ÐRÐP+A�?BN
SQMKP�N`P �OIOP�Ra[�?ÐRÐP�A&GJN`PC�Thk]QhioOAiPBWÐÿ=MKP0S`MKP+N�RKP�b0A�GJN`P�R����KoKAkh�b�?_NZIK?_S�v

L�]=S`MKP[\?ÐRÐP�AihkIKE��ONQ?Ðb0Pf]Q]#�KNQ?Ðb+P+P�RO]=SQMONQ?��KE_M�hiSQP�N`GJSQhk?_IO]�WKS`MKP�]QþÐ]�S`P+[#[�?ÐRÐP�Aïo¹P �
b0?_[\Pf]§P��_P�N§[�?BNQP
�KN`P�b+hk]QP_v�YZMKP
�OIpGJA*]eSQP�� h�]2Ga]$�¹P�b0h�GJA*b�G_]QP_WµS`MK?	�KEBM81µSQMOP�hkI%�_?BA'�BP�R
[�?ÐRÐP�Ak]ey SQMKP\hk[
�OAiP�[�P�IHS`GXS`hi?BI@[\?ÐRÐP�A�G_IOR@hDSd]§NQPfGJAkhiqfGXSQhk?_I�hiI={�}9~�}fy RÐ?ÕIK?_S�IKP�b+P�]/�
]QG_NQhkAiþ�RÐh'cµP+N�hkI3�KN`P�b+hk]Qhk?_I�Wlo��ÐS!�O]QPZRÐh+cµP+N`P+IHS!�OG_N`GBRÐhiEB[%] � ]/�¹P�b+h+�pb�GXS`hi?BI@�Ð]+vXhk[&�KAkP+[\P+I��
S`GXS`hi?BI��ZGJIpRaRÐh'cµP+N`P+IHS/AkG_IKE	�pGJE_Pf] � 5�g)�Ñÿ=hDS`M x �����Ð]�v�{�}9~�}q�Vv t
¾ ��za�d�fzJ|l~dzX��{}�fzH����|l~`��{�ÚH�V�+��{}�fzÞ���B����~`���Z���T�+���_��zB�����H��~��+zÞ{���~`�e�0��{D|f~����J�B~d�}{}zH�\�_���X�d~d���
â ¥,ã_� ¥f¢ ä·�_��zH�������H~d��~�ÚTzT�+�T��×��ç���J�_~d�}��~`�_{D���ZØÓ��~d~=���}�������H~��k�f�}�}�V×*{DzB�����HÂB��~d�`��{}�fzTÙQÛB��z2���H�e�



^�P�Ai?Xÿ:hk]�G�]`bdMKP+[%GXS`hkb�P �KG_[
�OAiP�CF?_N§S`MKP%AkP��_P�Ak]�?_C�N`P �OIKP�[\P+IHS2GJIOR�SQMKP%[\?ÐR��KAkP�]
?JC�G�]eþÐ]eSQP+[ [�?ÐRÐP�A � S`MKP|�Th�]ehkoKhkAihiS�þ GB]/�¹P�b0S ?JC§[�?ÐR��OAiPf]%hk]\IO?JS N`P��KN`P�]QP+IHSQPfRÖMOP+N`P,�Vv
wHSQN`?_IKEBP+NçNQP��OIKP+[\P�IBS§[%GlþaN`P�>9�KhkN`P�G_RORÐhDS`hi?BIOGJA�]eSQNB�ObVSB�KNQP3�ThkG � ]$�Ko��e��[\?ÐR��KAkP�]�W¹MOP+IOb+P
SQMKP�I%�K[�opP�N=?JC�[�?ÐR��OAiPf]=[%Glþ%hiIOb+NQPfG_]QP§ÿ=hDS`MaS`MKP2RÐP�E_N`P+P�?JC�NQP��OIKP+[\P�IBSfv

Java
code

precise
model

imprecise
model

Refinement relation

Import relationModule
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em

en
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Part of module within one refinement

L/AiSQMK?��KE_M�SQMKP\hk[
�¹?_NQS�GJIOR�NQP��OIKP+[\P�IBS§N`P+A�GXSQhk?_Ip]çG_NQP\]ehk[\hiA�GJN�hkI ]Q?_[\PN`P�]$�¹P�bVSd]+W
SQMKP�NQP�hk]ZGC<�KIORKG_[\P+IHS`G_AµRKh+cµP+N`P+IOb+P	1ToTþ%ÿ'Glþ\?_C&P �KGJ[&�KAkP_WÐb+?_IO]QhkRKP+NZG�]QþÐ]�S`P+[ b0?B[&�p?	�
IKP+IHS�o¹P+hkIKE � hi[&�KN`P�b+hk]QP+Akþ��'[�?ÐRÐP�AiPfR�G_]/G%b+AkGB]Q]Dåqæ`Ë¤æ�ç	ËUÆ�è'æ é_Ì/hkI<GJI�P�G_NQAkþÕhiSQP�N`GJSQhk?_I�v�L�S
[\Glþ\A�GXS`P+N�o¹P
G$S£¢:XfSvI�S`?�Gb+AkGB]Q]�åqæ`Ë¤æ�ç9Ì$Ë`WBÿ=MKh�bdM NQP��KA�G_b0Pf]#åqæ ËTæ�ç�ËTÆ-è'æ�é,Ìfv x I%SQMOPç?_SQMKP�N
MOGJIOR�WïS`MKPÕ[\?ÐR��KAkP�b0?_IHSdGJhkIKhiIOE2åqæ ËTæ�ç�Ì$Ë§b0?	�OAkRQA[�¡�]-G`R�G�[\?TR��KAiP�åqæ ËTæ	ê_Ê ÉUË�GJIpR=�O]QP
Aih�]�Sd]�SQ?�hk[
�OAiP�[�P�IHS�]QP0Sd]+W�hkI ÿ=MKhkbdMÑb+GB]eP�Akhk]eS`]§GJN`P�IK?JS2GÞNQP��OIKP�[�P�IHS�?_C']QP0S`]�G_IOR�RK?
IK?JS/N`P��KA�G_b+P�S`MKP+[�v
ë�S�K'H-RUQ£]-X?]eì í)],I-J�K'S ^PRT]d]-R<ß�S�G�î.¡�¡fG$],H	Yvß�S ^ÞYZMKP�h�RÐPfG_]'?JC�NQP��OIKP�[�P�IHS=G_IORa[�?ÐR%�
�KAkG_NQhkq�GJSQhk?_I hiI S`MKP(r§PUt�[\?ÐR��KAkP b0?BIOb0P��ÐSb+G_I@o¹P b0?B[&�OGJN`P�R@ÿ=hDS`M � GJIpR G_NQP&�OG_NeS`Aiþ
hiI�»��KP+IOb+P�RÞoTþ���SQMKPDrCL¤ï G����KNQ?HG_bdM�� 4 ���ïGJIpR S`MKP2^ g�P+SQMK?ÐR?�'*`��v

L�IdrCL¤ïWÐPfG_bdMa[�?ÐR��OAiP � hkIÕS`MKP�GJo¹?-�_P§]eP�IO]QP,��b0?_N`N`P�]$�p?BIORK]�SQ?�P �KG_b0SQAkþ\S�ÿ�?�NQP��OIKP��
[�P�IHS�AiP��_P�Ak]�WXSQMpGXS�h�]�S`?2]QGlþBW_G�]ehkIKEBAiP/N`P �pIKP+[\P+IHS�]eSQP���vBYZMKP#�ON`]eS*AkP��_P�AOh�]*GJI G_AiEBP+oKNdGJh�b
RKGXSdGZS�þ%�pPBW�S`MKP�]QP�b+?_IOR�G_I2hk[
�¹P+NdGXS`h'�BP��KN`?_EBN`G_[ÞW+ÿ=MK?B]QP��KN`?Ðb0P�R��KNQPf]�hkIHSQP+IHS`hi?BIOGJAkAiþ�hk[3�
�KAiP�[\P+IHSïS`MKP'?	�¹P+NdGXSQhk?_Ip]&?_CKSQMKPZRKGJS`G=S�þ%�¹P_vXYZMKP'hi[&�¹?_NQS�N`P+A�GXS`hi?BIGJAkAk?Xÿ/]�S`MKP'G_AiEBP+oKNdGJh�b
RKGXSdG�S�þ9�¹P2?��pP�N`GJSQhk?_IO] � IK?JS/S`MKPD�KN`?_EBN`G_[ð�KN`?Tb+P�R��ONQPf]�ñò�'?JC�SQMOP2hi[&�¹?_NQSQPfRa[\?ÐR��KAkP�S`?
G����¹P�G_N§SQP �TSB�OGJAkAiþ@hiI S`MKPF�KN`?_E_NdGJ[ ?_C�S`MKP%hi[&�¹?_NQSQhkIKE�[\?ÐR��KAkP_v8L�I�b0?BIHSQNdG_]eSçS`?�SQMKh�]+W
SQMKPC{�}9~�}Þb+?ÐRÐP/?JC�GDr§PUt [\?ÐR��KAkPçRKhiN`P�b0SQAkþ�b�GJAkAk]�[\P+SQMK?ÐRK]�?JCµSQMOP�hk[
�¹?_NQSQPfR\[\?TR��KAiP�z ]
{�}9~�} b+?ÐRÐP_v¹YZM9�p]+WOSQMKP2?Bo���P�b0S��KN`?_EBN`G_[\]'?_C�?��KN/[\P0S`MK?ÐR<GJN`PP���KN`P@{�}9~�}��KN`?_E_NdGJ[%]�v
g�?_N`P+?-�BP+NfW9r§PUt [\?TR��KAiPf]=hkIÞEBP+IKP�N`G_AµMOG_�_P�[\?_N`PçS`MOGJIÞS�ÿ'?�N`P �pIKP+[\P+IHS/AkP��BP+A�]+v

YZMKP�^ g�P0S`MK?ÐR\?�cµP+Nd] � G_[\?_IKE�?_SQMKP�N*SQMOhiIKEH]B��[@�KAiSQh'��AkP��BP+ApNQP��OIKP+[\P�IBS�?JC�GJoO]eSQNdG_b0S
[\GBbdMKhkIKP�]�v�YZMKP+N`P�hk]\GJI P+A�GJo¹?_NdGXS`P S`MKP+?BNQþ9o¹P+MOhiIORÖSQMOPs�ONQPfb0h�]eP�]QP+[%GJIHSQh�b+]�?_CçG NQP��
�OIKP+[\P�IBS�GJIOR�SQMKPÕNQPf]/�KAiSQhkIKEW�KN`?T?JCZ?_oKAkhiEHGXS`hi?BIO]+v�YZMKh�]2h�]C�¹?B]`]ehkoKAkP_W�o¹P�b�G��O]QP%op?_SQM�WïG
[\GBbdMKhkIKP�G_IOR@hDSd]çN`P �pIKP+[\P+IHSfW�GJN`PsYv]-[�¡fK'S�R¤S K óDì ]�G`[&H�K}W�P��_P+I@hDC�SQMKP\N`P �OIOP+[\P+IHS§MOG����
�pP�IO]�SQ?§o¹PCK'S`^v^�H	ô ^`RuGBH	Y�R�v_YZMpGXS*RÐh'c¹P�N`]�CFN`?_[ S`MKP/]QhDSB�OGXS`hi?BI�hkI
r§PUt�WXÿ=MKP+N`P=GJAkAÐo��ÐS�SQMOP
AkGB]�S�N`P �OIKP�[\P+IHS�AiP��_P+A�]�GJN`P�5çg|����oOGB]ePfR�WJGJIOR�G�NQP��OIKPfRD�OG_NeS�h�]�S�þ9�Ohkb�GJAkAiþ([F]-GBS8ì ]-G`[FH-K
SQMOG_I�hDSd]�?BNQhkE_hkI�v�r§PUt GBR��_?Ðb+GJSQPf]'SQMKP�hiIHSQP�E_NdGXS`P�Rs�O]`GJE_P�?_C*IK?JSdGXS`hi?BIOGJA8�pGJNdG_RÐhkE_[%]/GB]
?	���¹?B]QP�RÕSQ?pWÐCF?_N/P��KGJ[&�KAkP_W��KN`P��¹P+IpRÐhiIOE xPx g�S`? GJoO]eSQNdG_b0SZ[%GBbdMKhiIOP§]$�¹P�b0h'�pb�GXSQhk?_I�hkI
SQMKP2^ g�P0S`MK?ÐR�� 4 * ��v
���_����~d���d�Ð���J�B�B�}~d���`�fzH��{}���=�+�������Ð~d�`{}ÚH�V�+��{}��z���zH�%��z {}���H�}~d��~dzX�e�0��{D��z\���T�0�Z{}�Z����~`ÚTzB~`¡
��~dzX���������B~Z���Ð~d�d{�ÚH�V�+��{}�fzOÛ



j�ë0õ k2÷�ø Ü íµöføHûlí�îKð/ü�ö�îÐöfø<ôpõÂ&ö�m�ø%n_ö�ò
YZMKP�CF?_N`[%GJAH]/�¹P�b+h+�pb�GXS`hi?BI�?_CÐ?_o���PfbVS`]ïGJIOR�S`MKP+hkN&o¹P+MpG_�Hhk?_N&NQP,>��OhiN`P�]�]$�pPfb0h�GJA_SQP�bdMOIKh0>9�KPf]+vx IKP=hi[&�¹?_NQS`G_IBS�GB]/�¹P�b0S*hk]�SQMOGJS*SQMKP=o¹P+MpG_�Hhk?_N�?_C¹?Bo���P�b0S`]*RKP��¹P+IORK]�?_I�SQMOP+hkN�]�SdGXS`PZSQMOGJS
hk]�]�S`?_N`P�R�hiI\S`MKP+hkN�GJSeS`NQhko��ÐS`P�]�W_MK?Xÿ'P��BP+NfWlSQMKP/[\P+SQMK?ÐRK]�?JC�G@{�}9~�}�b0A�G_]`]*b+G_I\hiI%EBP+IKP�N`G_A
IK?JS§opP\RÐPf]Qb+NQhkopPfR�GB]/C<�KIpbVSQhk?_Ip]§?_I�S`MKP+hkN§hiI����ÐS2G_]�SQMKP�þ�[\Glþ�MOG_�BP�]QhkRKP�P�c¹PfbVS`]§G_IOR
bdMOGJIKEBP�SQMKP]eS`GJSQPBvpYï?\C<�KAiAkþ�]/�¹P�b+hDCFþaSQMKPopP�MOG_�Thi?BN=?JC*GJI�?_o���P�bVSç?_N/b0A�G_]`]�WKhDSç[@�O]eS�o¹P
�p?H]Q]QhioOAiPÕSQ?<N`P0CFP�NS`?�hiS`]�]�SdGXSQP � hkIOb0A0�ORÐhkIKE hDSd]hkIKhiSQh�GJAZ]�SdGXSQP_�Vv���h'i b �KAiSQhkP�]�[%GlþÑGJN`hk]QP
hDC'[�P+SQMK?ÐRK]�CF?BNç?BoO]QP+NB�HhkIKEÕSQMKP%]eS`GXS`P�G_NQP�IK?_S§RÐP��OIKPfR�?BN�G_NQP\RÐP�b+AkG_NQPfRO�KN`h'�XGJSQP\GJIOR�W
SQMKP�NQP+CF?_N`P_WXb+G_IKIK?JS�o¹P6�O]QP�R�hiI�SQMKP6���KoKAkhkbZb0?BIHSQNdG_bVS�?JCµG§b0A�G_]`]+vXYï?�[\?ÐRÐP�AK]/�ObdM\b0A�G_]`]QP�]�W
]	ô ^ S�G`V-S G
[&S�R<ß�],I_^MOG_�BP§SQ? o¹P�GBRKRÐPfR�vpYZMKPf]eP�GJAkAi?Xÿ SQ?Õ?_oO]QP+NB�_P§S`MKP]eS`GXS`P?_C�GÕb0A�G_]`]
ÿ=hDS`MK?	�ÐS�bdMpGJIKEBhiIKE�hiS�v
÷!ø%H-[�¡fK'S&ù	ú���P+S�b0A�G_]`](û�ÌBé�Ê ÉuËBè ü�b0?_IHSdGJhkI9G<[\P0S`MK?ÐR

seen(o:Object):BooleanSQMOGJS [\G_hiIHSdGJhkIO]%G Aih�]�S ?_C§G_AiAZS`MKP�?_o���P�bVSd]\hDS MpG_]?MQ]QP+P�I�NKv!L�S N`P0SB�KN`IO]
false

W�hDC�hiS
MQ]QP+P�]BN<G_I9?_o���PfbVS�CF?_N2S`MKPd�ON`]eSS`hi[\PBW�G_IOR

true
Wï?JSQMOP+N`ÿ=hk]QP_v�L�I�SQMOhk]�P �KG_[
�OAiPBW&ÿ'P

G_RKR�S`MKP�C<�KIObVS`hi?BI
state():Set(Object)

GJAkAi?Xÿ=hkIKE\SQ?Þ?_op]eP�N$�BP§SQMKP\]�SdGXS`P?JC�G_I
?_o���PfbVS�?_C�b0A�G_]`]Pû�ÌBé-Ê ÉUË$è+üoTþaN`P0SB�KNQIOhiIKE SQMKP�]eP+Sç?JC*G_AiA�]eP�P+I�?_o���P�bVSd]+v¹YZMKPo¹P+MpG_�Hhk?_N�?JC
seen

b+G_IaIO?Xÿ o¹P2]/�¹P�b+h+�OPfRÞhiIÞSQMOP x ��� GB]'CF?_AkAi?Xÿ/]�1
context Registry::seen(o:Object)
post: result = state@pre() Î includes(o) and

state() = state@pre() Î including(o)
YZMKP x ��� cBP+þ9ÿ'?_NdR

result
NQP+CFP+Nd]�SQ? SQMKP�N`P0SB�KN`I2�XGJA0�KP�?JC

seen
W�ÿ=MKhkAiP

@preE_h0�_P�]�S`MKP�N`P�]$�KADS ?_C
state()

opP+CF?_N`P�hiI%�_?Ðb�GXSQhk?_I ?JC
seen

W�ÿ=MKh�bdM ÿ'P<RÐP�IK?JS`PÞoTþ
]-K'I-^vR¤H-R¤SHv�YZMKP x ���ÖP ���KN`P�]`]ehk?_I

state@pre() Î includes(o)
S`MKP+I@]�SdGJIORK]çCF?BN

o
Ö=]-K'I-^`RTH�RTS�GJIOR

state@pre() Î including(o)
]eS`G_IORK]'CF?BN@]-K'I-^vR¤H-R¤S;ýOÓ

o Ø v

þ ÿ=ä�ã�´±°����)¬�ãpé���èZ°�âKé�ä�á¦µ é�â�¶
x IOb0P2G&�KN`?_EBN`G_[ h�]ZCF?_N`[%GJAkAiþÕ]$�¹P�b0h'�OPfRÞSQ?ÕG%]$��i b0hkP+IHS�RÐP�E_N`P+P§?_IKP�b+GJI�]eS`G_NeS=S`?\CF?_N$�
[\G_AiAkþO�_P�NQhiCFþ�hiS�v8o/P�hDS`MKP+N2Gd�KN`?_EBN`G_[#IO?_N§hDSd]�]/�¹P�b+h+�¹b+GXS`hi?BI�IKP�P�R�SQ?ÞopP%b+?_[&�KAkP0SQP\hkI
?_NdRÐP+N=S`?Õ]eS`GJNQS#�_P�NQhiCFþThiIOE%hDSfv�L�I�S`MKhk]�b+GB]eP�?BIKP]$�KhiS`GJoOAiþaÿ�PfGJc_P�IO]ZS`MKP@�¹?B]eS`b+?_IORÐhiSQhk?_Ip]� AkP�G_�ThiIOE�?	�ÐS
�KNQ?��pP�NeS`hiPf]�?JC6�KIOhi[&�KAkP+[\P+IHS`P�R�?BN@�KIO]$�¹P�b0h'�OPfR?�OGJNQS`]v�§?_N�]�S`NQP�IKEJS`MKP+Ip]
�KNQPfb0?BIORÐhiSQhk?_IO] � G_RORÐhiIOE�G_]`]$�K[&�ÐSQhk?_IO]'GJo¹?	�KS.�KIKhk[&�KAkP+[\P+IHSQPfR(�OG_NeSd]B�0v9��GXSdG2P�IOb+G	�O]/���
AkGJSQhk?_I�GJIOR�]eSQNB�ObVSB�KNQPfRÐIKPf]Q]'?JC xPx RKP�]QhiEBIO]=GJN`PçEB?_hkIKE�SQ?\o¹P�?JC�E_N`P�GXSZMKP�A'��MKP�NQPBv
Ú�ë�ê l§ûXô�ô¹õ�Â&ö�ð·óu¹pîÐöfó·ô¹íïò
>@PC�O]QP�b+?_IO]eSQNdGJhkIHS`]�hiIaS�ÿ'?�RÐh'c¹P�NQP�IHSZÿZGlþÐ]�1��ONd]�SfWHSQMKP�þÕb+G_IÕo¹P��OG_NeSZ?JC�G[\?ÐRÐP�A � SQMKP
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