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A a1, a2, a3;

B b1, b2, b3;

C c;

b1 = new B();

b2 = new B();

c = new C();

a1 = a2;

a3 = a1;

a1 = new A();

a2 = new A();

b1 = b2;

a3 = b3;

b3 = (B) a3;

(b) Nodes and Edges (c) Initial Types

(d) Strongly-connected components (e) final solution

b1 = c;

(a) Program
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{B,C}
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(b) Nodes and Edges (c) Initial Types

(d) Strongly-connected components (e) final solution

{C}

A B C

{A,B,C}

A a1, a2, a3;

B b1, b2, b3;

C c;

b1 = new B();

b2 = new B();

c = new C();

a1 = a2;

a3 = a1;

a1 = new A();

a2 = new A();

b1 = b2;

a3 = b3;

b3 = (B) a3;

b1 = c;

(a) Program
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- D ����- D ��� iLKMN O�P�O W1QSRST^YVU�W�O�W WXU�YST^Y Z�Y�Z W?[�[�T�Y W1Q�\ ZST�Y ]^W WX[�T^Y QSR W1ZST^Y W W�Q�]/T^Y WXP�\ ZST�Y_SKMN O�O!Q®WXW�]/T^Y_Q�]^Z�O W1QSWST^Y U�P�P W?[!YST�Y W1Q�\ UST�Y ]^W WX[�T^Y QSR W1ZST^Y W W�Q�]/T^Y WXP�\ ZST�Y
` MN Y�Z�W WXW�UST^Y_QSUS[!W W1Qa[�T^Y U�P!Q WXO�PST�Y W1Q�\ QaT�Y ]^O W1OST^Y W�W W1ZST^Y W W�Q�]/T^Y WXP�\ ZST�Y
b MN ]^P�Z�R WXW�YST^YVW�Z�P�P WXW�RST^Y U!QSZ WXY�PST�Y W1Q�\ YST�Y ]^O W1OST^Y R�O W1UST^Y W W�Q�]/T^Y WXP�\ ZST�Y_SKMNHc b MN ]^P�U�] WXW�YST^YVW�Z!QSZ WXWS[�T^Y U!QSZ WXY�PST�Y W1Q�\ YST�Y ]^O W1OST^Y R�O W1UST^Y W W�Q�]/T^Y WXP�\ ZST�Y
b MN=c b MN ]^P�Z�R WXW�YST^YVW�Z�P�P WXW�RST^Y U!QSZ WXY�PST�Y W1Q�\ YST�Y ]^O W1OST^Y R�O W1UST^Y W W�Q�]/T^Y WXP�\ ZST�Y

�0��'��-����� iLKMN O�]7Q®WXW�]/T^YVU�R�R!Q®W1QSWST^Y Z�Y�U W?[!YST�Y WXW�\ PST�Y ]�] Wd]7QaT^Y QSP W�QaT^Y U W1W�PST^Y WXP�\ UST�Y_SKMN O�Y�P WXW�RST^Y_QSZ�PS[ WXW�ZST^Y U�P�] WXO�]/T�Y WXW�\ ZST�Y ]�] Wd]7QaT^Y QSP W�QaT^Y U W1W�PST^Y WXP�\ UST�Y
` MN Y�Z�R WXW�OST^Y_Q�Q�]^O WXW�WST^Y U�P�U WXO�ZST�Y WXW�\ ZST�Y ]^R W1Z�]/T^Y R�Z W1RST^Y Q W1R�RST^Y WXP�\ QaT�Y
b MN ]^P�U�U WXR�WST^YVW�Z�]7Q®WXR�WST^Y U!Q�Q WXY�UST�Y WXW�\ YST�Y ]^R W1Z�]/T^Y [!P WX[�T^Y Q W1R�RST^Y WXP�\ QaT�Y_SKMNHc b MN ]^P�U�Y WXR�WST^YVW�Z�W�R WXR�WST^Y U!QSR WXY�UST�Y WXW�\ YST�Y ]^R W1Z�]/T^Y [!P WX[�T^Y Q W1R�RST^Y WXP�\ QaT�Y
b MN=c b MN ]^P�U�U WXR�WST^YVW�Z�]7Q®WXR�WST^Y U!Q�Q WXY�UST�Y WXW�\ YST�Y ]^R W1Z�]/T^Y [!P WX[�T^Y Q W1R�RST^Y WXP�\ QaT�Y

C�D �^e iLKMN O�Z�P W1Q�QaT^YVUS[!R�U WXU!QaT^Y U�]^U W1QSPST�Y WXU�\ YST�Y ]/[ W1WST^Yf]^Z�] W1UST^Y Z�] W1WST^Y WXP�\ [�T�Y_SKMN O�Y�R W1QSOST^Y_QSU�P�R WXU�YST^Y U�Z�] W1Q�]/T�Y W1Q�\ PST�Y ]/[ W1WST^Yf]^Z�] W1UST^Y Z�] W1WST^Y WXP�\ [�T�Y
` MN Y�Z!Q®WXW�PST^Y_Q�Qa[!W W1Q�]/T^Y U�Z�U W1Q�]/T�Y W1Q�\3]/T�Y Z�P W1WST^Yf]^O!Q W1WST^Y Z�] W1WST^Y WXP�\ [�T�Y
b MN ]^P�ZS[ WXW�WST^YVWS[)]^Y WXW�ZST^Y [!U!Q WXY!QaT�Y WXY�\ ZST�Y Z�] W1RST^YgW�R�W Wd]^WST^Y U�O�Z W1Y�RST^YVWd]^Z�\ WST^Y_SKMNHc b MN ]^P�U�U WXW�WST^YVWS[!R�Y WXW�UST^Y [!U�W WXY!QaT�Y WXY�\ ZST�Y Z�] W1RST^YgW�R�W Wd]^WST^Y U�O�Z W1Y�RST^YVWd]^Z�\ WST^Y
b MN=c b MN ]^P�ZS[ WXW�WST^YVWS[)]^Y WXW�ZST^Y [!U!Q WXY!QaT�Y WXY�\ ZST�Y Z�] W1RST^YgW�R�W Wd]^WST^Y U�O�Z W1Y�RST^YVWd]^Z�\ WST^Y

C�D0ED � iLKMN O�Z�U WXZ�YST^Y_QSW�]^R Wh]^OST^Y U�]^Y WXZ�WST�Y WXZ�\ [�T�Y U�P W1ZST^Yi[)]^U W�QaT^Y U�P W1UST^Y WXP�\ QaT�Y_SKMN O�O�R WXU�]/T^YVW�P�W�R WXZ�PST^Y U�ZS[ WXZ�WST�Y WXZ�\ OST�Y U�P W1ZST^Yi[!U�O W�QaT^Y U�P W1UST^Y WXP�\ QaT�Y
` MN Y�U�] WXU�UST^YVW!QSR�P WXZ�ZST^Y U�US[ WXZ�RST�Y WXZ�\ OST�Y U�U W1ZST^YgO�W�W W1WST^Y U�P W1UST^Y WXP�\ QaT�Y
b MN ]^P�P�] WXU�WST^YVR�R�U�Y WXZS[�T^Y QSO�Y WXU�OST�Y W1Q�\3]/T�Y U�W W1ZST^Yj]�]^U�R W1RST^Y ]^U�W Wd]^WST^Y WXZ�\ PST�Y_SKMNHc b MN ]^P�P�W WXU�WST^YVR�R�O�Z WXZS[�T^Y QSO�Y WXU�OST�Y W1Q�\3]/T�Y U�W W1ZST^Yj]�]7Q�Q WX[�T^Y ]^U�W Wd]^WST^Y WXZ�\ PST�Y
b MN=c b MN ]^P�P�] WXU�WST^YVR�R�U�Y WXZS[�T^Y QSO�Y WXU�OST�Y W1Q�\3]/T�Y U�W W1ZST^Yj]�]^U�R W1RST^Y ]^U�W Wd]^WST^Y WXZ�\ PST�Y

� D ���0����� iLKMN R�WS[ Wh]/[�T^Y_Q�]7QSW Wh]�]/T^Y QSPS[ WXU�PST�Y WXU�\ UST�Y QSZ W1ZST^Yj]^PS[�[ W�QaT^Y ]^R!Q Wd]^OST^Y WXZ�\ QaT�Y_SKMN [!P�O Wh]^OST^Y_Qa[!Z�P Wh]^UST^Y QSZ�] WXU�]/T�Y WXU�\ QaT�Y QSY W1ZST^Yj]^Z�Z�P W�QaT^Y ]^R�O Wd]^OST^Y WXZ�\ WST�Y
` MN [�[!U WXZ�PST^YVW�RS[!P Wh]^WST^Y QSW�R WXU!QaT�Y WXU�\ [�T�Y [!W W1UST^Yj]^O�W!Q W1RST^Y ]^Y�Z W1Z�]/T^Y WXZ�\ OST�Y
b MN O�RS[ WXZ�UST^Yj]^PS[!Z�U WXU�PST^Y R�U�W W1Qa[�T�Y WXW�\3]/T�Y Y�] W�QaT^YkW�Y!QSU®W1Z�ZST^Y U�]�] W1U!QaT^Y W1Q�\ RST�Y_SKMNHc b MN Y�]^O WXZ!QaT^Yj]�]^P�Y�Z WXU�]/T^Y R�R�U W1QSYST�Y WXW�\ UST�Y Y�] W�QaT^YkW�Y�W�] W1Z�ZST^Y U�]�] W1U!QaT^Y W1Q�\ RST�Y
b MN=c b MN ]^P�]^R WXZS[�T^Yj]�]�]7Q�] WXU�]/T^Y R�O�P WXW�]/T�Y WXW�\ QaT�Y Y�Z W�QaT^YkR�P�P�W®W1Z�ZST^Y U�]/[ W1U�WST^Y W1Q�\ [�T�Y

�0����� iLKMN Z�]^Z W?[�T^YVZ�R�U�W W?[�T^Y ]^US[ W?[�T�Y Wh]�\ PST�Y R�P W1ZST^Yj]^U�R�Z W�QaT^Y U�O W1ZST^Y WXP�\ QaT�Y_SKMN Z�Z!Q W?[�T^YVZ�O�]7Q W?[�T^Y ]7QSU WXOST�Y Wh]�\3]/T�Y R�P W1ZST^Yj]^U�R�Z W�QaT^Y U�O W1ZST^Y WXP�\ QaT�Y
` MN Z�O�Z WXYST^Y_QSP�R�] Wh]^PST^Y ]/[!Z WXYST�Y Wh]�\ UST�Y R�O W1UST^YkZ�]^R�O W1RST^Y R�P W1UST^Y WXP�\ RST�Y
b MN U�Z�O Wh]�]/T^Yg[2Q�Qa[ WXZ�PST^Y R�WS[ WXUS[�T�Y W1Q�\ YST�Y O�Y W�QaT^YkW�P�ZS[ Wd]^WST^Y W�]^P W1U�UST^Y W1Q�\ OST�Y_SKMNHc b MN U�U�W Wh]�]/T^Yg[!R�R�Y WXZ�PST^Y R�R�Z WXU�OST�Y W1Q�\ YST�Y Y�P W�QaT^YkW�PS[!R®Wd]^RST^Y W�]^P W1U�UST^Y W1Q�\ OST�Y
b MN=c b MN U!QSO Wh]^ZST^YVO�U�O�P WXZ�ZST^Y O�Z�Y W1Qa[�T�Y WXR�\ ZST�Y ]^P�Y W1WST^YkW�Y�R�P®Wd]^OST^Y R�O�Z W�Q�QaT^Y WXR�\ QaT�Y

�1�7l�l D iLKMN Z�]^U WXOST^YVZ�P�YS[ Wh]^PST^Y ]^Z�U Wh]^WST�Y WXP�\ OST�Y ]/[ Wd]/T^YgR!QSU W�QaT^Y U W1P�\ UST^Y WXP�\ PST�Y_SKMN Z�]^U WXOST^YVZ�P�YS[ Wh]^PST^Y ]^Z�U Wh]^WST�Y WXP�\ OST�Y ]/[ Wd]/T^YgR!QSU W�QaT^Y U W1P�\ UST^Y WXP�\ PST�Y
` MN Z�U�U WXYST^YVZ�W�R�R Wh]^ZST^Y ]^W�W Wh]^YST�Y Wh]�\3]/T�Y Z�P Wd]/T^YgO�U�P W1WST^Y Z�U W1UST^Y WXP�\ ZST�Y
b MN ZS[!P Wh]^PST^YVU!QSR�Z Wh]/[�T^Y ZS[!P WXU�ZST�Y Wh]�\ YST�Y U�Z Wd]/T^Yj]7Q�]^O W1YST^Y ]^P�Y Wd]/[�T^Y WXP�\ YST�Y_SKMNHc b MN ZS[!P Wh]^PST^YVU!QSR�Z Wh]/[�T^Y ZS[!P WXU�ZST�Y Wh]�\ YST�Y U�Z Wd]/T^Yj]7Q�]^O W1YST^Y ]^P�Y Wd]/[�T^Y WXP�\ YST�Y
b MN=c b MN ZS[!P Wh]^PST^YVU!QSR�Z Wh]/[�T^Y ZS[!P WXU�ZST�Y Wh]�\ YST�Y U�Z Wd]/T^Yj]7Q�]^O W1YST^Y ]^P�Y Wd]/[�T^Y WXP�\ YST�Y
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