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Ë�Ì�Í*Î Ï¡Ð�Ñ Ò�Ó¡ÑlÔÖÕ�Í*Ó¡×�Ï Í*Ø Ï�Ð*Ñ Ð�ÓpÙ1Ï¡Í�ÌaÓ�Ú�ÛhÜÝ ÑhÒ�ÑlÜ�Í*Õ*Î!Ñh×*Ï
[1] Þ@ß Ý Û4Õ�Ì�Í*Ò�Ó Ý ÑlÙÖÏpÐ*Ì�Ñ�Ñ4à�Ó¡× Ý Ù&Í�ØÂÍ�áhâaÑlÚhÏÚhÍG×�Ù1ÏpÌaãäÚlÏ�Ùæå�ÕGÛlÚ,à*Ûlç*Ñ Þ ÏpÛlÙRà¸Ûh× Ý ÕGÌrÍ*Ï¡ÑhÚhÏ¡Ñ Ý ã�×�Ó¡Ï Þ Û�Ü�Ü�ÍJØÔÖÐ�Ó¡ÚhÐèÎ!Ûh×*ÛhçGÑ�ÛlÏpÏpÌ�Ó�áGã�ÏpÑ�ÙéÍäØ¸Ó¡Ï�ÙNÍGÔÖ×�Û�× Ý Õ*Ì�ÑhÙ1Ñ�×�Ï

Ì�Í*ã�Ï¡Óp×*ÑlÙ�Ø;ÍGÌEÎ!Ûl×*ÓpÕ�ã*ÜpÛ�Ï�Ó¡Í*×ÄÍGØ^ÛlÏpÏpÌ�Ó�áGã�Ï¡ÑhÙÆê ß ÕGÛhÚlà*Ûlç�Ñ�Ó¡ÙÏpÐ�ÑëÎ4Í Ý ã�Ü¡ÑëÙ1ÏpÌrãGÚhÏpãäÌaÑÅÍ*Ø�ÌaÓpÚlÐ9Ø�ã�×*ÚlÏ¡Ó�Í*× Þ Ô&Ð�Ó¡ÚlÐìÚ�Ûh×Cá�Ñã�ÙRÑ Ý Ï¡Í+Ó¡Î!Õ*Ü¡ÑhÎ4Ñ�×�Ï ß�í2îðï ÛháJÙ1Ï®ÌaÛhÚ�Ï Ý Û�Ï�ÛéÏ¡ñäÕ*Ñhò'Ûh× Ý
ß�ó�ôõï Ûhá*ÙRÏ�Ì�ÛhÚlÏöÙRÏpÛhÏ¡Ñ�Î4Û�ÚhÐ*Óp×*Ñhòhê ß ÏpÛlÙ1à!Ó¡Ù0Û�ÚhÍ*×*Úhã�Ì�Ì�Ñ�×äÏã�×*ÓpÏ Þ Ô&ÐGÍ*Ù1Ñ¯Ñh×*Ï�Ì�ÓpÑlÙ4ÛhÌ�Ñ¯ã�Ù1Ñ Ý ØrÍGÌ&ÏpÐ*ÑÄÚ,ÍJÎ4Î!ã�×�Ó¡ÚlÛlÏpÓpÍG×áGÑhÏpÔÖÑlÑ�×'Ï¡ÛhÙ1àGÙ�ê ß Õ�ÌrÍJÏ�ÑlÚlÏ�Ñ Ý ï ã*×�Ó¡Ï®ò2Ó¡ÙÅÛ¯ÚhÌ�Ó¡ÏpÓpÚlÛhÜ�Ø�ÓpÑhÜ Ý ÞÔÖÐ�Í*ÙRÑ³ÌrÍ*ãGÏ�Ó¡×�ÑlÙìÚlÛl×÷áGÑ'ãGÙ1Ñ Ý ÏpÍ�Î!Ûlà�Ñ³Û�×ÈÑlø�ÚlÜpã�Ù1Ó¡Ò�Ñ
Ò�ÓpÙ1Ó¡ÏGÏ¡Í!Ï�Ð*ÑHÕ*Ì�ÍGÏpÑhÚ�Ï�Ñ Ý4Ý Û�ÏpÛGê
Feature-ù*ú^ûGü;ý@þlù*ÿµûJü��@þ�þ,ù*þ

�fÛlÚ�Ð/Í*Ø³ÏpÐ*Ñ­Ñl×�ÚhÛlÕ*Ù1ã*ÜpÛ�Ï�Ó¡Í�×/Ü¡Ûl×�ç*ã*ÛhçGÑhÙ÷ÍJØ ØrÑlÌ�Ù�Û
Î!Í Ý ãGÜ�Û�ÌNÚ,ÍG×�ÙRÏ�Ì�ã�ÚlÏ Ø;Í*ÌéçGÌrÍäã*ÕGÓp×äçõÜpÍ*ç�Ó¡ÚlÛlÜpÜpñðÌaÑhÜ¡ÛhÏ¡Ñ Ý
Õ�Ì�Í*ç�Ì�ÛlÎ ÑlÜ¡ÑhÎ!Ñl×�Ï¡ÙÆê ß Ý Û ÚlÛ�Ü�Ü¡Ù ÓpÏ Û�Õ*Û�Úhà*Û,çGÑ��
ÚhÍGÌrÌ�ÑlÙdÕ*Í�× Ý Ó¡×�ç�×�ÍGÏpÓ®ÍG×*Ù.Û,Ì�Ñ�à*×�Í*ÔÖ×èÛhÙ.Î4Í Ý ã�Ü¡ÑhÙ.Óp×
Modula-� Ûl× Ý ô ÑlÙ1Û Þ Ûh× Ý ÚhÜ¡ãäÙ1Ï¡ÑhÌaÙ^Ó¡×��	��
±ê

��ÑlÙRÓ Ý ÑlÙ6Õ*ÛlÚhà*ÛhçGÑhÙ Þ
ß Ý Û¸ÍGØ ØrÑlÌ�Ù6Í*ÏpÐ�ÑhÌ9Óp×*ÏpÑhÌaÑhÙRÏpÓp×*çÎ!Í Ý ãGÜ�Û�Ì^ÚhÍ*×GÙ1Ï®Ìaã�Ú�Ï�Ùæå�Ï¡Ð�Ñ
Ï¡ÛhÙRà±Ûl× Ý Ï�ÐGÑ�Õ�Ì�ÍGÏpÑlÚhÏ¡Ñ Ý ã*×�ÓpÏpÙÆê
î ÐGÑhñ�ÛlÜpÙdÍ Ý ÑhÙRÑhÌ�Ò*Ñ Û Î!Ñl×�Ï¡Ó�ÍJ×�ÕGã�Ì�Ñ�Ü�ñ Ø;Í*Ì�ÏpÐ*ÑhÓ¡Ì
Î!Í Ý ãGÜ�Û�Ì!Ú,ÍJ×�ÚlÑ,ÕJÏ�Ù Þ ÙRÓ�×*ÚlÑ'Ï¡Ð�Ñhñ÷ÛlÚlÏpã�ÛlÜ¡Ü¡ñ ÚlÍGÎ4Ñ³ÚhÜ¡Í*ÙRÑ,ÌÏpÐ�Ûl× ÕGÛhÚ�àäÛlç�Ñ�Ù Ï®Í Ùdã�Õ*Õ*Í�Ì�ÏpÓp×*ç Í�á,â�ÑhÚhÏ

-
ÍGÌ�ÓpÑl×�Ï¡Ñ Ý

ÚhÍG×�ÚlÑ,ÕJÏ�Ùæê ó ñ�×�Ï¡ÛhÚ�ÏpÓpÚlÛhÜ¡Üpñ Þ Ï¡ÛlÙ à Û�× Ý Õ*Ì�Í*Ï¡Ñ,ÚlÏ¡Ñ Ý ãG×�Ó�Ï¡Ù
ÙdÐGÛlÌ�Ñ4Î!Ûh×*ñ¯ÛlÙdÕGÑlÚ�Ï�Ù�Í*ØEÕGÛhÚlà�Ûhç*ÑlÙÆê ó Í¯á�Ñ�Ù1Ó Ý ÑhÙ2Î!Ûhà*Óp×*çã�ÕCÛëÙRñ�×�Ï¡ÛhÚlÏpÓpÚ�ÛhÜ^ã�×GÓ�Ï Þ ÛëÏpÛ�Ù1àìÍ*Ì�ÛëÕ�ÌrÍJÏ�Ñ�ÚlÏ�Ñ Ý ã*×�Ó¡Ï�ÛlÜ¡Ù�ÍÝ ÑhÙ1ÚhÌ�Ó�áGÑlÙÖÛ4ÙRÑlÎ!Ûh×*ÏpÓpÚÅÚhÍGÎ4Õ�ÍG×�Ñl×*Ï

-
ãG×�ÜpÓpà*Ñ!Û4ÕGÛhÚhàGÛhç*Ñ ÞÛh× Ý ÜpÓpà�Ñ&Û&ÚhÜ¡ÛlÙRÙ

[2].

ß ÚhÜ¡ÛhÙ1Ù´Ó�Ù´ÚhÐ*Û,ÌaÛhÚ�ÏpÑ,Ì�Ó�
lÑ Ý áGñéØ�ÑlÛlÏ�ãGÌ�Ñ�Ù Þ Óp×*ÚhÜ¡ã Ý Óp×*ç

Û�ÏpÏpÌ�Ó¡á�ãGÏ�ÑlÙ ï Ì�ÑhÕ�Ì�ÑlÙRÑl×�Ï¡Ó�×�çÈØrÓpÑlÜ Ý Ù¯Í*ØÅÏ�ÐGÑ Í*áYâ�ÑhÚ�Ï�Ù9Í*ØÅÏpÐ*ÑÚ�ÜpÛlÙ1Ù1ò'Ûh× Ý Ì�Í*ã�ÏpÓp×*ÑhÙ ï Ì�ÑhÕ�Ì�ÑlÙdÑ�×�ÏpÓp×*ç+ÚhÍGÎ4ÕGã*Ï�Û�ÏpÓpÍ*×�Ù³ÍG×Ï¡Ð�Ñ�Ù1Ñ�Í*á,â�ÑlÚlÏpÙ1òYê ó ÍèÓp× ß Ý Û�Î!Í Ý ãGÜ�ÛhÌ÷ÚhÍ*×*Ù1Ï�Ì�ã�Ú�ÏpÙ Þ ÛÌ�Í*ã*ÏpÓp×*Ñ
Î!ÛlñëáJÑ�Û
Ø�ãä×*ÚhÏ¡Ó¡Í�× Þ Ô�Ð�Ó¡ÚhÐ±Ì�ÑlÏpã*Ìr×*Ù&Û�Ì�ÑlÙ1ã�ÜpÏ Þ ÍGÌÛéÕJÌrÍ*ÚlÑ Ý ãäÌ�Ñ Þ ÔÖÐ*ÓpÚlÐ Ý Í*ÑlÙ¸×äÍJÏ Þ Í*Ì6Ûl×�Ñl×*Ï�Ì�ñ Þ Ô&Ð�Ó¡ÚlÐÙRñ�×�Ú�Ð�ÌrÍJ×�Ó�
hÑlÙ±Ú,ÍJÎ!Î4ã�×*ÓpÚ�ÛhÏ5Ó�Í*× á*ÑlÏpÔ�ÑhÑl×÷ÏpÛhÙRà*Ù Þ Í�ÌÅÏpÐ�ÑÎ!ã*Ïpã*ÛhÜ£Ñhø*ÚhÜ¡ã�Ù1Ó¡Ò�Ñ Ù1ãGá�Õ*Ì�Í�ç�ÌaÛhÎ Ø�Í*Ì Ú,ÍGÍ�Ì Ý Ó�×GÛhÏpÑ Ý
ÙRÐ*ÛhÌaÓp×*ç³Í*Ø Ý ÛlÏ¡Û9áJÑhÏ¡Ô&Ñ�Ñh× ÏpÛlÙRà�ÙÆê ß Ì�ÚhÐ�Ó¡Ï�Ñ�ÚhÏpã*Ì�ÛlÜpÜpñ¸Ó�Ï&ÓpÙÌ�Í*ã*ÏpÓp×*ÑhÙ2Óp×¯Î!Í Ý ã*Ü�ÛhÌ�Ú,ÍJ×�Ù1ÏpÌ�ãäÚ�ÏpÙ�ÏpÐ*ÛhÏ�áJÌ�Óp×�ç¯Ó¡×�Ï¡ÑhÌ�ÛhÚlÏ¡Ó�ÍG×
Û�Î4ÍG×*çÄÚlÍ*Î4Õ*Í*×*Ñ,×GÏ�Ù Þ ØrÍ�Ì0Ûh×ÄÍ*á,â�ÑlÚlÏ -Í*Ì�Ó¡Ñh×*ÏpÑ Ý Ù1ñ�Ù1ÏpÑlÎ ÓpÙÚ�Í*Î4Õ*Í*ÙRÑ Ý ÍGØ�Í*áYâ�ÑlÚ�Ï�Ù ï ÚhÍGÎ4ÕGÍ�×�Ñ�×�ÏpÙRòYê� ú��dù�����û������@ùëù����1ù*û���ý�ú¸ý�����ùGû��dþ

Ë@ÌrÍ*Î ÏpÐ*Ñ6Ò*ÓpÑ�Ô&Õ�ÍJÓ�×GÏ&ÍGØÅÙdÍ*Ø�Ï®Ô�ÛhÌ�Ñ´ÛlÌ�ÚhÐGÓ�Ï¡ÑhÚlÏ¡ã�Ì�Ñ Þ ÛÚ�Í*Î4Õ*Í*ÙRÓpÏpÑ.ÍGØ´Û�ÏpÏpÌ�Ópá*ãGÏ�ÑlÙÈÛl× Ý Ì�Í�ã�Ï¡Ó�×*ÑlÙÈÌ�Ñ,Õ*Ì�ÑlÙRÑ,×*ÏpÙÈÛ
ÙRñ�Ù1ÏpÑ�ÎèÚlÍ*Î!Õ�ÍJ×�Ñh×�Ï ï Ó¡×�Ù1Ï¡Ûh×*Ú,ÑÅÍJØÂÛëÚlÜ�Û�Ù1Ùdò Þ Ô&Ó¡Ï�ÐCÔÖÐ�Ó¡ÚlÐÍJÏ�ÐGÑ,Ì^ÚhÍGÎ
Õ�ÍJ×�Ñh×�Ï¡Ù�Ó¡×�ÏpÑlÌ�ÛlÚlÏ�Ï¡ÐäÌrÍGã�ç�ÐëÏ¡Ð�ÑlÙRÑÖÌ�Í*ãGÏ�Ó¡×�ÑlÙ

[3]
ê

�a×ìÏ¡Ð�ÓpÙ2ÔÖÛlñ Þ ÏpÐ*ÑlÌ�ÑëÛhÌ�ÑëÎ!Ûh×Gñ¯àGÓ�× Ý Ù&ÍJØÂÍ�á,â�ÑlÚ�Ï�Õ*ÛlÏpÏpÑlÌ�×GÙÓ¡× ß Ý Û Þ Ù1ãGÚhÐ�ÛlÙCÛ³Ò�ÛhÌ�ÓpÛ,áJÜ�Ñ³ÍGØ ßÖí�îöÞ Û´Õ�ÛlÚ�à�Ûlç�Ñ´Í*Ø
ß2ó@ô´Þ Û2Ï¡ÛlÙ1à!ÍGÌ Þ Û2Õ�ÌrÍJÏ�Ñ�ÚhÏ¡Ñ Ý ã�×�Ó¡Ï�ê �Hã�Ï@Ì�Í�ã*ÏpÓ¡×�ÑlÙ"!�ÑhØ;ØrÑ�ÚhÏÍJ×ìÍ*áYâdÑ,Ú�Ï�Ù
ÓpÙ�ÍG×*ÑëÍ*ØHÏ¡Ô&Í'Ô&ÛÆñäÙ�áGñ Ô&ÐGÓ�Ú�ÐCÍG×�ÑëÍ*á,â�ÑlÚhÏ
Ó¡×�Ï¡ÑlÌ�ÛhÚlÏ¡ÙÂÔ&Ó¡ÏpÐ!Ï¡Ð�Ñ2Í*ÏpÐ*ÑhÌ�ÙÆåÆÑhø*Õ�ÜpÓpÚlÓ¡Ï

–
Í�Ì�Ó�Î!ÕJÜ�Ó¡ÚhÓpÏöÑ�Ø ØrÑ�ÚlÏ�ê

î Ð*Ñ�ÌrÍ*ã*Ï�Ó¡×�Ñ Ô�Ó�Ï¡Ð ÑhøGÕ*Ü¡Ó�Ú�Ó�Ï Ñ�Ø Ø�ÑlÚlÏ¸ÕGÑhÌ�Ø�Í�Ì�Î4ÙºÑhØ;ØrÑ�ÚhÏ
Ï¡Ð�Ì�Í*ãäçGÐ±Ï¡Ð�Ñ4ÛhÌrç*ã�Î!Ñl×�Ï ï ÏpÐäÑ4Í�á,â�ÑlÚ�Ï�Õ*ÛlÙ1ÙRÑ Ý ÛlÙ�Û!Ø;ÍGÌ�Î!ÛhÜÕJÛ,ÌaÛhÎ!ÑlÏ�Ñ�Ì'Ï®ÍºÏ�ÐGÑÈÌ�Í*ã*ÏpÓp×*Ñhò Þ Ô&Ð�Ó5ÜpÑNÏpÐ*ÑNÌ�ÍGã�Ï�Ó¡×�ÑNÔ�ÓpÏpÐÓ¡Î!Õ*Ü¡Ó�ÚlÓ¡ÏÄÑÆØ Ø�ÑhÚ�Ï±ÕGÑlÌ�Ø;Í�ÌaÎ4Ù ÑhØ;ØrÑ�ÚhÏ±Ï¡Ð�Ì�ÍGã�çäÐ/Ù1Ó Ý Ñ

-
ÑhØ;ØrÑ�ÚhÏ

ï ÓpÎ4ÕGÜpÓ¡ÚhÓ¡Ï�ÔÖÛlñäò,ê î Ð�Ñ�ÚlÛlÜ¡Ü@Ï�Í¯Û2ÌrÍJã�Ï�Ó¡×�Ñ�Ï¡ÐäÌ�Í*ãäç*Ð±Ñhø�Õ*Ü¡Ó�Ú�Ó�ÏÑ�Ø Ø�ÑlÚlÏéá*Ñ�Ü�Í*×*ç*Ù Ï®Í Ï�Ì�Û Ý Ó�Ï¡Ó�Í*×äÛ�ÜéÕ�Ì�Í*ÚhÑ Ý ãäÌ�Û�ÜéÚhÛlÜ¡Ü�ê#�a×
Ú�Í�×*ÏpÌaÛhÙ1Ï Þ ÏpÐ*Ñ!ÚhÛlÜpÜfÏ�ÍìÛ4Ì�Í�ã�Ï¡Ó¡×�ÑÅÏ�Ð*Ì�Í�ã*ç*Ð¯ÓpÎ4ÕJÜ�Ó¡ÚhÓ¡ÏfÑhØ;ØrÑ�ÚhÏÑ�Î4á*Í Ý Ó¡ÑhÙëÎ!ÑlÙ1ÙRÛhç*Ñ

-
ÙRÑh× Ý Ó�×*ç ï ÏpÐ�ÑCÚ�ÛhÜ¡Ü�Ñ Ý Ì�Í*ã�Ï¡Ó�×GÑ9ÙRÑlÑ�×Û�ÙEÛ&Î4Ñ�Ù1ÙRÛhç*Ñ�Ï¡Í!Ï�Ð�Ñ&Í�áYâ�ÑlÚhÏ¡ò ê

��×�Ï�ÐGÑ´Õ�ÛlÕ*ÑhÌ
[4] Þ Ô&ÑµÐGÛhÒ*Ñ³ÚlÜpÛlÙRÙ1Ó�Ø�ÓpÑ Ý Ï�Ð*Ñ´Í*á,â�ÑlÚhÏÎ!ÍJÜ Ý Ù�Óp× ß Ý Û2Óp×*Ï�ÍëÏ�ÔÖÍÄàGÓ�× Ý Ù�å%$ -

Í�á,â�ÑlÚ�ÏöÛh× Ý 

-
Í*á,â�ÑhÚlÏaê

ß $
-
Í�á,â�Ñ�ÚhÏ Ý Ñh×�ÍGÏpÑhÙ0Ûh× ß�í�îCï ÔÖÐ*ÓpÚlÐ4Õ*Ì�Í�Ò�Ó Ý ÑlÙEÌrÍ*ã*Ï®Ó�×äÑhÙÔ2ÓpÏpÐ ÑhøGÕ*Ü¡Ó�ÚlÓpÏ¸ÑhØ;Ø�ÑlÚhÏ¡òNÛh× Ý Ó�Ù�ã�ÙRÑ Ý ÛhÙ�Û ÚhÍGÎ4Î!ÍJ×

ÒGÛhÌaÓ�ÛháGÜpÑ Þ Ô�Ð�Ó¡Ü�Ñ ß 

-ob
â�ÑlÚlÏ Ý Ñ,×�ÍGÏpÑhÙ
Ûh× ß�óöô�ï Ô&Ð*ÓpÚ�ÐÕGÌrÍ�ÒGÓ Ý ÑhÙHÌrÍ�ãGÏ�Ó¡×�ÑlÙ�Ô�Ó¡ÏpÐëÓ¡Î!Õ*Ü¡ÓpÚ�ÓpÏ�ÑlØ;ØrÑ�ÚhÏpòEÛh× Ý Ó¡Ù�ã*ÙRÑ Ý ÛhÙ

Û2ã*×�ÓpÏöÚ�Ü�ãGÙ1Ï�Ñ�ÌfÍ*Ø Ý Û�Ï�Û2Û,× Ý ÌrÍGã�Ï�Ó¡×�Ñ�Ù ï Ù1Ó¡Î!Ó�Ü¡ÛlÌ�Üpñ!ÏpÛ�Ù1à!Ûl× ÝÕGÌrÍGÏpÑ�ÚhÏpÑ Ý ã�×�Ó¡Ï�Ù0ÚlÛh×
á*Ñ�Ï¡ÛhàGÑh×
Óp×�ÏpÍ!ÛhÚhÚlÍ*ã*×*Ï�ò,ê
& ����ù��Gþ'�(��� ùJÿ¸ý��)��ù�û��dþ*�rú,+9ÿ��.-�/

ß ÚhÜ¡ÛhÙRÙ6Ó�Ù Ý ÑlØ�Óp×*Ñ Ý ÛlÙ6á�Í*Ï¡ÐéÛ¸Ù1ÏpÌaã�ÚlÏpã�Ì�ÛlÜ
Ù1ñ*Ù1Ï�Ñ�Î
Ú�Í*Î4Õ*Í*×*Ñl×�Ï

--
Û!Î4Í Ý ã�Ü¡Ñ ï ã�×*Ó�Ïpò --

Û�× Ý Û!Ï�ñ*Õ*Ñ Þ á*ã*Ï�Í*×äÑÐGÛhÌ Ý Ü¡ñ´Ø�Óp× Ý ÙÄÙ1ãäÚ�ÐµÛCÕ*ÑhÌ�ØrÑ�ÚlÏ ï ÑlÒ�Ñl×µÚlÜ�ÍGÙ1ÑhÌ�ò�×äÍJÏ�Ó¡Í�×³ÍGØÚ�ÜpÛlÙ1Ù Óp× ß Ý Û'0�1 ï Ï�Û�Ù1à Û�× Ý Õ*Ì�Í*Ï¡ÑlÚhÏ¡Ñ Ý ãä×�Ó¡ÏpÙ ÛlÌrÑ



2

ÑhøGÚhÑhÕGÏpÓ®ÍJ×�Ùdò,ê
��× ß Ý Û Ï¡Ð�Ñ2$

-
ÍGáYâdÑhÚlÏ Ý Ñh×äÍGÏpÓp×*ç ß�í�î Ó¡Ù

object-
Í�ÌaÓ�Ñl×*ÏpÑ Ý Î!ÛhÓ¡×�Ù1Ï¡Ì�Ñ�ÛhÎ Þ ÔÖÓ5Ï�Ð³Ùdã*Õ*Õ*Í�Ì�Ï�Ø;Í�Ì2ÙRÓp×äçGÜ�Ñ

inh
ÑhÌaÓpÏpÛh×GÚhÑ Þ Õ�Í*Ü¡ñäÎ4ÍGÌrÕGÐ�ÓpÙRÎ¥Ûh× ÝðÝ ñ�×*ÛlÎ!Ó�Ú áGÓp× Ý Ó¡×äç�ê

��Ï3! ÙÅÛ±ÕJÓ�Ïpñ'ÏpÐ*ÛlÏÂÛ4$
-
Í�áhâaÑ�ÚlÏÂÓ¡Ù4Û¯ÕGãäÌ�Ñ¯Ò*ÛhÌ�Ó¡Û,áJÜ�Ñ

–
Í*×*Üpñ

ÚhÍG×�ÚlÑ,Ì�×*Óp×*ç Ý ÛhÏpÛ¯ÙdÏ¡Ìrã*ÚlÏpã�Ì�ÑGê5

-
Í*áYâdÑhÚ�ÏpÙ4Û,Ì�Ñ¯Î4ÍGÌ�Ñ76Gã�Ó¡Ï�Ñ

object-
Í�ÌaÓ�Ñl×*ÏpÛhÏ¡Ñ Ý ÏpÐ�Û�×8$

-
Í�á,â�ÑlÚ�Ï�Ù Þ áGÑlÚ�Û,ã*Ù1ÑÃÏpÐ�Ñ.ã*×�ÓpÏÝ Ñh×äÍ*Ï¡Ó�×Gç Û9


-
ÍGáYâaÑlÚlÏCÎ!Ûlñ Ð*ÛhÒGÑ+Û­Ïpñ�Õ*Ñ ï ÏpÛlÙ1à Ûh× Ý

protected
Ï¡ñäÕGÑ Þ Ñlø�Ú�ÑhÕ*Ï�Ø;Í*ÌEÛ�ÕJÛ,Úlà*Ûlç*Ñ,ò,ê%��ã�Ï.
 -

Í�á,â�ÑhÚhÏ¡Ù
ÙdãGÕ�Õ*Í*Ì�ÏJ×�Í4Óp×*Ð�ÑlÌ�Ó¡Ï�Û�×�ÚlÑ Þ Ûh× Ý ÙdÍ*Î!Ñ�ÍJØ�Ô&Ð�Ó¡ÚlÐ!Ð�Û�Ò�Ñ�ÒGÑ,Ì�ñÙdÕJÑhÚhÓ¡ÛhÜ¸ÙRÑhÎ4Û�×�Ï¡Ó�ÚlÙ ï ÑGê ç�êÄÛºÏpÛ�Ùdà ÚlÛl× Í*×GÜ�ñðØrÓ¡ÏµÓp×�Ï¡Í
ÚhÍG×�ÚlãäÌ�Ì�Ñ�×�ÏGÕ*ÌrÍJÚ,ÑlÙ1ÙRò ê

ß Ù¥Ô�ÑhÜ¡Ü à�×GÍ*ÔÖ× Þ ÏpÍ ß Ý Û;:�< Þ Û ÙdÍGÕ�Ð�Ó¡Ù1Ï�Ó¡ÚlÛlÏpÑ Ý
Ú�Í�×*ÙRÏ�ÌaãäÚlÏpÓpÍG× ÞEß Ý Û=0�1³Ð�ÛlÙÅÛ Ý*Ý Ñ Ý ÛìÔ&Ð*ÍGÜpÑC×äÑlÔ ÙRÑlÏ�Í*Ø
Ú�Í�×*ÙRÏ�ÌaãäÚlÏpÙ Ô&Ó¡Ï�Ð Î4Û�×�ñ Õ�ÍGÏpÑl×�Ï¡Ó�Û�Ü¸Ó¡×�ÏpÑlÌ�Û�ÚlÏ�Ó¡Í�×GÙ­áGÍ*ÏpÐ
áJÑhÏ¡Ô&Ñ�Ñl×³Ï�ÐGÑhÎ4ÙRÑlÜ¡Ò�ÑlÙÅÛ�× Ý Ô&Ó¡Ï�Ð³Ï¡Ð�ÑìÍ*Ü Ý ÚlÍ*×�ÙRÏ�Ì�ã*ÚhÏ¡ÙÆê)��Ø
ÍJ×äÑ6Ú,ÍJÎ!ÑhÙ±Ø;Ì�Í*Î Ï�ÐGÑ#>

-
>õÙdÓ Ý Ñ Ûl× Ý ÛlÌ�Ñ ã*ÙRÑ Ý Ï®Í÷ÏpÐäÑ

ÕGÌ�Ó¡ÙdÏ¡Óp×*ÑCÙdÓpÎ!Õ*Ü¡Ó�Ú�ÓpÏpñ´ÍGØ2ÏpÐ*Ñ9×äÍ*ÏpÓpÍG×´Í*Ø2ÚhÜ¡ÛhÙRÙ Þ Ð�ÑCÔ&ÍGã�Ü ÝØ�ÑhÑ�Ü�á*ÑhØ�ã Ý*Ý ÜpÓp×*ç´ÛlÏ�ØrÓ¡Ì�ÙRÏ0Û�× Ý ÔÖÓpÜpÜ�Ø�Ó�× Ý Ï�Ð*Û�ÏÂÐ�ÑìÐ�ÛlÙÅÏ�Í
Ø�ÛhÚ�ÑëÏ�Ð*ÑëÓp×*Ï�Ì�Ó¡ÚlÛhÚ�Ó�ÑlÙ2ÍJØÂÍ�á,â�ÑlÚ�Ï®Ù Þ Ñ�ÛhÚlÐCà�Ó¡× Ý Ð*ÛlÒ*Ó�×GçìÏpÐ�Ñ
far-
ØrÑ�Ï�Ú�Ð�Ñ Ý Û�× Ý ÙdÍ

-
Ú�ÛhÜ¡Ü�Ñ Ý ¢l ®�G�1� ÍGØ�ÓpÏ¡Ù�ÍJÔ&×�å

? $
-object

? 

-object@ e,Q qBAhQ Z;C2vEDfvr`=Frm1b1j5C,mdZhv,j m1q^P1Z��^i @ Q Z2Pf]*Pdb�A,PR[ m1|X^ehQ b1eëbdv,Zhb1m naZ,qÖP�qT]JmdbdQ D QTb�jTW�]GmHGJIYQTmdX^m�CëP1q class K0PdZ=CQ ZhjTm5n�PdbRjTQLI m nav,_,j QTZhm�q6X^QTj eém�wa]GS Q b1QTjÅmMDJD5m�bdj c @ ehmµv�`=Frmdb1jClm�b1S P n�m�CHD nav,Oéj ehm�j®W�]*m�Q q^P&jTWr]JQTb1PdS�IYP n�QTP5`*S mNGPO - v�`=F�mdbdjLKpc

V- v�`=Frmdb1j q P;nam³v�`=F�m1bdj - v�n�QTmdZhj m�C�O�PRQ ZYqaj ndmdP1O Q ZÈ��C,PRQ=SY|X^ehQ b1e0O�PRWEQTZ'I vlS I,m^P�C=ChmMC - Zhm�X^STWÂbRv Zlb1m¡]*j q@bde,P;naP1b1jTm5ndQ V1m�C`JW�D5v,STS vYXEQTZ,[^q�]Gm�b1QTPRShj®W�]Gmdq�U

@ elQ qTA,QTZ=CHvEDöv�`=Frmdbdj�m1O@`Jv=ChQ m�q.ChQ D�D5m5nam1Zhjä_YZhQTj qr|æXfehQ b1ebRvYZ,b1m5n�Z,q4Q ZhjTm5n�Pdb1jTQLI,mÖndv,_,j QTZhm�q4X�QTj eCQ O�]JS QTbRQTj0mMD�D5m�b1jÂPdZ=COÂPdZ,PR[,mdq2P1jTj ndQ `*_hjTm�q�vED�Q j q�vYX�Z,c�u�_,j�X�ehPRj^Q q�j ehmÅm�whPdb1jbRS P1q�qÂX^QTS S.C,m5]Gm�Z;C!v,Z
XfehQTbde4_hZ,QTj@Q qÂ_hq�mMCUG5P^]*P1b�A,PR[Ymd|�Pj Pdq3A,|hv�n�PG]hn�v,jTmdb1jTm�C^_hZhQ jLK¡chtfZhm�bdPRZVD namdm1STWEb1ehvYv,q�m�jTelm�_YZhQTjD5v�n�P�W - v�`=F�mdbRja]*P1jTjTm5n�ZEP1bdb1v�nMChQTZ,[0jTv�X^ehQ bRe^_,ZhQ jlelm�_Yqam�q�U
♦ XPY;Z=Z=[R\]X�^=_`[']*m5ndO0QTjTq jTvaC,m5ndQLIYm�P�q�_�`Gj�W;]Gm�X�QTj em1whjTm�ZhqrQTvYZ,c)bÆv�n�jTehmcChm naQLI,m�C4j®W�]*md|Æ`*m�qaQ Clmdq�Q Zlehm5n�QTj P1Zhb1m&vdDD m�PdjT_�ndm�qeG�PRjTj naQ `G_,j mdq!PdZ=C!n�v,_hjTQ ZlmdqfK¡|^P2],n�vY[�ndP1OÂOHm nÅOÂP1WP�C=CEq�v,O0mfZlm�XgD5m�PRjT_�n�m�q@v�n�ndm�C,m�D5QTZ,m�qavYO�mfvED,n�v,_hjTQ Zhm�qrc

♦ _"YEh�i�Y=ZE[kj"l%mLX5G�ChmdZhv,j Q Zh[���n"oUKöj ndm�PRj q�Pd_,jTv,OÂPRj P0qrjTPRj _,qP1q6PdjTj n�Q `*_,jTm�q'PRZ=C´]hnav=I,QLC,m1q'QTZ,jTm5n�P1b1j QLI,m nav,_ljTQ Zhm1q'XfQTjTeQ O�]GS QTb1Q j�mMD�D5mdbdj c @ ehm^b1S Pdqrq�bdP1Zf`Gm�[,v,jTj mdZ�`GW�P1jTj PdbRehQ Zh[Hj ehm
keyword p=q�r=q�s3t ufjTvEj ehm�qT]Jmdb1Q D5Q bdP1jTQ v,Z0_hZ,Q j

♦ h�v=l"XxwMv;y y [�\zXx^;_"[2Q q�P{Chm1qrb1m1Z=ChPdZhj�vdD0jTW�]*m ControlledP1Z=C [,QLIhm1q'jTe,m÷_,q�m n³P�C'ChQ j QTv,Z,PRSÄb1vYZhj ndv,Sëv=I,m5n q�]Gm�b1Q P1Sv�]Jm5naPdjTQTv,ZYq�cGopZ0]�P ndjTQ bR_hS P nr|GPdZ Initialize ],n�vYbRm�C,_andmÂbdPdZE`Jmj ndm�P1j m�CÅPdq&j e,mÖbRv,Z,q�j n�_,b1jTv�nÖPdZ;C!P Finalize ],n�vYbRm�C,_andm&PRqj ehm�C,mdq�j n�_,bRj v�n.D v�n@jTehm�b1vYZhj n�v,STS m�C0v�`=Frm1bdj c

♦ _ wMv=X�[�h�X�[�\gj l`m X|G�D v�n�j ehmÖbdv,v�n�ChQ ZhP1j mMC!q�e,P5ndQ Z,[!vdDVC,P1j P`*m1j XEmdmdZÈj PdqfA,q3KÄj n�mdP1j qìb ndQTj Q bdP1SUChPdj P³PdqCPdjTj n�Q `*_hj mdqCPdZ;C]Yndv=I,Q Chmdq Q ZhjTm5n�Pdb1jTQLI,m±n�v,_hj Q Zlm�qCX�QTj e÷O�_YjT_,P1S
mdwhb1S _,q�QTv,Z,c@ ehm�b1S Pdq�q^bRPdZ0`Gm�[,v,jTj mdZ0`GWÖP1jTj P1bRe,Q Zl[ÖjTelmBAlm1WYX^v�n�C typej v0j ehm�q�]*mdbRQ D Q b1PdjTQTv,ZE_hZ,QTj
♦ Y=}%~3XPwRY=h�XTXx^=_`[�Q q�P�j PR[,[,m�C2jTW;]JmHQ ZljTmdZ;C,mMC{D v�nE_hq�mEP1q^P]*P;n�m1Z j±j®W�]*m�D5v�n¸j®W�]GmÈmdwYjTmdZ,q�QTv,Z,q�|�`*_hjëX^e,Q bde.QTq'Zhv,jPRS STvYX^mMCNjTvée,P�IYm v�`=F�m�b1j q'vEDCQ jTq´v,X�ZYc��fZéP;`*q�j naPdb1jq�_�`h]hn�v,[�naPRO e,Pdq.ZhvÃ`Gv=ChW�|Ä`*_,j³Q qÃQ ZhjTmdZ=ChmMC jTvÃ`Jmv=I,m5n¡ndQLC=ChmdZ0P1jhqavYO�mG]*v,QTZhjhX�elmdZEQ Zhelm5naQ jTm�C,c

♦ XxY=~fi,j l`m X�G�C,mMD QTZ,Q Zh[4bRv,ZYb1_an5n�mdZhj@bRv,O�]G_hj P1jTQTv,ZYq�K�j nam1Pdj qbRvYO�O0_lZ,QTbdP1j Q Zh[÷O�m1qrq�P1[,mdqCPdq6P1j j ndQ `*_ljTm�qCP1Z=C6]hnav=I,QLC,m1qq�WYZ,bdeandvYZhQ V1m�C n�vY_hjTQ Z,mdq8D5v�n/bRv,O0O�_lZ,Q b1P1jTQTvYZ�`Gm1j XEmdmdZj Pdq3A,qrc @ e,m�b1S Pdqrq�bdPdZf`*m�[,v,j jTmdZ�`GW�PdjTj P1b1ehQ Zh[�j ehm�Ahm1WYX�v�n�C
type jTvEj ehm�q�]GmdbdQ D5Q b1PRj Q v,ZÂ_,Z,QTj

Convention U g QTjTeBW - v�`=F�m�b1jd`GmdQTZ,[0b1v,Z,q�j na_,bRjTm�C@`GW�ChQ D�D m¡ndmdZ,j�_,Z,QTj q�|lX�m�X^QTSTSl[,m1Zhm5n�P1STSTW^_,q�m���W - v�`=F�mdbRj �^jTv@n�mMD m5n�jTv^P]*Pdb�AYP1[,m0_YZhQTj |`�dj Pdq�A�W - v�`dF�mdb1j �0j v&P^j Pdq3A�_YZhQTj |æPdZ;C��¡]hndv jTm1b1jTm�CcW - v�`=F�m1bdjL�^jTvHP@]hn�v,jTmdbdj m�CH_lZ,QTj c"näv,OÂmdjTQTO�m�q�|äX^m�_hq�m��q®]Gmdb1Q D5QTb�W - v�`EF�mdb1j �fj v@n�mMD5m5n�j v�`GvYjTe0j P1q�AEP1Z=C@]hn�v,jTmdb1j m�C0_hZ,Q j c
î ÛhÙRà!Û�× Ý ÕGÌrÍ*Ï¡ÑhÚ�ÏpÑ Ý ã*×*ÓpÏpÙ�Ó�× ß Ý Û=0�1!Û,ÌaÑ�Ó Ý ÑhÛlÜöÚ�Ü�Û�Ù1ÙÚhÍG×�Ù1ÏpÌaãäÚlÏ�Ù Þ ÔÖÐ�Ó¡ÚhÐ Î4Û�×�Ûlç�Ñ Û�Ï�Ï¡Ì�ÓpáGã�Ï¡ÑhÙ+Ûl× Ý Õ�Ì�Í�Ò�Ó Ý Ñ

Óp×�ÏpÑ�Ì�Û�ÚhÏ¡Ó�Ò*Ñ¸Ì�Í�ã*ÏpÓp×*ÑlÙ Ô�Ó¡ÏpÐNÓ¡Î!Õ*Ü¡Ó�ÚlÓ¡Ï
Ñ�Ø;ØrÑ�ÚhÏ�êB�Hã*Ï4Ï�Ð*ÑlÙ1Ñ
ÙdÕJÑhÚhÓ¡ØrÓ¡Ú,


-
Í�á,â�ÑlÚlÏ¡ÙëÛhÌ�ÑC×äÍJÏ�Õ�ÍGÕ�ã*ÜpÛlÌ2á*Ñ�ÚlÛ,ãGÙ1ÑìÍ*Ø4Ï�Ð�ÑhÓpÌ

ÙdÕJÑhÚhÓ¡ØrÓ¡ÚìÙ1ÑlÎ!Ûh×GÏ�Ó¡ÚlÙ
--
ÑJê ç�ê@ÏpÐ*ÑlÓ�Ì2Ì�Í*ã*ÏpÓp×*ÑhÙëÛhÌ�ÑìÍ�×*Üpñ'ÍJØ

Ùdñ*×�ÚlÐ�Ì�Í*×�Ó�
hÑ Ý Í*Ì�Ñlø*ÚlÜpã�ÙRÓpÒ*ÑHÍ*ÕäÑ�Ì�Û�Ï�Ó�ÍG×�ê
ß × ß Ý Û´Õ�Ì�Í*çäÌ�ÛlÎ Ó�ÙìÚhÍJÎ!Õ�Í�Ù1Ñ Ý Í*Ø4ÍJ×�Ñ6ÍGÌëÎ
ÍGÌrÑ

Õ�Ì�Í*ç�Ì�ÛlÎ ã*×�Ó¡Ï�Ùæê ó ÓpÎ4Ó5Ü�Û�Ì�Ü¡ñ¸Û�×¸Í�áYâdÑlÚlÏ -ÍGÌaÓ�Ñl×*ÏpÑ Ý Ù1ñäÙRÏ�ÑlÎÓp× ß Ý Û=0�1
Ô&Ó¡Ü¡ÜGáJÑ�ÚhÍGÎ
Õ�ÍJÙ1Ñ Ý ÍGØ�Î!ã�ÜpÏpÓpÕGÜpÑlø�Í*áYâdÑhÚ�Ï�Ù�ê î ÐäÑÍ�á,â�ÑlÚlÏ¡Ù4Î!Ûhñ6áGÑ7$
-
Í�á,â�ÑlÚhÏ¡Ù ï Ô&ÐGÓ�Ú�Ð6ÕJÑ,Ì�ØrÍ�ÌaÎðÛl× ß�í�î òÛh× Ý 


-
Í�áhâaÑ�ÚhÏpÙæê î Ð�Ñ÷ÜpÛhÏ¡ÑlÌ¯Óp×*ÚlÜ¡ã Ý ÑµÕJÛhÚlàäÛ�ç�ÑlÙ ï ÔÖÐ�Ó¡ÚlÐÕGÑhÌ�ØrÍ�ÌaÎ Ûl× ß2óöô ò Þ Ï¡ÛhÙdàGÙ ï Ô�Ð�Ó¡ÚhÐ ÕGÑhÌ�Ø�Í�Ì�Î

ÚhÍG×�ÚlãäÌ�Ì�Ñ�×�Úlñ�ò³Ûh× Ý ÕGÌrÍ*Ï¡ÑhÚ�ÏpÑ Ý ã�×�Ó¡Ï¡Ù ï ÔÖÐ�ÓpÚ�ÐºÕGÑhÌ�Ø;Í*Ì�ÎÑhøGÚhÜ¡ã�Ù1Ó¡Ò�ÑHÕ*Ì�Í*Ï¡ÑlÚhÏ¡Ó®ÍJ×äòYê

ß ÜpÓpÏ5Ï�Ü¡Ñ9Ü¡ÛlÏ¡ÑlÌ Þ Ý Ó¡Ø ØrÑ�Ì�Ñ�×�Ï�Í�áYâdÑhÚhÏ Ý ÑlÙRÓ�ç�×³ÕGÛlÏ�Ï¡ÑhÌ�×�ÙëÓ¡×
ß Ý Û;0�1'ÔÖÓpÜ5ÜEáJÑ Ý ÓpÙ1Ú�ã�Ù1ÙRÑ Ý Þ Ûh× Ý ÔÖÐäÍGÙ1Ñ9ÚlÐ�ÛlÌ�ÛhÚ�ÏpÑ,ÌaÓpÙ1Ï¡Ó�ÚlÙÛ�Ì�Ñ�ÏpÐ�Í�Ì�ÍGãäç*Ð*Ü�ñ Ó�×GÒ�ÑlÙRÏ�Ó¡ç�ÛlÏpÑ Ý ê ß × Ý ÜpÛlÙ1Ï Þ Û�ã�×*ÓpØrÍ*Ì�ÎÍGáYâdÑhÚlÏ@Î4Í Ý ÑhÜ ï à�×äÍJÔ&×ëÛ�Ù	>2Î4Ñ�ç�ÛJå">�áYâdÑ�ÚhÏ ô Í Ý Ñ�Ü)��ÛhÙRñÏ¡Í9��ÛlÓ�× ß Ý Û'� Ù���× Ý ÙdòìÓpÙ´ÌaÑ,ÛlÙ1Í*×*Û,áJÜ�ñÃÌ�ÑlÚlÍ*Î!Î4Ñh× Ý Ñ Ý ê
î Ð*Ñ�>2Î!Ñlç*Û9Ó¡×�Ï�Ì�Í Ý ãGÚhÑlÙ!Û9Õ�ÌrÓ¡Ù1ÏpÓp×�Ñì×�ÍJÏ�ÓpÍ*×´Í�Ø�ÚlÜpÛlÙ1ÙÅÏ®Í
ãG×�Ó¡Ørñ�Ì�ÛlÏpÓpÍG×*ÛhÜ¡Ü�ñ
ÏpÐ�ÑÖÎ4ã�Ü¡Ï¡ÓpÕGÜpÑ,ø�ÍGáYâdÑhÚlÏ¡Ù^Ó¡× ß Ý Û'0�1�êd�µÓ¡Ï¡Ð
prefix

Î!Í Ý ÓpØ�ÓpÑhÌ�Ù Þ Ï¡Ð�Ñ
Ñ�Ù1Ù1Ñl×*Ï�ÓpÛlÜ�ÚhÜ¡ÛhÙ1ÙÖÚhÍJ×�Ù1ÏpÌ�ã�Ú�Ï�ÚlÛl×Äá�ÑÛ Ý ÛhÕGÏpÑ Ý ÏpÍ9Î!ÑhÑlÏfÏpÐ*Ñ!×�ÑlÑ Ý Ù�Í*Ø Ý ÓpØ Ø�ÑlÌ�Ñl×�Ï�Í�á,âaÑ�ÚlÏ Ý ÑlÙRÓ�çG×
ÕJÛhÏ¡Ï�ÑhÌ�×*Ùæê î Ð�Ñ ÛlÚ�Ú,ÍGÎ!Õ�Û�×�ÓpÑ Ý >2Î4Ñ�ç�Û Õ*Ì�Ñ

-
Õ�Ì�ÍGÚhÑhÙRÙdÍ*Ì

Ø�ã�Ü¡Ü�ñ.Ñlø�ÕGÜpÍ*Ó¡Ï�Ù ß Ý Û;0�1�! Ù'ÚhÛlÕ�ÛláGÓpÜpÓpÏpÓpÑ�Ù Þ á*ã�ÏÅÑlØ Ø�ÑhÚlÏpÓpÒ�Ñ�ÜpñÐGÓ Ý ÑhÙ0Ø;Ì�ÍGÎ.Ó¡ÏpÙEÚlÍGÎ4ÕGÜpÑ�ø�ÓpÏpñ*ê
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� Ç�� ���������e�¯�H�h�h�����2(

V-���)��ù*û��%��ÿ�ùJú�ý�����ú���+ &4�

ß�í�î Ý ÑlÙRÓ�ç�× ÕGÛlÏ�Ï¡Ñ,Ìa× Ó�Ù Ï®ÐGÑ Î!ÛlÓp×*ÙRÏ�Ì�ÑlÛlÎ ÍJØ
object-

Í�ÌaÓ�Ñl×*ÏpÛhÏ¡Ó�ÍG×±Óp× ß Ý Û Þ Ù1Í�êæÏpÐ*ÑH$
-obje

Ú�Ï ï Ý Ñh×*Í*Ï¡Ó�×�ç
ß�í�î ò6ÔÖÓpÏ¡Ð�×�ÑÆÔ ÙRÑlÏ9Í*Ø6ÚlÍ*×�Ú�Ñ,ÕGÏpÙ¸Ù1ãGÚhÐ ÛhÙ

taggedÞ
class-wide

Ûl× Ý
controlled

Õ�Ì�Í*Õ*ÑlÌ�Ï¡Ó�Ñ�Ù ÐäÛ�Ù Ï¡ÐäÑ
ÚhÛlÕ*ÛháGÓpÜpÓpÏ�Ó¡ÑlÙ ÍGØ�ÙRã�Õ�ÕGÍ�Ì�Ï¡Ó�×Gç ÙRÓp×*ç�ÜpÑ Óp×*Ð�Ñ�Ì�ÓpÏpÛ�×�ÚlÑ ÞÕ�ÍGÜpñäÎ!Í*Ì�Õ�Ð�Ó¡Ù1Î+Ûh× Ý
Ý ñä×GÛhÎ!ÓpÚ&áGÓp× Ý Óp×�ç�ê

��ÑlÜ�ÍGÔ�Ó�ÙÅÏ¡Ð�ÑìÑlø�Û�Î4ÕGÜ�Ñ9Í*Ø2ÏpÐ�Ñ¯Ï¡ñäÕ*Ó¡ÚlÛlÜ óöîöß �	� Óp×
V-object:

V- v;}R�M[�h�X�Y=l%\Nm Xx~�hRy Y=~f~
Package nÆj P1b�A3� s is

type Stack m ~)_"w�m �;Y;Xx[��
procedure

s _,j (x U in opZlj m1[,m5n�� sU'm l�v=j"X Stack);
procedure ��mdjLG5w,U out o�ZhjTm1[ m nM� sU=mLlcv;j`X`næj P1b�A );

pr ivate
type jL�JQ q�j m ~ ar ray G���c c S=�;K of Integer;
type Stack m ~�wM[�h�v=wR\ -- �&b1S P1q�q�vED�O -object�GQ qrj UljL�JQ q�jL�@ vr] U���P1j _�ndP1SlU � 0;� l"\cwM[�h�v;wR\ ;

end Stack_P;
-----------------------------
with nÆj PdbRA�� s � use nÆj P1b�A3� s �
procedure o4P1QTZ isnÖU næj Pdb�A=� -- � V- v�`=F�m�b1j'Chmdb1STP nam�Ck4UºopZhjTmd[,m5n :� 10;} [RZ=mLls _hj G¡kG| n`Kx� s _hj G5z=� | n`Kx���m1jLGpk |=n`Kx�¢¡£¡
end o
PRQ Z;�

��×ÄÏ�ÐGÑ�Û,áGÍ*ÒäÑ4Ñhø*ÛhÎ!ÕJÜ�Ñ Þ ÏpñäÕ*Ñ Stack ï Ý Ñl×äÍJÏ�Ñ�Ù class
ò

ÓpÙÖÚ�Í�×*Ú,ÌaÑhÏ¡ÑhÜ¡ñ¯Ì�ÑhÕ�Ì�ÑlÙRÑh×*ÏpÑ Ý ÛhÙ�Û!Ì�ÑhÚ,ÍGÌ Ý Ûh× Ý Ó¡×�ÏpÑ,ÌaÛhÚ�Ï�Ó¡Ò�Ñ
Ì�Í*ã�Ï¡Óp×*ÑlÙ^Ô�Ó�Ï¡Ð
Ñlø*Õ*Ü¡Ó�Ú�Ó�Ï ÑhØ;Ø�ÑlÚhÏJÛlÌ�ÑÖÛ,ÚlÚhÍGÎ4ÕGÛh×�Ó¡Ñ Ý ê

ËöÍ*Ì�Ï¡ÐäÑ¯Ú�ÛhÜpÜ0Ï¡Í'Û¯ÌrÍ*ã*ÏpÓp×�Ñ Þ Ï�Ð�Ñ¯Í*áYâdÑ,ÚlÏ S
Ð�ÛlÙ!Ï�Í'á*Ñ

ÕGÛhÙ1ÙRÑ Ý ÏpÍÅÏpÐ*ÑÖÌ�Í�ã*ÏpÓp×*Ñ Þ ÑJê ç�êE¤�¥)¦�§3¨c© S)
ê î Ð*ÓpÙ�ØrÍ�ÌaÎ�Î!Û�ñá�Ì�Ó¡×�ç6ÚhÍG×*Ø;ã�ÙRÓpÍ*×*ÙÆå�ÔÖÐ*ÑhÌaÑ ï Î!Í Ý ãGÜ�Ñ�òÖÏ¡Ð�Ñ9ÌrÍ�ãGÏ�Ó¡×�Ñ ï Put

ò
ÚhÍGÎ4Ñ�Ù
Ø�Ì�Í*Î Þ Ûh× Ý Ô�Ð�Í ï Í�áYâdÑhÚhÏ¡ò&Û�ÚhÚlÑlÕ*Ï¡Ù
Ï�Ð*ÑëÌ�ÍGã�ÏpÓp×*Ñ ’sÑhØrØrÑhÚ�Ï Þ ØrÍ*Ì S ï Ó�×ÅÏ¡Ð�Ñ�ÚlÛhÜ¡ÜöÏpÍ Put

ò�Ó¡Ù0ÙRÓpÎ!Ó¡ÜpÛhÌ^ÏpÍ
E ï ÛlÙÂÏ¡Ð�ÑÌ�Í*ã�Ï¡Óp×*Ñª! ÙõÛhÌrç�ã*Î!Ñh×*Ïpòhê«�Hã�Ï�ÏpÐ*Ñ Ñ;6*ãGÓ�ÒGÛhÜpÑ�×�Ï�Ó¡×�Ï¡Ð�Ñ

object-
Í�ÌaÓ�Ñl×*ÏpÑ Ý ÛhÕ�ÕGÌrÍ�Û�ÚhÐ Þ S.Put(E),

ã*×�Û�Î4áGÓpç*ãäÍ*ã�ÙRÜpñ
Óp× Ý ÓpÚlÛ�Ï�ÑlÙ2Ï¡Ð�Ñ!Í�á,â�ÑlÚhÏ

S
ÏpÐ*Ì�Í�ã*çäÐCÏpÐ*ÑëÏ�ñäÕJÑ!Í*Ø

Stack
Ûh× Ý

ÏpÐ�Ñ
Put

Ø�Ì�ÍGÎ­ÏpÐ*Ñ&ÚlÜ�Û�Ù1Ù
Stack.

U-�«�5��ùGû�� ��ÿ^ùGú^ý.���;ú���+4¬V­
�ÂÍ*Î!ÕGÛ,ÌaÑ Ý ÔÖÓpÏpÐ9ÏpÐ*Ñ®$

-
Í�áYâdÑ�ÚhÏ Þ�ß 


-
Í�á,â�ÑlÚ�Ï�Ó¡Ù�Ô&Ñ�Ü5Ü

ÛhÚ�ÚhÍ�Ì Ý Ù ÔÖÓpÏpÐõÏpÐ�Ñ�Í*áYâdÑhÚlÏ
-
Í�Ì�Ó�Ñ�×�ÏpÑ Ý Ù1Ï¡ñäÜpÑ ê î Ð�Ñ�ã�×�Ó¡Ï

ï Ò�Ó¡ÑhÔ�Ñ Ý ÛhÙõÛl× Í*á âdÑhÚ�Ï�ò�Õ�Ì�ÍGÒ�Ó Ý ÑlÙõÏpÐ�Ñ Ó¡×�ÏpÑ,ÌaÛhÚ�Ï�Ó¡Ò�Ñ
Ì�Í*ã�Ï¡Óp×*ÑlÙèÔÖÓpÏpÐ�Ó¡Î!Õ*Ü¡Ó�ÚlÓ¡Ï­ÑlØ ØaÑhÚlÏ+ÏpÍ�Î!Ûh×*ÓpÕ*ãGÜ�ÛlÏ¡Ñ Ï¡ÐäÑ

Û�ÏpÏpÌ�Ó¡á�ãGÏ�ÑlÙ9Í*ØÅÓ�Ï¡Ù9Í*ÔÖ× Þ ÔÖÐ*ÓpÚlÐ�ÛhÚ�Ïpã�Û�Ü�Ü¡ñ Ñ�Î4áGÍ Ý Ó¡ÑlÙ9ÏpÐäÑÕGÌ�Ó¡ÙdÏ¡Óp×*Ñ2×�Í*Ï�ÓpÍ*× Þ ÏpÐ*ÛlÏ@Ó�Ù Þ Ûl×ÅÍ�á,âaÑ�ÚlÏ�ÓpÙHÏ�ÐGÑÖÑl×*Ú,ÛhÕGÙ1ã*ÜpÛlÏ¡Ó�ÍG×ÍJØ�Ï�Ð*Ñ&ØrÑhÛ�Ï�ã�Ì�ÑhÙ Þ Ó�×GÚhÜpã Ý Ó�×*ç4ÛhÏ¡Ï®Ì�Ó�áGã*Ï�Ñ�ÙEÛl× Ý ÌrÍGã*ÏpÓp×�Ñ�ÙÆê��Ñ�Ü®ÍJÔ�ÓpÙ¸ÏpÐ*ÑéÑhøGÛhÎ!ÕGÜpÑéÍ*Ø ÏpÐ*ÑéÏ�ñ*Õ*Ó�Ú�ÛlÜÄÙRÏ�Û�Úhà�Óp×
U-object:

U-v=}d�M[�hRX`Y;l`\cmLXP~�hRyLY=~�~
gener ic -- �Hb1S Pdq�q�vED�W -object
package ��nÆjTPdb�A3� s is

procedure
s _,j (x U in opZlj m1[,m5n );

function ��mdj return opZhjTmd[,m5n ;
pr ivate

type jL�GQ q�j'm ~ array G���c c S=�=K of Integer;
typeStack m ~�wM[�hRv=w�\�GQ q�j UljL�JQ q�jL�@ vr] U���P1j _�ndP1S�U � 0;[�l%\�w�[Rh�v=w�\ ;
Imp U'næj P1b�A;� -- �æo¡O�]GS QTb1Q j I,P;naQ P `JS m

end � Stack_P;
--------------------------_ Y;h�i�YEZE[�}"v=\"^	��nÆj Pdb�A3� s is

procedure
s _hj (x U in o�ZljTmd[Ym5n�K is

begin
Impc @ v�]�U � Imp c @ v�]H¯U���
Imp.List(Imp c @ v�]�K*U �&w;�

end
s _lj �°£°

end ��nÆj P1b�A3� s �
---------------------------
with ��nÆj PdbRA3� s � -- �HQTO�]Gv�n�j
procedure o4P1QTZ is

package n�m ~)l%[�±#��nÆjTPdb�A�� s �
-- � U- vr`=F�m�b1j'C,m1b1S P n�m�Ck UlopZhjTmd[Ym5n : � 10;} [RZ=mLlnæc s _lj Gpk�Kx�k4U �Nn�cL��mdjL�¡£¡

end o
PRQTZ=�
ó Ó�Î!Ó¡ÜpÛlÌ±ÏpÍNÏ¡Ð�ÑµÛhá�ÍGÒ�Ñ²$

-
Í�á,âaÑlÚlÏ Þ Û¸Ï�ñ�ÕGÑ Stack

ÓpÙÝ ÑhØ�Ó�×GÑ Ý Ó¡× ÏpÐ*ÑºÕ*Ì�Ó�Ò*ÛlÏpÑºÕGÛ,Ì�Ï Þ á*ã�Ï³Ô�Ð�Ó¡ÚhÐðÓpÙ+×�Ñ�Ò�ÑlÌ
Ñ�øäÕ*Í�Ì�Ï¡Ñ Ý Í�ã*Ï�ÍGØ�Ï�Ð�ÑCã*×*Ó�Ï�ê î Ð*Ó�Ù±ÏpñäÕGÑ Ó�ÙÅÍJ×�Ü�ñµã�ÙRÑ Ý Ï�ÍÝ Ñ,ÚlÜ¡ÛhÌaÑ�Ûh×õÓ¡Î4ÕGÜpÓpÚlÓ¡Ï Ò�Û�Ì�ÓpÛhá*ÜpÑ

ImpÞ ÍG× Ô&Ð*ÓpÚhÐ ÏpÐ�Ñ
Ì�Í*ã*ÏpÓp×*ÑhÙ�Î!Ûhà*Ñ Ó�Î!ÕJÜ�Ó¡ÚhÓpÏéÑ�Ø Ø�Ñ�ÚhÏ�ê î Ð*Ñðç*Ñh×*Ñ,Ì�ÓpÚ ã�×GÓ�Ï
Ý Ñ,×�ÍGÏpÑhÙ Ï¡Ð�Ñ

classÞ Ô�Ð�ÓpÚlÐ�ÓpÙðÙ1ÍGÎ4ÑlÔÖÐ*ÛhÏ�Ì�ÛlÏpÓpÍG×*ÛhÜ
(U-objec

ÏpÙEÛhÌ�Ñ�Ó¡×�Ù1Ï¡Ûh×GÏ�Ó¡ÛhÏpÑ Ý Ø�ÌrÍ*Î+Ï¡Ð�Ñ�Ï¡ÑlÎ!Õ*ÜpÛlÏ¡Ñhòhê

î ÐGÑ�ÚhÛlÜ�ÜëÏ¡Í+Û�ÌrÍ�ãGÏ�Ó¡×�Ñ S.Putï �fòCãG×äÛlÎ!á*Ó¡ç�ãäÍGã*Ù1Ü¡ñÓ¡× Ý Ó�Ú�ÛlÏ�Ñ�Ù6Ï¡Ð�ÛlÏ
S
Ó¡Ù'Ï¡Ð�Ñ¸ÍGáYâdÑ,ÚlÏÅÛl× Ý Ï�ÐGÑ Ì�Í�ã*ÏpÓp×�Ñ�³ �*¤

Ú�Í*Î!ÑlÙ Ø�ÌrÍGÎ�ÏpÐ*Ñ¸Ì�ÑlÜpÛlÏ�Ñ Ý Î!Í Ý ã*Ü�ÑJêV�aÏ3! Ù ÛµÕJÓ�Ï¡ñéÏ�ÐGÛhÏ
Û
çGÑh×*ÑlÌ�ÓpÚµã�×�ÓpÏ2Ó¡Ùì×�ÍJÏ2Ûl×�Ñhø*ÛlÚhÏ2Ï5ñäÕ*ÑµÛhÜ¡Ï�ÐGÍ�ã�ç*Ð�ÙRÑhÒ*Ñ,ÌaÛhÜ
Ó¡×�ÙRÏpÛ�×�ÚlÑhÙ ï Õ�ÛlÚhàGÛhç�ÑlÙ1ò0ÚlÍ*Î!Ñ4Ø�Ì�ÍGÎ Ó¡Ï�ê ß × Ý ÏpÐ�Ó¡ÙÖà*Ó�× Ý Í*ØÝ ÑhÙRÓpçä× ÕGÛlÏpÏpÑhÌ�×èÚhÛ�×ä×�Í*Ï´Ùdã�Õ*Õ*Í�Ì�Ï'Óp×�Ð*ÑlÌ�ÓpÏpÛ�×�ÚlÑ Þ Ô&Ð�Ó¡ÚlÐÔ�ÍGã�Ü Ý á�ÑÖÏ�Ð*Ñ&ØrÛlÏpÛlÜJØ�Ûlã*Ü�Ï�ê

��× ß Ý Û�ÏpÛlÙRà!Ûl× Ý Õ*ÌrÍJÏ�ÑlÚlÏpÑ Ý ã�×äÓ¡Ï¡Ù0Ú�Ûh×Åá*Ñ�Ï�Û�à�Ñl×ÅÓ¡×�Ï�ÍÛ�ÚlÚ,ÍJã�×�Ï�ÛlÙk

-
Í*áYâdÑ,ÚlÏpÙ Þ Ó�ê ÑJê Þ ÏpÐ�Ñ2ã*×�ÓpÏ Ý Ñl×äÍJÏ�Ñ�Ù0Û�×4Í*á,â�ÑhÚlÏaê��ÍGÎ4ÕJÛ,Ì�Ñ Ý ÔÖÓ�Ï¡Ð ÕGÌ�Í*Ï¡ÑhÚlÏ¡Ñ Ý ã*×�ÓpÏ Þ Û+ÏpÛlÙ1à ã*×*ÓpÏìÏ¡Ì�Ñ�ÛhÏpÙ
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ÛhÏ¡Ï�ÌaÓpá�ã*ÏpÑlÙ Ó¡×NÙ1ÕGÑlÚhÓ¡ÛlÜ4Ô&Û�ñéÙ1ÍÃÏ¡Ð�Û�Ï
Ó�Ï¡Ù Û�ÏpÏpÌ�Ó¡á*ãGÏ�ÑlÙ6ÚlÛh×
ÍG×�Üpñ­ÛhÕ�ÕGÑlÛ,Ì6Óp×�Ï�ÐGÑ÷á�Í Ý ñ*ê���ÑlÜ®ÍJÔ�Û�Ì�ÑéÏpÔÖÍ+ÙdÕJÑhÚ�Ó�Ø�Ó�Ú
U-
Í*á,â�ÑlÚlÏJÚhÜ¡ÛlÙ1ÙRÑhÙÆå

´ Y=~�i U-object_ Y;h�i�YEZ=[ T nÆjTP1b�A3� s isXx^'_ [ tList m ~ array G���c c SE�;K`v=µ Integer;XxY'~�i type TStack mL~[�l"X�w�^ s _,j (x U'mLl Integer);[�l"Xxw�^	��mdj (x U'v;j"X Integer);
-- pr ivate -- ¶ª·=·�q�¸=s�t rB¹Lº=q�»=¼=½3¾

-- �GQ q�j UljL�GQ q�jL�
--
@ v�] U��fP1j _an�P1S�U � 0;[�l`\ TStack;[�l"\ TStack_P;¿ wMv=XJ[�h�Xx[�\�À -object_ Y;h�i�YEZ=[ PnÆj PRb�A�� s isXx^'_ [ tList m ~ array G���c c SE�;K`v=µ Integer;_"wMv;XP[Rh�Xx[R\ type PStack m ~_%wMv=h�[�\`j%wM[ s _,j (x U Integer);µJj"l h�XJmLv=lÁ��m1j'w�[RXPj`w�l Integer;_"w�m �=Y;Xx[�GQTq�j UhjL�JQ q�jL�@ v�] U,��P1jT_�n�P1S�U � 0;[�l`\ PStack;[�l"\ PStack_P;

î ÛhÙRà­Ûh× Ý Õ�Ì�ÍGÏpÑhÚlÏpÑ Ý ã�×�Ó¡Ï�ÙµÛ,ÌaÑ�Î
ÍGÌ�ÑÈÓ Ý ÑlÛhÜëÚ�Ü�Û�Ù1ÙÚhÍG×�Ù1ÏpÌaãäÚlÏ�ÙNÏ¡Ð�Û�× Õ*ÛlÚlà*Ûlç�Ñ�ÙéÛ,× Ý ÑlÛlÙ1Ó¡Ñ,Ì÷Ï®Í�áGÑ�Î4Û Ý Ñ
Ïpñ�Õ*Óp×*ç Þ áGã�ÏGÐGÛhÙ0ÏpÐ�Ñ&Ù1Û�Î4Ñ&Ù1Ó¡Ï�ãJÛhÏpÓpÍG×4Ô&Ó¡Ï�ÐGÍ*ã�ÏJÙ1ã*Õ�Õ*Í�Ì�Ï¡Ó�×�çÓp×�Ð*ÑhÌaÓpÏpÛh×GÚhÑJê
A-������ù*ûª� ��ùJú�û*ürý@þ'�rú��,�dù�����ÂV��ù*þ

Ë�Ì�Í*Î ÏpÐ*Ñ ÙRñä×*ÏpÛlÚhÏ¡ÓpÚ ÚlÍG×*ÙRÏ�ÌrãGÚhÏ¡ÓpÍG× Þ Û ÚhÜ¡ÛhÙRÙðÓ¡Ù
ÚhÐGÛhÌrÛ�ÚlÏpÑlÌ�Ó�
hÑ Ý á*ñCÛlÏ¡Ï�Ì�Ó�á*ã*Ï�Ñ�Ù
Ûh× Ý ÌrÍGã*Ï�Ó¡×�Ñ�ÙÆê î Ð�ÑëÌaÑhÚhÍ*Ì ÝÓp× ß Ý Û¯Ó�Ù
Û�× ÑlÙRÙ1Ñl×*ÏpÓpÛlÜ0ÏpñäÕJÑÄÚlÍ*×*Ù1ÏpÌaãäÚlÏ Þ Ô&ÐGÓ�ÚlÐ6ÚlÛl×6á*Ñã�ÙRÑ Ý Ï�ÍéÑ�×�ÚlÜ®ÍJÙdÑµÛhÏ¡Ï¡Ì�Ó®áJã�Ï¡ÑhÙÆê^Ë�ã�Ì�Ï¡ÐäÑlÌ�Î
Í*Ì�ÑµÏ�ÐGÑ³ÏpÛhçGç�Ñ Ý
Ì�ÑhÚhÍ�Ì Ý ÛlÜ�Ü¡Í*ÔÖÙë×�ÍGÏ0ÍJ×�Ü¡ñ'Ï¡Í³á�ã*ÓpÜ Ý ÕGÛhÌ�Û�Î4ÑlÏpÑ�Ì�Óx
lÑ Ý Ï¡ñäÕ�Ñ
Ô�Ó�Ï¡Ð Ý Ó¡Ù1Ú�Ì�ÓpÎ4Ó¡×�Ûl×*ÏpÙ Þ áGã�ÏHÛ�ÜpÙRÍµÏ�Í Ý ÑhÌ�ÓpÒ*Ñì×*ÑlÔèÙ1ãGá*Ï¡ñäÕ�Ñ
Ô�Ó�Ï¡Ð+Ñhø*ÏpÑl×�ÙRÓpÍG×�êk�aÏÅÓpÙ´Õ*ÍGÙ1Ù1ÓpáGÜpÑ�ØrÍ�ÌCã�Ù³ÏpÍ­Û Ý ÛhÕ*ÏëÏ¡ÐäÑ
Ì�ÑhÚhÍ�Ì Ý Ï�ñ*Õ*Ñ/Óp×*Ï®Í Ûh× Ó Ý ÑlÛlÜ6ÚlÜpÛlÙRÙÃÚ,ÍJ×�Ù1ÏpÌ�ã�Ú�Ï Þ ÓpØ Ï¡Ð�ÑØ�Í*Ü¡Ü®ÍGÔÖÓ�×Gç
ÛhÙRÙ1ã*Î!Õ*Ï¡Ó�ÍG×*ÙEÚhÛl×�á*Ñ&ÙRÛhÏpÓpÙ1Ø�Ó�Ñ Ý å

Ã
Assumption- Ä å Ì�Í*ã�Ï¡Ó�×GÑhÙ ÛlÌ�Ñ ÛlÜpÜpÍGÔÖÑ Ý

ÑhÎ!á*Ñ Ý*Ý Óp×*ç�ÛlÙéÕGÛhÌ�Ï�ÙéÍJØ¸Ì�ÑlÚ,Í*Ì Ý Þ Ó�ê Ñ ê4Û�Ì�Ñ�Ú,Í*Ì Ý Ú�Ûl×Ñh×GÚhÜ¡Í*ÙdÑHáGÍ*Ï¡Ð
ÛhÏ¡Ï�Ì�Ó®áJã�ÏpÑlÙEÛ�× Ý ÌrÍJã�Ï¡Ó�×�Ñ�ÙÆê
Ã

Assumption-� å!Ï¡Ð�Ñ�ÑlÎ4á*Ñ Ý*Ý Ñ Ý Ì�Í�ã�Ï¡Ó�×*ÑlÙéÚlÛh×Ý Ó®ÌaÑhÚlÏ¡Ü�ñ ÛhÚ�ÚlÑhÙRÙ
Ó¡Ï�Ù4Ø�ÑhÜ5ÜpÍGÔ ÛlÏpÏ¡Ì�Ó�áGã�Ï¡ÑhÙÆêª��× Í*Ï¡Ð�ÑhÌÖÔÖÍ*Ì Ý Ù ÞÛhÏ¡Ï�ÌaÓpá�ã*ÏpÑlÙ Ûl× Ý Ì�ÍGã�ÏpÓp×*ÑhÙ'Ñh×�Ú�Ü�Í*ÙRÑ Ý á*ñéÏ¡Ð�Ñ¸ÌaÑ,ÚhÍ*Ì Ý ÛlÌrÑ
Ø�ÑhÜpÜ¡Í*ÔÖÙ1Ð�Ó¡Õ
ÍGØ�Ñ�ÛlÚ,Ð�ÍJÏ�ÐGÑ,Ìdê

TemporarilyÞ ÔÖÑÅç*Ó�ÒGÑ4Ï¡Ð�Ñ!ÌaÑ,ÚlÍ�Ì Ý ï Ô�Ð�ÓpÚlÐ9ÙRÛlÏpÓpÙRØrÓ�Ñ�Ù
above-

Î!Ñl×�Ï¡Ó�ÍJ×�Ñ Ý ÛlÙ1Ù1ãGÎ
ÕGÏpÓpÍ*×�ÙRò4Û ×GÛhÎ!ÑJå ����¢h�*���J�®¦�§
class

ê î ÐäÑ÷ØrÍ�Ì�Î4Ñ�Ì ó ÏpÛlÚhàÃÓpÙ Ý ÑhÙ1ÚlÌ�Ópá*Ñ Ý Ó�×NÌ�ÑlÚhÍ*Ì Ý Ó®×*çÚhÜ¡ÛhÙRÙEÛ�Ù^Ø�ÍGÜ�ÜpÍ*Ô�Ó�×Gç�å

Å [�h�v=wR\%mLl%ZBh�yLYE~f~
Package n�j Pdb�A3� s is

type j k S O0j%m ~)l [�± Integer;
type j �JQ q�j m ~ array G3��c c S=�;K of j kJS O�j ;
typeStack m ~�wM[�h�v=w�\ -- Asumption-1

procedure
s _,j (x U in j k S OÂj );

function �fm1j return j k S O�j ;�*Q q�j U�j �JQTqrjL�@ v�] U,��PRjT_�n�PRSlU � 0;[�l"\cwM[�h�v=w�\ ;
end Stack_P;
------------- opO�]GS m1OÂmdZhjTPRj QTv,Z ---------------------
packagebody næj P1b�Af� s is

procedure
s _hj (x U in j k S O�jLK is}"[�Z=mLl -- Asumption-2@ v�]�U � @ v�]H¯e����JQ q�jLG @ v�]�KGU �Öw;�[�l`\ Put;°

end Stack_P;
---- �ö],]GS QTbdP1j QTv,ZEvEDJP�ndm�bRv�n�ChQTZ,[Eb1S P1q�q --------
with næj PRb�A3� s � use nÆj Pdb�A3� s �
procedure o
P1QTZ isn&U=næj PdbRA=� -- ��v�`=Frm�bRj Chm�bRS P n�m�Ck�Ulo¡Z,jTmd[,m5n :� 10;}%[�Z=mLlnæc s _hjLG�k5KJ�2næc s _,j G5z=�=KJ�k�U ��nÆcL��mdj �Æ¡]¡
end o4P1Q Z;�
Ë@ÌrÍ*ÎðÏ¡Ð�Ñ±Ñhø�Û�Î4ÕGÜ�Ñ Þ ÛÄã�×�Ó¡ØrÓ¡Ñ Ý ÌrÑlÚlÍ*ç�×GÓ�Ï¡Ó®ÍG×6ÚhÛh× á�ÑÌaÑhÛ�ÚhÐ�Ñ Ý ÏpÐ*ÛhÏµÛ�Ì�ÑlÚ,ÍGÌ Ý Óp×�çðÚlÜ¡ÛhÙ1Ù�Ñh×GÚhÜ¡Í*Ù1Ñ�Ù+Ø�ÑhÛ�ÏpãäÌ�ÑlÙ

Ú�Í�×*ÏpÛlÓ¡×�Ó�×Gç¯ÛhÏ¡Ï�ÌaÓ®á*ã*Ï�Ñ�Ù&Û�× Ý Ó¡×�ÏpÑhÌaÛhÚlÏpÓpÒ�Ñ
Ì�ÍGã�ÏpÓp×*ÑhÙæê"��×±Ï¡Ð�ÓpÙ
Ô�Û�ñ Þ Ô&ÐGÑh×ÄÏ¡Ð�Ñ�ÚlÜpÛlÙRÙHÓpÙ&Î4Û Ý Ñ2Ï¡Ûlç�ç*Ñ Ý Û�ÙRãäá -ÚlÜpÛlÙ1Ù�Ô&Ó¡ÏpÐÑ�ø�Ï¡Ñl×�ÙRÓpÍ�×*Ù÷ÚlÛ�× á*Ñ Ý ÑhÌ�Ó¡Ò�Ñ Ý Ø�ÌrÍGÎìêH��ÏìÙ1ÑlÑlÎ!Ù÷Ï¡Ð�ÛlÏ9Û
ÕGÌ�Ó¡ÙdÏ¡Óp×*Ñ�×�ÍGÏpÓ�ÍG×
ÍGØ�ÚhÜ¡ÛlÙRÙ^Ô�Í*ã*Ü Ý á*Ñ�Ø�Í*ãä× Ý ê=��×
ØrÛ�ÚhÏ Þ ÏpÐ*ÑlÌrÑÓ¡Ù Þ Ì�Ópç*Ð�Ï�×äÍGÔ Þ ÛëÜ�Í*×*ç9Ì�Í*Û Ý ØrÍ*ÌHã�Ù2ÏpÍCÔ&Û�Ü�àCÓp×CÍ�Ì Ý ÑhÌHÏpÍÌaÑhÛ�ÚhÐ
ÏpÐ*Ñ&Ó Ý Ñ�ÛhÜGç*Í�ÛlÜaê

ËöÍGÌfÛh×ÅÛhÕ�Õ*Ì�Í�ÛlÚ�ÐÅÏ®ÍGÔÖÛlÌ Ý Ï�ÐGÑÖÓ Ý Ñ,Û�ÜöÚlÜ�Û�Ù1Ù�ÚhÍG×�Ù1ÏpÌaãäÚlÏ ÞÏ¡Ð�Ñ Î
Ñl×GÏ�Ó¡Í*×�Ñ Ý ÛhÙ1ÙRã*Î4Õ*Ï¡Ó�ÍJ×äÙ ÚlÛ�×õá*Ñ Ý ÓpÒ*Ó Ý Ñ Ý Ó¡×�Ï®Í
Ø�Í*Ü¡Ü®ÍGÔÖÓp×*ç Ï¡Ð�ÌaÑhÑ ÕGÌrÍ�áGÜ�ÑlÎ!Ù/Ú�Í*Î4ÕGÛ,ÌaÛhÏ¡Ó�ÒGÑhÜpñ ÑlÛhÙRñ ÏpÍ
ÙRÍGÜpÒ*ÑGå

Ã ß ÚhÚ�ÑlÙ1Ù�ÏpÍ�ÌrÍ�ã�Ï¡Ó¡×�ÑlÙ --
Ó¡ÏCÓpÙéÕ*Í*Ù1ÙRÓ�áGÜpÑ­ØrÍGÌ´Û

ÌaÑhÚlÍ�Ì Ý Ï�Í´Ñh×�Ú�Ü®ÍGÙ1Ñ¯Ï¡Ð�Ñ9ÛhÚlÚ�ÑhÙ1Ù4ÏpÍ´Û¯Ì�Í*ã�Ï¡Ó�×*Ñ¯Ó¡×�Ù1Ï¡ÑhÛ Ý ÍGØ
Ì�Í*ã*ÏpÓp×*ÑGê ß ÙìÛ´Ì�ÑlÙdã�Ü¡Ï Þ Ûh×Gñ Í�á,â�Ñ�ÚhÏ�ÍGØÅÏpÐ*Ñ³ÚhÜ¡ÛlÙ1Ù9Ð�ÍGÜ Ý Ù
indirect

Ì�ÍGã�ÏpÓp×�Ñ�Ù^ÍGØ@Ó¡Ï�Ù0Í*ÔÖ×�ê
Ã ß ÚhÚ�ÑlÙ1Ù
á*Ó¡× Ý Ó¡×�ç --

ÛÄÌ�Í�ã�Ï¡Ó�×GÑÄÚlÛ�×CáGÑëÚ�ÛlÜpÜpÑ Ý
Ó¡× Ý Ó®Ì�ÑlÚlÏpÜpñ³Ï¡Ð�Ì�ÍJãäç�Ð¸ÓpÏpÙëÛ�ÚlÚhÑ�Ù1Ù Þ ÛhÙÄÜ¡Í*×�çµÛ�ÙÄÏ�ÐGÑCÛlÚlÚlÑlÙ1Ù
ï Ñh×GÚhÜ�ÍGÙ1Ñ Ý á*ñ¯Í*áYâdÑhÚ�ÏpÙ�ÍGØHÏ�Ð�ÑÅÚ�ÜpÛhÙRÙ1ò&Ó�Ù�á*ÍGãä× Ý Ô�Ó�Ï¡Ð9Ï¡Ð�ÑÌ�Í*ã*ÏpÓp×*ÑGê

Ã ó Ð�ÛhÌ�Ñ Ý Ì�Í*ã�Ï¡Ó�×GÑhÙ --
Ûl×+Ó�Î!Õ*Ü¡Ó�Ú�Ó�ÏÄÛ�ÚlÚhÑ�Ù1ÙµÏ�Í

ÍGáYâdÑhÚlÏ¡Ù Ú�Ûh× Ð*ÑhÜpÕ ÛlÜpÜ÷Í�á,â�Ñ,ÚlÏpÙºÍGØÃÏ�ÐGÑèÚhÜ¡ÛlÙ1Ù/Ù1Ð*ÛhÌ�Ñ
Ì�Í*ã*ÏpÓp×*ÑhÙÂÓ¡Ø�Í*×*Üpñ4Ï�Ð*ÑÖÛlÚlÚlÑlÙRÙEÛlÕäÕ*Í*Ó¡×�ÏpÙ0Ï¡Ð�Ñ&Í*á âdÑhÚlÏ Û�× Ý Ü¡ÑhÏ
Ï¡Ð�ÑÖÛhÚlÚ�ÑhÙ1Ù0ÛlÚhÚ�ÑhÕ*ÏpÙ^Ì�Í*ã�Ï¡Ó�×GÑ;� ÙEÎ!Ûl×�Ó¡Õ*ã*ÜpÛhÏ¡Ó¡Í*×�ê

��Ñ�Ü®ÍJÔ Ó¡Ù ÏpÐ*ÑðÑ�ø�ÛlÎ!Õ*ÜpÑ ÚhÍ*×�Ú�ÑhÌ�×�Ó�×Gç Ï¡Ð�Ñ ÏpÐäÌaÑhÑ
problems:
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��Ç Y=hRX`wM[�h�v=wR\`m l"ZVh�yLY=~�~
package nÆj Pdb�A3� s is

type jL�JQ q�j m ~ ar ray G���c c S=�;K of j k S O�j ;
procedure

s _,jLGpwÂU in j k STO�j KJ�
type PRO�� s _hj%m ~�Y;h�h�[�~3~)_%wMv;h�[�\%j"wM[RGpw0U in j k S OÂjLKx�

function ��mdj return j k S OÂjL�
type PRO��5��mdj m ~�Y;h�h�[�~f~�µ(j l"h�X�m v;lcwM[RX�j%w�l�j k S O�j �

typeStack mL~�wM[�h�v'w�\s _,j UhP1OT� s _hj � -- �3K*Pdb1bRm�qrq�jTv@nav,_lj Q Zhm��mdj UhPRO.�ª�fmdj ��GQ qrj UljL�JQ q�jL�@ vr] U���P1j _�ndP1SlU � 0;
end n�m�bRv�nMC ;
type P Stack m ~�YEh�h�[�~f~�Y=y y næj P1b�A=�
function j ehQ q�GpP1t `=FöUlP�nÆj Pdb�A'K return P�nÆjTPdb�A'�

pr ivate
Current UºP�nÆj P1b�A;� -- �ÖQTO�]GS Q b1QTjlP1b1b1m�q�q)IYP n�Q P;`GS m

end Stack_P;
Implementation_ Y;h�i�YEZ=[T}"v=\"^ næj PdbRA�� s is

function j ehQ q�GpP1t `=FöUlP�nÆj Pdb�A'K return P�nÆjTPdb�A is
beginP1t `dFrc s _,j�U � s _hjLÈ PdbdbRmdqrq�� -- z;K*P1bdbRm�qrqæ`GQ Z;C,QTZ,[P1t `dFrc ��mdj�UL���fmdjLÈ P1bdbRm�q�q3�~�_�n�ndmdZ,jÆU �&Pdtö`=F�� return ~�_an�ndmdZlj �[�l%\ this;
procedure

s _,j (x U in opZlj m1[,m5n�K is}"[�Z=m l -- {;K `Gv=ClW^qrelP5ndm�CEj ean�v,_h[,e Current
Current c @ v�]�U � Current c @ v�]{¯®�3�
Current.List(Current c @ v�]ªK�UL��w=�

end
s _,jL�

function ��mdj return j k S OÂj m ~ ° [Rl"\ �fmdj �
end Stack_P;

��× ÛháGÍ�Ò�Ñ Ñlø*ÛlÎ!Õ*Ü¡Ñ Þ Ópçä×�Í*Ì�Ó¡×�ç Ûlã*ø�ÓpÜpÓpÛ�Ì�ñ ÏpÌ�Ó¡Ò�Ó¡ÛhÜÝ ÑhÚhÜ¡ÛhÌaÛhÏpÓ®ÍJ×�Ù¯Ó�×¸ÏpÐ*Ñ ÙdÕGÑhÚlÓpØ�ÓpÚlÛhÏ¡Ó¡Í*× Þ Í�×*Ñ6ÔÖÓpÜpÜ&Ø�Ó�× Ý Ï�ÐGÛhÏÏpÐ�ÑÄÛ Ý ÛhÕ*Ï¡Ñ Ý Ì�Ñ�ÚhÍ�Ì Ý Ó®×GçCÚlÜpÛlÙ1Ù2Ó¡Ù�×�ÍGÏ�Í�×GÜ�ñCÌ�ÛlÏ�Ó¡Í*×*ÛhÜ Þ áGã�ÏÛhÜ¡Ù1ÍÅÚ,ÍJ×�ÚlÓpÙ1ÑÖÓp× ß Ý Û=0�1�ê ó Ó¡×�Ú�Ñ&Ñ�øäÕGÜ®ÍGÓpÏ¡Ó�×Gç4Î!Ûl×*ñ4Û�ÚlÚhÑ�Ù1ÙÕ�Ì�Í*Õ�ÑlÌ�ÏpÓpÑlÙ ÍJØ ß Ý Û;0�1 Þ ÙRã�ÚhÐ ÛlÙ ÛlÚ�ÚhÑlÙRÙ ÏpñäÕJÑ"Ï�Í
ÙdãGá�Õ*Ì�Í�ç�Ì�ÛhÎ4Ù Þ ç�Ñ�×�ÑhÌ�ÛhÜ!ÛhÚlÚhÑ�ÙdÙ´Ï�ñ�ÕGÑ Ï�ÍéÌaÑhÚlÍ�Ì Ý ÏpñäÕJÑhÙ ÞÔÖÑ Ú�ÛhÜpÜ!Ï�ÐGÓ�Ù´à�Óp× Ý Í*Ø¯Í�áYâ�ÑlÚhÏpÙ6ÛlÙ ß -

Í�áhâaÑ�ÚlÏ�ê ß ×�ÍGÏpÐ*ÑhÌÌ�ÑhÛlÙ1Í�×µÍ*Ø�ÙdÍ
-
ÚhÛ�ÜpÜpÑ Ý ß -

Í*áYâdÑhÚhÏ�ÓpÙÄÏ¡Ð�ÛlÏHÍ*×*Ñ
prefers

Ûh×
ÛhÚ�ÚlÑhÙRÙ
Í*á,âaÑ�ÚlÏ ï Ý Ñ�ÚhÜpÛ�ÌrÑ Ý Ø;Ì�Í*Î aStack

ò
to
Ûl×'Óp×�ÙRÏpÛl×*ÚhÑ

Í�á,â�ÑlÚlÏ ï Ý Ñ,ÚlÜ¡ÛhÌ�Ñ Ý Ø�Ì�ÍGÎ Stack
ò^Óp×ÄÛlÕ*Õ*Ü¡ÓpÚhÛ�Ï�ÓpÍ*× Þ ÔÖÐ*ÓpÚlÐÄÓpÙÔÖÑhÜ5ÜGÙRÏpÛlÏpÑ Ý á*ñ�Ï¡Ð�Ñ&ÓpÎÅÎ!Ñ Ý ÓpÛlÏ¡Ñ�Ñ�ø�ÛlÎ!Õ*ÜpÑJê

î Ð*Ñ'Ñlø�Û�Î4ÕGÜpÑ´Ó�ÙìÙdà�Ñ�ÏpÚlÐ*Ñ Ý Ì�Û,Ï¡Ð�ÑlÌëÏpÐ*Ûh×ÈÚ,ÍJÎ
Õ*ÜpÑlÏ¡Ñ ÞáGã�ÏGÓ¡ÏJÙ1Ð�Í*ÔÖÙ0Ï�Ð*Ñ&ÑlÙRÙ1Ñh×GÏ�Ó¡ÛhÜ Ó Ý Ñ,ÛlÙ0Ô&Ñ�Ü�Üdå
É _`_ yLmLh�Y=XJm v=l�v=µ É -object

with nÆj PdbRA�� s � use nÆj P1b�A3� s �
procedure o4P1QTZ isn)� U aliased næj PRb�A;� -- �HQTZ,q�j PRZYb1m�v�`=Frmdbdjs ��| s zÂUhP�næjTPdb�A=� -- �HPdbdbRm�q�q@vr`=F�mdb1j} [RZ=mLls ��U � This(S1'unchecked_access);s ��c s _hj GM�3�;K�� s ��c s _ljLGpz=�;K�� ¡£¡s zÂU � This(new n�j PdbRA;K��s z,c s _hj GM�3�;K�� s z,c s _ljLGpz=�;K��
end o
PRQ Z;�

î ÐGÑÃÛ Ý ÍGÕ*Ï¡Ñ Ý ÚhÜpÛ�Ù1ÙÈá�Ì�Óp×äçGÙ÷Ø�Í�Ì�Ï¡Ð/Û�×ºÑ�Î
áGÌ�ñæÍG×*Ó�Ú×GÍ*Ï¡Ó®ÍJ×6Í�Ø2ÚhÜ¡ÛhÙ1Ù Þ ÔÖÐ*ÓpÚlÐ´Ô&Ñ�Ü5Ü�Ì�Ñ�ÛlÜ�Ó�
hÑ�Ù!ÙRã�ÚlÐ'ÓpÎ!Õ�ÍGÌ�ÏpÛh×�ÏÚ�Í�×*ÚlÑhÕ*Ï¡Ù&Û�Ù&Ñh×*ÚlÛhÕGÙ1ã�Ü¡ÛlÏpÓ�Í*×¯Í*Ø0ØrÑ�ÛhÏpã*Ì�Ñ�Ù ï ÛhÏ¡Ï®ÌaÓ�á*ã*Ï�ÑlÙÖÛl× ÝÓ¡× Ý Ó®Ì�ÑlÚlÏ!ÌrÍGã*Ï�Ó¡×�Ñ�Ùdò Þ Ý ñ�×�Û�Î4ÓpÚ÷áJÓ�× Ý Óp×*ç ï ÛhÚhÚlÑ�Ù1Ù'á�Í*ã�× ÝÔ2ÓpÏpÐ ÌrÍ*ãGÏ�Ó¡×�Ñlò Þ ÓpÎ!Õ*Ü¡Ó�Ú�Ó�Ï Current ï Ì�Ñ�ØrÑhÌ�Ì�Ó¡×�ç Ï®Í ÏpÐäÑ
Ú�ã�Ì�Ì�Ñh×*ÏGÓ¡×�Ù1Ï¡Ûh×*ÚlÑ&ÔÖÓpÏpÐ�Ó¡×
Ì�ÍGã�ÏpÓ�×�Ñ�Ù1ò Þ Ûh× Ý ÙdÍ�×
ÍG×�êËöÍGÌ ß -

Í*áYâdÑhÚlÏJÕ*Û�ÏpÏpÑlÌ�× Þ ÏpÐ*ÑÖØrã�×äÚ�Ï�Ó¡Í*× This
ÓpÙÂÙ1ã�Ú�Ð4Ûh×

Ó¡Î!Õ*Í*Ì�Ï�Û�×�ÏµØrÛ�ÚhÓpÜpÓpÏpñ ÏpÐ*ÛhÏ ß Ý Û 0�1ðÓpÙ­Î4Û Ý Ñ ÚhÜ�ÍGÙ1ÑhÌéÏ®Í
ÕGÌ�Ó¡ÙdÏ¡Óp×*Ñ¸×�Í*ÏpÓ�Í*×�ÍJØÄÚlÜ¡ÛhÙRÙÆê í ã�Ì�Ó¡×�çéÏ¡Ð�Ñ¸ÛhÕ*Õ�ÜpÓ¡ÚhÛ�Ï�Ó¡Í*×�ÍGØ
A-
Í�á,â�ÑlÚlÏpÙ Þ This

Õ�ÑhÌ�ØrÍGÌ�Î!Ù Ý ñä×�Û�Î4Ó¡Úëá*Óp× Ý Ó¡×�ç ï Ñ ê ç�ê Þ ÏpÐäÑÛ�ÚlÚhÑ�Ù1ÙRÑlÙÂÛhÌ�Ñ�á*Í�ã*× Ý Ô&Ó¡Ï�ÐÅÏ¡Ð�Ñ&Ú�Í�Ì�Ì�ÑhÙRÕ�Í�× Ý Óp×*ç
ÌrÍGã*ÏpÓp×�Ñ�Ùdò ÞÛ�× Ý ÛhÕ*Õ*Í*Ó¡×�Ï�Ù&Ï�ÐGÑ2Í�á,â�ÑlÚhÏ�ÛlÙ&Ï�Ð�Ñ
current

ÔÖÐ�Ó¡ÚlÐëÛlÚ�ÚhÑlÕGÏpÙ
Ì�Í*ã*ÏpÓp×*Ñ;� ÙEÑlØ Ø�ÑlÚlÏ�ê

Ê�ÍGÔ�ÔÖÑ¯Ð*ÛhÒGÑ±ÍJã�ÏpÜpÓp×*Ñ Ý Ï¡Ð�Ñ9ÚhÐ*ÛlÌ�ÛhÚ�Ï�Ñ�Ì�Ó¡Ù1ÏpÓpÚ�Ù4Û,áGÍ*ã�Ï
ÙRÑlÒ�Ñ�ÌrÛ�ÜÄÍ�áYâdÑlÚhÏëÕGÛlÏ¡Ï�ÑhÌ�×*ÙµÓp× ß Ý ÛJê��µÓ¡Ï�Ð�ÍGã�ÏëáGÑlÓp×�ç�Ûl×
ÍGÌ�Ó¡ç�Óp×*ÛhÜ�Í�áhâaÑ�ÚlÏ ÕGÛlÏ¡Ï�ÑlÌ�× Óp× ß Ý Û Þ Ûh× ß -

Í�áYâdÑhÚhÏ
adequately

Ñ�øäÕ*Ü�ÍGÓpÏpÙ2ÚlÛ�Õ�Ûhá*Ó¡Ü�Ó¡Ï¡ÓpÑ�Ù2Ó�× ß Ý Û;0�1�ê ß Ü�Ï¡Ð�Í*ã�ç*Ð×GÑhÑ Ý Óp×�ç9Î!Ûl×�ñ±ÏpÑ Ý ÓpÍ�ãGÙ Ý ÑlÚlÜpÛhÌrÛ�Ï�Ó¡Í*×GÙ Þ@ß -
Í*á,â�ÑlÚlÏ�Õ*ÛlÏpÏ¡Ñ,Ìa×

ÐGÛhÙ
Î!Ûh×Gñ9Ñ�ø�ÚlÑhÜ¡Ü¡Ñh×*Ï�ÕGÌrÍ�ÕGÑ,ÌaÏ�Ó¡ÑhÙÆêª��ÍGÎ
Õ*ÛlÌ�Ñ Ý ÔÖÓpÏpÐCáGÍ*ÏpÐ
V-
ÍGáYâdÑhÚlÏëÛh× Ý 


-
Í*á,â�ÑhÚlÏÅÕ*Û�Ï�Ï¡ÑhÌ�× Þ Ï�Ð*Ñ ß -

ÍGáYâaÑlÚlÏëÏ�Û�à�ÑlÙ
Û Ý Ò*Ûl×*Ï�Û�ç�Ñ Í*Ø ÛhÜ¡Üèã�ÙRÑlØrãGÜ ÛlÙRÕ*ÑhÚlÏpÙ�Û�× Ý Û�ÒäÍGÓ Ý Ó�×*ç
ÙRÐ*Í�Ì�Ï¡ÛlçäÑlÙ^áGÑhÏ¡Ô&Ñ�Ñh×
Ï¡Ð�Ñ�Îìê

Ë@ÌrÍ*ÎË$
-
Í�á,â�ÑlÚlÏ�! Ù¯ÙRÓ Ý Ñ Þ Ï¡Ð�Ñ6ÚlÜpÛhÙRÙ¯ÍGØ ß -

Í�áYâdÑlÚlÏpÙ¯ÓpÙ
Ï¡Ð�Ñ'Ì�Ñ�Ú,Í*Ì Ý ÏpñæÕ*Ñ'Ô&Ð*ÓpÚ�Ð¸Ñl×�Ú�Ü�ÍGÙ1ÑlÙ±á�Í*ÏpÐ¸ÛlÏpÏpÌ�Ó�áGã*Ï�Ñ�ÙÄÛl× Ý
Ó¡× Ý Ó®Ì�ÑlÚlÏ±ÌrÍ*ã�Ï¡Ó¡×�ÑlÙæê ó Í�Ûl×+Í*á âdÑhÚ�Ï±ÚhÛ�×�á�ÑNã�ÙRÑ Ý ÛlÙ¸ÛÚ�Í*Î!Î4ÍJ×
Ò*ÛhÌ�Ó¡Û,áGÜpÑ�Ø�Í�Ì�ÛlÙ1ÙRÓ�ç�×*Î4Ñ�×�Ï�ê

Ë@ÌrÍ*ÎÌ

-
Í*áYâdÑhÚhÏM! Ù!Ù1Ó Ý Ñ Þ ÏpÐ�Ñ¯ÌrÍJã�Ï¡Ó�×*ÑlÙ4ÚhÛ�×6Û�Ü�Ï¡ÑhÌ�×*ÛlÏ�ÑÑ�Ø Ø�ÑlÚlÏÃÍ*× Ý ÓpØ Ø�ÑlÌ�Ñl×�ÏNÍ*á,â�ÑhÚlÏpÙ ÏpÐ*Ì�Í�ã*ç*Ð ÏpÐ*ÑõÓpÎ!Õ*Ü¡Ó�Ú�Ó�Ï

Current
ê ó ÍNÛl×*ñÈÍ*á,â�ÑhÚlÏ4ÚhÛh×éÛlÚlÚlÑhÕGÏ2ÌrÍJã�ÏpÓp×*Ñ;� Ù'ÑhØ;ØrÑ�ÚhÏÔ2ÓpÏpÐ*Í*ã*ÏÅÐ�Ñ�Ù1Ó�Ï¡ÛhÏ¡Óp×*ç.ÐäÍGÔ Ï�ÍÃÕJÛhÙRÙ'ÓpÏ!Û�Ù'Ûl×.Û,Ì�ç�ã�Î!Ñl×�Ï

áJÑ,ÚlÛ�ã�Ù1Ñ�ÍGØ�Ó�Î!ÕGÜpÓpÚhÓ¡ÏJÑlØ ØrÑ�ÚlÏaê
ô ãäÚ�Ð4á*Ñ�×�ÑlØ�ÓpÏöÔÖÓ5Ü�ÜöáJÑ�ç�ÛlÓp×*Ñ Ý Ø�ÌrÍ*Î/Ï�Ð*Ñ�ã�×*ÓpØ�ÓpÚ�ÛhÏpÓpÍG×ÍJØCá*ÍGÏ®Ð8$

-
Í�á,â�ÑlÚ�ÏÄÛl× Ý 


-
Í*á âdÑhÚlÏ¯Ó�×GÏ®Í/ÏpÐ*Ñ ß -

Í�áhâaÑ�ÚlÏaê
�^ÙdÕ*Ñ�ÚlÓ�Û�ÜpÜpñ'Ï¡Ð�Ñ ß -

ÍGáYâdÑhÚlÏ�ÕGÛhÏpÏ¡ÑhÌ�×µÓ�ÙëÑ�ÛhÙ1Ó¡ÑhÌ�Ï®Í Ù1ãäÕ�ÕGÍ�ÌrÏ
Ó¡×�ÐGÑhÌaÓ�Ï¡Ûh×*ÚhÑ Þ Õ*ÍGÜpñäÎ!Í�Ì�Õ*Ð�Ó¡Ù1Î¥Ûh× Ý Ý ñä×*ÛhÎ!ÓpÚ áJÓ�× Ý Ó�×�ç ÞÔ�Ð�Ó¡ÚhÐ!Ô�ÓpÜ¡ÜGÏpÐ*Í*Ì�Í*ã�ç*Ð*Ü�ñ2áJÑ Ý ÓpÙdÚ�ã�Ù1ÙRÑ Ý Ó�×
×GÑ,ø*ÏJÙ1Ñ�ÚhÏpÓpÍG×@ê
�«­ÎÍeÏ�+²�TÐ ý@ÿ������rù*ÿµûJü��@þhþlùGþ

î ÐGÑ«>2Î4Ñlç*Û ï Û¸ãä×*ÓpØ�Í*Ì�ÎÑ>2áYâ�ÑlÚlÏ ô Í Ý ÑlÜ*�fÛ�Ù1ñ�ÏpÍ
�
ÛhÓp× ß Ý Û'� ÙÂÑh× Ý ÙdòfÓ�ÙÂÌ�ÛlÏ�ÓpÍ*×GÛhÜpÜpñ
Ì�ÑhÚhÍJÎ4Î!Ñl× Ý Ñ Ý ÏpÍ!ã�×GÓ�Ø�ñÛ�ÜpÜJà�Ó¡× Ý ÙEÍ*Ø@ÍGá âdÑhÚlÏ

-
Í*Ì�Ó¡Ñh×�Ï¡Ñ Ý
Ý ÑlÙ1Ó¡ç�×�ÕJÛhÏpÏ¡ÑhÌ�×*ÙEÓp× ß Ý Ûd0�1@ê

î Ð*Ñ�Ñ�ÒäÍ*ÜpÒ�Óp×�ç4ã*×�ÓpØ�ÓpÚlÛ�Ï�Ó¡Í�×
Ó¡Ù^ÙdÐGÍ*ÔÖ×
Û�ÙEØ;ÍGÜpÜ�ÍGÔÖÓp×*ç�å

Ë@Ó�ç�ê Ä �fÒäÍGÜpÒ�Ñ Ý ã�×GÓ�Ø�Ó�ÚlÛlÏpÓ¡Í*×4Óp× ß Ý Û;0�1

Omega
object
pattern

V- t�`EF�m�b1j%G���i @ K
U- t `=F�m�bRj'G ]GPdb�A,PR[,m�K
@ PdqfA0_,Z,QTj
s n�v,jTmdbdjTm�C0_,ZhQ j

A-Object

Specif Q b
U-object
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�2ÑhÑhÕGÓp×äç�Ï�Ð*Ñ Õ*ÛhÚhàGÛhç*Ñ Ù1Ï®Ì�ã�ÚhÏ¡ã�ÌaÑ Þéî Ð*Ñ¢>2Î4Ñ�ç�Û
Óp×�ÏpÌ�Í Ý ã�ÚlÑlÙèÛ ×äÍ*Ï¡Ó�ÍG× ÍGØºÚlÜ®Û�Ù1Ù Þ Ô&Ó¡Ï�Ð�Ù1ã�Õ�ÕGÍ�Ì�Ï.Ø;ÍGÌ
Óp×�Ð*ÑhÌaÓpÏpÛh×GÚhÑJê�ËöÌ�Í*Î Ï¡Ð�Ñ�ÙRñä×�ÏpÛ�ÚlÏ¡Ó�Ú2ÙRÏpÌ�ã�ÚlÏ¡ã�Ì�Ñ Þ Ï¡Ð�Ñ2ÚlÜpÛlÙ1Ù�Ó¡ÙÛh× ÛhÕ*Õ*ÜpÓpÚlÛháGÜpÑ�ÚhÜ¡ã�Ù1Ï¡ÑlÌ Þ Óp×äÚ�Ü�ã Ý Óp×*ç ÛhÏ¡Ï�ÌaÓ®áGã�Ï¡ÑhÙ Ûh× Ý
Ì�Í*ã�Ï¡Óp×*ÑlÙÆê ô Í Ý ÓpØrÓ¡ÑhÌ�Ù£ÚlÛ,×¥Õ*Ì�ÑhÚhÑ Ý Ñ Ï¡ÐäÑ ÚlÜpÛlÙRÙ Ï®Í
Ì�Ñ,Õ*Ì�ÑlÙRÑ,×*Ï Ý Ó�Ø;Ø�ÑlÌ�Ñh×*Ï�ÍGáYâdÑhÚlÏ Ý ÑhÙRÓ�çG× Õ*Û�ÏpÏpÑhÌ�×*Ù Þ ÙRã�ÚhÐ6ÛlÙ
Û
general

ÚlÜ�Û�Ù1Ù ï ØrÍ�Ì ß -
Í�áhâaÑ�ÚhÏpò Þ Û task ï Ø;ÍGÌ�Ú,ÍG×�Ú�ãäÌrÌaÑ,×*Úlñ�òÍ�Ì�Û

protected
ÚlÜpÛlÙ1Ù ï Ø;Í*Ì�Î4ãGÏ�ãGÛhÜ Ñhø*ÚhÜ¡ã�ÙRÓ�Í*×*ò��×Ò>2Î4Ñ�ç�Û ÏpÐ�Ñ ÚhÜ¡ÛlÙRÙ.ÚlÍ*×*ÙRÏ®Ì�ã*ÚhÏ ï Ì�ÑlÙRÓ Ý Ó�×*çðÓ�×ðÛ

ÕGÛhÚhà*Ûlç*Ñ�Ù1Ï�Ì�ãGÚhÏpãäÌaÑ,ò0Óp×*ÚlÜ�ã Ý ÑlÙ�Ûl×ëÛlã*ø*Ó�Ü¡Ó�Û�Ì�ñëÕGÛhÌ�Ï Þ Û�Ú�Ü�Û�Ù1ÙÕGÛhÌ�ÏCÛl× Ý Û­Õ*Ì�Ó�ÒGÛhÏ¡Ñ­Õ*ÛhÌ�Ï Þ Ô&ÐGÓ�Ü¡Ñ�Ï�Ð�Ñ�ÚhÍ*ÌrÌaÑhÙdÕGÍ�× Ý Óp×*çÕGÛhÚhà*Ûlç*ÑNá*Í Ý ñ Ó�ÙÈã*Ù1Ñ Ý Ï�Í ÓpÎ4ÕJÜ�Ñ�Î4Ñl×*ÏìÏpÐ*Ñ­Ì�Í*ãGÏ�Ó¡×�ÑhÙÝ ÑhØ�Óp×*Ñ Ý áJñ�Ï�ÐGÑ�Ú�Ü�ÛlÙRÙÆå
Ó v;\"m µ(m [R\�h�y Y=~�~._ Y'h�i`Y=Z=[

with ¡ -- QTO�]*v�ndjlm�ZhjTQTj QTm�q
package ~���P1OÂmJ� s is
--
É j Ç mLy m Y=w�^k_"Y=w�Xh�v=l`~3XPY;l`X °Xx^'_ [ °

-- hRy Y=~f~�h�v=l"~3XxwRj hRX
[modifier] h�y Y=~f~ CName m ~ [new ¡eÔ

…routines
…attr ibutes[�l`\ CName;

pr ivate°
end ~@�fPRO�mJ� s �

1)
�*Õ)Ö�×�ØP×p�*�;ÙËÚö���h� ÓpÙºã�ÙRÑ Ý ÏpÍ Ý Ñ�ÚhÜ¡ÛhÌ�Ñ ÙdÍ*Î!Ñ

ÛhãGø�Ó�Ü¡Ó¡ÛhÌ�ñ!Ñl×�Ï¡Ó¡Ï�Ó¡ÑhÙ Þ Ù1ã*ÚlÐ!ÛlÙ�Ï¡ñ�ÕGÑ Ý Ñ�ØrÓ¡×�ÓpÏpÓpÍG×*Ù Þ ÚhÍG×�Ù1Ï¡Û,×*ÏpÙ ÞÔÖÐ�Ó¡ÚhÐ
Û�Ì�ÑÖ×�ÑlÚhÑ�Ù1ÙRÛhÌ�ñ
Ï�Í!ÙdÑhÌ�Ò*ÑHÏ¡Ð�Ñ�Ú�ÜpÛlÙ1Ù0ÚhÍ*×�ÙRÏpÌ�ã�ÚlÏ�ê

2) Û Ø®�J�1�Â�;Ü�Ý@�d�a� � Õö� Ó�ÙÂã�ÙRÑ Ý ÏpÍÅÚ,ÍG×�ÙRÏ�Ì�ã�ÚlÏ Ï¡Ð�Ñ�Ú�Ü�Û�Ù1Ù
Ô�Ó�Ï¡Ð Ù1Õ*Ñ�ÚhÓpØ�ÓpÚ Î!Í Ý ÓpØrÓ¡ÑlÌ�ÙÆå

general ï Í*Õ*Ï¡Ó®ÍG×*ÛhÜpò Þ
protected

Ûl× Ý
task

Ï®Í Ý Ñ�ÏpÑlÌrÎ!Óp×�Ñ¯Í�á,â�ÑlÚ�Ï�Ù�ÍJØ Ý Ó¡Ø Ø�ÑhÌ�Ñl×�Ï
performance:

♦ general
� Ø��G�1�

is
ÚhÐ*ÛlÌ�Û,Ú�ÏpÑhÌaÓx
lÑ Ý ÛhÙ±ÛCÌaÑhÚhÍ*Ì Ý

Ïpñ�Õ*Ñ Û�× Ý Î!ã*Ù1Ï&á*Ñ Û Ý ÑhÙRÚlÑh× Ý Ûh×�Ï�ÍGØ
Ï¡Ð�Ñ ÕGÛhÌ�Ñ�×�Ï�Ú�Ü�Û�Ù1Ù
ÔÖÐ�Ó¡ÚhÐ
ÐGÓ Ý ÑlÙEØ�ÌrÍJÎ.ÙRã*ÚhÐ4Ú,ÍG×�Ú�Ñ,ÕGÏpÙEÓp× ß Ý Û;0�1 Þ ÛhÙ0Ï¡Ûhç*çäÑ Ý ÞÚhÍG×�Ï�Ì�Í*Ü¡Ü�Ñ Ý Ûh× Ý ÙdÍ
Í*×�ê

♦ protected
�'Ø��G�1� Ó�Ù ÚlÐ�Û�ÌrÛlÚlÏpÑ�Ì�Óx
lÑ Ý Û�Ù Û

Õ�Ì�Í*Ï¡ÑlÚhÏ¡Ñ Ý Ï�ñ*Õ*ÑCã�×�Ó¡Ï Þ ÔÖÓ¡Ï�Ð¸ÎÅã�Ïpã*ÛhÜ&Ñlø�Ú�Ü�ã�ÙRÓpÒ�ÑCÌ�Í*ã�ÏpÓp×*ÑlÙØ�Í�Ì�ÚhÍ�Í�Ì Ý Óp×*ÛlÏ�Ñ Ý ÙRÐ�ÛhÌ�Óp×�ç2ÍJØ Ý ÛhÏ�Û&áGÑlÏpÔÖÑlÑ�×
Ï�Û�Ù1à�Ù
.

♦
���G��Þ+�;Ø¡�*�1� Ó�ÙCÚhÐ�ÛlÌ�ÛhÚ�ÏpÑlÌ�Óx
lÑ Ý ÛlÙCÛ³ÏpÛlÙ1à�Ï¡ñäÕ�Ñ

ã�×*ÓpÏ Þ Ô�ÓpÏ¡Ð Ì�Ñl× Ý Ñ'
lÒ�Í�ã*Ù ÌrÍGã�Ï�Ó¡×�Ñ�Ù ï Ñh×GÏ®Ì�ÓpÑ�Ù1ò+Ø;Í*Ì�Ï¡ÐäÑÙdñ*×�ÚlÐ�Ì�Í*×�Ó�
hÑ Ý ÚhÍ*Î!Î!ã*×�ÓpÚlÛlÏpÓpÍG×�áJÑhÏpÔÖÑlÑl×
Ï¡ÛlÙ1à*ÙÆê

3) ß �'×xà�����áâÚö�G�h� Ó�Ù ã*Ù1Ñ Ý Ï¡Í Ý Ñ�ÚlÜ�ÛlÌ�Ñ Ó�Î!Õ*Í�Ì�Ï

Ñ�×�Ï¡ÓpÏpÓpÑhÙ Þ Ô�Ð�ÓpÚlÐ9ÛhÌaÑ�Í*×�Ü¡ñ±Ò*ÓpÙRÓ�á*Ü¡Ñ!Ï�Í±Ï¡Ð�Ñ4ÕGÛ,Ú�à�Ûlç�Ñ
á*Í Ý ñ*ê>
×�Ü�ñ
general

ÚlÜpÛlÙRÙ1ÑlÙð×�Ñ�Ñ Ý ÏpÐ*ÓpÙèÕJÛ,Ì�Ï Þ ÏpÛlÙ1à�Ûl× Ý
ÕGÌrÍGÏpÑ�ÚhÏpÑ Ý ÚhÜ¡ÛhÙ1ÙRÑlÙ0×�ÑlÑ Ý ×�Í*Ï�ê

��×�>2Î!Ñhç*Û Þ §*�h¦G�l�d�G  ÚlÜpÛlÙ1ÙRÑlÙHÛlÌ�Ñ�Ï¡Ð�Ñ�Î!ÛlÓp×*ÙRÏ�Ì�ÑlÛlÎºÓp×ÙRã*Õ�Õ*Í*Ì�ÏfØ;Í*Ì�Ó¡×äÐ�ÑhÌ�ÓpÏpÛl×�Ú�Ñ Þ Õ*Í*Ü¡ñäÎ4ÍJÌrÕ�ÐGÓ�ÙRÎ�Ûl× ÝìÝ ñ*×�ÛlÎ!Ó�ÚáJÓ�× Ý Ó¡×äç�ê���×¯ÚlÍ*×*Ï�Ì�Û�Ù1Ï Þ task
Ûh× Ý

protected
ÚlÜpÛhÙRÙ1Ñ�Ù&ÍJ×�Ü¡ñ

ÙRã*ÓpÏëØrÍ*ÌCÏ¡Ð�ÑÈÍ*áYâ�ÑlÚ�Ï�Ù³Í*ØìÙ1Õ*ÑhÚhÓ¡ÛhÜëÕGÑ,ÌaØ;Í*Ì�Î!Ûl×�Ú�ÑJê ß Ù´Û
r
ÑhÙRã*ÜpÏ Þ task

Ûl× Ý
protected

ÚlÜpÛhÙRÙ1Ñ�Ù¯Û�Ì�Ñ³Ï�ÐGÑ'Î!Í Ý Ó�Ø�ÓpÑ Ý
Ú�ÜpÛlÙ1Ù1Ñ�Ù Þ Ûl× Ý general

Ú�Ü�ÛlÙRÙ1Ñ�Ù�Ô&Ó¡Ü¡Ü Ý Ì�Û�Ô/ÍJãäÌ&Û�Ï�Ï¡Ñl×�Ï¡Ó�ÍG×
Ø�Í�Ì�Õ�ÌaÓ�ÙRÏpÓp×*ÑHÍ�áhâaÑ�ÚhÏ

-orientation.

+9þlþlùGþhþ Ð ù*úV� ��ÿ|�f���Rù��äùGú��	ã������dù��Gú^þ
ß Ý Û!Ô�ÛhÙ2Û!ç�Í�Í Ý ÏpÌ�Û�Ó�Ü�áGÜpÛ'
lÑhÌ�ÏpÐ�ÛlÏfÑhÎ!á*Í Ý Ó¡Ñ Ý áGÍ*Ü Ý×GÑhÔ Ý ÑlÙ1Ópç*×9Ó Ý Ñ�ÛlÙ�Ó�×ìÎ!Ûl×�ñ9ÛlÌaÑhÛ�Ù�Ù1ã�ÚhÐìÛhÙ2Ñlø*ÚhÑhÕGÏpÓpÍ*×�Ù ÞçGÑh×*ÑlÌ�ÓpÚlÓ�Ï¡ñ´Ûl× Ý Ú,Í*×*ÚlãäÌrÌaÑh×GÚhñ Þ Ûh× Ý Í*×³Ï�ÐGÑ±ÍJÏ�ÐGÑ,Ì2Ð*Ûh× Ý Þ

ß Ý ÛµÔ&Û�Ù6Û¸Ú,ÍJÜ�Ü¡ÑhÚlÏpÍ*Ì¯Ï�Ð*ÛlÏ
Ï�Í*Í*àNÓp×éã�Ù1Ñ�Ørã*Ü4Û Ý Ò�Û�×�ÚlÑ ÝÓ Ý Ñ�ÛlÙºÙ1ã�ÚhÐ ÛlÙ ß�í�î�Þ¸ß�óöô Ûh× Ý Ú,ÌaÓ�Ï¡Ó�Ú�ÛlÜÈÎ4ÍJ×�Ó¡Ï�Í�Ì
ï Õ�Ì�ÍGÏpÑlÚhÏ¡Ñ Ý Í�áhâaÑhÚlÏpò,êTÊ utrient

ØrÍ*Í Ý ÔÖÓpÜ¡Ü�áGÑl×�Ñ�ØrÓ¡Ï�Í*×*Ñ�! Ù
ÐGÑhÛlÜ¡Ï�Ð Þ ÐäÍJÔÈÛháGÍ�ã�Ï ÑhÛ�Ï�Ó¡×�ç
ÏpÍ�Í
Î!ã*ÚhÐ�ä

ó ãäá,â�Ñ�ÚhÏpÓpÒ*ÑhÜ¡ñ Þ Ì�Ñlç*ÛhÌ Ý Ü�Ñ�Ù1ÙÃÍGØ÷ÏpÐ*Ñ ÚhÍ*Î4ÕGÜpÑlø�Ó¡Ï�ñ ÍGØ
Ý Ó�ÒGÑ,ÌaÙ1Ó�Ø�ÓpÑ Ý Í*á,â�ÑlÚlÏ�Ù Þ÷ß Ý ÛðÛlÜ�Ü¡Í*ÔÖÙ�Õ*ÌrÍGçäÌ�Û�Î4Î!ÑlÌ�Ù ÏpÍ
Ú�ÐäÍ*ÍGÙ1Ñ�Ø�Ì�ÑhÑ�Üpñ Ý Ó�Ø;Ø�ÑlÌ�Ñh×*Ï�Í*á,â�ÑlÚhÏ Ý ÑhÙRÓpç�×ëÕJÛhÏ¡Ï�ÑhÌ�×*Ù Þ Ô&Ð*ÓpÚ�ÐÔ�ÍGã�Ü Ý áGÑ Ûl×�Ñ�Ø ØrÑlÚ�Ï�Ó¡Ò�Ñ ÙdÍJÜ®ãGÏ�Ó¡Í*×�Ï�ÍGÔ�ÛhÌ Ý ÙÃÚ,ÍG×�ÚhÌ�ÑlÏ�Ñ
ÕGÌrÍ�áJÜ�Ñ�Î4Ùæê;>�á,â�ÑlÚlÏpÓ¡Ò�ÑlÜpñ Þ á*ÑlÚ�Û,ã*ÙRÑ2Ü�Í*×*çëÏpÓpÎ4Ñ2ÐGÛhÙ�Õ*Û�Ù1Ù1Ñ ÝÛ�ØrÏ¡ÑlÌ ß Ý Û;:�< Ý Ñ�Ü�Ó¡Ò�ÑhÌ�Ñ Ý Þ0ß Ý Û;0�1³ÔÖÍ*ãGÜ Ý á*ÑìÚ,Í*×�ØrÌ�ÍG×�ÏpÑ ÝÔ2ÓpÏpÐ Ï¡Ð�Ñ Ú�Í*×*Ø�ÜpÓpÚlÏ á*ÑlÏ�Ô&Ñ�Ñl×

continu
Ó�Ï¡ñ Ûh× Ý

Û Ý Ò*Ûl×*ÚhÑ�Î4Ñl×*Ï
--

ÔÖÓ¡Ï�Ð ÛlÚ�ÚlÍGÎ4Î!Í Ý ÛlÏ�Ó¡×�ç ÓpÏpÙ1Ñ�Ü�Ø ÏpÍ
Ú�Í�×*ÏpÓp×*ã*ÛhÜ ß Ý Û;:�< ï Ù1Ó¡ç�×*ÓpØrÓ¡ÚlÛ,×GÏ´ã*Ù1Ñ Ó�×ðÏpÐ*Ñ�Î4Ó¡ÜpÓ¡Ï¡ÛhÌañ
Ý Í*Î!ÛlÓp×*ò�Ûh× Ý Û Ý Ò*Ûh×*ÚhÑ Ý Ï�ÑhÚhÐG×äÍGÜ�Í*ç*ñ ï spread-

Ô&Ó Ý Ñ
object-orientation

ò,ê

2× Ý Í�ãäáGÏpÑ Ý Ü¡ñ Þ�ß Ý Û;0�1¯Ð�Û�Ù�áGÑ,Ñl×±Õ*ÌrÍJÒ�Ó Ý Ñ Ý Ô�Ó�Ï¡Ð±Ï¡Ð�ÑÚ�ÛhÕ*Ûlá*Ó¡Ü�Ó¡Ï�Ó¡ÑlÙÂÏpÍëÙdãGÕ�Õ*Í*ÌrÏöØ�ã�Ü�Ü�Í*áYâdÑhÚlÏ

-
Í�ÌaÓ�Ñ�×�Ï¡ÛhÏpÓ¡Í�× Þ á*ã*ÏöÏpÐ�ÑÛ�ÚlÚ,ÍJÎ4Î!Í Ý ÛlÏ¡Ó®Í*×�Ï®Í ß Ý Û;:�< Ô&ÍJã�Ü Ý

demolish
ÏpÐ�Ñ

integral
Ù1Ó¡Î4ÕGÜpÓpÚlÓ¡Ïpñ�Í*Ø ß Ý Û':�<�áGÑlÚlÛlã*ÙdÑ ÍGØ Î!Ûh×Gñ

far-
ØrÑ�Ï�Ú�Ð�Ñ Ý ÚhÍGÎ4ÕJÜ�Ñhø�ÚlÍ*×*ÚlÑhÕ*Ï¡ÙNÓ�× ß Ý Û;0�1 Þ ÙRã�ÚlÐ�ÛhÙ

taggedÞ class-wideÞ controlled
ÏpñäÕJÑNÑhÏ¡ÚGê î ÐäÑ.ØrÛlÏ¡ÛhÜÕGÌrÍ�áJÜ�Ñ�Î Ü¡Ó�Ñ�Ù Ó�×ºÏ�ÐGÛhÏ ß Ý ÛéÜ¡ÛlÚhàGÙ ÛÃã*×�ÓpØ�Í�ÌaÎ Í*áYâdÑlÚhÏ

Î!Í Ý ÑlÜÄÏ¡Ð�Û�Ï±Ñhø*ÕGÜ�ÍGÓpÏpÙµÕ*Ì�Ó�Ù1Ï¡Ó¡×�ÑN×äÍ*Ï¡Ó¡Í*×+ÍGØ6ÚlÜ�Û�Ù1Ùæê ß × ÝãG×�Ó¡ØrÍ�ÌaÎå> ô ��� ß Ó�Ù0Î!Ûlà�Ó¡×�ç
Û&Ù1Ó¡ç�×*ÓpØrÓ¡ÚlÛh×GÏGÛ�Õ�Õ�Ì�Í�ÛlÚlÐ�ê
î Ð�Ñ Ø;ÍGÜpÜpÍ*ÔÖÓp×*ç�ÏpÛlá*Ü¡Ñ ÙRÐ�Í�ÔÖÙ Ù Ó¡ø ÛlÙRÕ*Ñ�ÚlÏ�Ù ÍGØ

Ý Ó�ØrØrÑlÌ�Ñ,×*Ï Ý ÑhÙRÓpçä× ÕJÛhÏ¡ÏpÑlÌ�×GÙ�ê î Ð�Ñ Ü¡ÑhØ�ÏpÎ!Í*ÙRÏºÚhÍJÜ�ãGÎ4×
ÙRÐ*ÍGÔ&ÙµÏpÐ�ÑÈÍGáYâdÑ,ÚlÏÅÕ*Û�ÏpÏpÑlÌ�×�Ù Þ Ô�Ð�ÑlÌ�Ñ�Ï�Ð*Ñ�Ø�Í�Ì�Î!ÑlÌ6Ø;Í*ãäÌ
(V-
Í�áYâdÑlÚlÏ^Ûh× Ý 


-
Í*á,â�ÑhÚlÏpò�Û,ÌaÑ4ÙRÍ*Õ�Ð*ÓpÙRÏpÓpÚlÛhÏ¡Ñ Ý Ó¡× ß Ý Û;0�1�ê

î Ð*Ñ Ø�Ó�Ø�ÏpÐ�å ß -
Í�á,â�Ñ�ÚhÏ Þ Ó�Ù ×*ÑhÔ�Ü¡ñ Ý Ó¡Ù1ÚhÍGÒ�ÑhÌ�Ñ Ý áGñ

Ñ�øäÕGÜ�ÍGÓpÏpÓp×*ç ß Ý Û;0�1�! ÙµÚ�Û,ÕGÛ,áJÓ�Ü¡Ó�Ï¡Ó¡ÑhÙÆê î Ð*ÑéØrÓ¡×�ÛlÜ¯Ú,ÍGÜpã*Î!×ÙRÐ*ÍGÔ&Ù+Ï¡Ð�Ñ >2Î!Ñlç�Û Þ ÔÖÐ�Ó¡ÚhÐ Ô�ÍGã�Ü Ý á*Ñ Ï�ÐGÑ Ý Ñ�Ù1ÓpÌ�Ñ Ý
Ý ÑhÙRÓpçä×�ÕJÛhÏ¡Ï�ÑlÌ�×�ê
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>2áYâ�ÑlÚ�Ï*Õ*Û�ÏpÏpÑhÌ�×�ÙEÛ�× Ý Ï¡Ð�ÑlÓpÌ�ÕGÌrÍäÕJÑ,ÌaÏ�Ó¡ÑhÙEÓ¡Ù^Ó¡Ü�Ü¡ã�ÙRÏpÌ�ÛlÏpÑ Ý Û�Ù^Ï¡Ð�Ñ�Ø�Í�Ü¡Ü�ÍJÔ&Ó�×Gç
ÏpÛlá*Ü¡ÑGå
Properties

t `=Frm�b1jd]GPdj jTm5ndZ Encapsulation
��jTj n�Q `G_,jTm�æ q
appearance

}�v _hjTQ Z,m�æTq
effect

t `=F�m�b1j
vs

Variable
Inheritance �^vYj QTv,Z0vdDGb1S Pdq�q

V- v�`=Frmdb1j G��Ei @ K poor explicit explicitly yes yes closer
U-object(ASM) poor implicit implicitly no no far-fetched@ Pdq3AVW -object poor implicit implicitly yes no closers ndv,j mdbdjTm�CBW -object good explicit implicitly yes no closer

A-object good explicit implicitly yes yes closer
Omega good explicit implicitly yes yes pr istine

~�Pd_hjTQTvYZëQ q&X�P1ZljTm�CY|�q�Q Z,b1m�v�`=Frm�bRjJ]*P1jTj m naZ,q&QTZë��C,P�P;ndmHChQ I,m5ndqrQ D5QTm�C,|�q�v,OÂmHI,P1S _hm1q�P n�m�q�vYO�mdX^e,Pdj ambiguous|TD5v�nQ Zhq�j P1Z,b1md|"�¡]Gv,v�nM�VC,v,m1q�Zlv,jäZhm�b1mdq�qrP;n�QTS WHQ O�]GS WHjTeYPRjäPö]*P ndj Q b1_hS P;nfv�`EF�m�bRjY]�P1jTjTm5naZ�S P1b�A,q�qr_�],]Gv�n�j`D v�n�j e,mö]lnava]Jm5naj QTmdq�c`b�v�nQ Zhq�j P1Z,b1md|öjTe,m class vdDVO -obj m�bRj@Q q�|öQ Z!Z,P1j _�ndm�|�jTehmNG¡j PR[,[,m�C=Köndm�bRvrn�C!jTW;]Jm&X^elQ bRe4vYZhSTW4mdZ,b1S v,q�mdqHj e,m�P1j j ndQ `G_ljTm�qr|Æ`G_hjndv,_,jTQ ZhmdqfP ndmÂPdbdbRv,O�]*P1Z,QTm�C�v,_hj qaQ Chmdqr|Gq�vÖj ehm encapsulation vED�jTe,m class Q q��5]GvYv�n��dc @ ehm	IYPRS _lmdq��RWRmdq3�Hv�n	��ZhvE�HP n�m_,Z,P1O�`GQT[,_,v,_,q�|�D5v�nÂQ Z,q�j P1Z,bRm�|*jTehmkW - v�`=F�m�bRj�Chm1ZhvYjTQTZ,[ÖPRZ��|n"o/Q q^P�]�_andm�]GPdb�AhPR[Ym�_hZ,QTjGQTZ,q�jTm�P�C2vED�P	IYP n�QTP5`GS md|Gq�vÖQTj qI,PRS _hm0P5`Gv,_,jª�dv�`EF�mdbRj�IYq|I,P;naQ P `JS m���],n�v�]Gm5n�j®W&Q q��dZhvE�dc g Q jTeEnam�q�]Gm�b1jGjTv�j ehm�],ndv�]*m5ndjTW����Ej j ndQ `G_hjTm�æ qfP ],]JmdP n�PdZ,b1m��d|äjTehm5ndmP5ndmëj X�vgI,P1S _,mdqH�dQTO�]*S QTbRQTj �Äv�ne�dm1w�]GS Q b1QTj �R�^j ehm®D5v�n�OÂm5n�IYP1S _hmëQ Z;ChQ b1P1j m1q
j e,PRjEj ehm class n�mdPdSTSTW9eYP1q�PdjTj n�Q `G_hj mdq�||D5v�nQ Zhq�j P1Z,b1md|,PdZ0��n%oNvED*q�j Pdb�A,|lQ Z0jTehm�qT]*m1b1Q D Q bRPdj QTv,Z,|hv,ZhS W0mdw�]Gv�ndjdn�v,_hj QTZhmdqöX�Q j eÂZ,v,j elQTZ,[^P `Jv _ljlP1j j ndQ `�_hjTmdqr|�`*_,jlX^e,Q bdeÂP5n�mbRm5najTPRQ ZhSTW0e,Q C;Chm�Z0Q Z0j ehm*`GvEClWac @ ehm�qrP1O�m�q�QTj _hP1jTQTv ZÂv,bdbR_�naqöQTZEPfj PdqfA0_,Z,QTjljTvYv,c


�ÕµÏ®Í³×�Í*Ô Þ Ô�Ñ9Ð*ÛhÒGÑ¯Ñ�ø�ÛlÎ!Óp×GÑ Ý Í�á,â�ÑlÚhÏ -ÍGÌ�ÓpÑl×�Ï¡Ñ Ý
desig

× Õ*Û�Ï�Ï¡ÑhÌ�×*ÙÃÓ�× ß Ý Û;0�1 áJñ Ý Ó¡Ù1ÚhãGÙ1ÙRÓ®ÍG×�ÍGØ¸á*ÍGÏpÐ
ÛhÏ¡Ï�ÌaÓpá�ã*ÏpÑlÙìÛh× Ý Ó�×GÏ�ÑhÌ�ÛlÚhÏ¡Ó¡Ò�Ñ6Ì�Í�ã�Ï¡Ó�×GÑhÙÆê�> ô ��� ß Î!Ûlà*ÑlÙ
ÏpÐ�ÑlÎ+ã�×�Ó¡ØrÓ¡Ñ Ý Þ Ô&ÐGÓ�Ú�Ð
Ô�ÓpÜpÜ á*Ñ Ý Ó�ÙRÚlã�ÙRÙ1Ñ Ý Ü�Û�ÏpÑhÌdê
çÈÇ�
��2�d�h����� �������H�

�2ÑhÑhÕ*Ó¡×äç�Ï�Ð*Ñ Õ*ÛlÚlà�Ûlç�Ñ Ù1Ï�Ìrã*ÚlÏpã�ÌaÑ Þ Ï�Ð*Ñè>2Î4Ñ�ç�Û
Óp×�ÏpÌ�Í Ý ã�ÚlÑlÙ2Û±×äÍ*Ï¡Ó®ÍG×ìÍJØ�ÚlÜpÛlÙ1Ù Þ Ô&Ð�Ó¡ÚlÐC×*ÍGÏ�ÍG×�Ü¡ñ9ãG×�Ó¡ØrÓ�Ñ�Ù
differen

Ï Ý Ñ�Ù1Ópç*×ìÕ*Û�ÏpÏpÑhÌ�×*Ù
Î!Ñh×*ÏpÓpÍG×�Ñ Ý á*Ñ�Ø;Í�Ì�Ñ Þ á�ãGÏ�ÛlÜ¡Ù1ÍÛhÚ�Ð�Ó¡ÑhÒ*ÑhÙ Ò�ÑhÌ�ñ Ù1Ó�çG×�Ó¡ØrÓ�Ú�Ûl×�Ï Ù1Ó¡Î4ÕJÜ�Ó¡ØrÓ¡ÚhÛ�ÏpÓpÍ*× Ø;ÍGÌ
object-

Í�ÌaÓ�Ñl×*ÏpÛhÏ¡Ó�ÍG×
Óp× ß Ý Û;0�1�êé.ê Ï´ù*ú^ù����@ü�ûJü��@þlþhùGþ*�rú²��Ð÷ù����
��× Í�Ì Ý ÑhÌ ÏpÍ Ù1ã*Õ�Õ�Í*Ì�Ï ÙdÓp×*ç�Ü¡Ñ Óp×*Ð�Ñ�Ì�ÓpÏpÛ�×�ÚlÑ ÞÕ�ÍGÜpñäÎ!Í*Ì�Õ�Ð�Ó¡Ù1Î Ûl× ÝÃÝ ñä×�Û�Î4Ó¡Ú áGÓ Ý Ó�×*ç Þ�ß Ý Û=0�1.Ð�ÛlÙ6ÏpÍÓp×�Ò*ÍGÜpÒ�ÑéÎ!Ûl×�ñ�Ú,ÍJÎ!Õ*Ü�Ñ�ø Ú,Í�×�Ú�Ñ,ÕGÏpÙ Þ ÙRã�ÚhÐ ÛhÙ taggedÞ

class-wideÞ controlled
Ï�ñ�ÕGÑÄÛh× Ý ÙdÍ6ÍG×�êª>2×6ÏpÐ*ÑÄáGÛhÙ1Ó¡Ù

ÍGØ�Ï¡Ð�Ñ±ã�×GÓ�Ø;ÍGÌ�Îë>2Î4Ñ�ç�Û Þ ç�Ñl×�Ñ�Ì�Û�Ü^Ú�Ü�ÛlÙRÙ1Ñ�Ù
Ù1ã*ÚlÚhÑ�Ù1Ù1Ø�ã*ÜpÜpñÐ�Ó Ý Ñ&Ø;Ì�Í*Î+Ú,ÍGÎ!Õ*ÜpÑlø*ÓpÏpñ
Ó�× ß Ý Û;0�1�ê
Ï´ù*úEù�����ü���ì*ùGÿí�@úEû�ù*þ �dý��

��×a>2Î4ÑhçGÛ Þ Û�×.ãäÕJÎ!Í*Ù1ÏÅÌ�Í�ÍGÏ!ÚhÜ¡ÛlÙdÙ³ÓpÙ´×*ÑlÑ Ý Ñ Ý Ï�ÍÕ�Ì�Í*Ò�Ó Ý Ñ�ç*Ñl×�ÑhÌ�ÛhÜpÓx
lÑ Ý Õ*Ì�Í�ÕGÑhÌrÏ¡Ó�Ñ�ÙNØrÍGÌ ÛhÜ¡Ü Ý ÑhÙ1Ú�Ñl× Ý Ûl×�Ï
ÚhÜ¡ÛhÙRÙ1ÑlÙ Þ Ù1ã*ÚlÐ9ÛhÙ�Ï�Ûlç*ç�Ñ Ý Þ Ú,ÍJ×�Ï�Ì�Í*Ü¡Ü�Ñ Ý Õ�ÌrÍGÕ*ÑhÌ�Ï�Ó¡ÑlÙæê`�fÒGÑ,Ì�ñÚhÜ¡ÛhÙRÙ ï Ï¡Ð�Ñ Ý Ó¡Ì�ÑhÚlÏ0Í*Ì2Óp× Ý ÓpÌ�ÑhÚ�Ï Ý ÑlÙ1ÚhÑl× Ý Û,×*ÏpÙ4ÍJØ�Ï�Ð*Ñ¯Ì�Í*Í*ÏÚhÜ¡ÛhÙRÙ1ò2ÔÖÓ�ÜpÜÂÙdÐGÛlÌ�Ñ±Ï¡ÐäÍGÙ1ÑÄÕ*Ì�Í�Õ�ÑhÌaÏ�Ó¡ÑhÙ Þ ÔÖÐ*Ó�Ú�Ð6Ñ�Ø Ø�ÑhÚ�ÏpÓpÒ�ÑlÜ¡ñÙdÓ¡Î!Õ*Ü¡Ó�Ø�Ó�ÑlÙ0Ì�Ñ Ý ãä× Ý Ûl×�ÏJÛl× Ý ÚhÍ�Î!ÕGÜpÓpÚlÛlÏ¡Ñ Ý
Ý ÑhÙ1Ó¡çä×�ê

î Ð*Ñ ÚhÜ¡ÛlÙRÙ�Í*Ø ÚhÍ�×�Ï¡ÌrÍJÜ�Ü¡Ñ Ý Õ*Ì�Í�Õ�ÑhÌ�Ï¡ñ ÛlÜpÜ¡Í*ÔÖÙ
Õ�Ì�Í*Ò�Ó Ý Óp×*ç ÛÃÚlÍ�×�Ù1Ï¡Ì�ã�ÚlÏpÍ�Ì ï Initialize

ò´Ûl× ÝºÝ ÑlÙRÏpÌ�ãäÚlÏpÍ�Ì

(Finalize
ò Þ ÔÖÐ*Ó�Ú�Ð�ç�ÓpÒ*ÑlÙìÏpÐ*Ñµã*Ù1ÑlÌÄÛ Ý�Ý Ó�Ï¡Ó�ÍG×�ÛlÜ2ÚhÍG×�Ï¡ÌrÍ�ÜÍJÒäÑhÌ ÏpÐäÍGÙ1Ñ ÍGÕ�ÑhÌ�ÛlÏ�Ó¡Í*×*Ù�ê î ÐäÑ ÚhÍ*×GÙ1Ï�Ì�ã*ÚhÏpÍ�Ì Ô&Ó¡Ü�Ü­á*Ñ

Ó¡×�ÒGÍ�à�Ñ Ý ÓpÎ!Î4Ñ Ý Ó�Û�Ï�Ñ�Üpñ ÛhØ�Ï5ÑlÌ Û ×äÍ*Ì�Î4ÛhÜ Ý ÑlØ�Û,ãGÜ�Ï
Ó¡×�Ó¡Ï�Ó¡ÛlÜ¡Óx
lÛlÏ¡Ó�Í*×´Í*Ø�Ûl×'Í*á âdÑhÚ�Ï Þ Ô�Ð�Ó¡Ü¡Ñ9ÏpÐ*Ñ Ý Ñ�Ù1Ï�Ì�ã�Ú�Ï�Í�Ì2ÔÖÓpÜpÜáJÑÖÓp×�ÒäÍGà�Ñ Ý Ó�Î!Î4Ñ Ý Ó¡ÛhÏ¡ÑlÜ�ñ!á*Ñ�Ø;Í*Ì�ÑÖØ�Óp×�ÛlÜ¡ÓP
�ÛlÏ�Ó¡Í�×4Í*Ø�Ûl×�ñ4ÍGØ
Ï¡Ð�ÑÖÚ,ÍGÎ!Õ�ÍG×*Ñ,×*ÏpÙ^Í*Ø�Ûl×
Í�á,â�ÑhÚlÏaê

ß Ù/Ï¡Í Óp×�Ð*ÑlÌ�ÓpÏpÛ�×�ÚlÑ Þ ÍG×�Ü¡ñ ÏpÐ*Ñ ÚhÜ¡ÛhÙRÙ/Í*Ø­Ï�Û�ç�ç*Ñ Ý
ÕGÌrÍ�ÕGÑ,ÌaÏ�ñ!ÚlÛl×!á*Ñ�Ï¡Ûhà*Ñh×ÅÛ�Ù0Ï¡Ð�Ñ�Õ*ÛlÌ�Ñh×*ÏöÚlÜ�Û�Ù1ÙÂØ�ÌrÍ*Î/Ô&Ð�Ó¡ÚlÐ
Ý ÑhÙdÚ�Ñl× Ý Ûh×*ÏÅÚlÜ¡ÛhÙ1ÙRÑlÙ³ÛhÌ�Ñ Ý ÑhÌ�ÓpÒ�Ñ Ý ÔÖÓ�Ï¡Ð+Ñhø*ÏpÑl×�ÙRÓpÍ�× Þ ÙRÍÑ�Ò�ÑlÌ�ñ±Ú�Ü�Û�Ù1Ù&ÙRÐ�Í*ã*Ü Ý Þ Óp×¯×*ÛhÏ¡ã�ÌaÑ Þ ÐGÛhÒ*Ñ!Ï�ÐGÑ4Û,áJÓ�Ü¡Ó�Ï5ñÄÛ�Ù&Ï¡Ð�ÑÕJÛ,ÌaÑ,×*ÏJÚlÜpÛlÙ1ÙEÑlø�Ú�ÑhÕ*ÏJØrÍ�Ì�ÏpÛlÙ1à
Ûh× Ý ÕGÌrÍ*Ï¡ÑlÚlÏpÑ Ý ÚlÜ¡ÛhÙ1Ùæê

î ÐGÑ÷ãäÕ*Î!ÍJÙ1Ï Root
Ú�Ü�Û�Ù1Ù ï Ï¡ÐäÑ�Ù1Ó¡Î4ÕGÜpÑhÙRÏëØrÍGÌ�Î!òCÓpÙÝ ÑhÙdÚ�Ì�Ópá*Ñ Ý ÛlÙ^Ø�Í*ÜpÜ�Í*Ô�Óp×*ç�å

Å vdv'X`h�yLY=~�~�mLl�î	ï�[RZ=Y
with �|C,P1cLblQTZ,P1S Q V1PRj QTv,Z=� use �|C,P1c bÆQTZ,P1S QTVdPRj QTv,Z;�
package }�v,vYj � s is

classRoot m ~�l`[�±ì~ ontrolled_"wMv=hR[�\%j"wM[ nil;[�l`\ Root;
pr ivate_"wMv=h�[�\%j"wM[�opZlQ jTQ PRS QTV1m�G¡t `=F5ðJm l�v=j`X Root);
end Root_P;

î ÐGÑ'ãäÕJÎ
Í*ÙRÏ{ñ ���G¤ ÓpÙ9ÏpÐ*Ñ´ÚlÜpÛhÙ1Ù ï ÚhÍ�×GÏ�Ì�Í*ÜpÜpÑ Ý Ïpñ�Õ�ÑlòÔ2ÓpÏpÐ Û�×�Ó¡ÜCÌ�ÍJã�ÏpÓp×�Ñ Þ Ô&ÐäÍJÙ1Ñ tagged
Û�× Ý

controlledÕGÌrÍ�ÕGÑ,ÌaÏ�Ó¡ÑhÙ Û�ÌrÑ Û Î!ã�ÙRÏ ØrÍ�Ì Ó¡×äÐ*Ñ,ÌaÓ�Ï¡Ûh×GÚhÑJê î Ð*ÛhÏ
procedure nil

Ý Í�Ñ�Ù&×�ÍGÏ�Ð�Ó¡×�ç¯Î4ÑhÛ�×�Ù�Ï�ÐGÑ4×�ã*ÜpÜ�Î!ÑhÙ1ÙRÛlç�Ñ
Ï¡Í±áGÑ
ÙRÑl×�Ï�Ï�ÍÄÍGáYâdÑhÚlÏpÙ Þ Ô�Ð�Ó¡ÚhÐ±Ó¡Ù�ã*Ù1ÑlØ�ã*Ü�Ø�ÍGÌ0ÏpÐ*Ñ Ý ÑlÌ�Ó�Ò�Ñ ÝÚ�ÜpÛlÙ1ÙÆê=�Hã�Ï Ð�ÑhÌ�Ñ

Root
Î!ÛlÓp×*Üpñ
ÚlÍ*×*ÚhÑhÌ�×�Ù0ÏpÐäÌ�ÑlÑ&ÓpÎ!Õ�ÍGÌ�ÏpÛl×�Ï

Û�Ù1Õ�Ñ�ÚlÏpÙÆå
class

Ïpñ�Õ*Ñ ï Ó�×�Ú�Üpã Ý Ó¡×�çðÓp×*Ù1Ï¡Ûl×�Ú�ÑºÏpñ�Õ*Ñ Ûh× Ý
Û�ÚlÚhÑ�Ù1Ù

Root
Û�× Ý Ó¡Ï�ÙÂÛ�ÚhÚhÍ*Î!ÕJÛ,×*Ó�Ñ Ý çäÑl×�ÑhÌ�ÛlÜ

access
Ï�ñ�Õ�Ñ

aRoot
ò Þ ÌrÍ*ã�ÏpÓp×*Ñ nil

Û,× Ý ÍGá âaÑ�ÚlÏ9Óp×*ÓpÏpÓpÛ�Ü�Ó�
hÛlÏ¡Ó�ÍG× ï ÜpÛhÏ¡ÑhÌ
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à�×äÍJÔÖ×
ÛlÙEÍ*áYâ�ÑhÚlÏJÚhÍG×�Ù1ÏpÌ�ãGÚhÏ�Í�Ì�òYê î Ð�ÑÖÙ1ÛhÎ!Ñ&Ó Ý ÑlÛ&Ô�Ó�Ü¡ÜGÌ�ã*×ÏpÐ�Ì�ÍGãäç*Ð4ÛhÜpÜ §G�,¦J�h�d�J  Ú�Ü�Û�Ù1Ù1ÑlÙÆê
ËöÍ*Ì�Ù1Ó¡Î4ÕGÜ�Ó¡ÚlÓpÏ¡ñ Þ ÔÖÑ Ô�ÓpÜ¡Ü Ý Ñ�ØrÓ¡×�Ñ Ì�ã*ÜpÑhÙ+ÏpÍðÙRÏ�Û�Ï�Ñ

ÓpÎ4ÕGÍ*Ì�Ï�Ûl×GÏ±ÚhÍ�×GÚhÑhÕGÏpÙ÷Óp×�ÒäÍJÜ®ÒGÑ Ý á*ñ ÏpÐ*Ñò>�Î!ÑhçGÛGê ß × ÝÜpÛlÏ�Ñ�Ì Þ Ó¡ÏfÔ&Ó¡ÜpÜfáGÑ4ØrÍGã�× Ý Ï¡Ð�ÛlÏfÏpÐ�ÑhÙRÑ4Ì�ã*ÜpÑlÙ�ÛhÌ�Ñ4à�Ñ�ñ±Õ�ÍGÓp×*Ï�Ùã�Õ*Í*×
ÔÖÐ�Ó¡ÚlÐ
ÏpÐ�ÑN>2Î4Ñ�ç�ÛHÕ*Ì�Ñ
-
Õ�Ì�ÍGÚhÑlÙRÙdÍ�Ì�ÓpÙEá*Û�Ù1Ñ Ý ê

ß ÚlÜpÛlÙ1ÙEÚlÍ*×*ÚhÑhÌ�×*Ù^Ï¡ÔÖÍ4Ï¡ñäÕ*Ñ�ÙEÛ,Ù0ØrÍJÜ�ÜpÍ*ÔÖÓp×�ç4Ìaã�Ü�Ñ å

Rule-ó § �'Ø��*�R�^��Ý�ôÄ��Ù�Ú)á;õ
ß ÚhÜ¡ÛhÙ1Ù!ÛlÜ5ÔÖÛlñ�Ù!Ì�ÑlÙ1Õ*Í�× Ý Ù!Ï¡ÔÖÍ´Ï¡ñäÕ*ÑlÙ –

Ûl×
Ó¡×�Ù1ÏpÛl×�ÚlÑ
ÏpñäÕJÑ

–
Ûh× Ý Û
ç�Ñh×�ÑhÌ�ÛhÜ�ÛhÚlÚ�ÑhÙ1Ù&Ï�ñ�ÕGÑ

ï Ù1Ó¡Î4Ó�Ü¡ÛlÌ0Ï¡Í7öRÛ�Ò�Ûª! ÙHÌ�ÑlØ�ÑhÌ�Ñ�×�ÚhÑhò,ê î Ð�Ñ4ÚlÜpÛlÙ1Ù&ÓpÙ×�Û�Î4Ñ Ý á*ñºÌ�Ñ�ç�ã�Ü¡ÛlÏ�ÓpÍ*×�å
Root

Ø�Í*Ì³Ó�×GÙ1ÏpÛl×�Ú�Ñ
Ï¡ñäÕ*Ñ&Ûl× Ý ÏpÐ*Ñ,×

aRoot
ØrÍ*Ì�Û�Ú,ÚlÑ�Ù1Ù^Ï¡ñäÕJÑGê

Rule-1
ÛlÜ¡Ü®Í*Ô�ÙìÏ¡Ð�Ñ³ã*Ù1ÑlÌÄÏ�Í�ÛhÜ¡ÏpÑlÌ�×GÛhÏpÓ¡Ò�Ñ�Ü�ñ Ý ÑhÚ�Ü�ÛhÌ�Ñ

Í�á,â�ÑlÚlÏ¡Ù
–
Ó�×GÙ1Ï�Û�×�ÚlÑ2Í*ÌEÛ�Ù1Ù1ÑlÙ1Ù�ÏpÍÄÍ�áhâaÑ�ÚlÏ ï obj-access

Ø;ÍGÌ
ÙdÐGÍ�Ì�Ï�ò,ê î Ð*Ñ obj-

ÛhÚlÚhÑlÙ1ÙCÓ�ÙCÎ!Í�Ì�Ñ³Ú,ÍG×äÒGÑh×*ÓpÑl×�Ï2Ï¡Ð�Ûh×�Ûh×
Óp×�Ù1Ï¡Ûl×�Ú�Ñ2Ó�×ëÛhÕ�ÕJÜ�Ó¡ÚhÛ�ÏpÓpÍ*× Þ á*Ñ�ÚlÛ,ã*ÙRÑ2ÏpÐ*Ñ2ÛlÚhÚ�ÑlÙ1Ù \ ÚhÛl×ëÌ�ÑlØ�Ñ,ÌÏpÍ
á�ÍJÏ�Ð�ÙRÏpÛ�Ï�Ó¡Ú�Í�áhâaÑ�ÚlÏ�Ù0Ûh× Ý4Ý ñ�×äÛ�Î4ÓpÚ&Í�á,â1ÑlÚhÏ¡ÙÆê
+¯ûGû�ùGþlþ*�dý#�äý.Â����rú^ù*þ

ß ÚhÜpÛhÙRÙ�ÓpÙ�Ï�ÐGÑ Ý Û�Ï�Û�ÙRÏ�Ì�ã*ÚhÏ¡ãäÌ�Ñ2ÏpÐ*ÛhÏ�ÚlÛ�×!áGÑ�Ù1ÏpÛlÏ¡Ó�Ú�ÛlÜ�Ü¡ñáGã�ÓpÜpÏ Þ ÙdÍÄÏpÐ*Ñ2Ú�Ü�ÛlÙRÙ�ÚlÛ�×!Ñ�×�ÚlÜpÍ*ÙdÑ2Ï¡Ð�Ñ2Û�ÚlÚhÑ�Ù1Ù�Ï¡ÍÄÛ�ÌrÍ*ãGÏ�Ó¡×�Ñ
(rout-access

Ø;ÍGÌ�ÙdÐ�Í�Ì�Ïpò�Û�× Ý ÏpÐ�Ñ�Ì�ÑlÜ¡ÛhÏ¡Ñ Ý Ì�Í*ã*ÏpÓp×*Ñ�Ô�Ó�Ü5ÜJá*Ñ
ÓpÎ4ÕGÜpÑ�Î4Ñh×GÏ�Ñ Ý ÍJã�ÏÅÍ*ØCÏpÐ*Ñ�ÚhÜ¡ÛlÙ1Ùæêc��×­ÏpÐ�Ó¡Ù³Ô&ÛÆñ Þ ÑhÒ*ÑhÌañÍ�á,â�ÑlÚlÏ�ÍGØ�ÏpÐ*ÑÄÚlÜpÛlÙ1Ù4Ô&Ó¡Ü�Ü0Ð�ÍJÜ Ý

rout-
ÛlÚ�ÚhÑlÙRÙ1ÑlÙ
Ô&Ð�Ó¡Ü¡ÑÄÛlÜ¡Ü

Í�á,â�ÑlÚlÏ¡ÙµÍ*Ø'ÏpÐ�ÑNÚ�Ü�ÛlÙRÙ ÔÖÓpÜ¡Ü±ÙRÐ*ÛhÌ�ÑNÏ¡Ð�ÑNÚhÍ*ÌrÌaÑhÙdÕGÍ*× Ý Ó®×*ç
routines’

á�Í Ý ñ*ê

Rule-÷ § á=Ý�� ØPÜ*�Rá'ôÄ�EÜ�Õ��f×xÝ�á'õ
î Ð�Û�Ï�Û2ÚlÜpÛlÙ1Ù�Ñl×�ÚlÜpÍ*Ù1Ñ�Ù�Û�Ì�Í�ã*ÏpÓp×*Ñ2Î!ÑlÛh×GÙ�ÏpÐ�ÑÚlÜpÛlÙ1ÙÅÐäÍJÜ Ý ÙÅÏ¡Ð�Ñ

rout-
Û,ÚlÚ�ÑhÙ1Ù!Ûl× Ý Õ�Ì�Í*Ò�Ó Ý Ñ�Ù

Ï¡Ð�Ñ Ú,Í*ÌrÌ�ÑlÙ1Õ�Í*× Ý Óp×�ç"Ì�Í�ã*ÏpÓp×�Ñ5! Ù á*Í Ý ñ"Ø;Í�Ì
Ù1Ð*ÛlÌ�Ó¡×�ç2ÍJØ@Í�á,â�ÑlÚlÏ¡Ù�ÍGØ�Ï�ÐGÑHÚlÜpÛlÙRÙÆê

������ùGû���û*ý�ú^þ;����Â�ûª�dý.�
�ÂÍ*×*ÙRÏ®Ìaã�ÚlÏpÓp×�ç Ï¡Ð�Ñ�ãäÕJÎ!Í*Ù1Ï/ÚlÜ¡ÛhÙ1Ù

Root
ÓpÙõÏ¡Ð�Ñ

ÙdÓ¡ç�×GÓ�Ø�Ó�ÚlÛh×GÏ2Ù1Ï¡ÑhÕéÏ¡ÍéÙdÏpÛlÌ�Ï Þ Ûl× Ý ÛhÜ¡ÜÖÍJØÅç*Ñh×*ÑhÌ�ÛlÜ�ÚhÜ¡ÛhÙ1ÙRÑlÙÎ!ã�Ù1ÏEá*Ñ
Root

! Ù Ý ÑhÙRÚlÑl× Ý Ûh×*ÏpÙÆê���Ð�ñCÛh×Gñ9ç*Ñh×*ÑhÌ�ÛhÜEÚlÜ�Û�ÙdÙ
×�Ñ�Ñ Ý Ù Ý Ñ,Ì�ÓpÒ*Óp×�ç Ý Ó�Ì�ÑlÚlÏpÜpñµÍ�Ì
Óp× Ý ÓpÌ�Ñ�ÚhÏpÜ¡ñ³ØrÌ�ÍGÎ Ï¡Ð�Ñ

RootÜpÓpÑhÙÅÓ¡×'Ï¡Ð�ÛlÏÂÛ�×'Ñ�øäÕGÜpÓpÚhÓ¡Ï0Í*áYâdÑ,ÚlÏ�Ú,ÍJ×�ÙRÏpÌ�ã�ÚlÏ®ÍGÌ2Ó�ÙÅÑlÛ�çäÑlÌ�Üpñ
ÔÖÛh×*ÏpÑ Ý Ï�Íðç�Ó¡Ò�ÑºÏ¡Ð�Ñ ã�Ù1ÑlÌ÷Û ÝGÝ Ó¡Ï�ÓpÍ*×�Û�Ü'ÚhÍG×*Ï®Ì�Í*Ü´Í*Ò*ÑhÌ
·�¦*�¡¤��¡�* ¡�Pø1�

operation.

Rule-ù § Ü��%ú=ál�h���=Ü�Ý��1���'Õ��,�3Ü*�;õ
��Ì�ÑhÛlÏ¡Ó�×*çéÛ�×�Í�á,â�ÑlÚ�Ï
×�Ñ�Ñ Ý Ù ÛµÚhÍG×*ÙRÏ�ÌrãGÚlÏ®ÍGÌ Þ
while

Ý Ñ�Ù1Ï�Ì�Í*ñ�Óp×*ç Ûh× Í*áYâdÑ,ÚlÏ�×GÑhÑ Ý Ù Û
Ý Ñ�Ù1Ï�Ì�ã�Ú�Ï®Í*Ì�ê¢û@ÌrÍ�Ú�Ñ Ý ã�Ì�ÑhÙ

Initialize
Ûl× Ý

Finalize
Ì�ÑhÙdÕ*Í*× Ý Ï�Í4Ï¡Ð�ÑlÎ Þ Ì�ÑlÙdÕGÑhÚlÏpÓpÒ�Ñ�Ü�ñ

��ØÂÛ4çGÑh×*Ñ,ÌaÛhÜfÚlÜpÛlÙRÙ Ý Í�ÑlÙ�×äÍJÏ�Ñhø*ÕGÜpÓpÚ�Ó�Ï¡Ü�ñ9ÛlÕ�Õ�ÍJÓ�×GÏ�ÏpÐ�Ñ
ÕJÛ,ÌaÑ,×*ÏHÚ�Ü�Û�Ù1Ù Þ ÓpÏ�ÓpÙÄÎ!ÑhÛ�×�Ï�ÏpÐ*ÛhÏ&Ï�Ð*ÑCÚ�Ü�Û�Ù1ÙÄÓpÙëÏpÐ�Ñ Ý Ó�Ì�ÑlÚ,ÏÝ ÑhÙdÚ�Ñl× Ý Ûh×*Ï*ÍGØ

Root.

ß ÚlÚ�Í�Ì Ý Ó�×�ç+Ï�Í Rule-2
ÏpÐ*Ñ�ÌrÍGã*ÏpÓp×�Ñ�Ñ�×�ÚlÜ®ÍJÙ1Ñ Ý Ó¡×ÃÛ

çGÑh×*ÑlÌ�ÛhÜ�ÚlÜ¡ÛhÙ1Ù&Ì�ÑlØ�Ñ,ÌaÙ�ÏpÍ±Û�×
rout-

ÛlÚ�ÚhÑlÙRÙHÛl× Ý Û�Ì�Í*ã�Ï¡Ó�×GÑ�! Ù
áGÍ Ý ñ ï ÓpÎ4ÕJÜ�Ñ�Î4Ñh×GÏ�Ñ Ý Óp×4Ï¡Ð�Ñ&Õ*ÛhÚhàGÛhç*Ñ&á*Í Ý ñäòYê î Ð�ÑÖÍ�á âdÑlÚhÏÚ�Í�×*ÙRÏ�ÌaãäÚlÏpÍ*ÌÖÓ�Ù
Û±ÚhÍ*×GÏ®ÌrÍJÜ�Ü¡Ñ Ý Õ�Ì�Í*Ú�Ñ Ý ãäÌ�Ñ±Ï¡Ð�ÛlÏEÓp×*ÓpÏpÓpÛ�Ü�Ó�
hÑlÙ
Ú�ã�Ì�Ì�Ñh×*Ï�Í�á,â�ÑhÚlÏ Þ ÚhÍ*×GÚ,Ì�ÑlÏpÑ�Ü�ñÅÓp×*Ò�ÍGÜpÒ*Óp×�çÅÏpÐ�Ñ2Ó¡×�Ó¡Ï�Ó¡ÛlÜpÓx
hÛ�Ï5Ó�ÍJ×ÍJØÃÛ�ÏpÏpÌ�Ópá*ãGÏ�ÑlÙºÛl× Ý

rout-
ÛlÚhÚlÑlÙ1ÙRÑhÙ ï á�ÍGã�× Ý ÔÖÓ¡ÏpÐ Ï¡Ð�Ñ

Ú�Í�Ì�Ì�Ñ�ÙdÕ�Í�× Ý Óp×�ç
ÌrÍ*ã*ÏpÓp×�ÑlÙ"!Yá*Í Ý ñäòYê
ß × Ù1Ó¡Î!Õ*ÜpÑèÑhø*ÛhÎ!Õ*ÜpÑ Í*Ø ó ÏpÛlÚ�à Ó�Ù Ý ÑlÙ1Ú,ÌaÓ®áJÑ Ý ÛhÙ

Ø�Í*Ü¡Ü®ÍGÔÖÓp×*ç Þ ÔÖÐ�Ó¡ÚhÐ4ÕGÌ�Í�Ò*Ó Ý ÑlÙ0Ñ,ø*ÕGÜpÓpÚlÓ�Ï Ú,ÍJ×�Ù1ÏpÌ�ã*ÚlÏ�Í*ÌYå
ü yLY=~�~�±VmLXPýNYEl�[ Ç _ yLmLh�m X�hRv=l"~fX�w�j%h�XJvEw

package næj PdbRA3� s is
type j �JQ q�j m ~ array G3��c c S=�;K of o®ZljTmd[Ym5n ;
classStack m ~)l"[�±ì}�v,v,j

procedure
s _,jLG5m�U in o¡Z,jTmd[,m nMKJ�

function ��mdj return opZ,jTmd[,m n��
function köO�]GjTW return u@vYvhS mdPRZ;��*Q qrj UljL�JQ q�jL�@ v�] U Natural;

end næj P1b�A ;
pr ivate

procedure o�ZhQTj Q P1S QTV1m�G�tö`=FöU'mLl�v;j"X�n�j PdbRA;K��°
procedure blQTZhPRS QTVRm�Gptö`=FöU'mLlcv;j`X`næj PRb�A;KJ�

end Stack_P; ü yLY=~�~�þ�ï�_"y [�ïN[�l`XxY;XJm v'l_%Y;h�i`Y=Z=[�} v;\"^Bnæj P1b�Af� s is¡ ¡
procedure o¡ZhQ j QTP1S Q V1m�G¡tö`EF�U m lNv=j%X næj P1b�A=K isqrt `EFöUh}�vYv,jL� -- �Öo�ZhQTj Q P1S QTV1m�G�qrt�`=FfKP�
begintJ`=F U ��Gpq�tö`=F with

s _,jÿ�"� s _,jLæ access|��mdjÿ�`�`�fmdjLæ access,kJO�]JjTWd�`�*kGO�]GjTWEæ access,�GQ q�jÎ�`�"G���c c S;�'�%�`�=K¡|@ v�] �`�N�=K��
end o¡Z,QTjTQ P1S QTVRm��¡ ¡

end nÆj Pdb�A3� s �
ß Ù4Û�×6ÐGÑhÓpÌ�Ï�Í´Ï¡Ð�Ñ±Õ�Û�ÌrÑ�×�ÏÂÚhÜpÛ�Ù1Ù ï Ð*ÑhÌ�Ñ9Ó�Ù Root

ò Þ ÏpÐäÑÝ Ñ,ÌaÓ�ÒGÑ Ý ÚlÜpÛlÙ1ÙHÓ¡×�ÐGÑ,Ì�ÓpÏpÙ�ÛlÜ�Ü�Ø�ÑlÛlÏ¡ã*Ì�ÑlÙ�Í*ØEÏpÐ*Ñ2Õ�ÛlÌ�Ñl×�Ï�ÚlÜ¡ÛhÙ1Ù ÞÔ2ÓpÏpÐ.Ñhø*ÏpÑl×�ÙRÓpÍG×�ê î Ð*ÑµÍ*á,â�ÑlÚhÏ4ÚhÍ*×GÙ1Ï�Ì�ã�Ú�Ï®Í*Ì9ÙdÕ*Ñ�ÚlÓpØ�ÓpÑlÙ6ÛÒGÛhÜ¡ã�Ñ ØrÍ�Ì Ñ�ÛhÚhÐ�ÍGØõØ�ÑhÛlÏ¡ã�Ì�ÑlÙ ï rout-
ÛhÚ�ÚhÑhÙ1ÙRÑlÙ Ûl× Ý

Û�ÏpÏpÌ�Ó¡á�ãGÏ�ÑlÙRò¥áGñ Î!ÑlÛl×*Ù ÍGØ¥Ñ�ø�Ï¡Ñl×�ÙRÓ�Í*× � Û,ç*çäÌ�Ñlç*ÛlÏ�ÑJê
ô Í�Ì�ÑhÍ�ÒGÑhÌ Þ Ï�Ð*ÑÃÚ,ÍG×�ÙRÏ®Ìaã�ÚlÏ�Í*Ì Ó¡×�ÏpÐ*Ñ Ý ÑlÌ�Ó¡Ò�Ñ Ý ÚlÜ¡ÛhÙRÙ¸ÓpÙ
inevitably

ÏpÍ�Ó¡×�Ò�Í*ÜpÒ�Ñ³ÏpÐ*ÑµÚ,ÍG×�ÙRÏ®Ìaã�ÚlÏ�Í*ÌëÍ*ØÅÏpÐ*Ñ´Õ*ÛhÌ�Ñh×�Ï
Ú�ÜpÛlÙ1Ù Þ Ô�Ð�Ó¡ÚhÐëÓp× Ý Ó¡ÚlÛhÏ¡ÑhÙHÏpÐ*ÛhÏ�Ï�Ð�Ñ�Õ*ÌrÍ*ÚlÑlÙ1ÙÂÍJØfÚhÍ*×*Ù1Ï�ÌaãäÚ�Ï®ÍGÌÓ¡Ù Í*Ø Ï¡Ì�Ûh×GÙ1Ó�Ï¡Ó�ÒGÓ�Ï¡ñ*ê ��× ÙdÍGÎ!Ñ�Ù1Ó¡ç�×�Ó¡ØrÓ¡ÚhÛl×GÚhÑ Þ ÏpÐ�Ñ
Ú�Í�×*ÙRÏ�ÌaãäÚlÏpÍ*Ì�ÕGÑhÌ�ØrÍ*Ì�Î4Ù Ý ñä×*ÛhÎ!Ó¡ÚCáGÓp× Ý Óp×*ç³á*Ñ�ÏpÔÖÑhÑl×µÏ¡Ð�Ñ
ÍGáYâdÑhÚlÏ!Í*Ø

rout-
ÛlÚlÚlÑlÙ1Ù1Ñ�Ù³Ûh× Ý ÌrÍ�ãGÏ�Ó¡×�ÑlÙ"!Há�Í Ý ñ Þ Ô&Ð*ÓpÚ�ÐÔ2ÓpÜpÜ á*Ñ ÔÖÑlÜpÜ ã�× Ý ÑhÌ�Ù1ÏpÍ�Í Ý Ó¡× Ý ÓpÙ1Úlã*Ù1Ù1Ó¡Í�× Û,áGÍ�ã�Ï

polymorphism.
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������ùGû��Hÿ�ùJþ;�f�@ú|�.�dý��
î Ð*Ñ6Ú�ÛhÜ¡Ü&ÏpÍ÷ÛCÌ�Í*ã�Ï¡Ó�×GÑ6Ó¡×¸Õ�ã�Ì�Ñ ÍGáYâdÑ,ÚlÏ -Í*Ì�ÓpÑ�×�Ï�Û�ÏpÓ�ÍG×Î!ÑhÛl×*Ù��hÙ1Ñl× Ý Óp×*ç¸Î!ÑlÙRÙ1ÛhçGÑ Ï�Í Ï�Ð*ÑCÍGáYâ�ÑlÚlÏ�� Þ Ô�Ð�Ñ�ÌrÑ Ï¡Ð�ÑÌ�Í*ã�Ï¡Óp×*Ñ9Ó¡ÙëÒ�Ó¡ÑhÔ�Ñ Ý ÛhÙëÏ¡Ð�ÑCÎ!ÑlÙ1ÙRÛlç�ÑCÛl× Ý ÏpÐ*Ñ9Í*áYâdÑhÚlÏHÓpÙ

ÏpÐ�Ñ&ÏpÛlÌ;çGÑhÏ Ï�Ð*ÛlÏGÛ�ÚlÚhÑhÕGÏpÙ0Ï�ÐGÑ�Î!ÑlÙdÙRÛlç�Ñ ê ß Ù^ÛÖÌrÑ�Ù1ã�ÜpÏ Þ ÔÖÐ*Ñl×ã�ÙRÓ�×Gç Ûl× Í�áYâdÑhÚhÏ Ï�Í ÚlÛ�Ü�Ü Û Ì�Í�ã*ÏpÓp×*Ñ ï ÍGÌ
message-

Ù1Ñ�× Ý Ó¡×�ç�ò Þ Ûh×¯Í*áYâaÑ�ÚlÏ Ý Ñ�Ù1Ópç�×�ÛlÏ�Í*ÌHÓpÙ2×�ÑlÑ Ý Ñ Ý Ï�ÍÝ ÑhØ�Óp×*ÓpÏpÑhÜ¡ñºÙRÕGÑ,Ú�ÓpØ�ñ���Ô&Ð*ÓpÚ�Ð Í*á,â�ÑlÚlÏìÓ¡ÙéÛhÚlÚ�Ñ,ÕGÏpÓp×*çºÏ¡Ð�Ñ
message”.

Rule-
� § Ü��%úEá��h��ô)áh�R×	��Ýö�G��Ü*�'õ


2Ù1Ó¡×�ç ÏpÐ*Ñ Ý ÑhÙ1Ó¡ç�×GÛhÏ�Í�Ì Ï�Í�ÙRÑhÜpÑ�ÚhÏ ÏpÐ*Ñ
rout-

Û,Ú�ÚlÑhÙRÙ ÏpÍ Ú�ÛhÜpÜ Û Ì�Í*ã*ÏpÓp×*Ñ Þ Ü¡Ópà�Ñ
S 
�� Setï Ä�
 ò Þ Ï¡ÐäÑ ÙRÏpÛlÏpÑ�Î
ÑÆ×�Ï ÛlÏ Ø�ÓpÌ�Ù1Ï
Ù1ÕGÑhÚlÓpØrÓ¡ÑlÙéÔÖÐ�Í�ÓpÙéÏ¡Ð�Ñ

current
Û�× Ý Ï�Ð�Ñl×

Õ*ÑlÌ�ØrÍ*Ì�Î!ÙEÚlÛlÜ¡ÜGÏpÍ4Ï¡Ð�Ñ�Ì�Í�ã*ÏpÓp×*ÑJê
ËöÍ*Ì/Ú,ÍG×�Ò�Ñ�×�ÓpÑl×�ÚlÑ Þ Ô�ÑõÔ�Ó�Ü5ÜÃÛlÙ1Ù1ãGÎ
ÑõÏ¡Ð�ÛlÏ ß Ý ÛÛhÜ¡Ü�ÍJÔÖÙ&Ï¡Í Ý ÑlØ�Óp×*Ñ
Û!Ù1ã*Ø Ø�Ópø±Í�ÕGÑ,Ì�ÛlÏ�Í�ÌÂÍ�×

obj-
ÛlÚ�ÚhÑlÙRÙ Þ ÙRÛlñ

“ 
�� � Þ à�×�Í*ÔÖ×ÈÛlÙ9Í�á âdÑlÚhÏ Ý Ñ�ÙdÓ�ç*×*ÛhÏ¡Í�Ìdê î Ð�Ñ Ý Ñ�Ù1Ó�çG×�ÛlÏ�Í�ÌÐ�Û�Ù2Ï�Ô�ÍCÙ1ÕGÑlÚlÓpØrÓ¡ÚëØrã�×GÚlÏpÓ�Í*×*ÙÆå Ï¡Ð�ÑëÚhã�Ì�ÌrÑ�×�Ï
obj-

ÛhÚlÚ�ÑhÙ1Ù2Ó¡Ù
ÛhÙRÙ1Ó¡ç�×�Ñ Ý Ï®Í+Ï¡Ð�Ñ

Current
Ï¡ÐäÌrÍ*ã*ç�Ð.ÔÖÐ*ÓpÚlÐ­Ï�Ð�Ñ�ÚhÛ�Ü�Ü¡Ñ Ý

Ì�Í*ã�Ï¡Óp×*Ñ ÚhÛh× Î!Ûl×�Ó¡Õ*ãGÜ�Û�Ï�ÑèÏpÐ�Ñ ÛhÏ¡Ï�ÌaÓ®áJã�Ï¡ÑhÙ ÍGØÃÚhã�Ì�Ì�Ñl×�Ï

ÍGáYâdÑhÚlÏM�&ÏpÐ*Ñ÷Ò*ÛlÜpã�Ñ÷ÍGØ
obj-

ÛhÚhÚ�ÑhÙ1ÙµÓpÙ´Ì�ÑhÏ¡ã�Ì�×�Ñ Ý ÛlÙ³ÏpÐäÑ
ÙRÑlÜ¡ÑhÚlÏpÍ*Ì&Ï�ÍCÚlÛ�Ü�Ü^ÛëÌ�Í*ãGÏ�Ó¡×�ÑJê��ÂÍ*×GÙdÑ;6*ã*Ñl×�Ï¡Ü�ñ Þ ÔÖÑÄÚlÛl× ã�Ù1ÑÏ¡Ð�Ñ Ý ÑlÙ1Ó¡ç�×�ÛhÏ¡Í�ÌCÔ&Ó¡Ï�Ð­Í�áhâaÑ�ÚhÏ

S Þ Ü�Ó¡à�Ñ S 
�� ó Ñ�Ï ï Ä�
 ò Þ Ï®ÍÙRÑlÜ¡ÑhÚlÏ�ÏpÐ�Ñ
rout-

ÛlÚ�ÚhÑlÙRÙÄØ;Í�Ì4ÚhÛlÜpÜ�Ï�Í÷Ï�Ð�Ñ6ÚlÍ�Ì�Ì�Ñ�ÙdÕ�Í*× Ý Ó�×*ç
Ì�Í*ã*ÏpÓp×*ÑGê î Ð�Ñ9>2Î4Ñ�ç�Û+Õ�Ì�Ñ

-
ÕGÌrÍ*Ú�ÑlÙdÙRÍ�ÌµÚlÛl×�Î4ÛhàGÑ+ÏpÐ�Ñ

Û�Ù1ÙRã�Î4ÕJÏ�Ó¡Í*×4ÜpÑ,çGÛhÜaê
ß Ü�Ü�ÍGá,â�ÑhÚ�Ï�ÙHÍGØ^Û�Ú�Ü�Û�Ù1ÙHÔ�Ó¡ÜpÜ�Ù1ÐJÛhÌaÑ2ÌrÍ*ãGÏ�Ó¡×�ÑlÙ�ÏpÐ�Ì�Í*ã�ç*Ð

CurrentÞ Ô&Ð�Ó¡ÚlÐ Ó�Ù�ÛlÚ�Ð�Ó¡ÑhÒ�Ñ Ý á*ñ/Í*áYâdÑlÚhÏ Ý Ñ�Ù1Ó�çG×�ÛlÏ�Í*Ì�ê
Current

Î4ã�ÙRÏöÕ�ÌaÑhÚlÑ Ý ÑÖÏ¡Ð�ÑÖÛlÏ¡Ï�Ì�Ó�áGã*Ï�Ñ�ÙÂÛhÕ�Õ*ÑlÛhÌ�Ó¡×�ç!Ô�Ó�Ï¡Ð�Óp×
Ì�Í*ã*ÏpÓp×*Ñ9á*Í Ý ñ³Ø;Í*Ì
Î!Ûh×*ÓpÕ*ã*ÜpÛlÏ¡Ó®Í*×�êëû@Ì�ÑhÚhÑ Ý Óp×�ç�� �*�R�a�h¦*¤
Ó¡Ù
ÙRÍ Ý ÑhØ�Óp×*Ó�Ï¡ÑÄÏ¡Ð�ÛlÏ0Ó�Ï0ÚhÛ�×6á*Ñ±Ó�ç*×*Í�ÌaÑ Ý Þ ØrÍ*Ì&Ï¡Ð�Ñ7>2Î!Ñlç�Û
pre-

Õ�Ì�Í�ÚlÑlÙ1ÙdÍ*Ì ÚhÛl× ÚlÍ�×�ÚhÌ�ÑlÏ¡ÑhÜpñ Ý ÑlÏ�Ñ�Ì�Î!Ó¡×�Ñ Ï�Ð*ÓpÙ
situation.

Rule-� § Ú��=ál�=á ô)×xÝ��!�;Õ��l�=á'Ýö��õ
ËöÍGÌ"Ûh× ÛlÏpÏpÌ�Ó�á*ã�ÏpÑ Í*Ø�ÏpÐ�Ñ ÚlÜ¡ÛhÙ1Ù Þ ÏpÐ*Ñ
Õ*Ì�Ñ�ÚhÑ Ý Óp×*ç

Current
Ô&Ó¡Ï�ÐGÓ�×ºÌrÍ*ãGÏ�Ó¡×�ÑNá�Í Ý ñ

Ú�Ûh×�áJÑ�Ó¡ç�×äÍ*Ì�Ñ Ý å��×��1� §�� Ü�Ú�õ����4á��
î Ð�Ñ�Ñ�øæÛ�ÚlÏJÑ;6*ã*ÓpÒ�Û�ÜpÑl×*Ú,ÑÖÓ�ÙÆå

Current.L ist(Current� � Ü�Ú�õ����gá�� 2ÑlÌ�Ñ
List

Ûl× Ý
Top

ÛlÌ�ÑëÛlÏpÏpÌ�Ó�á�ãGÏ�Ñ�Ù Þ á*ã�Ï e
ÓpÙ

×*ÍGÏJÛh×
ÛhÏ¡Ï�ÌaÓ®áGã*ÏpÑ

î ÐGÑ�Ø;ÍJÜ�ÜpÍ*Ô&Ó¡×�ç4ÓpÙ0Ï�Ð�ÑÖÛ Ý Û,ÕGÏpÓp×äç4Ò*Ñ,ÌaÙ1Ó�ÍG×�ÍGØ�Ûlá�Í�Ò*Ñ&Ñhø�Û�Î4ÕGÜpÑ Þ Ô&Ð�Ó¡ÚlÐ4Õ*Ì�Í�Ò*Ó Ý ÑhÙ0Ûl×�Ñhø*Õ*Ü¡Ó�ÚlÓ¡Ï Ý ÑlÙRÓ�ç*×*ÛlÏ�ÍGÌYåü y Y=~f~�±�mLXPýNY=lc[ Ç _ yLmLh�m X�\ [�~3m Z=l`Y=X�v;w ü yLY=~f~�þ3ïN_"y [Rï�[Rl`XPY;XJm v;l
_%Y;h�i`Y=Z=[ Sj P1b�A3� s isX�^=_"[ tList m ~ array G���c c(�3�;K`v=µ Integer;h�yLYE~f~ Stack m ~�l"[�± Root_%wMv=h�[�\"j"wM[ s _hj G5m�U in o�ZhjTmd[Ym;nMK ;µ(j l"h�X�mLv=l ��mdj return o¡Zhj m1[,m5n ;µ(j l"h�X�mLv=l k O@]JjTW return u@v,v,S mdP1Z ;�GQ qrj U�j � Q q�j �@ v�] U Natural;[�l%\ Stack;µ�j"l%h�X�m v'l “ !#"`��GpP1tö`EF�UhP�nÆj Pdb�A;K�wM[�XJj wRl aStack;
pr ivate_"wMvEh�[�\`j%wM[fo¡ZhQ jTQ PRS Q VRm�G5t `EF�U'm l�v=j`X Stack);

Current UhP�næj Pdb�A;�_"wMvEh�[�\`j%wM[|bÆQTZYP1S QTV1m�G¡t `=FöU'mLlcv'j%X Stack);[�l"\ Stack_P;

_"Y;h�i`Y=Z=[�}%v;\ ^knæj Pdb�A3� s is¡ ¡
function � !#" ��G¡Pdt `=FöUlP�nÆj P1b�A'K return P�nÆj P1b�A is
beginGpP1}@v,vYjLG5Pdt `=F�K�K !#" nil;

Current U ��P1tö`=F��
return Current;

end � !$" ” ;
procedure

s _ jLG5m�U'mLl&opZ,jTmd[,m nMK is} [�Z'mLl
Currentc @ v�]�U � Currentc @ v�]*¯e���� Q q�j G @ vr]ªK�U �&mR� -- Q [,Zhv�n�m�jTelm�]hndmdbRmMC,Q Zh[ Current[�l"\ s _hj �

… …
end næj PdbRA�� s �

ó Ó�Î!Ó5Ü�ÛlÌ2ÏpÍ³ÏpÐ�ÑìÚ,ÍG×�Ù1Ï¡Ìrã�Ú�Ï®ÍJÌ Þ Ï®ÐGÑ Ý ÑhÙ1Ó¡ç�×*ÛlÏ�Í�Ì2Ó¡×6Ï¡Ð�ÑÝ ÑhÌ�ÓpÒ*Ñ Ý Ú�Ü�ÛlÙRÙ�Ó�Ù
inevitably

ÏpÍ6Ó�×*ÒäÍ*Ü¡Ò�ÑÄÏ¡Ð�Ñ Ý ÑlÙRÓ�çG×�ÛlÏ®ÍGÌ
ÍGØ4ÓpÏpÙ9Ó�ÎÅÎ4Ñ Ý Ó¡ÛhÏ¡Ñ6Õ*ÛlÌ�Ñ�×�Ï�ÚhÜpÛlÙ1Ù Þ Ô&ÐGÓ�ÚlÐ÷Ó�× Ý Ó¡ÚhÛlÏ¡ÑhÙ9Ï�Ð*ÛlÏÏpÐ�ÑìÕ�Ì�Í*ÚlÑhÙ1Ù!ÍJØ Ý ÑlÙ1Ópç*×äÛ�Ï®ÍGÌ�Ó¡Ù4ÍJØ�Ï�Ì�Ûh×*ÙRÓ�Ï¡Ó�ÒGÓ�Ï¡ñ6Ï¡Í*Í�ê î Ð�ÑÙdÏ¡ÛlÏpÑlÎ!Ñl×�Ï

aRoot(aObj) 
%� nil only
ÕGÑhÌ�ØrÍGÌ�Î4Ù´Õ*ÛlÌ�Ñ�×�Ï

Í�á,â�ÑlÚlÏ Ý ÑlÙRÓ�çG×�ÛlÏpÓ�Í*×ìÔÖÓpÏpÐCÙ1Ñh× Ý Óp×*çC×�ã�Ü¡Ü�Î4ÑlÙ1Ù1Û�ç�ÑëÏ�ÍìÏ¡Ð�Ñ
obj-

ÛlÚhÚlÑlÙ1Ù ï nil
Ó¡Ù Ý ÑlØ�Ó�×*Ñ Ý Ó¡×4Ú�Ü�Û�Ù1Ù

Root
òhê î Ð�Ñ&� �*�R���l¦*¤Ý ÑhÚhÜ¡ÛhÌaÑ Ý Óp×ìÕ�ÌaÓ�Ò*ÛlÏpÑÅÕ*ÛlÌ�Ï�ÓpÙ2ÏpÐ*ÑëÎ4Ñ Ý Ó¡ÛhÏpÍ*ÌHá*Ñ�Ï�Ô�ÑhÑl×ìÏ¡Ð�Ñ

Ú�ã�Ì�Ì�Ñh×*Ï@Í�áhâaÑlÚ�Ï@Ûh× Ý Ì�ÍGã�ÏpÓp×*ÑhÙ
-- Current

Ý Ñ�Ù1Ópç*×�Û�Ï�ÑlÙ&ÏpÐäÑ
Ú�ã�Ì�Ì�Ñh×*Ï Í�áYâdÑhÚlÏ Þ Ô�Ð�Ó¡Ü�Ñ¥Ì�Í�ã*ÏpÓp×*ÑlÙ ÛlÌ�Ñ¥Ù1Ð�ÛlÌ�Ñ Ý Ï®Í
Î!Ûl×*ÓpÕGã*Ü�Û�Ï�ÑÖÏ�Ð*Ñ&ÛlÏpÏpÌ�Ó�áGã�ÏpÑlÙEÏ¡ÐäÌrÍJãäç�Ð

Current
ê

��×±ç�Ñ�×�ÑhÌ�ÛhÜ�ÚlÜ¡ÛhÙ1ÙÖÍ*ØV>2Î4ÑhçGÛ Þ Ï¡Ð�Ñ4Í*áYâdÑhÚ�Ï Ý Ñ�Ù1Ópç*×�Û�Ï®Í*ÌÓ¡ÙHÒGÑhÌañ!Ó¡Î!Õ�Í*Ì�Ï�Ûl×*Ï@ØrÍGÌ^Ûh×ëÍGáYâdÑYÚlÏ@Ï¡ÍÄÚ�ÛlÜ�Ü�Û2Ì�Í*ã�ÏpÓp×*ÑGê(' ×	� �
2
Ó¡Ü�Ü¡ã�Ù1Ï¡Ì�Û�Ï�Ñ�Ù&Ï¡Ð�Ñ

trilogy
Ï¡Ð�ÛlÏ�ÏpÐ*Ñ Ý ÑlÙRÓ�ç*×äÛ�Ï�ÍGÌEÔÖÍ*Ì�à�ÙÆå Ä òÝ ÑhÙRÓpçä×GÛhÏpÓpÍ*× Í*Ø Ï¡Ð�Ñ�Í*áYâdÑhÚhÏ Þ � ò�ÙRÑhÜpÑlÚlÏ¡Ó�Í*× ÍJØ Û

rout-
ÛhÚhÚ�ÑlÙRÙ Þ Ûh× Ý <*ò�Û�ÚlÚhÑhÕ*ÏpÛ�×�ÚlÑ Í*Ø�Ï¡Ð�ÑõÌ�Í*ã�Ï¡Ó�×GÑ�! Ù
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_%wMv=h�[�\"j"wM[ Put G¡mdU%m l Integer K�m ~}%[�Z=mLl -- {;K,n�v,_,jTQ Z,m ’ q�mMDJD5m�b1j
Current c @ v�]�U � Current c @ v�]H¯e�3�
Current.List(Currentc @ v�]�KGU �Öm��[�l"\ Put;

S1 Put(10)

Root

Attributes

Routines

Person

Teacher Student

Name
Sex
Age

)�*�+ ,.- /103246517 8:9 /<; 5>=@?�517 8A9 /1; 546517 8.4651BC=D?E5F7 8.4651B46517 8.G�HA56=@I�J:K�8AL - MSchool
Speciality

i�Q q®]GS P1WONnämdj �ªnÆbRe,v,vhS |
Get_Schoolnämdj �ªn ]*m�b1Q P1S QTjTW
Get_Speciality

ÑhØrØrÑhÚ�Ïaê

Ä ò���ÑlÏ Current
Ý ÑlÙ1Ópç*×�Û�Ï�Ñ ó Ä

2)
Ù1ÑlÜpÑlÚ�Ï

Put
á*ñ
Ì�Ñ�Ï�ã�Ì�×�Ñ Ý Ò�ÛlÜpã�Ñ

Ë@Ó�ç�ê � Ë�ã�×*ÚlÏ�Ó¡Í�×GÛhÜpÓpÏpñ
Í*Ø�ÏpÐ�Ñ Ý ÑhÙRÓ�ç�×GÛhÏpÍ*Ì

Ë@Ópç�êE<U��×�ÐGÑhÌ�Ó�Ï¡Ûl×�Ú�ÑHÐ�Ó¡ÑlÌ�Û,Ì�Ú,ÐGñ�Ï�ÌaÑhÑ

�µÓ�Ï¡ÐCÏpÐ�Ñ±ÚhÍ�×*ÙRÏ�Ì�ã�ÚhÏ¡Í�Ì�Ûl× ÝCÝ Ñ,ÙRÓpç�×GÛhÏ¡Í�Ì Þ ÛÄÚlÜ¡ÛhÙ1Ù2Ú�Ûl×áGÑ&ã�ÙRÑ Ý Ï�Í Ý ÑlÚhÜpÛlÌ�Ñ�ÏpÔÖÍëà*Ó�× Ý ÙÂÍGØ�Í*á,â�ÑhÚlÏpÙÆåÆÓ¡×�Ù1Ï¡Ûh×*ÚlÑ2Ûh× Ý
obj-

ÛlÚhÚlÑlÙ1Ù Þ áJã�Ï0Û,× obj-
ÛlÚlÚlÑlÙdÙ4ÓpÙ4Î4ÍGÌ�Ñ¯ÚhÍ�×�ÒGÑh×*ÓpÑh×�Ï0Óp×

ÛhÕGÕ*ÜpÓpÚ�ÛhÏpÓ®ÍJ×
ÏpÐ*Û,×4Ûl×
Ó¡×�ÙRÏpÛh×GÚhÑ Þ ÙRÐ*Í*ÔÖ×
Û�ÙEØrÍ*Ü¡Ü®ÍGÔÖÓ¡×�ç�å
É _`_ yLmLh�Y=XJm v=l�vEµªh�yLYE~f~QP=XxY;h�i±�m X�ý�nÆj PdbRA�� s �;j"~f[ Stack_P;_ wMv=hR[�\`j wM[ Main isn�U'Y=y mLY=~�[R\�nÆj P1b�A;� -- ��o¡ZhQ j QTP1STQ Vdm�GJn)��K��] U,PRn�jTPdb�A=�P�n�UhP�nÆj PdbRAB�} [RZ=mLlG�n���È _hZ,bRe,m�b�Ahm�C3�*PRbdb1m1qrq3K !#" Put(10);G�n���È _hZ,bRe,m�b�Ahm�C3�*PRbdb1m1qrq3K !#" Put(20);]�U �Nn5�MÈ _hZ,bRe,m�b�AhmMC��*PRbdb1m�q�q��] !$" s _,jLGp{;�;K�� ] !$" Put(40);P�n&U � new nlj PRb�A;� -- ��QTO�]*S QTb1QTjhb1P1STSlj v0b1v,Z,q�j n�_hbRjTv�nP�n !$" s _,jLGM�3�;�=KJ� P�n !#" Put(200);

if ] !#" ��mdj'�ÖP�n !$" ��mdj then°£°[�l`\cm µJ�

[�l"\ Main;

�Hñëã*Ù1Ó¡×�ç±Ï�ÐGÑ Ý Ñ�Ù1Ó�çG×äÛlÏ®ÍJÌ Þ Ô�Ñ
ÚhÛ�×±Û,Õ*ÕGÜpñÅÍGáYâdÑ,ÚlÏ¡Ù�Ó¡×
th
Ñ³Í�áYâdÑ�ÚhÏ

-
Í�Ì�ÓpÑl×�Ï¡Ñ Ý Ù1Ï¡ñäÜpÑ ê ß Ù Stack

Ð�ÛlÙìÏ�Û�ç�ç�Ñ Ý Ûl× Ý
Ú�Í�×*ÏpÌ�ÍGÜ�Ü¡Ñ Ý Õ�ÌrÍGÕ�ÑhÌ�Ï�Ó¡ÑlÙ ï Óp×*Ð*Ñ,ÌaÓ�ÏpÑ Ý Ø;Ì�Í*ÎºÚhÜpÛlÙ1Ù Root

ò Þ ÏpÐ�ÑáJÓ�× Ý Ó¡×äç¯ÍGØ0Ï¡Ð�Ñ
ÍGáYâdÑhÚlÏfÔÖÓ¡Ï�ÐìÓ�Ï5Ù�ÌrÍGã�ÏpÓp×*ÑhÙ�Û�ã�Ï�ÍGÎ4Û�ÏpÓpÚlÛhÜ¡Ü5ñ
ÍJÚ,Úlã*Ì�Ù�Û�Ï Ý ÑlÚ�Ü�ÛhÌ�ÛlÏpÓ�ÍG× ï ØrÍ*Ì^Ûh×ëÓ¡×�Ù1Ï¡Ûh×GÚhÑlòEÛh× Ý ÛhÜ¡Ü®ÍJÚhÛlÏ¡Ó®ÍG×
ï Ø;Í*Ì obj-

ÛhÚlÚ�ÑhÙ1Ù1ò Þ Ô�Ð�Ó¡ÚhÐ ÓpÙºç*ã�Û�ÌrÛh×GÏ�ÑlÑ Ý á*ñõÍ*á,â�ÑlÚhÏ
constructor.Rkê & ù��ª����ùGÿ¸û*ü���þlþhùGþ*�;úí� Ð÷ù��.�

��×è>2Î!Ñlç�Û Þ ÛlÜpÜ�ç�Ñl×*ÑhÌ�Û�Ü+ÚlÜ�ÛlÙ1Ù1Ñ�Ù Ð�ÛlÒ�Ñ Ï�Û�ç�ç*Ñ Ý
ÕGÌrÍ�ÕGÑ,ÌaÏ�ñ Þ Ô&Ð�Ó¡ÚhÐ³Ó�ÙÅÐGÓ Ý*Ý Ñh×6á*ñ'ÚhÜ¡ÛlÙRÙ Root

ê î ÐäÛ�ÏÂÓpÙÅÏ�ÍÙRÛlñ Þ ÛÃ×*ÑhÔ"ÚlÜ¡ÛlÙRÙ ï Ù1ãäá -
ÚlÜpÛlÙdÙRò'Ú�Ûh× ÚhÍG×�Ò*Ñ,×GÓ�Ñ�×�ÏpÜpñ á*ÑÝ Ñ,ÌaÓ�ÒGÑ Ý ØrÌrÍGÎ Û Õ�Û�ÌrÑ�×�ÏHÚlÜ¡ÛhÙRÙ�ê î Ð�Ñ Ý ÑlÌ�ÓpÒ*Ñ Ý Ú�ÜpÛhÙRÙÄÚhÛ�×ÍJ×�Ü¡ñ ÐGÛhÒ*ÑðÍ�×*Ñ Ý ÓpÌ�ÑhÚ�Ï�Õ*ÛhÌ�Ñl×�Ï Þ ÔÖÐ*ÓpÚlÐ Î!ÑlÛl×*Ù Ï¡Ð�Ñ

ÙRã*Õ�Õ*Í*Ì�ÏGØ�Í�ÌfÙ1Ó�×Gç�Ü¡Ñ�Ó�×GÐ�ÑhÌ�ÓpÏpÛl×�ÚlÑJê î ÐäÌrÍ*ã*ç�Ð Ý ÑhÌ�ÓpÒ*ÛhÏ¡Ó�ÍG×
Û�×Ó¡×�ÐGÑhÌaÓ�Ï¡Ûh×*ÚhÑ'Ð�ÓpÑ,ÌaÛ,ÌaÚhÐGñ¸Ï�Ì�ÑhÑ´Ú,Ûl×¸áGÑ á*ãGÓ�Ü¡Ï�ê î ÐGÑ Ð*Ópç*Ð�Ñ,Ì
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ÏpÐ�Ñ�ÚlÜpÛlÙ1ÙéÍG×ºÏ¡Ð�ÑS�hÏpÌ�Ñ�ÑC�+ÓpÙ Þ ÏpÐ�Ñ�Î!Í*ÌaÑ.çGÑh×*Ñ,ÌaÛhÜ¡ÓP
�Ñ ÝØ�ÑhÛlÏ¡ã�Ì�ÑlÙ&Ï¡Ð�Ñ!ÚlÜpÛlÙ1ÙÖÐ*ÛlÙ Þ contrarilyÞ ÏpÐ�Ñ!Ü¡Í*ÔÖÑlÌÂÏpÐ*Ñ4Ú�Ü�ÛlÙRÙ
Ó¡Ù Þ ÏpÐ�ÑÖÎ!Í*Ì�Ñ�ÙdÕ*ÑlÚlÓ¡ÛhÜpÓx
lÑ Ý ØrÑ�ÛhÏ¡ãäÌ�ÑlÙEÏpÐ*Ñ�Ú�Ü�Û�Ù1Ù^Ð*ÛlÙÆê

� úUT^ù��������@ú�ûJù
��×*Ð�ÑhÌ�Ó¡Ï¡Ûh×*ÚhÑ2Û�ÜpÜpÍGÔÖÙHÏ¡Ð�Ñ Ý ÑhÌ�Ó¡ÒäÑ Ý ÚlÜ�Û�Ù1ÙHÏ¡ÍÄÓ¡×äÐ*Ñ,ÌaÓ�Ï�ÛlÜpÜ

Ø�ÑhÛlÏ¡ã�Ì�ÑlÙEÐ*ÑlÜ Ý áGñ�ÏpÐ*ÑHÕGÛhÌ�Ñl×�Ï ï ã�Õ!Ï�Í!ÛhÜ¡Ü*ÍGØ�ç�Ì�Ûl× Ý Õ*Û,Ì�Ñl×�Ï¡ÙÍG×ÄÏ�ÐGÑ2Ð�ÓpÑhÌ�ÛhÌ�ÚhÐ�ñëÏ¡Ì�Ñ�Ñ,ò Þ Ï®Í±Ì�Ñ Ý ÑhØ�Óp×*Ñ�Ù1ÍJÎ4Ñ
ØrÑlÛlÏpã�Ì�ÑlÙ&Û,× ÝÏpÍ´Ñ�ø�Ï¡Ñl× Ý Ù1ÍGÎ!Ñ¯×GÑhÔ Ø�ÑhÛlÏ¡ã�Ì�ÑlÙÆêV' ×@� �kù Ù1ÐäÍGÔÖÙÅÛg6Gã�Ó¡Ï�Ñ
ÙdÓ¡Î!Õ*Ü¡Ñ�Ñlø�Û�Î4ÕGÜpÑ�Í*Ø�Óp×�ÐGÑ,ÌaÓ�Ï¡Ûh×*Ú,ÑÖÏ�ÌaÑhÑ ê

î Í�Î4Û�Ù1Ï�Ñ�Ì ÏpÐ*Ñ+áGÛlÙ1Ó¡Ú�ÚhÍ*×�Ú�Ñ,ÕGÏpÙNÔÖÑ Ô�ÓpÜpÜ6ã�ÙRÑ�ÛÙdÓ¡Î!Õ*Ü¡Ñ�Ñlø�Û�Î4ÕGÜpÑJê î Ð�Ñ&Ñlø�Û�Î
ÕGÜpÑ&ÓpÙEÙ1à*ÑlÏpÚ�Ð�Ñ Ý Ì�ÛhÏ¡Ð�ÑhÌ�Ï¡Ð�Ûh×ÚhÍGÎ4ÕGÜ�Ñ�ÏpÑ Þ áGã�Ï Ó�ÏJÙ1Ð�ÍGÔ&Ù0Ï¡Ð�Ñ�Ñ�Ù1Ù1Ñl×*Ï�Ó¡ÛlÜJÓ Ý ÑhÛ�ÙEÔÖÑlÜpÜaê

�µÓpÏpÐ ó ÛlñäÓ¡×�ç ÔÖÑ Ð�ÛlÒ�Ñ"Û ç�Ñ�×�ÑlÌ�ÛlÜpÓx
hÑ Ý ÚlÜ�Û�Ù1Ù
Persons

Û�× Ý Ï�Ûlà*Óp×�ç�Ó¡Ï Û�ÙÈÏ¡Ð�Ñ�ÕGÛhÌ�Ñl×*Ï Ú�Ü�ÛlÙRÙ Þ Î!Í�Ì�ÑÙRÕGÑ,Ú�ÓpÛlÜpÓx
lÑ Ý ÚlÜ¡ÛhÙ1ÙRÑlÙ´Ùdã*ÚhÐ.ÛlÙ
Teachers

Û,× Ý
StudentsÚ�Ûl× áGÑ Ý ÑhÌ�ÓpÒ�Ñ Ý Þ Ù1Í Ô&Ñ ÛlÌ�Ñ Ï�Í Ý ÑhÙRÚhÌ�Ó�á*ÑðÐ*ã*Î4Û�×

Û�á*ÙRÏ�Ì�ÛlÚhÏ¡Ó�ÍG×�ÙÆå
PersonsÞ TeachersÞ Students

Ûl× Ý ÙdÍ4Í*×�ê
ËöÍGÌ´ÙRÓpÎ!Õ*Ü¡Ó�Ú�Ó�Ï¡ñ Þ Ï¡Ð�Ñ+ÚlÜ�Û�Ù1ÙRÑhÙ÷ÍJ×�Ü¡ñ/Ó¡×�ÚlÜpã Ý Ñ.á*Û�Ù1Ó�ÚÌaÑhÛ Ý Ó¡×äçºÛh× Ý ÔÖÌ�ÓpÏpÓp×*çºÍ�ÕGÑ,ÌaÛhÏpÓ�ÍJ×�Ù ÍJØ´ÛlÏ�Ï¡Ì�Ó®áGã*ÏpÑhÙæê î Ð�ÑÚ�ÜpÛlÙ1Ù0Ó�×*Ð*ÑlÌ�ÓpÏ�Û�×�ÚlÑ�Ð*Ó�Ñ�Ì�ÛlÌ�ÚhÐ*ñ�ÎÅÛlñ�ÜpÍ*Í*à4ÜpÓpà*Ñ&Ï�Ð*ÓpÙÆå

¿ Y=w�[�l%X�h�y Y=~�~)v=lNm l`ý [Rw�mLXJY=l%h�[�XPwM[�[ W|[�w�m �=[�\chRyLY=~�~�v;l�mLl`ý [�wRmLXxY=l`h�[�XPwM[�[X m X�ý Root_P�`j`~f[ Root_P;_"Y;h�i`Y=Z=[ s m5n�q�v,Z,q � s isXP^;_%[fj ��P1OÂmÑmL~ String(1..10);XP^;_%[ tSex m ~ (Male | Female);XP^;_%[ tAge m ~ Integer wRYdl`Z=[ 1..130;h�y Y=~�~ Persons m ~�l%[�± Root_%w�vEh�[�\`j%wM[ Display;_%w�vEh�[�\`j%wM[ Set_NameGpZÂU;mLl tName);¡�ndmdP�ChQ Z,[0PdZ;C^X�naQTj QTZ,[0vEDGv,j e,m n�PdjTj n�Q `*_hjTm�q��PdO�m U�j �^P1O�m��næm�w UhjLnæmdw;���[,m Uhj �^[,m��[�l"\ Persons;°[�l`\ Persons_P;

wit ý Persons_P�`j`~�[ Persons_P;_"Y;h�i`Y=Z=[ @ m�P1bdehm naqP� s isXP^;_"[�jLnæbde,vhv,S2mL~ String(1..10);XP^;_"[ tSpeciality m ~ (Math |AY�º3¾[Zft u\Z�] …);h�yLYE~f~ Teachers m ~)l"[�± Personsv=�=[�w�wRm \%\"[�l�_ w�v=h�[�\`j%wM[ Display;_"wMv=h�[�\"j"wM[ Set_School G¡q@U;mLl tSchool);µ(j l"h�X�mLv;l Get_Scelv,vhS=w�[�X�j"w�l tSchool;_"wMv=h�[�\"j"wM[ Set_Speciality(q@U'mLl tSpeciality);µ(j l"h�X�mLv;l ��mdj ��n1]GmdbRQ P1S Q j®W�w�[�Xxj"w�l tSpeciality;næbdehv,vYS UljLnÆb1ehv,v,S �nR]Gm�b1Q PRS QTj®WEUljLn1]Gmdb1Q PRS Q j®WE�[�l"\ Teachers;°[�l`\ Teachers_P;±Vm Xxý Text_IO��j"~f[ Text_IO;_"Y;h�i`Y=Z=[T}"v;\%^ PersoZ,qL� s is
function � !#" ��G�P1tö`=F�U�P s m5n�q�vYZ,q3K return P s m naq�v,Z,q

is
beginPd}�v,v,j G¡Pdt�`dF�K !#" nil;

Current U �&Pdtö`=F��
return Current;

end � !#" ” ;_ wMv=hR[�\"j"wM[�iEQ qp]*S P1WBm ~} [�Z;mLl¡eC,QTqT]GS P W�P1j j n�Q `*_,jTmdq[�l"\ Display;°[�l`\ Persons_P;

_"Y;h�i`Y=Z=[T}"v;\%^ @ mdPdbdelm5ndqL� s is_ Y=h�i�YdZ=[ Super wM[Rl"Y;ï�[�~ Persons_P;
function � !#" �RG�Pdt�`=F UhP @ m1Pdbdehm5n�q3K return P @ mdPdbRehm5n�q is
beginG¡P s m5naq�v,Z,qfG¡Pdt `=F3KxK !#" nil;

Current U �HPRt `=F��
return Current;

end �^!#" ” ;_%wMv=h�[�\`j wM[�i^Q q�]GS P W m ~} [�Z'mLl
Super c iEQ q�]*S P WE� -- ��bdPRSTSljTvö]*P;nam1Z,jLÈ q Display¡Ãi�Q q�]*S PRWEZhmdX9P1jTj n�Q `*_,jTm1q[�l"\ Display;°]°[�l`\ Teachers_P;

��ÛlÙRÑ Ý Í�×´Ï¡Ð�ÑìÚlÜ�Û�Ù1Ù
PersonsÞ Û9Î!Í*ÌaÑ±ÙdÕJÑhÚ�ÓpÛhÜ¡ÓP
�Ñ ÝÚhÜ¡ÛhÙRÙ`_ ����¢h²*���1� ÚlÛh× áGÑ Ú,Í�×�ÙRÏpÌ�ã�ÚlÏ¡Ñ Ý á*ñ Ó¡×�Ð*ÑlÌ�ÓpÏpÓp×*ç

Persons
ê î Ð�Ñ Ý Ñ,ÌaÓpÒ�Ñ Ý ÚlÜpÛlÙdÙ

Teachers
Ð*ÛlÙ�ÛlÜ�ÜµÍJØ

Persons’
ØrÑ�ÛlÏpã�Ì�ÑlÙ Þ ÌaÑ Ý ÑhØ�Ó�×*ÑlÙ&Ï¡Ð�ÑÅÌ�ÍGã�Ï¡Ó�×*Ñ Display

Ûh× Ý
Û ÝGÝ Ù0ÙdÍ*Î!Ñ�×*ÑlÔÈØ�ÑlÛ�Ï�ã*Ì�ÑlÙÆê

î ÐGÑ,Ì�Ñ�ÛhÌ�Ñ&Ï¡ÔÖÍba �¡�5�� ��h° ÌrÍJã�ÏpÓp×�ÑhÙ�Óp× Persons
Ûh× Ý Óp×

TeachersÞ Ì�ÑhÙdÕJÑ,ÚlÏ¡Ó�Ò*ÑlÜpñ*ê î ÐGÑc�lÍ*Ò*Ñ,Ì�Ì�Ó Ý*Ý Ñl×(� Display
Ó¡×

Teachers
Î4ÑlÛl×�ÙëÏ¡Ð�Ó¡Ù!Ú�ÜpÛlÙ1ÙëÌrÑ Ý ÑlØ�Óp×*ÑlÙëÏ�ÐGÓ�ÙëÌ�Í*ã�Ï¡Ó�×GÑ¯áGñ

Ó¡×�ÐGÑhÌaÓ�Ï¡Ó�×*ç´Ï�ÐGÑ
rout-

ÛlÚhÚhÑ�Ù1Ù!Í*Ø
Display

Ûl× Ý Õ*ÌrÍ*Ò*Ó Ý Ó�×Gç
×GÑhÔ�Ò*ÑhÌaÙRÓ�Í*×4Í*Ø�Ó�Î!ÕGÜpÑlÎ!Ñh×*ÏpÛlÏ¡ÓpÍG×�ê î Ð�Ñ&Ì�Ñ Ý ÑlØ�Ó�×*ÓpÏpÓ¡Í*×
Í*Ø@ÛÌ�Í*ã*ÏpÓp×*Ñ Ó¡×�Ò�Í*ÜpÒ�ÑlÙ±ÓpÎ!Õ�Í*Ì�Ï�Û�×�Ï�Í*áYâdÑlÚhÏ

-
Í*Ì�Ó�Ñ�×�Ï¡Ñ Ý Ú,ÍJ×�ÚlÑ,ÕJÏ�å

ÕGÍ*Ü¡ñäÎ4ÍGÌ�Õ*Ð�ÓpÙRÎðÛl× Ý6Ý ñä×�Û�Î4Ó¡Ú±áGÓp× Ý Ó�×�ç Þ ÔÖÐ�ÓpÚ�Ð6Ô�Ó¡Ü�Ü�á*ÑÝ Ó�ÙRÚlã�ÙRÙ1Ñ Ý á*ÑlÜpÍ*Ô2ê
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Polymorphism

î Ð�ÌrÍGã*çäÐÈÕ*Í*Üpñ�Î!Í*ÌrÕJÐ�Ó¡Ù1Î Þ Óp×*Ð�Ñ�Ì�Ó¡Ï�Û�×�ÚlÑ³Ð�Ó¡ÑhÌ�ÛhÌ�ÚhÐ*ÓpÑlÙÔ�Ó�Ü¡Ü ç*ÓpÒ*Ñ ã*Ù ÚhÍJ×�ÙRÓ Ý ÑlÌ�ÛháGÜ�Ñ ØrÜ¡Ñlø*ÓpáGÓ�Ü¡ÓpÏpñ�Ø�Í*Ì Ï¡ÐäÑ
Î!Ûh×*ÓpÕ*ãGÜ�ÛlÏ¡Ó�ÍG×
ÍJØ@Í�áYâdÑ�ÚhÏpÙ Þ ÔÖÐ*ÓpÜpÑÖÌ�Ñ�ÏpÛlÓp×�Ó¡×�ç!ÏpÐ*Ñ&ÙRÛlØ;Ñ�Ï�ñ
ÍJØÙdÏ¡ÛlÏpÓpÚ&Ï5ñäÕ*Óp×*ç�ê�;û

olymorphism
� Î!ÑhÛ�×�Ù Ï¡Ð�Ñ Ûhá*Ó¡Ü�Ó¡Ï�ñ�Ï�Í"Ï�Û�à�Ñ

ÙdÑ�Ò*ÑhÌ�ÛlÜëØ;ÍGÌ�Î!ÙÆê���×.Í�áYâdÑlÚlÏ
-
ÍGÌ�ÓpÑl×�Ï¡Ñ Ý ÕGÐ*Ó�Ü�ÍGÙdÍ*Õ*Ð�ñ.ÔÖÐ*ÛlÏ

Î!Ûlñ9Ï�Û�à�Ñ!ÙRÑlÒ�Ñ�Ì�Û�ÜfØ;Í*Ì�Î!Ù2Ó�Ù�Ûl×
obj-

ÛlÚhÚhÑ�Ù1Ù Þ ÔÖÐ�Ó¡ÚlÐ9ÔÖÓ¡Ü¡ÜÐ�Û�Ò�Ñ±ÏpÐ*ÑÄÛháGÓpÜpÓpÏ¡ñ Þ ÛÆÏ^Ìaã�× Ï¡Ó�Î!Ñ Þ Ï�Í6áGÑlÚhÍGÎ4Ñ¯ÛhÏ¡Ï�ÛlÚ�Ð�Ñ Ý Ï�ÍÍ�á,â�ÑlÚlÏ¡Ù�Í*Ø Ý Ó¡Ø Ø�ÑhÌaÑh×*Ï�Ï�ñ�ÕGÑhÙ Þ ÛlÜpÜ�ÚhÍG×*Ï�ÌrÍGÜpÜpÑ Ý áGñëÏpÐ�Ñ
Ù1Ï¡ÛhÏpÓpÚ
declaration.ËöÍ*ÌHÑ�ø�ÛlÎ4Õ*Ü¡ÑÄÏ�ÐGÑëÌrÍ�ãGÏ�Ó¡×�Ñ

Display
åJÚ�Ûl×ìá*ÑëÙRÑh×�ÏEÏ�Í

Ûh×Gñ.ÍGáYâ�ÑlÚlÏëÍGØ
Persons

Í�Ì
Teachers.

�0ÍJ×�ÚhÑlÕ*Ï�ãGÛhÜ¡Üpñ Þ
Display

ÓpÎ!Õ*Ü¡Ó�Ñ�Ù2ÛëÕ*ÛhÌ�Ï¡Ó�Úlã*ÜpÛ�Ì�ÛlÚhÏ¡Ó�ÍJ×ìÏpÍìá*ÑëÏpÛlà�Ñ�×�ê î ÐäÑÚhÍG×�ÚlÑ,ÕJÏ Ó�Ù Ó Ý Ñh×�Ï¡Ó�Ú�ÛlÜ ØrÍ�Ì Û�×�ñ Í*áYâdÑlÚhÏM�NÍG×*Üpñ£Ï¡Ð�Ñ
ÓpÎ4ÕGÜpÑ�Î4Ñh×GÏ�ÛÆÏ�Ó¡Í*× Ý ÑlÏ�Û�ÓpÜpÙ&Î!Ûhñ¯á*Ñ Ý Ó�Ø;Ø�ÑlÌ�Ñh×*Ïaê ó Í DisplayÐ�Û�Ù Ý ÓpØ Ø�ÑlÌ�Ñl×�ÏfÒäÑ�Ì�ÙRÓ�Í�×GÙÖØrÍ*Ì

Persons
Û�× Ý ØrÍ*Ì

Teachers
�

ÜpÑlÏ�ã�ÙìÚlÛhÜ¡Ü�ÏpÐ�ÑÆÎ
DisplayPER

Ûh× Ý
DisplayTEA

ê|�ÈÐ*ÛhÏ
Ð�ÛlÕ�Õ*Ñ�×�ÙÖÔÖÐ�Ñ�×¯Û!ÌrÍ�ãGÏ�Ó¡×�Ñ!Ô&Ó5Ï¡Ð¯Î!Í*Ì�Ñ4Ï¡Ð�Û�×±Í�×�Ñ!Ò*Ñ,ÌaÙRÓ®Í*×
is
ÛhÕGÕ*Ü¡Ó�Ñ Ý Ï®Í!ÛHÕ�ÍJÜ�ñ�Î!Í*Ì�Õ�Ð*ÓpÚ&Ñ,×GÏ�Ó¡Ï�ñ.ä
ß Ü�Ü�Ñl×�Ï¡Ó¡ÏpÓpÑlÙÅÛhÕJÕ�ÑlÛ,ÌaÓ�×Gç'Óp×³Ï�Ð*Ñ9Õ*Ì�ÑlÚlÑ Ý Ó¡×äç'Ú�ÛlÙRÑhÙ4ÍJØÕ�ÍGÜpñäÎ!Í*Ì�Õ�Ð�Ó¡Ú�ÛhÏ¡Ï�ÛlÚ�Ð�Î!Ñl×�Ï ÛlÌ�Ñ�ÍGØ¸ÛhÚlÚlÑlÙ1ÙéÏ¡ñäÕ*Ñ�ÙÆå!Ï¡Ð�Ñ

Õ�ÍGÙ1ÙRÓ�á*Ü¡Ñ ÒäÛ�Ü�ã*ÑlÙ'Ø;ÍGÌ
aPolyÞ pObj

Ûh× Ý
tObj

Û,ÌaÑ÷×äÍ�Ï
Óp×�Ù1Ï¡Ûl×�Ú�ÑhÙºá*ã�Ï

obj-
Û�ÚhÚhÑlÙRÙ1ÑhÙæê ó Í ÏpÐ�Ñ ÑlØ Ø�ÑhÚlÏ÷Í*Ø­Ûl×

ÛhÙRÙ1Ó¡ç�×�Î!Ñl×�Ï÷Ù1ã*ÚlÐ ÛlÙ � ³ �*  °ed�f
aPersons(tObj)

Ó�Ù

ÙRÓpÎ!Õ*Ü¡ñ�ÏpÍ4ÌaÑhÛlÏpÏpÛ�ÚhÐ
Û�×
obj-access.

��Ñ�Ü®ÍGÔ�Ó�Ù0Ï�ÐGÑ�Õ�ÍJÜ�ñ*Î4ÍGÌrÕ*Ð*ÓpÚ&ÛhÕ�Õ*Ü¡Ó�Ú�ÛlÏpÓpÍ�×�å
¿ v;y ^ ï�v=wR_ ý`m h É _`_"y mLh�Y=XJmLvEl±|m XJý s m5n�q�v,Z3� s | @ mdPdbRehm5nx� s � j`~�[ s m5naq�vYZ�� s | @ m�PRbdehm5n�� s �_%wMv=h�[�\`j%wM[ Main is]*t `=F UhP s m5n�q�v,Z q@U � new

s m5n�q�v,ZYq�� -- � s m naq�v,ZYq ’ I,m5naq�QTv,Z;�j tö`EF U,P @ mdPdbRehm�q�n�U � new
@ m�PdbRehm5ndq�� -->Teachers’ IYm5naq�QTv,Z=�P s vYSTW UhP s m n�q�v,Zhq��}%[�Z=mLl¡P s v,S WEU ��P s m5n�q�v,Zhq3G ]�t�`=F�Kx�P s v,S W !$" Display � -- �Öj P�AhQ Zh[ DisplayPER

--
s vhSTWYO�v�np]GehQ b�b1PRS SP s v,S WEU ��P s m5n�q�v,Zhq3Gpj t `=F3Kx�P s v,S W !$" Display � -- �Öj P�AhQ Zh[ DisplayTEA[�l"\ Main;

�ÈÐ�Ñl×µÌ�ÑlÛhÏ¡Ï�Û�ÚlÐ�Ñ Ý á*ñ
aPersons(tObj)Þ aPoly

ÚlÛ�×
ÍJ×�Ü¡ñìÙ1ÑlÜpÑlÚ�Ï�ÏpÐ�Ñ±ØrÑlÛ�Ï�ãGÌ�ÑhÙ4Ó�×�ÐGÑhÌ�Ó�Ï¡Ñ Ý ØrÌ�Í*Î

PersonsÞ Ù1Ûlñ
rout-

ÛhÚhÚ�ÑlÙRÙ
Display

êc��ã�Ï
pObj

Ó�ÙµáGÍ*ã�× Ý ÔÖÓpÏpÐ�Ï¡Ð�Ñ
ÒGÑhÌaÙ1Ó®ÍJ×6Óp×

Person
Ûl× Ý

tObj
áGÍ�ã�× Ý Ô&Ó¡Ï�Ð´Ï�ÐGÑ±ÒGÑhÌaÙ1Ó®ÍG×

Ó¡×
TeachersÞ ÙdÍ aPoly

ÚlÛ�×�Ï�Ûlà*Ñ Ý ÓpØ;ØrÑ�Ì�Ñh×*Ï
forms

ÍGØ
Ì�Í*ã*ÏpÓp×*Ñ

Display
ÛlÚ�Ú,Í*Ì Ý Ó�×*ç6Ï®Í'Ó�Ï¡Ù
ÚlãäÌ�ÌaÑh×*ÏEÛlÏ�Ï¡ÛlÚlÐ*Î!Ñh×*Ï

.' ×�� � � Ù1ãäç*ç*ÑhÙ1Ï¡Ù�ÏpÐ*ÓpÙÖá*ñ9Ù1ÐäÍGÔÖÓp×*ç9ÏpÐ*Ñ Teachers
Í�áYâdÑhÚhÏ

áJÓ�çGçäÑlÌ�Ï�ÐGÛh×6Ï¡Ð�Ñg³ �l�1�1��¦G� Í�áhâ�Ñ�ÚhÏaê ó ã�Ú�Ð Ý ÓpØ Ø�ÑlÌ�Ñl×�ÚhÑlÙ!Ó¡×ÍGáYâdÑhÚlÏ�ÙRÓx
�Ñ Ý Í³×äÍJÏ�ÚlÛhãGÙdÑìÛl×äñ³Õ�Ì�Í*á*Ü¡ÑhÎ Ó¡Ø2ÛhÜ¡ÜHÔÖÑ9Û�Ì�Ñ
ÌaÑhÛ�Ï�Ï¡ÛlÚhÐGÓ�×Gç
Ó�Ù0Ûl×

obj-access.

Ë@Ópç�êhg î Ð�Ñ�ÍJÒ�ÑhÌ�Ì�Ó Ý�Ý Ñl×�Ì�Í*ã�ÏpÓp×�Ñ�Û�× Ý ÕGÍ*Ü¡ñäÎ4ÍGÌrÕ*Ð�Ó¡ÚHÌ�ÑlÛ�Ï�Ï¡ÛhÚlÐ�Î!Ñl×*Ï

ó Í¯Ó¡×¯Ù1Õ*Ó¡Ï�Ñ
ÍGØÂÏpÐ�Ñ!×�Û�Î4Ñ!ñäÍGã±Ù1Ð*Í*ã�Ü Ý ×äÍ*Ï�Ó¡Î4Ûlç*Ó�×GÑ ÞÔÖÐ�Ñl×õÏpÐ*Ó�×Gà�Ó¡×�çõÍ*ØéÕ�ÍJÜ�ñ*Î4ÍGÌrÕJÐ�Ó�ÙRÎ Þ ÙRÍ*Î!Ñ�Ì�ãG× -Ï¡Ó�Î!ÑÏpÌ�Û�×�Ù1Î!ã*Ï�Û�Ï�Ó¡Í*× ÍGØ�Í�á,â�ÑlÚ�Ï�Ùæê >Ö×*ÚlÑ�Ú,ÍJ×�Ù1ÏpÌ�ã*ÚlÏ�Ñ Ý Þ Ûh×Í�á,â�ÑlÚlÏ�×*ÑlÒ*Ñ,Ì±Ú�Ð�Ûl×äç*ÑlÙ6ÓpÏpÙ6ÏpñäÕGÑGêV>�×�Ü�ñéÛ�×
obj-

Û�ÚhÚhÑ�Ù1ÙÝ Í*ÑlÙ2ÙdÍCá*ñìç�Ñ�Ï�Ï¡Ó�×Gç9Ì�ÑlÛ�Ï�Ï¡ÛhÚlÐ*Ñ Ý Ï®ÍCÍ�áhâaÑ�ÚhÏ¡ÙÖÍJØ Ý Ó¡Ø Ø�ÑlÌ�Ñ�×�Ï
ÚhÜ¡ÛhÙRÙ1ÑlÙæê î Ð�Ó¡ÙÂÛhÜ¡ÙdÍÅÎ4ÑhÛ�×�ÙÂÏ�ÐGÛhÏ Õ�Í*Ü¡ñäÎ4ÍGÌrÕGÐ*Ó�ÙRÎ Ý Í�Ñ�Ù0×äÍGÏ

Ú�ÛlÌ�Ì�ñÄÛ�×�ñÄÑhØ;Ø�Ó¡ÚhÓpÑl×*ÚlñëÕJÑh×GÛhÜpÏpñ.�GÛh×±Û�ÚhÚlÑ�Ù1Ù&Ì�Ñ�ÛlÏ�Ï¡ÛhÚ�Ð�Î4Ñ�×�Ï
i Û Ò�ÑhÌ�ñ�Ø�ÛlÙRÏ Í�Õ*Ñ,ÌaÛhÏ¡Ó�ÍJ× i ÚhÍ*ÙRÏpÙ Ï¡Ð�Ñ ÙRÛhÎ4Ñ
ÌaÑhçGÛ,Ì Ý Ü�Ñ�Ù1Ù^ÍGØ@Ï¡Ð�ÑHÍ*á,â�ÑlÚlÏ¡Ù^Ó¡×�ÒäÍGÜpÒ*Ñ Ý ê

kJw�]*P1Z=C,m�C
features

…Features

Display

…Features

Display

pObj

tObj

s m n�qavYZ;æ qötö`=Frm�b1j

@ m1Pdb1e,m5nEæ qötö`=F�mdb1j

(before)j

(after)k

opZ,elm5naQTjTm�C

OGm naq�QTv,ZEQ Z s m5n�q�v,Z

OJm5naq�QTv,Z0Q Z @ m1Pdb1ehm n
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&ml ú��TÐ �;û4���;úEÿ|�rú��
í ñä×*ÛhÎ!ÓpÚìáJÓ�× Ý Ó�×Gç´ÔÖÓ¡ÜpÜ�Ú�Í*ÎÅÕ*Ü¡ÑhÎ!Ñl×�ÏHÌ�Ñ Ý ÑlØrÓ¡×�ÓpÏpÓ¡Í�× ÞÕ�ÍGÜpñäÎ!Í*Ì�Õ�Ð�Ó¡Ù1Î�Ûh× Ý ÙRÏ�Û�Ï�Ó¡Ú&Ï¡ñäÕ�Ó¡×�ç4Ï¡Í!Î4Û�à�Ñ&ã*Õ!ÏpÐ�Ñ�áGÛlÙRÓ�Ú

ÏpÑlÏ�ÌaÛhÜ¡Í�ç�ñÅÍJØ�Óp×*Ð*Ñ,ÌaÓ�Ï¡Ûh×*ÚlÑJê î Ð�Ñ2Ì�ã�Ü¡Ñ�à�×�ÍGÔ&×ÄÛ�Ù Ý ñ�×*ÛlÎ!Ó�ÚáGÓ�× Ý Óp×äçìÓ�Î!ÕGÜpÓpÑlÙ2Ï�Ð�Û�ÏfÏpÐ�Ñ Ý ñ*×�ÛlÎ!Ó�ÚÅØrÍJÌ�Î ÍGØ�Ï�ÐGÑ4Í�áhâaÑ�Ú,Ï
Ý ÑhÏpÑlÌ�Î!Óp×�Ñ�Ù^ÔÖÐ*ÓpÚlÐ
Ò*ÑlÌ�Ù1Ó�ÍG×�ÍJØ@Ï�Ð*Ñ&Í�ÕGÑ,Ì�Û�ÏpÓpÍ*×4Ï®Í4ÛlÕ�ÕGÜpñ*ê

î Ð*ÑD�,ÍJÒäÑlÌ�Ì�Ó Ý�Ý Ñl×E� Display
Î4Ñ�Ûh×*Ù
ÚlÜ�Û�Ù1Ù

TeachersÓp×�Ð*ÑhÌaÓpÏpÙ Ï¡Ð�Ñ
rout-

ÛlÚhÚlÑlÙ1Ù6Í*Ø
Display

áJã�Ï
Õ*Ì�Í�Ò*Ó Ý Ñ�Ù Û
×�Ñ�Ô�Ò*ÑlÌ�ÙRÓ�ÍG×�ê í ñ�×�Û�Î4ÓpÚÃá*Ó¡× Ý Ó�×*ç+ÍJØ6Ï¡Ð�ÑéÍ*Ò*ÑhÌrÌaÓ ÝGÝ Ñl×Ì�Í*ã�Ï¡Óp×*ÑlÙ^Ó¡Ù�ÌaÑhÛlÜ¡ÓP
�Ñ Ý Ó¡×
Ï¡Ð�Ñ&ÚhÍä×*ÙRÏ�Ìaã�ÚlÏ�Í*Ì,å

W|^=l"Y;ïNm h�}"m l"\`mLl ZkvEµªv=�d[�w�w�mL\"\"[�l�w�vdj`X�m l`[�~_ Y;h�i�YEZ=[T}"v=\"^ @ mdP1bdehm5n�qL� s is_"YEh�i�Y=ZE[ Super wM[�l%Y;ïN[�~ Persons_P;°£°_"wMvEh�[�\`j%wM[fopZhQ jTQ P1S Q V1m�G¡tö`dF�U m lNvEj`X Teachersn�m ~qrt `EF�U s m5n�q�v,Z q�� -- ��o¡ZhQ jTQ PRS Q VRm�G5qrt `'F(KJ�
-- ehm5ndm*`*v,_lZ=C^X^QTj eÂj ehm�]*P;ndmdZ,j qfæ;I,m;n�qaQ v,Z}"[�Z=mLltJ`=F�U �NG�q�t `=F withnäm�j �ªnÆb1e,v,vhSÎ�`��næm1j ��næb1e,v,vhS ’access,�fmdj ��näbdehvYvhSÎ�`�N��mdj ��näbdehvYvhS æ access|nämdj ��n ]*m�b1Q P1S QTjTWB�"��næmdj ��n1]GmdbRQ P1S Q j®WEæ access|¡Î¡òKJ�
-- Display Q q�v=I,m5n¡ndQLCEChmdZ�otö`dFrc i�Q q®]*S P1W0U ��iEQ qp]*S P1W ’access;[�l`\ Initialize�°£°[�l"\ Teachers_P;

>�á*Ò*Ó®ÍGã*ÙRÜ�ñ¸Û�×�ñ Í�á,â�Ñ�ÚhÏÖÍ*Ø
Persons

Û,× Ý
TeachersÐ�ÍGÜ Ý Ù�Ï�Ð*Ñ

rout-
ÛhÚ�ÚlÑhÙRÙ

Display
ê î ÐGÑ&Í*á,â�ÑhÚlÏ Í*Ø PersonsÔ�Ó�Ü¡Ü´á*Ñ/á�ÍGã�× Ý Ô&ÓpÏpÐ ÏpÐ*Ñ/Ò�ÑhÌaÙRÓ®ÍG× Ó�Î!ÕGÜpÑlÎ!Ñh×*ÏpÑ Ý Óp×

ÕGÛhÚhà*Ûlç*Ñ û�Ñ,ÌaÙdÍ*×*Ù � û�Ûl× Ý ÏpÐ*ÑõÍ�áYâdÑhÚ�ÏNÍ*Ø
TeachersÌ�Ñ,á*Í�ãG× Ý ÔÖÓpÏpÐ
Ï¡Ð�ÑÖÒ�ÑlÌ�Ù1Ó®ÍJ×�Óp× î ÑhÛlÚ�ÐäÑlÌ�Ù � û ê

Rule-p § Ü�à�ál���;×�ô)ô�á'ÝÄ�EÜ�Õ��f×xÝ)á;õ
ß ×µÍGÒ�ÑhÌ�Ì�Ó Ý*Ý Ñh×µÌ�Í�ã*ÏpÓp×*Ñ Î4ÑlÛ�×�Ù±ÏpÐ�Ñ6ÚhÜpÛ�ÙdÙÄÓ¡×�Ð*ÑlÌ�Ó¡ÏpÙëÏ¡Ð�Ñ
rout-

ÛhÚhÚ�ÑlÙRÙºá*ãGÏ�Õ�ÌrÍJÒ�Ó Ý ÑlÙ Û ×�ÑlÔ Ò*ÑlÌ�Ù1Ó�ÍJ× ÍJØ+ÏpÐ*Ñ
Ì�Í*ã*ÏpÓp×*Ñ�! ÙÂá�Í Ý ñ�ê î Ð*Ñ rout-

ÛlÚlÚhÑhÙRÙ�Ô�ÓpÜpÜöáGÑ�Ì�Ñhá�Í*ã*× Ý ÔÖÓpÏpÐ
Ï¡Ð�Ñ ×*ÑlÔ Ò*ÑlÌ�ÙRÓ�ÍG×õÓp×õÏpÐ*Ñ�ÚlÍG×�Ù1ÏpÌ�ãGÚhÏ�Í*ÌÃÓ¡×ðÍ*Ì Ý ÑlÌÃÏ¡Í
ÍJÒäÑhÌ�Ì�Ó Ý Ñ&Ï�Ð�Ñ�ÕGÛhÌ�Ñl×�ÏM! Ù0Ò�ÑhÌ�Ù1ÓpÍ*×�ê

ß Ù Ý ñä×�Û�Î4Ó¡Úµá*Ó¡× Ý Ó¡×�çéÓ¡ÙìÛlÚlÐäÓ¡ÑhÒGÑ Ý áGñ�Ï�Ð*Ñ´Í*á,â�ÑlÚhÏÚ�Í�×*ÙRÏ�ÌaãäÚlÏpÍ*Ì Þ Ï¡Ð�Ñ ÍGÒ�ÑhÌ�Ì�Ó Ý*Ý Ñ�× rout-
ÛlÚlÚhÑ�Ù1Ù´ÓpÙ´Ì�Ñlá�Í*ã�× Ý

Ô2ÓpÏpÐ!Ï�ÐGÑ&ÚlÍ�ÌrÌ�ÑlÙdÕGÍ�× Ý Óp×*ç�Ì�Í*ãGÏ�Ó¡×�Ñ Þ Ô&ÐGÓ�ÚlÐ!Ó�ÙÂÏ¡Ð�Ñ�àGÑhñ
ÙRÏpÑ,ÕÏ¡Í!ÓpÎ4ÕGÜpÑlÎ!Ñl×�ÏJÕ*Í*Üpñ�Î!Í*ÌrÕGÐ�Ó¡Ù1ÎCê

qkê �«Ð÷ù����#ãV�äù -processor

î ÐGÑ�ã�×GÓ�ØrÍ�Ì�Î8>2Î!Ñlç�Û&Õ*ÌrÍ*Ò*Ó Ý Ñ,ÙÂÛ�Õ*Ì�Ó�ÙRÏpÓp×*ÑÖ×äÍGÏpÓ�Í�×4ÍGØ
Ú�ÜpÛlÙ1Ù Ûh× Ý Ó�Ù ÛhÚ�ÚhÍ*Î!Õ*Ûl×�ÓpÑ Ý á*ñ�Û³Õ�ÌaÑ

-
Õ�Ì�ÍGÚ,Ñ�Ù1ÙdÍGÌaê î ÐäÑÌaã�Ü¡ÑhÙHØrÌrÍJÎ

Rule-ó to r Õ)Ø�á -p ÙRã*ÓpÏ�Ø�ÍGÌ�ç�Ñ�×�ÑhÌ�ÛlÜ�ÚhÜ¡ÛlÙRÙ1ÑhÙ ÞÔ�Ð�Ó¡ÚhÐ�ÓpÙNá*ÛlÙRÑ Ý Í*× Ì�ÑhÚhÍ*Ì Ý ÏpñäÕGÑ�ÔÖÓ¡Ï�Ð�ÏpÛlç�çGÑ Ý Ûl× Ý
Ú�Í�×*ÏpÌ�ÍGÜ�Ü¡Ñ Ý Õ*ÌrÍ*Õ*ÑhÌ�ÏpÓpÑlÙæê ß Ù Ï¡Ð�Ñ Í�á,â�ÑlÚhÏ

-
Í�ÌaÓ�Ñ�×�ÏpÑ Ý

Î!ÛlÓ¡×�ÙRÏ�ÌaÑhÛlÎ Ó�× ß Ý Û;0�1 Þ ç*Ñh×�ÑlÌ�ÛlÜ ÚhÜ¡ÛlÙ1ÙRÑhÙéÓ¡×]>2Î!Ñlç�Û
ÕGÌ�Ñ�Ù1Ñ,×GÏ�Ù Ï¡Ð�Ñ ÙRã�Õ�Õ�ÍGÌ�Ï Ø;Í�Ì ÙRÓ�×*ç*ÜpÑ Ó�×�ÐGÑhÌ�ÓpÏpÛ�×�ÚlÑ ÞÕGÍ*Ü¡ñäÎ4ÍGÌ�Õ*Ð�ÓpÙRÎ Ûl× ÝNÝ ñ�×*ÛlÎ!Ó�Ú áGÓ�× Ý Óp×äçéáGñéÑlø�ÕJÜ®ÍGÓpÏ¡Ó�×Gç
Î!Ûl×*ñ ×�ÑÆÔºÚlÍ*×*ÚhÑhÕGÏpÙ4Ó�× ß Ý Û=0�1 Þ á�ãGÏ^Ñ�Ø ØrÑlÚ�Ï�Ó¡Ò�ÑlÜpñ Ð�Ó Ý ÑhÙØ�ÌrÍGÎ Ï¡Ð�ÑõÚlÍ*Î!ÕJÜ�Ñlø*ÓpÏpñ ÍGØ Ý Ó¡Ø ØrÑ�Ì�Ñh×*ÏNÍ*áYâ�ÑhÚ�Ï Ý ÑlÙRÓ�çG×
ÕJÛhÏ¡Ï�ÑhÌ�×*Ùæê

Rule-s and r Õ�Øxá
-t ÙRÑhÌ�Ò*ÑlÙ0Ï�ÛhÙRà
Ûh× Ý Õ�Ì�Í*Ï�Ñ�ÚlÏpÑ Ý ã�×GÓ�ÏÕJÛhÏ¡Ï�ÑhÌ�× Þ Ì�ÑlÙdÕ*ÑlÚlÏpÓpÒ*ÑlÜ�ñ*ê

Fig.5
Ó�Ü¡Ü¡ã�Ù1ÏpÌ�ÛlÏpÑ�Ù ÏpÐ�Ñ ÙRà�ÑhÏ¡ÚlÐ Í*Ø Ï�Ð*Ñ >2Î!Ñlç�Û

pre-
Õ�Ì�Í�ÚlÑlÙ1ÙdÍ*Ì�ê ß × Ý ó ÍGãäÌ�ÚhÑ�ÚhÍ Ý ÑéÓp×å>�Î!Ñhç*ÛéÓpÙµÏpÐ�Ñ

Ó¡×�ÕJã�Ï0Ûh× Ý Ï¡Ð�Ñ±Î!ÛhÕ*ÕGÑ Ý ÚhÍ Ý ÑëÓ¡× ß Ý Û'0�1 Ó¡Ù
Ï¡Ð�Ñ±Í�ã*Ï�Õ*ãGÏ3�
Ad
Û;0�14ÚhÍ*Î!Õ*Ó¡ÜpÑ,Ì�Ó¡Ù^Ì�ÑhÛlÌ

-
Ñh× Ý Í*Ø�>2Î!Ñlç*ÛJê

Ë�Ó�ç�êd1 ó à�ÑhÏ¡ÚhÐ�ÍJØ�>2Î!Ñlç�ÛHÕGÌ�Ñ -processor

>�Î!Ñhç*ÛHÕ*Ì�Ñ
-processor

general

¹ ¸hZ�u

protected

näv,_�n�b1m
CodeQ Z0t�o4k����

Program

C
lassify

vwx
yz{|
}z{~~w�

PROC1

PROC2

PROC3

Inter-m
ediate

~�vEChm
generator

Code- OÂP5]l]GQ Z,[}�_hS mdq��GQ `

o4P5],]Gm�C
~�vEChm�Q Z
Ada95
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��Ñ�Ü®ÍGÔ�ÏpÛlá*Ü¡ÑHÍ*ãGÏ�Ü¡Ó�×GÑhÙEÏ¡Ð�Ñ&Î4Û�Ó�×!Ì�ã�Ü¡Ñ�Ù1ÑlÏJÛl× Ý ÏpÐ�Ñ�Ó®Ì�ÏpÌ�Ûl×�ÙRØ;Í*Ì�Î!ÛhÏpÓpÍG×�å
Rules Descr iption Transformation

Rule-1Gpb1S P1qrqQ�6j®Wr]Gm�K
class CName mL~�l%[�± Parent¡Î¡
end ~��fP1O�m��

type CName � -- ��Q Z,q�j P1Z,b1m
type aCName mL~�Y=h�h�[�~f~�Y;y yl~@�^P1O�m�� -- �HP1bdbRmdq�q
type ~@�^PRO0m�m ~)l%[�± s P ndmdZ,j with record¡NmdZ,bRS vYqam�C@ndv _lj -accesses¡NmdZ,bRS vYqam�CEP1jTj n�Q `J_,jTm�q[�l`\cwM[�h�v=wR\ ;

Rule-2G¡mdZ,b1S v,q�m�C^}�v,_hjTQ Zhm�K
class CName mL~�l%[�± Parent_%wMv=h�[�\`j%wM[ s _,jLGpwÂU'm l tElmt);µJj"l hRX�m v;lÁ��m1j wM[RXxj"w�l tElmt;¡£¡
end ~��fP1O�m��

_"wMv=hR[�\"j%wM[ s _hj G5w0U'mLlHj kJS O�j KJ�
type ¸h���hY��;¹;m ~)Y=h�hR[�~�~�_"w�v=h�[R\"j%wM[RG�wÂU'm l tElmt);µ(j%l"h�X�m v;l���mdj w�[�Xxj`w�l�j k S O0jL�
type ¸h���hY��;¹;m ~)Y=h�hR[�~�~�µ(j%l"h�X�mLv=lcw�[�XJj%w�lÖj köS O�jL�

type ~@�^PRO0m�m ~)l%[�± s P ndmdZ,j with records _hj U P1O.� s _hjL��fmdj�U/P1OT�ª�fmdjL�¡]¡[�l`\cwM[�h�v=wR\ ;

Rule-3G¡v�`=F�m�b1jhbRv,Zhqrj n�_,b1jTv�nMK
class CName mL~�l%[�± Parent¡Î¡
end ~��fP1O�m��

_"Y=h�i�Y=Zd[ CName_P m ~°]°
pr ivate_ wMv=hR[�\`j wM[fo¡Z,QTjTQ P1S QTV1m�G¡tJ`=F�U;mLlcv;j`X CName);

Current UlPd~@�EP1OÂm��_ wMv=hR[�\`j wM[|bÆQ ZhP1S Q V1m�G¡t `EF�U'm l�v;j"X CName);
end ~@��PRO0m _P;

Rule-4G¡v�`=F�m�b1j Chm�q�QT[,Z,P1jTv�nMK
µJj%l%h�XJm v=l “ !#" ��G¡Pdt�`dF U m l
aCName)wM[�X�j"w�l aCName;

_"Y=h�i�Y=Zd[ CName_P m ~°]°µ�j"l%h�XJm v'l This GpPdtö`=FöU'm lHP1~���PROÂm�K
return Pd~@�^P1OÂm��

pr ivate¡
end ~@��PRO0m(� s �

Rule-4
(message-sending)

aObj !#" o!m�qrq�P1[,m%��GM¡®K��
aObj !#" Message2;
aObj !#" Nil;

This(aObj). o4m�q�q�PR[,m ��GM¡eK�� -- �&X�QTj e�]*P;naPRO0m1jTm5naq
This(aObj).Message2.all � -- �&X�Q j elv,_hja]GP;n�P1O�m1jTmdq®n
This(aObj).Nil.Y;yLy -- � null O�mdqrq�P1[,m -sending

Rule-5G ]hn�m1bdm�ChQ Zh[ Current)

-- � P ],]Gm�P n/QTZ nav,_hjTQ Z,m�æTq÷`*v=CÆW@ v�]�U � @ v�]{¯��3�� Q qaj G @ v�]�K�U �Öm��
-- �&v,ZhSTW^Q D*j ehmRW^P;nam�P1jTj ndQ butes
Currentc @ vr]�U � Current c @ v�]H¯U���
Current.List(Currentc @ v�]�K*U �Öm��

Rule-6G�t�I,m npndQLC=ChmdZ@n�v,_hj Q Zlm�K v=�E[�w�wRm \`\%[�l�_"wMv=h�[�\"j"wM[�i^Q q�]*S PRWd� -- ndm¡`*v,_hZ=C0QTZÂv;`=F�m1b1jlb1v,Z,q�j n�_,bdjTv�ntö`=F c i�Q q�]GS P W�UL�HiEQ q®]GS PRWdÈ access;

Rule-7Gpj Pdq3AEbRS Pdqrq3K

XPY;~fi{h�y Y=~3~ TName is[�l"X�w�^ s _lj G¡w0U'mLl tElmt);[�l"X�w�^	��mdjLGpwÂU v=j`X tElmt);
pr ivate¡NPRj j n�Q `*_,jTmdq=¡
end

@ �^P1OÂm��

X�Y=~3i�X�^=_%[ TName is[�l`XPw�^ s _hjLG�wÂU;mLl tElmt);[�l`XPw�^c��mdjLG5w0U'v;j"X tElmt);
-- ¡!P1jTj ndQ `*_hjTm�qöP ndm�O�v;IYm�CÂQ Zlj v0jTPdqfA@`*vEC�W
-- Pdq�j ehm�S v,bRP1S C,mdb1S P n�P1j QTv,Z

end
@ ��P1O�m��

Rule-8G ]hn�v,jTmdb1jTm�C^b1S Pdq�q�K

_ wMv'Xx[Rh�XP[R\�hRy Y=~f~ PName is_%wMv=h�[�\`j%wM[ s _,jLGpwÂU'm l tElmt);µJj"l hRX�m v;lÁ��m1j wM[RXxj"w�l tElmt;
pr ivate¡NPRj j n�Q `*_,jTmdq
end

s �^PRO0m��

_"wMv;Xx[�hRXx[�\�Xx^;_"[ PName is_%wMvEhR[�\`j w�[ s _hj G5wEU mLl tElmt);µ�j"l%h�XJm v'l ��mdj%wM[�X�j%wRl tElmt;
pr ivate¡éP1jTj n�Q `G_YjTmdq
end

s ��P1O�m��
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%´Ç	ç��H�2��$1Ê2(G���H�

î Ð�ÑU>2Î4Ñ�ç�Û
ÕJÛhÏ¡Ï�ÑlÌ�×±Ì�ÑlÚhÍGÎ4ÎÅÑ�× Ý Ñ Ý Ó�×9Ï�ÐGÓ�ÙÖÕ*ÛhÕ*ÑhÌ
ÙdãGÚlÚhÑ�Ù1ÙRØrã�Ü¡Ü�ñ Î4Ûlà*ÑhÙ Ý Ó¡Ò�ÑhÌ�Ù1ÓpØrÓpÑ Ý Í�á,â�ÑhÚlÏ´Õ*Û�ÏpÏpÑlÌ�×�Ù­Óp×
ß Ý Û'0�1'ãG×�ÓpØ�ÓpÑ Ý áGÑlÚhÛ�ã�Ù1ÑìÛ±ÕGÌrÓ¡Ù1ÏpÓp×�Ñì×�ÍGÏpÓ¡Í*×'Í*Ø2ÚhÜ¡ÛlÙRÙ4Ó¡ÙÓp×�ÏpÌ�Í Ý ã�ÚlÑ Ý ê���×CÚ,ÍG×�ÙRÑ;6�ãGÑh×*Ï Þ Ï¡Ð�Ñ�Ì�ÑëÛ,ÌaÑÅÎ4Û�×�ñìÑlø�Ú�ÑhÜ¡Ü�Ñl×*ÏÕ�Ì�Í*Õ�ÑlÌ�ÏpÓpÑlÙCÓ¡×éÏ�Ð*Ñ¸ã�×�Ó¡ØrÓ¡Ñ Ý Í*áYâdÑhÚ�Ï2Õ*Û�ÏpÏpÑhÌ�× Þ Ô&Ð�Ó¡ÚlÐ�ÛhÌ�ÑÚhÍG×�ÚlÓpÙ1Ñ Ûh× Ý Ó�×GÏ�ã*ÓpÏpÓpÒ*Ñ Ó¡× Ì�ÑlÕ*Ì�ÑhÙ1Ñ�×�ÏpÓp×*ç
object-

Í�ÌaÓ�Ñl×*ÏpÛhÏ¡Ó�ÍG×
Óp× ß Ý Û åÃ Û Ø®�J�1�³�;Ü�Ý��d���'Õ@�h�>� Ï�ÐGÑ ÚhÜ¡ÛlÙ1Ù6Ó�Ù´ÚlÐ*ÛlÌ�ÛhÚlÏ¡Ñ,ÌaÓP
lÑ Ý áGñ
ØrÑ�ÛhÏ¡ã�Ì�Ñ�Ù Þ ÙdÍëÛ�ç*Ñh×GÑ,Ì�Û�Ü�ÚlÜpÛlÙRÙHÚ,Ûl×ëÑh×GÚhÜ�ÍGÙ1Ñ2ÛhÏ¡Ï�ÌaÓ®áGã*ÏpÑlÙÓ�× Ý Ó®ÌaÑhÚ�Ï*Ì�Í*ã�Ï¡Ó�×GÑhÙ^ÍGØ�Ó¡Ï�ÙEÍ*Ô�×�ê

Ã Û Ü�Ýö�'×¡��á ×PÝQ�)ál� ×�����Ý��'áE� Ûl×�ñ ç�Ñl×�ÑlÌ�Û�Ü Ú�Ü�Û�Ù1Ù ÍJØ
ÑhøGÏ�Ñl× Ý Ó®á*Ó¡Ü¡Ó�Ï¡ñ ÚlÛh×èÓp×�ÐGÑhÌaÓ�Ï Þ ÌrÑ Ý ÑlØ�Óp×�ÑºÛh× Ý Ñlø�Ï¡Ñh× Ý
featu

Ì�Ñ�Ù Þ Ô�Ð�Ó¡ÚhÐ Ó¡ÙÃç�ãGÛhÌ�Û�×�Ï�Ñ�Ñ Ý áGñ�ÏpÐ�Ñºã�Õ*Î!Í*ÙRÏ
Õ*ÛlÌ�Ñh×�ÏJÚlÜpÛlÙRÙ

RootÃ�� Ù�Ýö����×p�È�)×�Ý)ô)×PÝ���� Ûh×�ñéÍ*á,âaÑhÚ�Ï
ÍGØ±Û¸Ú�Ü�ÛlÙRÙ Ð�ÍGÜ Ý
ØrÑ�ÛhÏ¡ã�Ì�Ñ�Ù/Í*Ø­Ó¡ÏpÙºÍ*Ô�× Û�× Ý Ó¡Ùºá*Í*ã�× Ý Ô�Ó�Ï¡Ð Ï¡Ð�Ñ
ÌrÍGã*ÏpÓp×�Ñ�ÙÄáGñµÍ*á,â�ÑlÚhÏ�Ú,ÍJ×�Ù1Ï¡Ìrã�Ú�Ï�ÍGÌ!ÔÖÓ¡Ï�Ð ÙRã*Õ�Õ*Í*Ì�Ï&Ø;ÍGÌ
Ý ñä×GÛhÎ4Ó¡Ú�áJÓ�× Ý Ó�×Gç�êTê

Ã ß Ü�Ø Ù��7ÜJ�;ÚV��×p�^���
the

Í*Ò*ÑhÌrÌaÓ ÝGÝ Ñh×�Ì�Í*ãGÏ�Ó¡×�Ñ�ÍGØ�ÛHÚ�Ü�Û�Ù1Ù
Î!Ûhà*ÑhÙ Ý ñ�×�Û�Î4ÓpÚ ØrÍ�ÌaÎ ÍJØ�ÏpÐ*ÑìÍ*áYâdÑ,Ú�Ï ï obj-

ÛlÚhÚ�ÑlÙRÙdòÝ ñä×GÛhÎ4Ó¡ÚlÛlÜpÜ¡ñ Ý Ñ�Ï�ÑhÌ�Î4Ó¡×�Ñ�ÙéÔ2Ð�ÓpÚlÐ�Ò*ÑhÌ�Ù1Ó®ÍJ× Í�Ø¸Ï¡Ð�Ñ
Í�Õ�ÑlÌ�ÛlÏpÓpÍG×�Ï�Í!ÛhÕ�ÕGÜpñ*ê

Ã Û ÜE�m�4Õ)Ý)×p�l�*�3×PÜ�Ý �)áh����á;á;Ý �r�G��Þö���
task

Ûh× Ý
protected

ÚlÜpÛlÙ1ÙRÑlÙ Ý Ó¡Ø ØrÑ�Ì�ØrÌ�Í*Î ÏpÐ*Ñ
general

ÚhÜ¡ÛhÙ1ÙRÑlÙ
Ó�× ÙRÑhÎ4Û�×�ÏpÓ¡ÚhÙ�Ûh× Ý Ý Ñ,×�ÍGÏpÑðÙ1ÕGÑhÚhÓ¡ØrÓ¡ÚðÍ*áYâdÑlÚhÏ¡Ù Ï�Í
ÚhÍGÍ�Ì Ý Ó®×*ÛhÏ¡ÑÅÎ4Ñ

ssage-
Õ*Û�Ù1Ù1Ó¡×�ç9Í�Ì�Î!ã*Ï�ãGÛhÜfÑlø*ÚlÜ�ãGÙ1ÓpÍG×

á*Ñ�Ï�ÔÖÑlÑl×4Ú,ÍG×*Úhã�ÌrÌaÑ,×GÏGÑ�×�ÏpÓpÏpÓpÑlÙæê

2×�Ó¡Ø;Í�ÌaÎ >2Î!Ñlç�ÛéÕGÛlÏpÏpÑ�Ì�×+Ûl× Ý Ï�Ð�ÑÃÛhÚlÚhÍGÎ
ÕGÛl×�Ó¡Ñ Ý

pre-
Õ�Ì�Í*ÚlÑhÙ1Ù1Í*Ìé×äÍ*Ï´Í*×*Üpñ Õ*Ì�ÍGÒ�Ó Ý Ñ ÛºÌrÛlÏ¡Ó�ÍJ×äÛlÜ´Í�áhâaÑ�ÚhÏÝ ÑhÙ1Ó¡çä×ÅÕGÛhÏ¡Ï�ÑhÌ�× Þ á*ãGÏ�ÛhÜ¡ÙdÍëÎ4Ûlà*Ñ2Û2Ù1Ó¡ç�×�Ó¡ØrÓ¡ÚhÛ�×�Ï@Û,ÕGÕ�ÌrÍGÛhÚlÐ ÞÔÖÐ�Ó¡ÚhÐ Ø�ã*Ü�Ü5ñ Ñhø*ÕGÜ�Í*Ó¡Ï�Ù ß Ý Û'0�1T! Ù ÚlÛlÕ*ÛháGÓpÜpÓpÏpÓpÑ�Ù Þ áGã�Ï

Ñ�Ø Ø�ÑlÚlÏ¡Ó�Ò*ÑlÜ¡ñ�Ð*Ó Ý ÑlÙ^Ø�ÌrÍGÎ­ÓpÏpÙ0ÚhÍGÎ4ÕGÜ�Ñlø*ÓpÏ¡ñ�ê
��Ñ�ÚhÛlã�ÙRÑ�>�Î!Ñhç*Û!Ó¡×�ÏpÌ�Í Ý ã*ÚlÑlÙ&Ù1Ñ�Ò�ÑlÌ�ÛlÜ�ç�Í�Í Ý Ñ�×�ÏpÓpÏpÓpÑlÙ

Ï¡Ð�Û�Ï�Ì�ÑlØ�ÜpÑhÚ�Ï�ÙRÏ®ÌaÛhÓpç*Ð*Ï�ØrÍGÌ�Ô&Û�Ì Ý Í*á,â�ÑlÚlÏ
-
Í*Ì�Ó¡Ñh×*ÏpÑ Ý Ú,ÍJ×�ÚlÑ,ÕJÏ�Ù ÞÙRã*ÚhÐëÛ�Ù

constructor Þ designator
Ûl× Ý

obj-accessÞ á�ã�Ï×GÛhÎ!Óp×�ç4Ù1ñ�Ù Ï�Ñ�Î­ÍGØ�ÕGãäÌaÑ ß Ý Û�Ó¡Ù0ÙdÍGÎ!ÑhÔ�Ð�Û�ÏGÜ¡ÓpÎÅÓpÏpÑ Ý êËöÍGÌCÛÈÚhÜ¡ÛhÙRÙ Þ ÙRÛlñå�kÊ2ÛlÎ!Ñ Þ Î4Ûh×GñÃÓ Ý Ñ�×�ÏpÓpØ�ÓpÑlÌ�Ù³ÛlÌ�ÑãGÙ1Ñ Ý ÛlÙ
accompaniment

áGñ Ý Ñ�ØrÛ�ã�ÜpÏaå
- bRS Pdq�qöZ,PRO0mRU �(���E���
- obj- Pdb1b1mdqrq�U aCName
- ]JPdb�A,P1[,m�Z,P1OÂmRU CName_P
- Clmdq�QT[YZ,P1jTv�n�U this
- bRv,ZYq�j nd_,b1j v�ndU Initialize
- QTO�]GS Q b1QTj�Pdb1bRm�qrq�U Current
- ]JP n�m�Zhjlb1S P1q�q�U ���h�h� ���h�O���h�

ß ç�ÍGÍ Ý ÙdÍGÜpã�ÏpÓpÍ*× Ó�Ù4Ï�Ð�Û�Ï^ÔÖÑ±ÚhÛ�× Ý Ó¡Ûhç*×äÍGÙ1ÑëÏ¡Ð�ÑÄ×�Û�Î4Ñ ÝÓ Ý Ñ�×�Ï¡Ó�Ø�Ó�ÑlÌ�Ù0Ó�×
Ï¡Ð�ÑHÕ�Ì�Ñ
-processor.��×�>2Î!Ñlç�Û&Ûl×äÍJÏ�Ð*Ñ,Ì�Õ*Ì�Í�áJÜ�ÑlÎ+Ó¡ÙÂÔ&ÓpÏpÐ�ÍJã�Ï Ù1ã*Õ�Õ�Í*Ì�ÏJØ;Í*Ì

ÙRÏpÛ�Ï�Ó¡ÚCÍGÒ*ÑhÌ�Ü®ÍJÛ Ý Ó�×�ç³Í*Ø2ÙRã�á�ÕGÌrÍäç*Ì�ÛhÎ Þ Ø;Í*Ì4Ï�ÐGÑ Ý ã�Õ*Ü¡Ó�Ú�ÛlÏ�Ñ×GÛhÎ!Ñ Óp×"ÏpÐ*Ñ ÙdÛ�Î!Ñ ÚhÜ¡ÛlÙRÙõÓpÙõØ�Í*Ì�á*Ó Ý*Ý Ñl×"ØrÍ*Ì ÏpÐäÑ
rout-access.
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Clas~�\`[�~�h�wRmL_%XJm v=lNm l�îkïN[RZEY Ó Y'_`_ [R\ch�v;\"[�m l É \%Yh­C®±Vm Xxý Ada.Finalization��j%~f[ Ada.Finalization;_"Y;h�i`Y=Z=[�}�v,v,j � s ish�yLYE~f~ Root m ~)l%[�± Controlled_%w�vEh�[�\`j%wM[ Nil;[�l"\ Root;[�l`\ Root_P;

-- NhNhNhNBW�q�m5n�bdPRZEOÂP�A,m�_hq�m�vdD U[NhNhNhN�NhNhN --
-- ��KðopZYqaj P1Z,b1m�j®Wr]GmdU Root
-- z;K Obj-PRbdb1m1qrqöj®W�]*mdU aRoot
-- {;KðopO�]GS Q b1QTj�b1PRS SÆjTv�v=}d�M[�h�X�h�v=l"~fX�w�j%h�XJvEw
-- y;KðopO�]GS Q b1QTj�b1PRS SÆjTv�v=}d�M[�h�X�\%[�~fXJw�j%h�XJv=w
-- S;K t `=Frmdb1j Chm�q�QT[ ZlPdjTv�ndU aObj ¯%° Ó ~3Z�± ° n

±Vm X�ý Ada.Finalization��j ~3[ ada.Finalization;_"Y;h�i`Y=Z=[�}�v,v,j � s is_ wMv=hR[�\"j"wM[ Nil;X�^=_%[ am_Nil m ~�Y=h�h�[�~�~)_%w�v=h�[�\`j wM[R�XP^;_%[�}�v,v,j%m ~�l`[�±ì~@vYZhj n�vhS S m�CB±Vm XJýcwM[�h�v;w�\��Q S S�UhP1OT���^QTS ;[�l"\cwM[�h�v=w�\ ;XP^;_%[�Pd}�v,v,j m ~�Y;h�h�[�~f~�Y;yLy Root;µJj l"h�X�m v;l @ e,Q qfG¡Pdtö`EF�U mLlHPd}�v,vYj K return P1}�v,vYjL�
pr ivate_ wMv=hR[�\`j wM[fo¡Z,QTjTQ P1S QTV1m�G5tJ`=F)ð�m lcv;j"X Root);

Current UlP1}�v,v,j �_ wMv=hR[�\`j wM[�b�Q Z,P1S QTV1m�Gpt `=F�ð�m lNvdj`X Root);[�l`\ Root_P;
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ª & ù����f��ù*ÿ²¬
ü���þlþhùGþ
W|[�~�h�wRmL_"X�m v=l�mLl�îkï{[�ZEY Ó Y'_%_"[R\ ü v;\%[�m l É \"Y�­�® É m \`m l"ZV_"Y=h�i�YdZ=[³^´.µ�¶^´.·.¸(¹ 51º + JA» + 8 ¹ is¼�½ ³6¸ 7 9 /1; 5¿¾ À

String(1..10);¼�½ ³6¸ tSex
¾ À

(Male
=
Female);¼�½ ³6¸ tAge

¾ À
Integer Á ´\Â\·\¸ 1..130;µ1Ã ´ À@À Persons is³ Á<Ä µ1¸1Å6Æ Á ¸ Display;³ Á<Ä µ1¸1Å6Æ Á ¸ Set_NameÇ »ÉÈ@7 9 /1; 5�Ê ;Ë Æ>Â>µ ¼ ¾ Ä Â ?E5F7 8A9 /<; 5 Á ¸ ¼ Æ Á Â tName;³ Á<Ä µ1¸1Å6Æ Á ¸ Set_SexÇ + È@7 4651BAÊ ;Ë Æ>Â>µ ¼ ¾ Ä Â ?E5F7 8.4^5�B Á ¸ ¼ Æ Á Â tSex;³ Á<Ä µ1¸1Å6Æ Á ¸ Set_AgeÇ »�È@7 GEHA5�Ê ;Ë Æ>Â>µ ¼ ¾ Ä Â IEJAK�8AL - M Á ¸ ¼ Æ Á Â tAge;9 /<; 5ÌÈ@7 9 /<; 5�Í4^5FB È@7 4>5�B�ÍG�H:5 È@7 G�HA5>Í¸1Â6Å Persons;¸1Â6Å Persons_P;

Î ¾ ¼�Ï Root-P,Persons_Aid Ð Æ À ¸ Root-
¹ = ¹ 51º + JA» + 8.G * M ;³6´.µ�¶\´.·\¸ Persons-

¹ is¼�½ ³^¸ 7 9 /<; 5¿¾ À
String(1..10);¼�½ ³^¸ tSex

¾ À
(Male

=
Female);¼�½ ³^¸ tAge

¾ À
Integer Á ´.Â6·.¸ 1..130;³ Á�Ä µ�¸�Å^Æ Á ¸ Display

Í³ Á<Ä µF¸1Å^Æ Á ¸ Set_NameÇ »ÉÈ@7 9 /1; 51Ê�ÍË Æ^Â>µ ¼ ¾ Ä Â ?�5�7 8:9 /1; 5 Á ¸ ¼ Æ Á Â tName
Í³ Á�Ä µ�¸�Å^Æ Á ¸ Set_SexÇ + È@7 4>5�BAÊ ;Ë Æ^Â>µ ¼ ¾ Ä Â ?�5�7 8.4651B Á ¸ ¼ Æ Á Â tSex;³ Á�Ä µ�¸�Å^Æ Á ¸ Set_AgeÇ / È@7 GEHA51Ê ;Ë Æ^Â>µ ¼ ¾ Ä Â I�J:KE8.L - M Á ¸ ¼ Æ Á Â tAge;¼�½ ³^¸ Persons

¾ À Â6¸ Î�Ñ JAJA7 wi
¼�Ï Á ¸�µ ÄFÁ Å

Display
È /<; 8 )�*�+ ,.- /�0

;
Set_Name

È /<; 8.46517 8.9 /<; 5
;

Get_Name
È /<; 8.?�517 8A9 /1; 5

;
Set_Sex

È /<; 8A4>517 8.4^5FB
;

Get_Sex
È /<; 8.?E517 8.4651B

;
Set_Age

È /1; 8.4>5�7 8.GEHA5
;

Howt_Old
È /1; 8.IEJAK�8AL - M

;9 /<; 5ÒÈ@7 9 /<; 56Í4>51B È@7
Sex;G�H:5 È@7 G�HA56Í¸1Â>Å Á ¸�µ ÄAÁ Å ;¼ ½ ³^¸ / ¹ 51º + JA» + ¾ À ´.µFµ<¸ À�À ´.Ã Ã Persons;

function ÓhÔ *�+ Ç / L�Õ	ÖVÈ in / ¹ 5Fº + J:» + Ê
return

/ ¹ 51º + J:» + Í
pr ivate³ Á<Ä µ1¸�Å6Æ Á ¸(× » * 7 * /�- * Ø 5 Ç L�Õ	Ö�Ù:¾ Â Ä Æ ¼ Persons);

Current
È / ¹ 5�º + J:» + Í³ Á1Ä µ1¸1Å^Æ Á ¸ Finalize(O

Õ�ÖVÙ:¾ Â Ä Æ ¼ Persons);¸1Â>Å Persons-P;

-- Ú L�» - 0�ÛC+ 5 M�Ü JAº ,A/1Ý1Þ./ H:5 Persons-P³6´.µ�¶\´.·\¸ Persons-
G * M

is¼�½ ³6¸ /<; 8 )�*�+ ,.- /10 ¾ À ´.µFµ1¸ À@À³ Á1Ä µ1¸1Å6Æ Á ¸ ;¼�½ ³6¸ /<; 8A4>517 8.9 /<; 5E¾ À ´.µ�µ1¸ À�À³ Á1Ä µ1¸1Å6Æ Á ¸ Ç »ÉÈ@7 9 /�; 51Ê ;¼�½ ³^¸ /1; 8.?E5F7 8A9 /<; 5�¾ À ´.µ�µ1¸ À�ÀË Æ^Â>µ ¼ ¾ Ä Â Á ¸ ¼ Æ Á Â tName;¼�½ ³^¸ /1; 8A465�7 8.4^5FB�¾ À ´.µ1µ1¸ À�À³ Á1Ä µ1¸1Å6Æ Á ¸ Ç + È@7 4>5�BAÊ ;¼�½ ³^¸ /1; 8.?E5F7 8.465�B�¾ À ´.µ1µ1¸ À	ÀË Æ^Â>µ ¼ ¾ Ä Â Á ¸ ¼ Æ Á Â tSex;¼�½ ³^¸ /1; 8A465�7 8.G�HA5(¾ À ´.µ1µ1¸ À	À³ Á1Ä µ1¸1Å6Æ Á ¸ Ç / È@7 G�H:5�Ê ;¼�½ ³^¸ /1; 8.IEJ:K�8.L - M ¾ À ´.µ1µ�¸ À�ÀË Æ^Â>µ ¼ ¾ Ä Â Á ¸ ¼ Æ Á Â tAge;¸1Â>Å Persons-Aid;

³^´.µ�¶^´.·.¸ Ó 5 /1Ý Ô 5�º + 8 ¹ is¼�½ ³6¸ 7 4 Ý Ô J.J - ¾ À
String(1..10);¼�½ ³6¸ tSpeciality

¾ À
(Math

=�ß>à^á1â:ã äFâ	å
…);µ1Ã ´ À@À Teachers

¾ À Â>¸ Î PersonsÄ:æ ¸ Á<Á ¾ Å^Å6¸�Âç³ Á<Ä µ1¸�Å6Æ Á ¸ Display;³ Á1Ä µ1¸1Å6Æ Á ¸ Set_SchoolÇ + È tSchool);Ë Æ>Â>µ ¼ ¾ Ä Â ?E5F7 8.4 Ý Ô J:J - Á ¸ ¼ Æ Á Â tSchool;³ Á1Ä µ1¸1Å6Æ Á ¸ Set_Speciality(
+ È@7 4 , 5 Ý1* /:- * 7 0 Ê

;Ë Æ>Â>µ ¼ ¾ Ä Â ?E5F7 8.4 , 5 Ý�* /�- * 7 0 Á ¸ ¼ Æ Á Â tSpeciality;4 Ý Ô JAJ - È@7 4 Ý Ô JAJ - Í4 , 5 Ý�* /1- * 7 0 È<7 4 , 5 Ý1* /1- * 7 0 Í¸1Â6Å Teachers;¸1Â6Å Teachers_P;

Î ¾ ¼�Ï Teachers-Aid Ð Æ À ¸ Teachers-Aid;
w
¾ ¼�Ï

Persons-PÐ Æ À ¸ Persons-P;³6´.µ�¶\´.·\¸ Teachers-
¹ is¼�½ ³^¸ 7 4 Ý Ô JAJ - ¾ À

String(1..10);¼�½ ³^¸ tSpeciality
¾ À

(Math
=�ßhà.á�âAã ä�â�å

…);³ Á1Ä µ1¸1Å^Æ Á ¸ Display
Í
--
JAèA5�º�º * M.M 5F»³ Á<Ä µ1¸�Å6Æ Á ¸ Set_SchoolÇ + È@7 4 Ý Ô JAJ - Ê ;Ë Æ>Â6µ ¼ ¾ Ä Â ?�5�7 8A4 Ý Ô J.J - Á ¸ ¼ Æ Á Â tSchool;³ Á1Ä µ1¸1Å^Æ Á ¸ Set_Speciality(
+ È@7 4 , 5 ÝF* /�- * 7 0 Ê

;Ë Æ>Â6µ ¼ ¾ Ä Â ?�5�7 8A4 , 5 ÝF* /1- * 7 0 Á ¸ ¼ Æ Á Â tSpeciality;¼�½ ³^¸ Teachers
¾ À Â>¸ Î ¹ 5�º + JA» + Î ¾ ¼�Ï Á ¸1µ ÄAÁ Å

-- ÄAæ ¸ Á1Á ¾ Å6Å^¸1Â Display;
Set_School

È /�; 8.46517 8.4 Ý Ô JAJ - ;
Get_School

È /1; 8.?E5F7 8.4 Ý Ô JAJ - ;
Set_Speciality

È /�; 8.46517 8.4 , 5 Ý�*
ality;

Get_Speciality
È /F; 8�?E5�7 8.4 , 5 Ý1* /F- * 7 0

;4 Ý Ô JAJ - È@7 4 Ý Ô JAJ - Í4 , 5 Ý1* /F- * 7 0 Èé7 4 , 5 Ý�* /�- * 7 0 Í¸FÂ^Å Á ¸<µ Ä.Á Å ;¼�½ ³^¸ aTeachers
¾ À ´Aµ�µ�¸ À�À ´\Ã Ã Teachers;

function ÓhÔ *@+ Ç / L�Õ�Ö�È in / Ó 5 /1Ý Ô 51º + Ê
return

/ Ó 5 /1Ý Ô 51º + Í
pr ivate³ Á<Ä µ1¸�Å6Æ Á ¸ Init

* /�- * Ø 5 Ç L�Õ	Ö�Ù:¾ Â Ä Æ ¼ Teachers);
Current

È / Ó 5 /1Ý Ô 5<º + Í³ Á1Ä µ1¸1Å^Æ Á ¸(ê * » /1- * Ø 5 Ç L�Õ�ÖVÙ:¾ Â Ä Æ ¼ Teachers);¸1Â>Å Teachers-P;

-- Ú L�» - 0�ÛC+ 5 M�Ü JAº ,A/1Ý1Þ./ H:5 Teachers-P³6´.µ�¶\´.·\¸ Teachers-
G * M

is¼�½ ³^¸ am_Set_School
¾ À ´.µ1µ1¸ À	À³ Á<Ä µF¸1Å^Æ Á ¸ Ç + È@7 4 Ý Ô JAJ - Ê ;¼�½ ³^¸ am_G

5F7 8.4 Ý Ô JAJ - ¾ À ´.µ1µ�¸ À�ÀË Æ^Â>µ ¼ ¾ Ä Â Á ¸ ¼ Æ Á Â tSchool;¼�½ ³^¸ /1; 8A465�7 8.4 , 5 Ý�* /1- * 7 0 ¾ À ´.µFµ1¸ À@À³ Á1Ä µ1¸1Å6Æ Á ¸ ( + È tSpeciality);¼�½ ³^¸ /1; 8.?E5F7 8.4 , 5 Ý�* /�- * 7 0 ¾ À ´\µ�µ1¸ À@ÀË Æ^Â>µ ¼ ¾ Ä Â Á ¸ ¼ Æ Á Â tSpeciality;¸1Â>Å Teachers-Aid;

Î ¾ ¼�Ï Teacher-¹ Í Æ À ¸ Teacher-P;³ Á<Ä µ�¸1Å6Æ Á ¸�ë /�* » is4 Ô 5 - M J.»eÈ / Ó 5 /1Ý Ô 5�º + Ù ì Â>¸ Î Teachers;í ¸1· ¾ Â4 Ô 5 - M JA»CîQïF465�7 8:9 /1; 5 Ç ð 4 Ô 5 - M J:»�ñ(ò ó1Ê�Í -- * » Ô 51º * 7 5 M4 Ô 5 - M JA»CîQïF465�7 8.GEHA5 Ç ô.õ Ê�Í --
* » Ô 51º * 7 5 M4 Ô 5 - M JA»CîQï Set_Speciality(Math);4 Ô 5 - M JA»CîQï )�*�+ ,\- /10 Í --
, J - 0F; J:º , Ô *@+ ;¸1Â6Å Main;

Î ¾ ¼�Ï Teacher-¹ Í Æ À ¸ Teacher-P;³ Á<Ä µF¸1Å^Æ Á ¸Eë /�* » is4 Ô 5 - M JA»eÈ / Ó 5 /1Ý Ô 51º + Ù ì Â6¸ Î Teachers;í ¸1· ¾ Â
thisÇ 4 Ô 5 - M JA».Ê�ò 4>517 8A9 /<; 5 Ç ð 4 Ô 5 - M J:»�ñ(ò ó�Ê�Í --

* » Ô 5Fº * 7 5 M
thisÇ 4 Ô 5 - M JA».Ê�ò 4>517 8.G�H:5 Ç ôAõ Ê�Í --

* » Ô 51º * 7 5 M
this(Sheldon).Set_Speciality(Math);
this(Sheldon).Display.all

Í
--
, J - 0F; JAº , Ô *@+ ;¸1Â>Å Main;


