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_�hp^�k�r�f{_�hleog{_$f{_�^!g�hle�ca��r�f�~Om6]4nshlg�]qg�hl�>_»^ëhlk�monp]>g�hsr�e
²om�_yg{rxhlg�^ e�r�eonshle�_�]qfÚ]qe6²½^�_�u�r�e6²Fr�f�²o_$f e6]>g{m�f�_�Y

�
r�hsnZnlm6^�g{f�]qg{_�g{\�_t|Vr>hleogyg{\6]qgi~Om6]4nshlg�]qg�hl�>_t]>e6²ïe}m�kR_$f�hpu$]4n�^jhlk�monp]>g�h
r�eï\6]��O_�f{_�np]>g!hl��_t^�g�f{_$e�c�g{\6^x]>e6²
� _�]>Ç}e�_�^�^�_�^$Ô�\�_$f{_�h�^�]xnshlkÓhlg�]>gjhlr�eRr>�è_�]Ou{\/b

ð Ð�m�k�_$f�h�u$]4n-^jhlk�monp]>g�h
r�eÑu$]>e�e�r�gÓhleo�p_$fRg{\6]>g�g{\�_��6e6]4n-\�_�h
c�\}g�u�r�monp²ñ¸6_�h
eo�6eohlg{_�YÍ±Ãr�f{_�c�_$e�_$f�]�nsnl��Ô
m�eonZhlÇ�_a~�m6]4nZhlg�]>g�hs��_�^jhlk�monp]>g�h
r�e�òëÒ
hlcOm�f{_i&qó�Ôoe}m�k�_$f!hpu$]4n§^jhlk�monp]>g!h�rOe6^¯u$]>e�e�r�gÚhleo�p_$f�hleo�6eoh
g{_a��]4n
m�_�^�]>g
]�nsnëY

ðÍô m6]�nshlg�]>g!h��O_Ó^ëhlk�monp]>gjhlr�e6^�u$]>e�e�r�g+hleo�p_$fa��\�_$g{\�_$fyr�fae�rOgag{\�_�f{r�u{ÇO_$gaf�hp^�_�^�g{r�h
eo�6eohlg��¶]�^x^�\�r>��eÃhle
Ò
h
c�m�f{_�&�Ô/rOf�hle6^�g{_�]�²¶�õ]4nZnp^�¸6]Ou{ÇUg{rÃg{\�_�c�f{rOm�e6²GYt±Ãr�f{_�c�_$e�_$f�]�nsnl��ÔGm�eonshlÇO_�e}m�kR_$f�hpu$]4nD^jh
kimon�]>g�hlr�e/Ô
~Om6]4nsh
g�]>gjhl��_½^jh
kimon�]>gjhlr�eÍu$]>e�e�r�gRhleo��_$f���\ohpu�\ö~Om6]4nsh
g�]>g�hl�>_�¸V_$\6]��Ohlr�f�� hsnZn-¸6_Ãg{\�_½r�e�_Ug{rñ]�u�g{m6]4nsn
�
r�u$u�m�f hle½]Óc>hl��_$e�hle6^!g�]>e6u�_�Y

��_$k�h
³�~�m6]>eog�hlg�]>g�hs��_�^jhlk�monp]>gjhlrOeQu�rOki¸oh
e�_�^�¸6r�g{\ñ~�m6]4nZhlg�]>g�h
��_i]>e6²ï~�m6]>eog�hlg�]>g�hl��_�^jhlk�monp]>g!hlr�e6^�^�r¶]�^+g{r
u�r�k�|V_$e6^{]>g{_��prOf¯� _�]>Çoe�_�^{^�_�^�h
e�_�]�u�\t� h
g{\t^�g{f�_$e�c�g{\6^�rq�=g�\�_�r�g{\�_$f�Y�� \oh�^�nl_�]�²�^;g{ri^ëhlc�eohs��u$]>eog¯cOm6]>f�]>eog{_$_�^
��\ohpu�\½^�_$k�hl³�~Om6]>eog�hlg�]qg�hs��_»^ëhlk�monp]>g�hsr�e�u$]>e�|�f{r>�Ohp²o_�Y

ð Å�nsn¯~�m6]�nshlg�]>g!hl��_y¸V_$\6]4��hlrOf�^�g{\6]>ga]>f{_�u�r�e6^jh�^�g{_$eoga� hlg{\«]4��]4hZnp]>¸onl_�~�m6]>eog�hlg�]>g�hs��_ah
eo�pr�f�kt]>g�hlrOe¶u$]>eU¸6_
��r�m�e6²GY

ðø÷ ]�u�\ù~Om6]4nshlg�]>g�hl�>_ñ¸6_$\6]4��h
r�f«u$]>eÎ_�hlg{\�_$fU¸6_ª]>e�e�r�g�]qg{_�²)�Úhlg{\Ihle}g�_$f{��]4n�^�|�f{r>�Ohp²Ohle�c)~�m6]qe}g�h
g�]>g�hl�>_
¸Vr�m�e6²�^�r�e½^���^�g{_$kÄg{f�]>ê�_�u�g{r>f�hl_�^ u�r�eo��r�f{k�hle�c�g{r�g{\6]qg-~�m6]�nshlg�]>g!h��O_-¸V_$\6]��Ohlr�f4Ô}rOf�f{monl_�²�r�m�g�_$e}g�h
f{_�nl��Y

`je¶]>e�_�]>f!nshl_$f-^���^�g{_$kÃÔ BDú òëû�mohl|6_$f�^-]>e6²�É�_$f�n
_�]>e}gx&������oó�Ô}� _�^�\�r>�D_�²�\�r>�í]R~�m6]4nZhlg�]>g�h
��_-¸V_$\6]��Ohlr�f4é�^
^��}k�¸Vr>nshpux��]�nlm�_�^yu$]>eU¸V_å]>e�e�rOg�]>g{_�²Ã� hlg�\½h
e}g{_$f���]4np^�g{\6]>ga¸Vr�m�e6²ïg{\�_�hlfy~Om6]>e}g!hlg�]>g�hs��_x��]4n
m�_�^$Y ì \ohsnl_ BDú
|�f{r>��hp²o_�^Óm6^�_��pmonyf�_�^�monlg�^�]qe6²Ñ\6]�^R¸6_$_$eªm6^�_�²ÜhleÑr�g�\�_$ft� r�f{Ç�òëÁ���rOf�]>ÇÍ&��O���Ñ&����OX�ü�ûa]4�Í]>e6²Íû�mohl|V_$f�^
&�������üoÒ6]>f�~�m�\6]>f _$g�]4nëYG&��O�>­�ó�Ôqhlg¯f{_�nZhl_�^�r�e½^jhlk�monp]>g!h�rOe6^�g{\6]>g�u�r�eog�]4h
e�r�eonl��g{\�_��p_$�ªg�hlkR_-|Vr>hleog�^ ]>g ��\ohpu�\
~�m6]4nZhlg�]>g�hs��_�n
�t^jhlc�eohZ��u$]>e}g _$��_$eog�^ r�u$u�m�f�Ô���\ohpu{\�nZhlk�hlg�^;g{\�_i~Om6]>eog�hlg�]qg�hs��_�h
eo�p_$f{_$e6u�_�^Dhlg-u$]>e�|�f{r>�Ohp²o_�Y

� \�_�|�f{_�^�_$eogy^���^�g{_$k½Ô BDCoý _�¼Lg�_$e6²�^ BDú � hlg{\U^�g{_$|«^jhl�$_�f{_��6e�_$kR_$e}g�]>e6²U]>mo¼}hZnshp]>f{��g{_�u�\�eohp~Om�_�^$Y���g�_$|
^jhl�$_ f{_��6e�_$k�_$eog�hleog{_$f{|Vr>np]>g�_�^/e�_$�Í^�g�]>g{_�^=hle}g�ry]>e�_�¼}hp^!g�hle�ca^�_�~�m�_$e6u�_�r>��^�g�]>g{_�^
hle�]a^jhlk�monp]qg�hsr�eyg{f�]>ê�_�u�g{r�f{��Ô
]�²�]>|�g�hl�O_�nl��f{_�²om6u�hle�cÃg{\�_�^jhl�$_�r>�Dg�\�_�g�hlk�_�^�g{_$|6^�hleïg{\�_�^jhlk�monp]>g�h
r�e/YÓ��g{_$|ß^jhl�$_�f{_��6e�_$kR_$e}g�u�r�e6^�g�hlg�m�g{_�^
]½|�f�]>c�kt]>g!hpu�u�r�e}g�f�hl¸�m�g�hlrOe«¸6_�u$]>m6^!_�hlg�]4nsnlr>�-^�¸V_$g{g{_$fxhleo��_$f{_$e6u�_�^�g{\6]>eñ_�hlg{\�_$f�~Om6]4nshlg�]>gjhl��_�r�f�~�m6]qe}g�h
g�]>³
g�hl��_�^jhlk�monp]>g�hsr�e½]�nlr�e�_�YaÒ�f{rOkþ]Rg{\�_$r�f{_$g!hpu$]4n�|6_$f�^�|V_�u�g�hl��_�ÔVh
g�hle�\�_$f!hlg�^Úhlk�|6rOf{g�]>eog�c�m6]>f�]>e}g�_$_�^ ��f{r�k�¸6r�g�\
~�m6]4nZhlg�]>g�hs��_a]>e6²�~Om6]>eog�hlg�]>g!hl��_-^jh
kimon�]>g�hlr�e6^�Y
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Ò
hlc�m�f�_å&Ob ô m6]4nsh
g�]>g�hl�O_i^jhlk�monp]qg�hlr>e½r>��]>e«r�¸dêë_�u�g��6f{_�²Um�|o��]>f�²U]>gac�f{_�]qg{_$f-g�\6]>eU_�^{u$]>|6_R��_�nlr�u�hlg��¶^�\�r>�-^
g{\6]>gag�\�_�c�f�]4�Ohlg�]>g�hsr�eU_�¼�|6_$f�h
_$e6u�_�²«¸o�Ug{\�_�r�¸�ê�_�u�gy|�f�rL²om6u�_�^x]�e�_$c}]>g!hl��_�]�u$u�_�nl_$f�]qg�hlr�eñòë]oó�ÔGf{_�²om6u�hle�cÃhlg�^
��_�nlr�u�hlg���ò�¸Gó�Y§Åa^�²Ohp^!g�]>e6u�_�hle6u�f{_�]O^�_�^�òëu4ó�Ôoc�f�]��Ohlg{]>g�hsr�e�²o_�u�f{_�]�^!_�^$Y ô m6]4nsh
g�]>g�hl�O_-^jhlk�monp]>g!hlr>eå]4n�^�r�|�f{rL²om6u�_�^
]>e�r�g�\�_$f�¸6_$\6]4�Ohlr�f hle���\ohpu{\�g�\�_ar�¸�ê�_�u�g¯��]4nsn�^¯¸6]Ou{Ç�g{r ÷ ]>f{g{\Uò�e�rOgÚ^!\�r���eGó�Y

�Ú\ohp^/|6]q|6_$f�^jhlc�eohs��u$]qe}g�n
�-f{_$�Ohp^�_�^�]qe6²a_�¼�|6]>e6²�^�]�|�f�_�nshlk�hle6]qf{�»]Ou$u�r�m�e}g ò�É¯_$f!nl_�]>eog§]>e6²�û�mohl|6_$f�^ &�����Xoó�Ô
]>e6²�|�f{r>�Ohp²o_�^�]�|�f�r}r>��r>�¯u�r�eo��_$f{c�_$e6u�_y]>e6²�^!g�]>¸ohsnsh
gë�x��r�f-^�g�_$|½^jhl�$_af{_��6e�_$k�_$eog�Y

: ;=<?> *iã @a,/.BAC@�çED¯.GF .IHF*i.KJ .�*�,

BDC hlk�|�f{r>��_�^�r�e�|�m�f{_a~Om6]4nshlg�]qg�h
��_D^jh
kimon�]>g�hlr>e�¸}��]>m�cOk�_$e}g!hle�cy~�m6]�nshlg�]>gjhl�O_D^jhlk�monp]qg�hlr>e�� hlg{\�~Om6]>e}g!hlg�]>g�h
��_
hleo��_$f{_$e6u�_�^���\�_$e)~Om6]>e}g!hlg�]>g�h
��_Fhleo��r�f{kt]>g�hsr�eñh�^�]��>]4hsnp]q¸onl_�Yª`�k�|�f�r��O_$k�_$e}gRhleªf{_�^�mon
g�^tu$]qeö¸V_ÃhleÍ|�f{m�e�³
hle�c�¸6_$\6]4�Ohlr�f�^�Ô/]>e6²Fhle«|�f{r>�Ohp²Ohle�c�e}m�k�_$f!hpu$]4n¯¸6rOm�e6²�^ar�e«~Om6]4nshlg�]qg�hl�>_y�>]4nlm�_�^$Y�Å�eÃhlk�|6rOf{g�]>eog���_�]>g{m�f�_yh�^
g{\6]>g-~Om6]>eog�hlg�]qg�hs��_�hleo��r�f{kt]>g!h�rOeåu$]>eÃ¸6_xhle6u�r�kR|onl_$g{_�hle�g{\6]qg�|6r>h
e}g�e}m�k�¸V_$f�^-]qf{_ae�r�g�f{_�~Omohlf{_�²Güdhleog{_$f{�>]4np^
¸6r�m�e6²Oh
e�ci^�|6]�u�_�^�rq��|6ro^{^jhl¸onl_���]4nlm�_�^�]qf{_ _$e�r�m�c�\/YML�NPORQTSVUXWYO[Z\O^]`_ O�a/O'_ Nqhp^���\6]>g�� _�u$]4nsn6rOm�f�g{_�u{\�eoh�~�m�_ r>�
_�¼Lg�f�]�u�g�hle�cy]O^�kim6u�\�hleo��_$f{_$eog�hp]4n�|6r>� _$f¯]�^;|6r}^{^ëhl¸onl_��pf�r�kÎg{\�_�c>h
��_$et~Om6]>e}g!hlg�]>gjhl��_;hleo��r�f{kt]>g!hlr�ey¸o��kt]>ÇOhle�c
_�¼L|onZhpu�hlg�u�r�e6^�g{f�]4hleog�^�g{\6]>g-]>f�_�hlkR|onshl_�²�¸o�tg{\�_akRrL²o_�n¯]>e6²�g{\�_y~Om6]>eog�hlg�]>g!hl�>_�hleo��r�f{k�]>g�hlr�e/Y

BDC ¸�mohZnp²�^�r�eyg�\�_�g{f{_$_�r>�=~Om6]4nshlg�]>g�hs��_D^ëhlk�monp]>g�hsr�exg{f�]>ê�_�u�g{r�fjhl_�^;ò�¸V_$\6]��Ohlr�f�^�ó6|�f{r�²om6u�_�²�¸o� BDú òëû�mohl|6_$f�^
]>e6²�É�_$f�nl_�]qe}g &������Ló�Y§� \6]qg�g{f{_$_ r>�=~Om6]4nsh
g�]>g�hs��_ ^jhlk�monp]>g�h
r�exg{f�]qêë_�u�g{rOf�hl_�^=hp^�]>e�e�r�g�]qg{_�²x� hlg{\+hle}g�_$f{��]4n�^�g{\6]>g
u�r�e6^�g{f�]4hle½g�\�_���]4n
m�_�^�r>�Dk�r�²o_�nD�>]>f�hp]q¸onl_�^-]qgy~�m6]4nZhlg�]>g�hs��_�n
�½^jhlc�eohs��u$]qe}ga^jhlk�monp]>g!h�rOe½g�hlkR_i|Vr>hleog�^�hleU_�]�u�\
g{f�]qêë_�u�g{rOf{��Y ì \ohsnl_ g{\�_�^�_�hleog{_$f{�>]4np^�]4nsnlr>�ñ¸6_$g{g{_$f�|�f�_�²Ohpu�g�hlr�e6^�]>¸Vr�m�g�k�r�²o_�n6g{f�]>ê�_�u�g{r�f!hl_�^Gg{\6]>e�]>f�_D|Vr}^{^jh
¸onl_
� hlg{\�|�m�f�_i~Om6]4nshlg�]qg�hs��_»^ëhlk�monp]>g�hlr>e/Ô�]>e6²F¸6_$g{g{_$f�|�f{m�eohle�c�r>�èg�\�_ag{f{_$_yrq�;~Om6]4nshlg�]>g�hs��_�¸6_$\6]4��h
r�f�^$Ô B ú r>��g{_$e
^�mo´/_$f{_�²R��f{r�kÄ� _�]>Çt~Om6]>eog�hlg�]qg�hl��_ h
eo�p_$f{_$e6u�_�^Úhle�g{\�_���r�f{k r>�è�O_$f{�t�Úhp²o_�hleo��_$f{f{_�²Rhleog{_$f{�>]4np^$Y

��r�kR_$��\6]>g ¸6_$g{g�_$f hleo��_$f{_$e6u�_�^ k�hlcO\}g ¸6_arO¸�g�]4hle�_�²�¸o�å]qm�c�k�_$eog�hle�c B ú
b ^�^jh
k�|onl_au�r�e6^�g{f�]�hle}g |�f{rO|6]>c}]>³
g�hlr�e��Úhlg{\�k�r�f�_y^�r�|�\ohp^�g!hpu$]>g{_�²�]>|�|�f�r}]�u�\�_�^$Ô�^!m6u{\U]�^�~Om6]>e}g!hlg���np]>g{g!hpu�_�^�ò{�>hlkRk�r�e6^a&��O��Àoó�Ô ô &Rò ì hsnsn hp]>kt^
&�����&qódc�r�fDÉKe2f�Ð-Á ÷ Æ)ò��}]�u{Ç�^�&4���o��ó�Yhg�r>� _$��_$f���\ohZnl_-^�m6u�\å^!r�|�\ohp^�g�h�u$]>g{_�²�k�_$g�\�rL²�^;�DrOmonp²�\�_�nl|/Ô�]yu�f!hlg�hl³
u$]4n�hp^{^!m�_�� r�monp²�^�g�hsnZn6f{_$kt]4hle/Y�� \ohp^èhp^{^�m�_ h�^�g{\�_-^jhl�$_�r>��g{\�_�g�hlk�_ |6_$f!hlrL²�^�¸V_$gë� _$_$e�_�¼�|onshpu�h
g�nl�af{_$|�f{_�^!_$e}g{_�²
g�hlk�_�|6rqhle}g�^�h
etg{\�_y^ëhlk�monp]>g�hsr�e�g�f�]>ê�_�u�g{r�f�hs_�^$Ôo]>e6²Rhlg�hp^ ]x��]>f!hp]>eog¯r>�§g�\�_a�D_�nZn�Çoe�r���e�hp^{^�m�_�r>�è^�g�_$|½^jhl�$_�hle
e}m�kR_$f�hpu$]4n§^jhlk�monp]qg�hlr�e6^�r>�§rOf�²Ohle6]>f{��²Ohs´/_$f{_$eog�hp]4nG_�~�m6]qg�hlr�e6^$Y

Òdr�f�g��}|oh�u$]4n§eom�k�_$f�hpu$]4n�k�r�²o_�np^$ÔVe}m�kR_$f�hpu$]4n¯^jhlk�monp]>g!h�rOeåf�_�^�monlg�^�]>f{_x|6ror�f-��\�_$eQ^!g{_$|¶^jh
�$_�^-]>f�_anp]>f�c�_�Ô
¸6_�u�r�k�h
e�c�|�f{r�c�f�_�^{^jhl��_�n
�ikRr�f{_y]�u$u�m�f�]qg{_»]O^ g{\�_y^�g{_$|�^jhl�$_arq�èg{\�_y^ëhlk�monp]>gjhlr�e�¸V_�u�r�k�_�^�^�kt]4nZnl_$f�Y�òjÅ)np]qf{c�_
^�g{_$|¶^ëhl�$_�k�_�]>e6^�g{\6]>g-~Om6]4nshlg�]>g�hl��_���_�]>g{m�f�_�^�r>�¯]Rg{f�]>ê�_�u�g{r�f���Ô6^�m6u�\Q]O^-^jn
r�|6_xr>�¯r�e�_yrOf-k�rOf{_yk�r�²o_�n���]>f�h
³
]>¸onl_�^$Ô6u�\6]>e�c�_�^jhlc�eohZ��u$]>e}g!nl����f{r�k r�e�_yg�h
k�_y|Vr>hleog�g{r�g{\�_xe�_�¼Lg4Y ót� \ohp^�¸6]�^jhpuxu{\6]qf�]�u�g{_$f�h�^�g�hlu�r>�¯^�g�]>e6²�]>f�²
e}m�k�_$f!hpu$]4n§^jhlk�monp]>g!h�rOet]4nlc�rOf�hlg�\�kt^ ò�º-_�]>fa&��o�o&>ó/hp^ ]�^�_$f�h
r�m6^�|�f{r�¸onl_$k ��r�f¯eom�k�_$f�hpu$]�nsnl�t]>e�e�rOg�]>g{_�²�~�m6]�nshl³

i âZãiçwðCè���çIjMk ã9è�å®ð�í�é
í�ð�ð�ç
é
î7ä�í�ð�ê�ä£îpã�îpãiçwðCè���ç
ålj���èMð�ïmjon��

­



g�]>g!hl��_a^jhlk�monp]>g�h
r�e6^�¸V_�u$]>m6^�_�g{\�_y~Om6]4nshlg�]qg�hl�>_���_�]>g{m�f�_�^�r>�¯~Om6]4nshlg�]qg�h
��_»^ëhlk�monp]>g�hsr�e�g{f�]qêë_�u�g{rOf�hl_�^ ²ortu�\6]>e�c�_
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     Interval propagation across an M  constraint: Y = M (X)
Given Y, find a new range for X:
1) Project Y across the envelopes.
2) Intersect the projection with the old interval for X.
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Interval for X
implied by Y

      The old interval for X
Intersection = new interval for X
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ß àDá�â;Ñ�ÒDÓ ú ÔäÖ ø~_��YO�Z2N�Ú&OýS�Ø�SVNPO'a?NPZ\s��VO~y�NPz�Z�ØÉÙRO�NP�oO~O�_ ,�- s�_ t ,10 ÷wÞ
]>e6²

ß àDá�â;Ñ�ÒDÓ C ÔäÖ ø~_��YO�Z2N�Ú&OýS�Ø�SVNPO'a?NPZ\s��VO~y�NPz�Z�ØÉÙRO�NP�oO~O�_ ,10 s�_ t ,	� �BÞ
��g{_$|�^jhl�$_�f{_��6e�_$k�_$eog�u$]>e�¸6_a]>|�|onsh
_�²�¸V_$gë� _$_$e ,�- ]>e6² ,�0 g{ri]�²�²of�_�^{^ ß à;á�â;Ñ�ÒDÓ ú Yog�r>� _$��_$fD^!g{_$|å^ëhl�$_

f{_��6e�_$k�_$eogiu$]>e�e�rOga��_$gy¸V_t]>|�|onshl_�²Q¸6_$g�� _$_$e ,10 * � �d&�À	� 3 ó-]>e6² ,	� * � ��&�À�� 3 ó�g{r½]�²�²of{_�^{^ ß àDá�â;Ñ�ÒDÓ C
¸6_�u$]>m6^!_�g{\�_$f{_+hp^�e�r�co]>|½¸V_$gë� _$_$e ,10 ]>e6² ,��X� Åa²�²of{_�^{^jhle�c ß à;á�âDÑ�ÒDÓ C g�\}m6^�f{_�~Omohlf{_�^Ú�6f�^�ga^{]>g!hp^j����hle�c�]
^�m�¸6^jhp²Oh�]>f{��^�m�¸�c�r}]4n�b

ß àDá�â;Ñ�ÒDÓ C Ò�ÔRÖ�� Z\O~s�NPOms���sYQ�ÙRO�NP�oO~O�_ ,10 s�_ t ,�� �BÞ
`jg�hp^Ú|6r}^{^ëhl¸onl_yg�\6]>g hleo��_$f{_$e6u�_�^a]>f�h�^jhle�cx�pf�r�kþ]O²�²of{_�^{^jhle�c ß à;á�â;Ñ�ÒDÓ ú � hsnsn§f�_�^�monlg�hle¶]�co]>|½¸V_$gë� _$_$e ,�0

]>e6² ,�� � ^{]>g!hp^j����hle�c ß à;á�â;Ñ�ÒDÓ C Ò ]�^��D_�nZnëY-� \om6^�^�g{_$|«^jhl�$_xf{_��6e�_$k�_$eog�hp^-]q|�|onshl_�²Ã¸6_$g�� _$_$e ,�- ]>e6² ,�0 g{r
^{]>g�h�^j�p� ß à;á�â;Ñ�ÒDÓ ú ]>e6²�|V_$f{\6]>|6^ ß à;á�â;Ñ�Ò;Ó C Ò��

��g�]qg{_�^�� _$f{_Ãhle}g�_$f{|6r>n�]>g{_�²�¸6_$g�� _$_$e ,�- ]>e6² ,10 g�\�f{_$_«g�hlkR_�^$YÄ� \�_ß^jh
kimon�]>gjhlr�eö]qg�g{\6]>g�|6rqhle}g�h�^
^�m�k�kt]qf�hl�$_�²Fhle«�§]q¸onl_�&�f{r>� y4Y�e�¸6^�_$f���_�g{\6]>g�nshlg�g�nl_y|�f�r�c�f{_�^{^�\6]O^�¸6_$_$e«kt]O²o_ig�r���]>f�²½u�f{_�]>g!hle�cå]�co]>|
¸6_$g�� _$_$e ,�0 ]>e6² ,	� Y��/r�c�_$g�g�\ohp^ c}]>|Rhlg h�^¯e�_�u�_�^�^{]>f{��g{r�hleo��_$f�]�²o_�u�f{_�]�^!_ahle ,�0 ^�m�	åu�h
_$e}g�g�ri|�f�rL²om6u�_�]
c}]>|/Y BDC |�f{r>�Ohp²o_�^
gë� ra]>mo¼ohsnshp]>f��ag{_�u{\�eoh�~�m�_�^
��r�f¯u�f{_�]>g!hle�c-co]>|6^$b/g�]>f{c�_$g
hleog{_$f{��]�nd^�|onZhlg{g�hle�cxò�Å�|�|6_$e6²Ohs¼�Åxó�Ô
]>e6²U¸V_ \6]4�Ohlr�f�^�|onshlg{g!hle�c6Yt��]>f{cO_$g�hle}g�_$f{��]4nD^!|onshlg{g�h
e�c½^�\�r�monp²«]�nl��]���^�¸6_Rg{f�hl_�²U¸V_��prOf{_t¸V_$\6]4��hlrOfi^�|onsh
g{g�hse�c
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*)+$-,.&\��&/)�$°� 0 º�á ¾21�½!«4365�½87!½85¿¾:9�; <6=?>�9 ��§M�¤§���� èA@xé B �£¥i§��±/C 04D C�º�³ º�á�E ì <6F?F?F�ïG<H<6F?FYñ í D6I èJ@K@xé
LP�HMONP&Q)+RZ�%(/ST�U$.VWM9�V�HMX, 3HY+Zh¾rã�<�; [6[?>6\U] èA@A@K@xé ¨3�¤�i�_^ Z ¡V�H© ¼4Z �£�!`°�H¡V��§!Æ�±±/C+a 0Xb C�º4a!³ º�á ¾�ã�[4;dc?< í D6I�e èA@Af~é ¨3�¤�i� ± 0Pg a!³ º�á ¡V�H© 3�Y �£�!`°�H¡V��§�Æ�±hi��� 
kj���lnm�� oqp�r�s ±{º�á!³ut oqp�r�s ±\ÌYá!á!á'³¾r±�ã�væï�<?<6F?FYñxw èAf~é y  H¡�¢��£�
¡V�¤�£¥i§�«R§��H¡�¥9�£���®�H¡V� C 04b C�º©9§��
�¤§<¡��¤�£�=� w  =��§!�¤�H¡���¡V�H© èA@A@xé ±

oqpqr�s ¥�¡��¤�\¡V«3¢�§�ö C 04D C�º± ¥�§M¢��=�
�£�pÌ9Ï í D?I  =Ã9Ç ¡���© ³ ò §<�
�¤§�¡V�¤§ 0 ÌVá�á!á w0 ÌVá!á!á E ±�ã�væï�[4;d96=?>�9|ñ
�9�i¢£¥�§�§��� R¡V�¤�£�i� ±z]�³�S�i�|{ s~}�s { ± r�� ³  =���£�=�èA@xé Ï èA@A@xé ÏH¡V�R© èJf~é ±{ s~}�s { ¥�¡V�¤�\¡�«=¢£§'ö 0± ��¡i©9�£ =�<Ï9��§M�¤§����w�S������¤�=§��Z¡��¤�¤�?Ô ����§��9�¤§�� ³

Æp�H�
��§<¡V��§ ±QC 04D C�º!³ ÌVá!á!á w±/C 04b C�º�³ ÌVá!á!á E ±�F�ï�vw³ èAfU@xé y  H¡�¢��£�
¡V�¤�£¥i§�«R§��H¡�¥9�£���®�H¡V�0 ÌVá!á�á�� 0 º�á Ï9�¤��§<�i H¡��¤�£��� ±z]�³�£��Ã=¢£�£§��®�¤�H¡�� C 04b C�º �£�wÃR���������£¥�§�±
r��6�is ör+� ê�� ¾wº�á}¾�F�ï r�� ¾�ÌVá!á�á Æp�H�
��§<¡V��§ 0 ÌVá�á!á w0 ÌVá!á!á E ±�94;d<?=6>�9�ïG[�; 9?=6>�9Yñ èAfU@A@xé �9�i¢�¥i§�§<�i H¡��¤�£��� ±z]�³ �S�i�{ s~}Ps { ± r � ³  =�¤�£�=�èA@xé Ï èA@A@xé ÏR¡V�H© èAf%@Òé ±

him�lP�*��L�l-�H
!�*�*�H��
0"�"0 ¾ 0Pg a Ïi�¤�0 ÌVá!á�á �'0 ÌVá!á!á ¾[± 0Pg a!³ ÌYá!á!á
Æp�H�
�¤§�¡V�¤§ ± 0Pg a!³ ÌVá!á!á wò §��
�¤§<¡��¤§ ± 0Pg a!³ ÌVá!á�á w± 0Pg a!³ ÌYá!á!á E ì ]�;dF?9?>6\�<�ïW[4; <?�6>?\�<|ñ èAf%@K@A@xé �=�i H¡��¤§��V� 0 ÌVá!á!á �S�¤�i� èAfU@A@xé ±

him�lP�*��L�l-�H
!�*�*�H��
±QC�a 04b C�ºXa!³ � ± 0Pg a!³�¾�3�Y Ï����±QC�a 04b C�ºXa!³ ÌYá!á�á � ± 0Pg a�³ ÌVá�á!á¾�3�Y ÌVá�á!á ¾�3�Y�Z
Æp�H�
�¤§�¡V�¤§ ±/C+a 04b C�º4a�³ ÌVá!á�á wò §��
�¤§<¡��¤§ ±/C+a 04b C�º4a'³ ÌVá�á!á w±QC+a 04b C�º4a�³ ÌVá�á!á E ì ã�[4;dc6<�ï¡ã|]�; �6=|ñ èJ@K�Vé ò �£¥C�\©9§ 3�Y�Z Ïi�S����� èJ@K@A@xé Ï9«CÌ± 0Pg a!³ ÌVá!á!á Ïi�S�¤�i� èAfU@A@A@xé ±

hi��� 
kj�� l�m��
oqp�r�s ¥�¡��¤�\¡V«=¢£§'ö C+a 0Xb C�º4a± ¡�����§�¢£§���¡��¤�£�����V�Z�i��¡�¥9�£�pÌCÏ í D?I�e ³{ s#}�s {Þ¥�¡��¤�\¡V«3¢�§�ö C 04b C�ºr��6�is ö r � ê�� ¾ º�á[¾�F�ï r � ¾�ÌYá!á!á

`��¤ =�3§!«H§M�H¡�¥9���i� wC 04b C�º�³ ÌVá�á!á E ±�F�ïGvw³ ¡��H©C 04b C�º�³ ÌVá�á!á E ì ã�96c?<6F�ï\ã�[?96�4; �|ñ�R¡�¥�§!¡��9 =¢£¢(���9��§��¤��§<�
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�§]q¸onl_�X�baòë]Ló ÷ ¼6u�_$f{|�gar>��]�g{f�]�u�_�^�\�r>� hle�c�\�r��Îu�r�e6^�g�f�]4hleog�|�f{r�|6]qc}]>g�hlrOe½_�nshlkÓhle6]>g{_�²�]�¸V_$\6]��Ohlr�f�r>� g{\�_
f{r�u{Ç�_$g4Ô}]4��g{_$f¯]y^!g�]>g{_ ��]�^�h
e}g{_$f�|6r>np]qg{_�²�]>g¯g�h
k�_ . &������dY/� \ohp^�g�f�]�u�_�r�u$u�m�f{f{_�²Ó�prOf�¸6r�g{\�_�^{u$]>|V_-¸V_$\6]4��hlrOf�^$Y
ò�¸Gó�Åí|on
r�g��pr�f�]�|�f�m�e�_�²�_�^{u$]>|6_x¸6_$\6]4�Ohlr�f�Y�Ð�r�g{_�g{\�_�hle6u�r�e6^jh�^�g{_$e6u���²o_$g{_�u�g{_�²Rhle���_�n
rLu�hlg���]>g g�hlkR_i&��O����Y
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¸6_�u$]qm6^�_t¸V_$\6]4��hlrOfy^�|onshlg{g!hle�cåu�f�_�]>g{_�^ae�_$� ¸�f�]>e6u�\�_�^�hleïg{\�_�¸6_$\6]4�Ohlr�fag{f�_$_t]>e6²U\�_$e6u�_tu$]qeUnl_�]�²Ug�r�\ohlc�\
u�r�k�|�m�g�]>g�hlr�e6]�n+u�r�kR|onl_�¼}h
gë�ñh
eM^!m�¸6^�_�~�m�_$eog¶^ëhlk�monp]>g�hsr�e�f{_��6e�_$k�_$eog�YÄ� \om6^$Ô�g�]qf{c�_$gRhle}g�_$f{��]4ni^!|onshlg{g�hse�c
ò g �Ú`{� h ó�hp^ m6^!_�²�e�_�¼�g�Ô�g{r�g{f{��f�]4h�^jhle�c ,�� ]>e6²Rnlr>� _$f�hle�c ,10 Y

��g�]>f{g�hle�c�� hlg�\ig�\�_DÇoe�r>� nl_�²oc�_ g{\6]qg ,�� * � �OX�À	� 3 
�Ô BDC é�^èhlk�|onl_$kR_$e}g�]qg�hsr�eyr>�/g�]qf{c�_$g
hle}g�_$f{��]4n�^!|onshlg{g�hse�c
]�^{^!m�k�_�² ,�� * � ��X�À	��­}�q­M
jÔ{n
_$g/g{\�_¯^jhlk�monp]qg�hlr>e»^!_$g{g�nl_��Ohp] u�r�e6^�g{f�]4hle�c |�f{r�|6]>co]>g�hlr�ea]�^Vm6^�m6]4n�Ô�]>e6²a²Oh�^{u�r>��_$f{_�²
g{\6]>g�^�_$g{g�nZhle�c�nl_�²Ug{rU]>eUhle6u�rOe6^jhp^�g{_$e6u��Üòë�§]q¸onl_tX�_�¼�_$k�|onshZ�6_�^y²o_$g{_�u�g�h
e�cQ]qeUhle6u�r�e6^jh�^�g{_$e6u��Vó�Y�� \�_$f{_���r�f{_,	���* � ��XOÀ	��­}�>­;
�ÔG^�r � ��XOÀ	��­}�>­;

�Ú]O^�g{f!hlk�k�_�²F��f{r�k�g{\�_xhle}g�_$f{��]4n���r�f ,�� ÔGc>hl�Ohle�c ,�� * � ­}�>­ � 3 
�YxòëÉ�_���r�f{_
^�m6u$u�_�^{^ë�pmonsn
��f{monshle�cxr�m�g � ��X�À���­}�>­;
�Ô�g�]>f{c�_$g�hleog{_$f{�>]4n§^�|onshlg�g�hse�cym�e6^�m6u$u�_�^{^ë�pmonsn
��g{f�hl_�²Rg{rxf{monl_�r�m�g g{\�_�n�]>f{c�_$f� ��XOÀ	��À>z�&�
�v
��m�¸6^�_�~Om�_$e}gxg{r�f{monshle�c�rOm�g � ��X�À	��­��>­;
�ÔVg�]>f{cO_$g�hleog{_$f{�>]4nD^�|onsh
g{g�hle�c�m�e6^�m6u$u�_�^{^j��monsnl�Ug{f!hl_�²Ãf{monshle�c
r�m�g g{\�_a]�²4ê{]�u�_$e}g;hleog{_$f{��]�n � ­}�q­���zo����
jÔ�^�m6u$u�_�^{^j��monsnl��f�monl_�²�rOm�g � ­}�>­���­}�>X�
jÔ>mLe6^!m6u$u�_�^{^j��monsnl��g{f�hl_�²�f�monshle�cyrOm�g� ­}��X���z>��À�
�Ô/^�m6u$u�_�^{^ë�pmonsn
�¶f�monl_�²Ur�m�g � ­}��X	�{zO����
�ÔGg{\�_$e � zO���	��zo&���
pÔ/]qe6²Ã�6e6]4nsnl�Um�e6^�m6u$u�_�^�^j�pmonZnl�Ug{f�hl_�²Uf�monshle�c
r�m�g � zd&��	��zOX�z�
�Y¯��]>f{c�_$g h
e}g{_$f���]4nè^!|onshlg{g�h
e�ci��]�^Úe�r�g-]>¸onl_xg{r�f{_�²om6u�_ ,10 ��f{r�k 3 ]4nlg�\�r�m�c�\�hlg�g�f�hl_�²�f�monshle�c
r�m�gt]U^�m�¸�³
hleog{_$f{�>]4n � 0�� 3 óa� hlg�\ 0Ü��_$f{�ïnp]>f{c�_�Yñ±Ãr�f{_½²o_$g�]4hZnp^xr�eÑg�]>f{cO_$gahleog{_$f{�>]4n»^�|onsh
g{g�hse�c«]>|�|6_�]>fÓhle
Å-|�|V_$e6²Ohs¼½Å�Y ó

� \�_xf{_�^�monlg�^-]>g�g{\ohp^�^�g�]qc�_y]>f{_�^�m�k�k�]>f�hl�$_�²F¸}�½��]>¸onl_�&�f{r>� t�Yùe�¸6^�_$f{��_�g{\6]qg�g{\�_$f{_xhp^�^�g�hsnZn§e�rtco]>|
¸6_$g�� _$_$e ,�0 ]>e6² ,	� Ôo¸V_�u$]>m6^�_yg�]>f{c�_$g�hleog{_$f{�>]4n§^�|onshlg{g!hle�ci²Ohp²�e�rOgDf�_�²om6u�_ ,10 ��f{r�k 3 Y¯Ð�_$��_$f{g{\�_�n
_�^{^$Ôoe�r>�,�� �),10 Ô/^�r�^jhlcOeohs��u$]>eog-|�f{rOc�f{_�^{^�\6]�^�¸6_$_$eïkt]�²o_ah
eQu�f�_�]>g�hle�c�g{\�_�²o_�^jhlf{_�²Ãc}]q|/Yy�>h
e6u�_ig�\�_Óu�\�r>hpu�_xe�r>�
hp^x¸6_$g�� _$_$eÍ^�g{_$|Ñ^jhl�$_�f{_��6e�_$kR_$e}g�Ô BDC é�^xkt]4h
eßg{_�u�\�eohp~Om�_�ÔD]qe6²ñ¸6_$\6]4��h
r�f�^�|onshlg{g!h�e�cVÔ B C é�^+nl_�]�^�gx��]4��r�f{_�²
]>mo¼ohsnshp]>f���g{_�u�\�eohp~�m�_�ÔV^�g{_$|½^jhl�$_af�_��6e�_$k�_$e}g�hp^;hleo��r�Ç�_�²�]qgDg�\ohp^ |6rqhle}g4Y

� \�f�_$_tk�rOf{_t^�g�]qg{_�^a� _$f{_Rhleog{_$f{|6rqnp]>g{_�²Ã�Ohp]U^�g{_$|ß^jh
�$_tf{_��6e�_$kR_$e}g�Ô�^�m�k�kt]>f!hl�$_�²«¸o�«�§]q¸onl_¶&�f{r>�?O4Ye�¸6^�_$f{��_�g{\6]>g���\ohsnl_ ,�� hp^;f�hp^jhle�cVÔ ,10 h�^�e�r�g;�õ]4nZnshle�c6Ô>��\oh�u{\�h
g¯k�m6^�g�hZ�
]xc}]q|�hp^�g�ry¸6_au�f{_�]>g�_�²GYù�Ú\�_$f{_��prOf{_
¸6_$\6]4�Ohlr�f-^�|onZhlg{g�hle�cVÔ�g{\�_af{_$k�]4hleohle�c�g{_�u�\�eohp~Om�_i]4��]4hZnp]>¸onl_�g{r BDC Ô6^!\�r�monp²�¸V_�hleo��r�Ç�_�²GY

É�_$\6]4��h
r�f�^�|onshlg{g!hle�cxhle}�Or>nl��_�^ u�r�|o��h
e�ct]�¸6_$\6]4�Ohlr�f�g�ri|�f�rL²om6u�_�]�|6]4h
fDrq�§hle6²o_$|V_$e6²o_�eog�nl��f{_$|�f�_�^�_$e}g�_�²GÔ
~�m6]�nshlg�]>g!h��O_�nl�xhp²o_$e}g!hpu$]4n/¸6_$\6]4�Ohlr�f�^$Ô�]>e6²�f�_$|onp]�u�hle�cxhle�_�]�u�\½]>eRhleog{_$f{��]�n=g�\6]>g�hp^ g{r�¸6_y^!|onshlg ¸}��]�^�_$|6]>f�]qg{_
^�m�¸�³
hleog{_$f{�>]4n¯r>��hlg�Y ÷ ]�u�\U¸6_$\6]4��h
r�f�hp^a^�m�¸6^�_�~Om�_$eog�nl�½|�f�rLu�_�^{^!_�²Ãhle6²o_$|6_$e6²o_$eog�nl��Y�`jeUg{\ohp^�_�¼6]>k�|onl_�Ô

,10 *� ����&D� 3 ó/��]�^ ^�|onshlg;hleog{ryg{\�_y^!_$|6]>f�]>g{_�^�m�¸�³
hleog{_$f{��]�np^ � ����&;�4&$�8�w
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Thermostat Setting
MAX [80.0,INF)

ROOMTEMP 80.0
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Outside Temperature

0

COLD [0,80.0]

ROOMTEMP 80.0
HOT [100.0,100]
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0

R0 19.0
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Heat pumped outside

0
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INF

↑.....↑..... 8
0
.
0

↑.....↑..... 8
0
.
1

↑.....↑..
... 8

0
.
7

↑.....↑
.....↑...

..↑..
...↑.....↓.....↓.....↓.....↓.....↓.....↓.....↓.....↓.....↓.....↑...

..↑..
...↑..

...↑..
...↑

T
0
1
0
0

1
0
0
0

1
0
0
0
0

K T
1
K
0

T
2
K
1

T
3

K
2
T
4

Inside Temperature
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Heat Flow in from outside
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     Net Heat Flow
INF

NF4 1.11

NF0 1.05

NF1 0.947
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NF2 -23.1

MINF
↑...

..↑...
..↑...

..↑....
.↑...

..↑...
..↑...

..↑...
..↑...

..↑....
.↑.....↑...

..↑...
..↑...

..↑....
.↑...

..↑...
..↑...

..↑...
..↑.....↑...

..↑....
.↑...

..↑...
..↑

T
0
1
0
0

1
0
0
0

1
0
0
0
0

K T
1
K
0

T
2
K
1

T
3

K
2
T
4

TIME
INF
T4 [46557,48089]
K2 [39612,40956]
T3 [31514,32608]
K1 [31121,32214]
T2 [30795,31887]
K0 [29818,30906]
T1 [29493,30580]
K  [21797,22655]
10000
1000
100
T0 0
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