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�
m
� ����% + �(�:& � �
!���� �

P 4 x ! 	 � � a�� ����� !�+ � � a-� + �(� ��� ��
�% ��)�+,�� ��+ �(�:! ��� � 5 ��) �
!P.m(e)

��) !��6��	 )�� � ! ��� �<+ ��+ ���#% ��+ ���6�
m
� � ������% ��+ � & � �
!���� �

P ! 	 + � ��� ��
�% ��) +��
e
�
y }�rxusrxZ
[�hj[�ujp CP[P~ �gWBb�p�f¨r �gWBb�¤�p�h�X7}�rmujrmZ
[�h�[Pu�pDC�[=~�rMk©hjp�lMo�f�ª¦¤�p�h�X r±f{[�h
lm�3}�rmujrmZ�[�h�[Pujf

ºN~g[���oEp�oE�Rr��¶rmZ�p�¢�dRlm��f{p�Z
p�¢�rmu �gWBbEfj» rxo�~²�xrxujp�rm�E¢�[Pf«rxh{hsrmksXE[P~,hjl¼[PrMkjX�f{hjr�hj[m $t�rmujrmZ�[�h�[Pujf rmo�~
��rmu�pqrm�E¢�[=f0h­de}5[=fvrxuj[�f{p�Z
}E¢�[m �y�~E~gp�h�p�lmo9rx¢�¢�dMªxhjXE[�hjujrmo�f�p§hjp�lMo�f#k�rmo��5[��Mn�rxus~g[P~�rmo�~�X�r=�m[Br«u�[Pf�nE¢�h�p�oE�
[�°e}�u�[Pfjf�p�lMo�¤�XEpqksX�rMf�f�p��Mo�f®h�XE[ �xrxujp�rm�E¢�[=f%rMf�f�lgk�p�r�hj[P~¯h�l�hjXE[«hjrmu��M[�h�f{hjrxh�[A5
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 ����� Å�
�� � ����� ��� &(��� ��% ��+ ���G	��
� �7� � a���� � � �7+,����)(�G	 + 	���) � �=�G+ ��% 	 �#��+,

& � �
pLTS = (K,S, s0, L,→

) ! ������� "
K = {ki}

	 � � �$) 	 + �8����+ � �#&�������% ��+ ��� � �
S
	 � + �(�8����+ � ���G+ ��+ �G������)*� ���A!�� �G+ ��+ �

s ∈ S
	 � ��� ���
!�	���+ � � ! 	 + ���	�$)�	 + � ����+ � �7�����G	�� a��D�G� −→vs

�
s0 ∈ S

	 �8+ �(� 	 ) 	 +,	����1�G+ ��+ �&�
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L = (b, α(−→x ),−→e )
	D� + ��� ����+8� � � � a������ 4 &�������% ��+ ���G	��
��� ��!�+ 	���)(�65�� ! �(����� b

	 � � a �6���D����) �	� b
& � ��� �G	���) �

α(−→x )
	 � � &(������% ��+ ����	 �
� �>�A!�+ 	���)'� ��)*� −→e 	 � � �$) 	 + �8����+ � � �	��&*����� � 	���)(�-�

→ ⊆ S × L × S
	 �8+ ���8����+ � � + ����)�� 	 + 	���)�� "

��Á���
 ����� Å�
 � � �g���0� Á � Á � ��� Á Æ �£Å ��� � ���:������% ��+ ���G	��
��� + ���G+ 	 �>������+
pI
� �8&(��� ��% ��+ ���G	��
� �

�A!�+ 	���)�� �
��Á���
 ����� Å�
�� � � %¼Á � 	 � � +,

& � �

< pAG, H, T > ! ������� " pAG

	 ��+ �(������+�� � ��� � a ���A&�������% ��+ ����b
	��
��� ��!�+,	���)(���

H = {pIi,Ki}i=1..n

	 � � ��)�	 + � ����+ � ���(��� ��� 4 ��� ��
�% ��) +��65 �5� �(� +,����)(����
�! ��� T
	 � �

&'�,�7+
(KG, ST , s0T

, LT ,→T )
���G
�!���+ �(��+ ∀−→v ∈ LT ,−→v =< lt, α

k1

1 , . . . , αkn
n > ! ������� lt ∈ pAG�

αi ∈ pIi ∪ {idle} ��) � ki ∈ Ki

�
W�XE[

KG

lm�"h�XE[ h�usrxo9f�~gn9k�[�uBp�f�h�XE[)f�[�h�lx���M¢�lM��rx¢£}�rxusrxZ
[�hj[�usf%lm�"h�XE[�} � [�h= ®³¦rMkjX¼XElm¢�[ p�o�hjXE[
} � [�hBX�rmf�r�f�lmu�h�k�lmo�f{h�usrxp�oMh

pIi

rxo�~�r/}�rmujrmZ
[�h�[Pu�f�[�h
Ki

ªg[�°g}Euj[Pfjf{p�oE�)hjX�r�h�hjXEpqf��©}9rxusrxZ
[�hj[�u�pDC�[=~
XElM¢�[�� k�lMu�uj[Pf�}5lmo�~Ef�hjl$rmf�Z
rmoUd�rMk©hjn�rx¢"rxuj�mnEZ
[PoMhjf3rmfBo�[Pk�[=f�fjrxujd�p�oRr¯�mp��m[�o?p�o�f{hjrmoMhjp�rxh�p�lmo£ �z­oRr
f�deo�kjX�u�lMoEp�fjr�hjp�lMoR�m[Pk�h�lMu −→v =< lt, α

k1

1 , . . . , αkn
n >

ªG[=rmksX
αki

i

k�lMu�uj[Pf�}5lmo�~Ef3h�l�h�XE[
αi

rmk©hjp�lMo,lm�
hjXE[

ki

¬IoUh�X¼k�lMu�uj[Pf�}5lmo�~gp�oE��rxuj�mn�Z�[PoMh �gWBbµ 
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	 Y,P��^HKY
�^M
� [�}Eujl��epq~g[�r,�musrx}EXEpqk�rm¢�f{deoUhjr�°���lmu
uj[�}�u�[Pf�[�oUh�p�oE� �G+ ��+ 	�!�t�rmujrmZ
[�h�[Pu�pDC�[=~ � [�h­¤®lMu�¥gfPª#hjX�r�h¨pqf¨r
k�lmZ
}Eu�lMZ
p�f�[��5[�hi¤®[�[Po¨[�°g}Euj[Pf�f�p��m[�oE[=f�f#rxo�~
n�f{[Pu{¬I��ujp�[Po�~g¢�p�oE[=f�fP  � [Bn�f�[Br �musrx}EXEpqk�rm¢Ef{deoMhsr�°�f�p�Z
p�¢qrxu
hjl�hjXE[�y�ngh�lM�musrx}EX�[P~gp�h�lMu80 ¡�|B|B~�bg��@�2Vª�rmnE�mZ
[�oUh�[=~$�Ud$[�¢�[�Z
[�oUhjf���lMu�}�rmujrmZ
[�h�[Pujf�rmo�~$�xrxujp�rm�E¢�[Pf15
r &'�,�7+Rp�f�~gusr=¤�o±rmf r¼f{[�h lm��k�p�usk�¢�[Pf«u�[P}Eu�[=f{[PoMhjp�oE�¼fihsr�hj[Pf rmo�~,[P~E�m[Pf«uj[�}�u�[Pf�[�oUh�p�oE�$hjujrmo�f{p�hjp�lMo�f�ª
¤�XE[Pu�[_hjXE[�fihsr�hj[Pf�rmu�[«¢�rm�5[�¢�¢�[=~$¤�p§hjX�h�XE[�f�[�hBlx����rxujpqrx�E¢�[Pf�rmfjf{lEk�pqr�h�[=~¯¤�p�h�X�p�h)º −→vs

»�rmo�~�h�X�[ [P~g�M[Pf
rmu�[_¢qrx�5[P¢�¢�[P~$�ed

[b] α(−→x ) → −→e ºNf{[P[ (3[���o�p§hjp�lMo � »� 
yBo � + ��+ 	�!�& 1 ��+"pqf3uj[�}Euj[Pf�[�oUh�[P~?�Ud?r$f{[�h_lm�v�5l�°g[PfPªµ[PrmksXRlmoE[/[�o9k�lg~gp�oE��r�}�rxu�h�pqk�nE¢qrxu«bglmu�h3lm�

hjXE[�} � [�hP RW�XE[Pf�[¯�5l�°g[Pf)k�rmo��5[¨��¢�¢�[P~�¤�p§hjX�r¼}2�gWBb�f�rxh�pqfi��dep�oE�¼h�XE[�belMu{h)p�o�k�¢�n�f�p�lmo�k�lMo�~gp�h�p�lmo£ 
³¦rMkjX¨�5l�°/X�rMfvr_�9oEp§hj[BoenEZ)�5[�u¦lm� &(���G+���lMo
p§hsfv�5lmus~g[�u=ªmu�[P}Eu�[=f{[PoMhj[P~
rmf#¢qrx�5[�¢�¢�[P~���nE¢�¢�[�hsf�ªU[PrMkjX
lMoE[
[Po�k�lg~gp�oE�¨r�}�rxu�hjp�k�nE¢�rmu�}�rxusrxZ
[�hj[�ujp CP[P~$rmk©hjp�lmo�lx�0h�X�[�bglmu�hP 
/0p��� ²�¼f�XEl�¤Bf)rxo�[�°ErmZ�}�¢�[�lx��f{n9kjX�r?}�rxusrxZ
[�hj[�ujp CP[P~±f�dgfihj[�Z� ?zVh�p�f/k�lmZ
}5lMf�[P~±lx��rRf{p�oE�m¢�[

�En�3µ[�u_rmo�~¼r¨�5lMnEo�~g[P~?´Un�rxoUh�p�h­d�lm�vk�lMo�f{n�Z�[Pujf)º
maxCons

»Brmo�~�}Eujlg~gn�k�[�usf�º
maxProd

»© B³¦rmksX
}Eujlg~gn�k�[�u���[�[P~�f�h�XE[��En(35[Pu�¤�p§hjX?r¨´Un�rxoUh�p�h­d²º

x
»�lm��[�¢�[�Z
[�oUhjf�rxhBlMo�k�[m ®³®rmkjX?k�lMo�f�nEZ
[�uBu�[=´UnE[Pf{hjf

r
f�p�o��m¢�[_[P¢�[PZ
[�oMh���ujlmZ�h�XE[ �En(35[Pu)º
!B.Q � get()

»�rxo�~�¤%rxp�hjf%��lMu�h�XE[ uj[Pf�}5lmo9f{[
º
?B.R � get()

»� 
/0p��� "��rm¢�f�l�p�oMh�ujlg~gn�k�[PfµhjXE[voElxhsr�h�p�lmo_h�lB[�o�k�lE~g[vf{[�hjf¹lm�e}Eujlgk�[=f�f�[PfP¸���lmu£[�°grmZ
}E¢�[Mª

Consumer
c()[Po�k�lg~g[=f�hjXE[�f�[�h¦lx�

Consumer()
}�u�lgk�[Pfjf{[=f"��lmu¦[PrmksX
��rm¢�n�[�p�o
h�XE[3~glmZ¨rxp�o
lm�

c
 #W�XE[�uj[���lmuj[mªm[=rmkjX

[P¢�[PZ�[PoMh«p�o?hjXE[
~glmZ¨rmp�oRlx�
c
p�f_u�[P¢�rxh�[=~�º¶p�~g[PoMhjp§��[=fj»�h�l�rxoRp�o�~gp��Upq~gn�rm¢�}Eu�lEk�[Pfjf�lx�vhjXE[
f{[�hP  ³¦rMkjX

}Eujlgk�[=f�f%¥eoEl�¤Bf�p§hsf�l�¤�o�pq~g[�oUh�p�h­dM 
W�XE[¨[P~g�m[=f«�5[�hi¤®[�[Po±}5lmu�hjf«p�o /0p��� $��rxuj[
kPrx¢�¢�[=~,¢�p�oE¥gfP  �£p�oE¥gf [�°g}Euj[Pfjf«f�deo�kjXEujlmo�p�fjr�hjp�lMoR�5[�¬

hi¤®[�[PoRp�oUh�[Pu�o�rm¢0�5l�°g[Pf�lMu�h�l$[�°eh�[Pu�o�rm¢0}Eujlgk�[=f�f�[PfP 3W�XE[�d¼rm¢�f�l�kPrxo?�5[/�5[�h­¤%[�[�oR}5lMu{hsf�lx�®~gp 35[�uj[�oUh
p�o�f{hjrxoUh�pqr�hjp�lMo$lm�0h�XE[�fjrxZ
[_�5l�°¹ �³¦rmksX�¢�p�oE¥�[�o�k�lE~g[Pf�r/h�usrxo�f�p�h�p�lmo$p�o$hjXE[ W0usrxo�fj~gn�k�[�u �gWBb�lx�0hjXE[
& 1 ��+N 

c Ú"Ù c á



���������
	���
����������
��������������� 	���������!���	�!����#"$��%'&(��)*��)�+,� �m�

Q get(c)

R get(c)

c : [1,maxCons]

p : [1,maxProd]

Consumerc()

?B.R get()

!B.Q get()

!B.Q get()

?B.R get()

?C : Consumer[c].Q get() !C[c].R get()

Buffer(Max : int)

?P.Q put(x) → N + x

[0 < x ≤ Max − N ]

[N > 0]?C[c].Q get(); !C[c].R get()

→ N − 1

Producerp()

!B.Q put(x : int)

!B.Q put(x)

N

Q put(p, x)

0

N : [0,Max]

?P : Producer.Q put(x : int)

R get(c)Q get(c)

Q put(p, x)

/"p��MnEuj[ �(5�t#rxusrxZ
[�hj[�u�pDC�[=~$k�lmo9f{nEZ
[Pu{¬V}Eujle~En�k�[Pu�f{dgf{h�[�Z

� XE[�o�h�XE[�p�oEp�h�pqrx¢%fihsr�hj[¨pqf�}9rxusrxZ
[�hj[�ujp CP[P~,¤�p�h�X�rxo�[�°g}Euj[Pfjf{p�lmoGªGp�h�k�rxo��5[�p�o�~gpqk�rxh�[=~±¤�XEpqkjX
[P��rx¢�n�r�hjp�lmo�lx�Bh�X�[�[�°g}Eu�[=f�f�p�lmo'º���lmu
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p�oEp�h�pqrx¢Gfihsr�hj[m #z­o /"p��� ¦�)h�XE[ p�oEp�h�pqrx¢Gfihsr�hj[«p�fB~g[���oE[P~�rmf%hjXE[�f{hjr�hj[«¤�XE[�uj[

N = 0
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r�d¯k�lmoUhjrmp�o$rmo$rxuj�Ep�h�usrxujd�k�lmZ
}5lMf�p�h�p�lmo¯lm�
} � [�hsf�rmo�~)}2�gWBbgfP "y f�p�oE�M¢�[%} � [�h#¤®lMnE¢�~)X�r��m[�rxo/lmnghsf{pq~g[%�5l�°¹ª�p�hjf�}5lmu�hjf"u�[P}Eu�[=f{[PoMhjp�oE��hjXE[��m¢�lm��rm¢
rMk©h�p�lmo9f�ªMrxo�~
k�lMoMhjrmp�o�p�oE� rMf�lMoE[��5l�°/p�o�f{pq~g[���lMu#[=rmksX�XElm¢�[�p�o�hjXE[B} � [�hPªM¤�p�h�X¨p�oEoE[Puv}5lmu�hjfv~g[���oEp�oE�
hjXE[/f{lMu{h�lx�#[=rmksX¼XElm¢�[m �³¦rmksX¼¢�p�oE¥�[�o9k�lg~g[=f�r¯f{deo�ksXEujlmoEpqf�rxh�p�lmo��M[Pk©hjlmu= �y�¢�¢0} � [�hjf3~Eujr�¤�o�p�o¼h�XEpqf
uj[�}5lmu�h/rxuj[ �G+ ��+,	�!�5
h�XE[Pp�u/h�usrxo9f�~gn�k�[�usf�X�r=�m[�lmo�¢�d²lMoE[$fihsr�hj[m RzV�B¤%[�X�rm~±hjlRu�[P}Euj[Pf�[�oMh�~gdeo�rxZ
pqk
} � [�hsf�ªE¤%[«¤®lMnE¢�~$X9r=�m[_hjl¨rm~E~$h�XE[«h�usrxo9f�~gn9k�[�u �gWBb�p�o$hjXE[�~gusr=¤�p�oE��lx�"h�XE[ � [�hP 
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¢qrxoE�Mn�rx�M[
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rmo�~�p�hjf¦rmu��MnEZ
[�oMhv} �gWBbgf�º¶rm��fihjujrMk©hjp�oE�«h�XE[3~glmZ¨rxp�o�f#lm�5hjXE[�p�u¦}�rxusrxZ
[�h�[�usf#rxo�~
��rmu�pqrx�E¢�[Pf"hjl«��o�p§hj[
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hjXE[�oElMog¬V}�rxusrxZ
[�hj[�u�pDC�[=~¼f�deo�ksXEu�lMoEpqf�rxh�p�lmo?}Eu�lE~gn�k©h¨º (3[��9oEp§hjp�lMo @M»� /W�XEpqf_p�f_¥eoEl�¤�o,rMf�hjXE[�[=rxuj¢�d
rm}E}Eu�lUrmksX¯hjl
��rm¢�nE[�¬I}9rmfjf{p�oE��f�def{h�[PZ¨f 0 ^¼p�¢ � �EªE^?t � �M�=2V 
yBoRp�o�f{hjrmoMhjp�rxh�p�lmo?lx�#h�XE[�f�def{h�[PZ ~g[=f�k�u�p��5[P~¼p�o /0p��� _�¨p�f_f{XEl�¤�o?p�o /0p��� 3�¨��lmu3�5[�h�h�[Pu3nEo�~E[�u�¬

f{hjrmo�~gp�oE�� �W�XEp�f#p�o�f{hjrmoMh�pqr�hjp�lMo�pqf#~ElmoE[�¤�XE[�o¨k�lmo�f�p�~E[�ujp�oE���_k�lMo�f{n�Z�[PujfPªM�3}Eujlg~gn9k�[�usf�rmo�~�r«�En�3µ[�u
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Consumer[1]

?B.R get()!B.Q get()

?B.R get()

!B.Q get()

!B.Q put(1)

!B.Q put(2)

!B.Q put(3)

!B.Q put(1)
!B.Q put(2)
!B.Q put(3)

Producer[1]

!B.Q put(1)

!B.Q put(2)

!B.Q put(3)

!B.Q put(1)
!B.Q put(2)
!B.Q put(3)

Producer[2]

Q get(1) R get(1)

R get(2)

?P.Q put(1)

?P.Q put(3)

?P.Q put(2)

3

2

0

1
?P.Q put(1)

a∗

?P.Q put(2)

b∗

b∗a∗

b∗a∗

?P.Q put(1)

!C[1].R get()?C[1].Q get()

?P.Q put(1)

!C[2].R get()

?C[2].Q get()

?P.Q put(3)

?P.Q put(2)

a∗ =?C[1].Q get(); !C[1].R get()

b∗ =?C[2].Q get(); !C[2].R get()

Buffer

Q get(2)

Q put(2, 2)

Q put(2, 1)

Q put(1, 1)
Q put(1, 2)
Q put(1, 3)

Q put(2, 3)

Consumer[2]

?B.R get()
!B.Q get()

?B.R get()

!B.Q get()

Q put(1, 1)

Q put(1, 2)

Q put(1, 3)

Q put(2, 1)

Q put(2, 2)
Q put(2, 3)

Q get(1)
Q get(2)

R get(1)
R get(2)
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XEl�¤7hjXEpqf®~Erxhjr�¤�p�¢�¢9�5[
Z¨rx}�}9[=~$p�o$hjXE[ oE[�¤ k�lmZ
}5lMoE[�oMh= 
z­o�lMnEu���lmujZ
rm¢�pqf�Z�ªUhjXEpqf�h�uj[�[_hjusrxo�f{��lmujZ
rxh�p�lmo�rxo�~�f{hjrxh�[«h�usrxo�f{��[�u�p�f�[�°e}�u�[=f�f�[P~�lMo$h�XE[ X�p�[Pujrmu{¬

ksXEpqk�rx¢£} � [�hjfPª�rmf%h�X�[«��lm¢�¢�l�¤�p�o��
f�[P´UnE[�o9k�[«lx��f{h�[P}�f15

B �En�p�¢q~¼hjXE[/o�[�¤½XEp�[�usrxuskjXEpqk�rm¢G} � [�hPª¹�ed�uj[�}E¢qrmk�[�Z
[�oUh3lm�#hjXE[/h�usrxo�f{��lmujZ�[=~�}9rxu�hP¸£k�rx¢�¢ S ′ hjXE[f�[�Z¨rxoUh�pqk�f�lm�0h�XEpqf�oE[P¤Sf{dgf{h�[�Z�¸
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B ~g[���oE[�r�Z¨rm}E}Ep�o��_�9[�h­¤%[�[�o
rmk�h�p�lmo�f"p�o)hjXE[�lmujp��Mp�o9rx¢Urmo�~�h�XE[�oE[P¤�f�dgfihj[�Z¨fPª���rmf�[P~)lmo�r3n�f{[Pu{¬
~g[���oE[P~)Z¨rm}E}Ep�oE�3�5[�hi¤®[�[Po)h�XE[�rMk©h�p�lMo�o�rmZ
[Pf"rmo�~�}�rmujrmZ�[�h�[PujfGp�o�hjXE[%u�[P}E¢qrmk�[=~�k�lMZ
}5lmoE[PoMhP¸

B pq~g[�oUh�p���d¨h�X�[«f�[�h T lx�"fihsr�h�[=f®lMo¯h�X�[_p�o�p§hjp�rm¢¹f�def{h�[PZ ¤�XE[�uj[�h�X�[_uj[Pk�lMog���mn�ujr�hjp�lmo¯pqf®}5lUf�f�p��E¢�[M¸

B �En�p�¢q~�r
f�deo�kjXEujlmo�p�f�[P~�}Eujlg~gn9k©h�lm�0h�X�[ lm¢q~�rxo�~�oE[�¤ f{dgf{h�[PZ�ªEn�f�p�o���h�XE[�Z
rm}E}Ep�oE�
lm�"lm¢q~�h�l
oE[P¤�rmk©hjp�lMo�fPª�rxo�~)rm~�~gp�o���p�o)[PrMkjX/fihsr�hj[®lx� T rBh�usrxo�f�p�h�p�lmo t−→ [Po�k�lE~gp�o��Bh�XE[®hjujrmo�fi��lMu�Z¨rxh�p�lmo£¸
¤®[�k�rm¢�¢ T ′ hjXE[ p�Z¨rm�m[_lm� t−→ p�o�h�XEpqf�}Eujlg~gn�k�hP¸

B ��o9rx¢�¢�d¯lm�ghsrxp�o¯hjXE[ k�lMoMh�ujlm¢�¢�[�u�rxnghjlmZ¨r�hjlmo�lm�Gh�XE[_h�usrxo9fi��lMu�Z
[P~�f�dgfihj[�Z�ª A′ ~g[��9oE[P~$�Ud 5"hjXE[f�[�h/lx�Bp�o�p§hjp�rm¢%f{hjr�hj[Pf)lx� A′ pqf T ′ ª"h�XE[�fihsr�hj[Pf)rmo�~²hjXE[¯hjujrmo�f�p§hjp�lMo�f�lx� A′ rmu�[¨hjXElMf�[¯lx� S ′uj[PrMkjX�rm�E¢�[���ujlmZ T ′  
W�XE[¨rmk©hjp�lMo�f_Z¨rx}E}Ep�oE��¤�p�¢�¢#[��m[PoMhjn�rx¢�¢�d?�5[¨~g[��9oE[P~,p�o,h�[Pu�Z¨f_lm�¦hjXE[¨f�lmnEusk�[/¢qrxo��mn�rm�m[/lx�¦hjXE[

rm}E}E¢�p�kPr�h�p�lmoGªe��ngh�h�X�p�f�pqf�lMngh�lm�0h�X�[ fjk�lM}5[_lm�0h�XEpqf�}�rm}5[�u= 

� � �"���¨	�-�� � ��� *,���0.0	����

z­o�lmnEu¦hjlelm¢qfPªM¤®[3n�f�[BhjXE[3Z
lg~Erm¢
µ
¬VkPrx¢qk�nE¢�n�f®rmf%r�}5l�¤%[�u���nE¢9p�oMhj[�ujo�rx¢5¢�rmoE�mn9rx�m[���lmu%¢�lM�mpqk���lMu�Z)nE¢qrmfP 

/�lmu�h�XEpqf�}�rx}5[PuPªg¤®[ }Eu�[���[�u�h�l¨n�f{[�rxo�y�k�h�p�lmog¬V��rMf{[=~�\®lmZ
}Enghsr�hjp�lMo�W0uj[�[ �£lm�Mp�kPf«º¶y�\%W �vª�f�[�[«[M  �9 
0 ( � 13�M��2¿»�ªghjX�r�hBZ¨r=d��5[«Z
lMu�[ f{nEp�hjrm�E¢�[_��lmuBr�XenEZ¨rxo�u�[=rm~g[PuP 

�m  ��Á �
. ÅeÂ � Á 
 � 5 � [ ¤%rxoUh rxh �9ujf{h hjl��m[Pu�p���d hjX�r�h hjXE[ ~g[P}E¢�l�deZ
[�oUh ��lMu r�k�lmZ�¬
}5lMoE[�oMh pqf rm¢�¤�r=dgf�f�n�k�k�[Pfjfi��nE¢I  W�XEp�f pqf ~glMoE[ �ed }Eu�l��ep�o�� h�XE[ y�\%W � ��lMu�Z)nE¢qr

[true]
√ º{�=»«º¶rx¢�¢£}�r�hjX�f�¢�[PrM~�h�l¨f�n�k�k�[Pfjfj»

p�o¯h�X�[_f�deo�kjXEujlmo�p�fjr�hjp�lMo
}�u�lg~En�k©h%�5[�hi¤®[�[Po¯h�X�[_k�lmZ
}5lmoE[PoMh�k�lMoMh�ujlm¢�¢�[�u®rmo�~¯p§hsf%~g[P}E¢�l�deZ
[�oUhP 
W�XEpqf���lmujZ)nE¢�r�pqf%hju�nE[«��lmu�hjXE[�~g[�}E¢�l�deZ�[PoMhBlx�

C
º,/"p��9 v�m»� 

y f�[Pk�lMo�~ }Eu�lM}5[�u�h­d ¤®[ ¤®lmnE¢q~ ¢�p�¥m[ hjl �m[�ujp§��d pqf hjXE[ rx��f�[�o�k�[ lx� [Pu{¬
ujlmu�~gnEujp�o�� hjXE[ ~g[P}E¢�l�deZ
[�oMh=  W�XEp�f�p�f�~glMoE[ �Ud }Eu�l��ep�oE� hjXE[ ��lMu�Z)nE¢qr

EFtrue < OE > false
ºI�m»

p�o¯h�X�[_f�deo�kjXEujlmo�p�fjr�hjp�lMo
}�u�lg~En�k©h%�5[�hi¤®[�[Po¯h�X�[_k�lmZ
}5lmoE[PoMh�k�lMoMh�ujlm¢�¢�[�u®rmo�~¯p§hsf%~g[P}E¢�l�deZ
[�oUhP 
W�XEpqf�}Eujlm}5[�u�hid7pqf�rx¢qf{l�h�ujnE[,��lmu$hjXE[±~g[P}E¢�l�deZ
[�oUh�lm�

C
  ÇBl�¤®[��m[PuPª�p�oSr¾fjk�[�o�rmu�p�l��m[�ujd

uj[PrMf{lMo�rx�E¢�[mª�¢�[�h�� f#f�nE}E}5lUf{[®hjXE[�n�f�[�u#f{hjrmu{hsf0h�XE[�k�lmZ
}5lmoE[PoMh
C
r�h�hjXE[�[�o�~/lm��h�X�[�~g[�}E¢�l�deZ�[PoMh

º¶¤�XEp�ksX Z
[=rxo�f�h�l7rM~E~ r
!start

h�usrxo�f�p�h�p�lmo'�5[���lMu�[Rh�XE[±fihsr�hj[ √ »©  �Bo9~g[�u$hjXEpqf�fjk�[�o9rxujp�l
hjXE[
}Eujlm}5[�u�hid�pqf_oElmh_hju�n�[
rxoedeZ�lMu�[�º¶[��m[�o,h�X�lmnE�mXRhjXE[¨~g[P}E¢�l�deZ
[�oMh pqf_}5lUf�f�p���¢�[�»©ªGrxo�~?hjXE[
Z
lg~g[P¢§¬­kjX�[Pks¥Up�oE� h�lelM¢��mp��m[Bn�fvh�X�[3k�lMnEoMhj[�u�¬I[�°ErmZ
}E¢�[Bf�XEl�¤�o¨p�o /"p��� %�M��º � lmh�[BhjX�r�h®¤®[�¢qrx�5[P¢
f�n�k�k�[Pfjfi��nE¢Gf{deo�ksXEujlmoEpqfjr�h�p�lmo�f%�5[�hi¤®[�[Po$hjXE[�rmk�h�p�lmo�f

?α
rmo�~

!α
rmf

α
»

W�XE[,[�uju�lMu¯p�f$�5[Pk�rmn�f{[?h�XE[,uj[P´UnEp�u�[=~7p�oMhj[�u��¶rmk�[
C.Ilog

Z¨r=d �5[Rn�f�[P~ �5[���lMu�[Rp�h$pqf��5lmn�o�~¹ª
¤�XEpqksX�p�o��¶rMk©h�p�f)h�ujnE[$f�p�o9k�[¯hjXE[$p�oUh�[�u��¶rmk�[

Ilog

lm�
C
¤�p�¢�¢%�5[��5lMnEo�~�rxh)h�X�[�o�[�°eh�¢�[P�m[�¢®lm�

XEp�[�usrxusksXUd�º¶¤�XE[�o�~g[�}�¢�l�dep�oE�
System

»© �W�X�p�f�[�°ErxZ
}E¢�[¯rx¢qf�l¼f{XEl�¤Bf n�f«hjXE[¯p�Z�}5lMu{hsrxo�k�[
lx�
hjXE[ XEp�[�ujrmujksXEpqk�rm¢5�5[PX�r=�ep�lmnEu�lx��f{hjrxu�hBrxo�~�f{h�lM}£ 
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 �x��� Å�
 �0.�� Á �0���7� Å 
0� 5 � [)¤®lmnE¢q~�¢�p�¥m[�h�l��m[�ujp§��d$h�XE[/rm��f{[Po�k�[�lx�#[Pu�ujlmusf�~gnEujp�oE��r¨u�n�og¬
oEp�oE�/}EX�rMf{[MªUpI  [M "h�XE[«rx��f�[�o�k�[�lx�G[�ujujlmujf¦rx�qhj[�u®h�X�[_~g[P}E¢�l�deZ
[�oMh�nEoMhjp�¢¹r)oE[�¤'uj[Pk�lMog���MnEujr�hjp�lMo
}EX9rmf�[m  � [�kPrxo��m[Pu�p���d²h�X�[$}Eujlm}5[Pu{hid²p�o¾rRk�lmZ
}5lmo�[�oMh��Ud�}Eujl��ep�oE�?h�XE[�yB\%W � ��lmujZ)nE¢�r�5

EF¬OD
< OE > false

ºN�M»
pqf%hju�n�[«p�o�p�hjfBf{hjr�hjpqk«rxnghjlmZ¨r�hjlmo£  /ElMu�p�o9fihsrxo�k�[MªehjXE[ }Eujlelx�0pqf�f�n�k�k�[Pfjfi��n�¢µ��lmu

System
 

y�oElxhjXE[�u¯}Eu�lM}5[�u�h­d�¤®[�¤%lmnE¢q~¾¢�p�¥m[�hjl±}Eujl��m[±º�[�°UhjujrMk©hj[P~���lmu¨[�°ErmZ�}�¢�[���ujlmZ h�XE[¼n�f�[�u¨uj[�¬
´UnEp�u�[PZ
[�oMhsfj»%kPrxo��5[_h�X�rxh�[P�m[�ujd¯k�rm¢�¢µhjl�h�XE[«��nEo�k©hjp�lmo

foo()
p�o$hjXE[«p�oMhj[�u��¶rmk�[

Ic
lx�

A
h�l�hjXE[

p�oMhj[�u��¶rmk�[
Ip
lx�

B
pqf�[P�m[�oMhjn�rx¢�¢�d¯¢�lm�M�m[P~�p�o

Logger
 

W�XEpqf�p�oE[P�Up�hjrm�Ep�¢�p�h­d$}Eujlm}5[Pu{hid¯pqfBksXE[Pks¥m[P~��Ud$�m[�ujp���dUp�oE�
p�o�hjXE[)fihsr�h�pqk rxnEh�lmZ¨rxh�lmo�lm�
SystemhjXE[�yB\%W �²��lmujZ)nE¢qr(5

AGtrue[foo(A.Ic,B.Ip)] A(true¬OD
Ulog(C.Ilog,Logger.Ilog) true)

º�@U»
bep�o�k�[�¤®[�rmu�[�}Eujl��ep�oE�Rh�X�[�}Eujlm}5[�u�hid²��lMu¨rR��nEo9k©h�p�lmo9rx¢�}EX�rMf{[Mª#/�lmujZ)nE¢�r7º @e»/p�oUh�ujp�o9f{pqk�rm¢�¢�d
��lMu��Epq~Ef�[�°eh�[Pu�o�rm¢¦k�lmoUh�ujlm¢¦rmk�h�p�lmo�f¯º ¬OD

»_h�l?X�rm}E}5[�o£ �z­o /"p��MnEu�[¼���$¤%[¯f�XEl�¤�hjXE[�f{hjrxh�pqk
rmngh�lMZ
rxh�lMo¼��lMu

System
¤�X�[�oR��lmuj�Epq~E~gp�oE�$[�°ehj[�ujo�rx¢�k�lmoUh�ujlm¢"lm}5[�usr�hjp�lmo�fP  � [¨k�lmo�f�pq~g[�u«rmo

p�o�f{hjrxoUh�pqr�hjp�lMo�¤�XE[�uj[
Logger

X9rmf�r�¢�lm�m�Mp�o���k�rm}�rmk�p§hid¯lx�#��º
n = 2

p�o /"p��9  @M»� 

!"#$%&'!"#()"##*+&'!"#,

-""$.&'/(0&'1,

!"#$%&'!"#()"##*+&'!"#,-""$.&'/(0&'1,

-""$.&'/(0&'1,

2'*345&-""$, 2'*345&-""$,

2'*345&-""$,

2'*346&+*7*4$,

2'*346&+*7*4$,

2'*346&+*7*4$,

2'*346&+*7*4$,

2'*346&+*7*4$,

2'*346&+*7*4$,

/"p��mnEuj[
�=��5
S\OC

��lmu
System

/�lmujZ)nE¢qr7º @e»�p�f
�¶rx¢qf{[�p�o
System

rxo�~¾h�XE[¼Z
lg~g[P¢§¬­kjX�[Pks¥Up�oE�,hjlelm¢��Mp��m[�n�f
h�X�[?~gp�rm�moElUfihjp�k
f�XEl�¤�o$p�o /0p��� ��P�E 
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/0p��mn�u�[
�P��5"t¦u�lM}5[�u�h­dRº�@U»�~gp�rm�moElUfihjp�k3�¿lMu
System

W�XEpqf¯~gpqrx�MoElMf{h�pqk�p�f�f{XEl�¤�p�oE�±n�f¨lMoE[¼kPrmf�[�¤�XE[�uj[�hjXE[ /ElMu�Z)nE¢qr º @e»�pqf
�¶rx¢qf{[¼�5[PkPrxn�f�[�hjXE[
�5[PX�r=�ep�lmnEu�lm�

System
k�rxo��¶rx¢�¢�p�o rxo¾p�og��oEp�h�[�¢�lelM}�lx��hjXE[�rMk©hjp�lMo

?Iext.reset()
r��¿h�[Pu�h�X�[

rMk©h�p�lmo
foo(A.Ic,B.Ip)

  W�XE[Po7h�X�[?k�lmZ
}Enghsr�h�p�lmo7h�uj[�[?k�lmoMhsrxp�o�f
h�usrmk�[=f
¤�XE[Pu�[�h�XE[Rrmk�h�p�lmo
log(C.Ilog, Logger.Ilog)

oE[��m[Pu�X�rx}�}5[�o£ªgh�XEpqf�pqf�¥eoEl�¤�o�rmf�rxo�nEoE�¶rxp�u�}�rxh�X£ 
� [®oE[�[=~«hjl3rM~E~�r�k�lmo�f{h�usrxp�oMhGh�l_r=�mlMpq~_h�XE[%p�og�9oEp§hj[�¢�d«¢�lelM}�f�XEl�¤�o�p�o /"p��9 ¦�=���ed k�lMo�f{pq~g[Pu�p�oE�
lMoE¢�d��¶rxp�u
}�r�hjX�f�º¶pI  [�¤�XE[Pu�[$h�X�[�k�lmo�f{h�usrxp�oMh
X�rx}�}5[�o¾p�og��oEp�h�[P¢�d�lx�¿hj[�o9»/¤�XE[Po¾}�u�l��ep�oE�RhjXE[
}Eujlm}5[Pu{hidm �z­o�}Eusrmk©hjp�f�[mªeh�XEpqf�pqf�[�°g}Euj[Pfjf�[P~¯p�o$hjXE[«¢�lm�Mp�kPrx¢5��lmujZ)nE¢�r�p§hsf{[P¢§�i vW�X�[�o /�lmujZ)nE¢�r�º�@U»
�5[=k�lmZ
[Pf%hjXE[«��lmujZ)nE¢qr(5

AGtrue[foo(A.Ic,B.Ip)] AG¬log(C.Ilog,Logger.Ilog)EF¬OD
< log(C.Ilog, Logger.Ilog) > trueºI�m»

W�XEpqf���lmujZ)nE¢qr/[�°g}Eu�[=f�f%h�X�rxh�r��¿hj[�uBr
foo(A.Ic,B.Ip)

rmo�~$¤�XEp�¢�[
log(C.Ilog, Logger.Ilog)

pqf�oElxh
uj[PrMkjXE[=~¹ª

log(C.Ilog, Logger.Ilog)
pqf¯uj[PrMkjX9rx�E¢�[�p�o'r±��o�p§hj[RoUnEZ)�5[Pu�lm�_hjujrmo�f�p§hjp�lMo�f?º�¤�X�p�ksX

r��mlmpq~¯h�X�[ nEog�¶rxp�u�}�rxh�X�fs»� 
Ç�l�¤®[P�m[�u=ªe¤®[ rmu�[«k�lmo�f�pq~g[�ujp�oE�/h�X�[ rMf�f�nEZ
}gh�p�lmo$h�X�rxh

System
pqf�p�o¼rxo�[�oe�Up�ujlmoEZ
[�oUh�¤�X�[�uj[

hjXE[�Z
[�h�X�lg~
reset()

lx�¹p�hjf¦}Eujl��Upq~g[=~�p�oMh�[Pu{�¶rMk�[
I1
p�f¦p�og��oEp�h�[P¢�d
lx�¿hj[�o¯p�oe�mlm¥m[=~¹  � [3f�XElmn�¢�~
�5[

kPrxuj[���nE¢�rx�5lMngh#h�X�lMf�[�rMf�f�nEZ
}ghjp�lMo£ªx��lmuvp�o�f{hjrxo9k�[Bf�nE}E}5lMf�[�h�X�rxh#hjXEp�fvp�oMhj[�u��¶rmk�[�p�fv�Ep�o9~gp�o��«hjl�r
�EnEh{h�lMo/lx�9r��Mujrm}EXEpqk�rx¢Mp�oMhj[�u��¶rmk�[¦��lMu0h�XE[%n9f{[Pu65£p��9¤®[®¤�rxoMh"h�l_}Eu�l��m[vhjXE[�k�lMu�uj[Pk�h0rmngh�lMoElmZ
lMn�f
�5[PX�r=�ep�lmnEu�lm��lmnEu�f�dgfihj[�Z�ªEpI  [M ®¤�p§hjXElmngh�n�f�[�uBp�oMhj[�uj�m[�oMhjp�lmo£ªEh�XE[Po�¤%[�f�XElmnE¢q~�k�lMo�f{pq~g[Pu�h�X9r�h
hjXE[¦u�[=f{[�hG�Engh{hjlmo�pqf£oE[P�m[�uG}Euj[Pfjf�[P~¹  � [¦[�°e}�u�[=f�f¹h�X�rxhG�ed«rm~E~Ep�oE��hjXE[¦u�[=fihju�pqk©hjp�lmo«lx�go�lmog¬Vu�[=f{[�h
rMk©h�p�lmo±º ¬?Iext.reset()

»�ªgh�X�[�o�h�XE[«��lMu�Z)nE¢qr��5[Pk�lmZ
[Pf65
AGtrue[foo(A.Ic,B.Ip)] AG¬log(C.Ilog,Logger.Ilog)EF¬(OD∨?Iext.reset()) < log(C.Ilog, Logger.Ilog) > trueº � »
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/0p��mn�u�[
��@ 5"t¦u�lM}5[�u�h­dRº � »�~gp�rm�moElUfihjp�k3�¿lMu
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