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��JCIKI5T�N5D,QS7�T�B"@KJ�RCNKB���8��5V�4OJL�"����>
�$�"����>���N�QST� sF�V�R9NZIEDUQ9NZ25PSPSV	2¡DCNAF�HC4ON¢RSQS7£R9N�T�N�¤�7

AX ¥ AF ¥
AG ¥ AU ¦ 7§N5D,QS7�6SJSP,798M¨©DANAF*HA4�N§ª{@APK 9DUQS79«§@AQ925T�25PSPSV"¬
N�R925QCJ9DCN�Q9N�@=
®��"����>���N�QST� �F*V�RCNZIED,Q9NZ25PSP,V	2�DANAF*HA4�N¢RSQS7¢RCN�T�N�¤�7

EX ¥ EF ¥
EG ¥ EU ¦ 7§N5D,QS7�6SJSPS7C8M¨©DANAF*HA4�N§ª{@APK 9D,Q,79«§@AQ925T�25PSPSV�¬
N�R925QCJ9DCN�Q9N�@=

¯�IGF*7
ϕ
¨°�$�"���C����N�QST� sF�J ¥ DAN ¬ϕ ± 45@A7U@KJ=F�25P=DUPCJ¢®*���²�C����N�QST� sF�2 ¥7£PCJCNZYZN�Q9N5D

³´F,8µ®*�"���¶��N�QST� sF;T�NK·¸PCN_RSQ92GB��*8*@OF,8�D,H�I5@C7CB�2EDC2GF�HGIEDU@EJ ¥B�FU8M�����²�¸¨¹4�N�P=DUQSRSQS7�T�25QSV
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EGψ

¾�Wy4ZW
EGψ

¨¿PCJS75YZNAF*HAÀ�J=8µP925RCNKB"@C7C·¸PCJ=8¢DCN�]�4OJ¶�' ,PS456�7U7
H(Z ) = [ψ1] ∩ EXZ

2KIGF�7¡B�FU8ÁPCJA]ZJKF�HCPCN�Â_@G25Q,À�7UPSV
q0

T$V07UT�2K25T
(S , q0) |= EGψ

DAN£PCJSÂCB�2EDCIs8µR9NZIGF�2GB�N�@EJ9DC2GF�HCP9NZIEDUH-@E25QSÀ�7UP
q0 ¥ q1 ¥ WKWKWvDKWy]�W

(S , qi ) |= EGψ Ã (qi , qi+1) ∈ T .

¾�JS4�4OJS4
S
4�N�P925]�PCJ ¥ PCJ,ÂCB� CDCI{8 i < j : qi = qj¾�N�ÄÅB�J

q0, . . . , qi−1, (qi , . . . , qj )
∗
¨ÆI5@A79B�2EDA2GF*HEIED,@EN�B�F,8

EGψ
W
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EXψ È EFψ È Eψ1Uψ2

³´F,8
EXψ ¥ EFψ

R9NZIED,Q9N�7AD,H�RK CD,H
q0, q1, . . . , qf ¥ DAJ,4�N�Â ¥ ]ADCN

(S , qf ) |= ψ

³´F,8
Eψ1Uψ2

RCNZIED,Q9N�7AD,H�RK 9DUH
q0, q1, . . . , qf ¥ D5JS4�N�Â ¥ ]ADCN

(S , qf ) |= ψ2 Ã (S , qi ) |= ψ1 É�Ê�Ë 1 6 i < f
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^	N�P=DUQSRSQS7�T�25Q�B�F,8������²�¡��N�Q,T� sF*V
ϕ Ð�Ð I5@A7CB�2EDA2GF*HEIED,@EN¶B�F,8®��"���¶��N�QST� sF�V

¬ϕ
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AGϕ

I

?�75IEDC25T	J�R925Q92O¬=NKB�N�@¸IGF�7UÀ�4�N�T�@G2GF�7U4OJ ¥ ]ADCNZY�V�PCJSÂAD,74�N�P=D,Q,RSQS7�T�25Q
X$YZIED,QCJ,456�7C8

Ó"ÔvÕ,Ö�×SØZÙAØZÚGÛ�Ü=Ö¢ÙEÜ=Ô{Õ9ÝGÕSÚAÞ*ÜàßsÕAßsÝGÕEáUÙAØKá
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x:int
Even

Odd�, -3, -1, 1, 3, �

�, -2, 0, 2, 4, �

1, 2, 3, �

�, -3, -2, -1

0

Pos

Neg

Zeroy:int
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��J9�KNZY5��25T�R925QC25T�25PSPSV	2�PCJ¸B�@KJ�T$P9NK·ê2KIED,@KJ
ë ØEì�ØZÖ�Þ�Ü²íÅînïð Ü=ñKØEì�ØZÖ�Þ�Ü�í�òóï

?�ÄsQ= ,RSRS7�QK K25TôIKNZIEDANK8�PS798£I�79B�25P=DU7U]�PSV�T$7¢@A7CB�7�T$V�T$7
R925Q925T�25PSPSV�T$7
�nJ,RSQS7�T�25Q ¥

x1 x2 x3 x4

0 0 0 0

0 0 0 1

0 0 1 0

0 0 1 1

−→
x1 x2

0 0

^nJ,4�N�RSQ92GB�2GF*7AD,H�N5D,PCN�À325PS7A2-R925Q92O¬=NKB�N�@Kõ

öK�O���
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ø	25Q925ÂAD,7£75�¸J9YZIEDUQCJ,4GDUP9N�Ä�N-IKNZIEDANK8�PS798 ¥ 2KIGF*7 B�F,8µ@GIK2O¬4�N�PS45Q92ED,P,V�¬§IKNZIEDANK8�PS7UÂ ¥ R,Q92GB�IEDAJ,@�F�25PSPSV�¬§B�JSP,PSV�TJ9YZIEDUQCJS4EDUPSV�TùIKNZIEDANK8*P,7A25T ¥ T�NK·¸P9NLI{B�2GF�J9D,H�R925QC2O¬KN=B"W

I

I

h

S

S�

�Åú=�O���



÷µ��
����	��/����3�"����½��*än/�#���������
�½û
ýü´þ.ÿ��0�¼�à��'èS��%

SA

¨© ,PS7�@G25Q9I=J=F*HAPCJ=8ÁJ9YZIEDUQCJ,4A6�7C8£I575IEDC25T$V
S

ϕ
¨¿®*���²�¶��N�Q,T� sF�J

S 6|= ϕ =⇒ SA 6|= ϕ

ø	N�75I54�N�À�7AYZN�4
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ø	25Q925ÂAD,7£75�¸J9YZIEDUQCJ,4GDUP9N�Ä�N-IKNZIEDANK8�PS798 ¥ 2KIGF*7£T�N=·¸P9N_RC25Q925ÂCDU77A� ¬=N5DG8£Y�VÒNKB"P9N�Ä�N 4�N�PS45Q92ED,PCN�Ä�N�IKNZIEDANK8*P,7A2 ¥ R,Q92GB�IEDAJ,@�F�25PSP9N�Ä�NB�J,PSPSV�T»J9YZIEDUQCJ,4GDUPSV�TÒIKNZIEDCNK8�PS7525T
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SA

¨ ± 4E�575IEDC25P,6�7ZJ=F*HAPCJK8 JCYZIED,QCJ,456�798¢I57AIEDA25T$V S

ϕ
¨Æ�$�"������N�QST� sF�J

SA |= ϕ =⇒ S |= ϕ
�"25QS7A��7�4OJ,6�798

I

I

h

S

S�

ø�Q9NZYAF�25T	J F�NK·¡PSV�¬_4�N�P=DUQSRSQS7�T�25Q9N�@
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= ø	NZIED,QCN�7CDUH�JCYZIED,QAJS4ED,P= &>0I575IEDC25T� 

SA
? ø�Q9N�@E25QS7AD,H��$�"����I5@EN�ÂAIEDU@GN

ϕ@ ß-A�Ø
SA |= ϕ B

ÔvÕ,ÙCÔ9ÚGÜOÝ9Ù'CGá.ß=Ø9ßsÝGÜ=Ö:C�Õ9×8A�COìDCEÜOÝàß=ñsÕ�E9ß�Ý9ñsÕ,Ö
ϕ F

G Ù2C8H=Ü B Ù'CIE=Ý9Ø¡ÔvÕ,ÙGÝCÚIJCÚAØZÖ�Ü=Ú.íKJGÛEÝ8L πA

ñ
SA B

ñsÜ{ìSÛIMêØ�E�ñ
¬ϕ
ï

N1OQP&R	OTS�UWV�OYX2ZQS-VYX#[-S\X2]
π

Z
S ^ H(π) = πA ^

X-_
π `a _8b\X2c'['c'R�deV3c�Z a _1b a c3VYX2b\_1f	OgRgOYX\V3deV

h:b3i.jgV ^ S\X-_1j�b'R3X2]
i3k.OYX2c3i a.l R8mnRpo.q3rsqut
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ø�Q9N�@E25QS7�T ¥ F�N=·´25P¶F�7M4ON�P=D,QSR,QS7UT�25Q

x1 x2 x3 x4

0 0 0 0

0 0 0 1

0 0 1 0

0 0 1 1

−→
x1 x2

0 0

¯�IGF�7¶F�NK·ê25P ¥ I{B�2GF�JC25T 4OJ,4G &>$�pDAN¢7A�-P925@C7CB"7UT$V"¬MR925Q925T�25P,PSV�¬@C7CB"7UT�N�Â

x1 x2 x3 x4

0 0 0 0

0 0 0 1

0 0 1 0

0 0 1 1

−→

x1 x2 x3

0 0 0

0 0 1

�Åâ=�O���
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AG(go → AXstop)

AGAFgo

go, stop, stop, stop, stop, stop . . .
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ønN�T$PS7CDA29õ

Unlocked Locked

Error

Rel Acq

Acq

Rel do {
KeAcquireSpinLock();

nPacketsOld = nPackets;

if(request){
request = request->Next;
KeReleaseSpinLock();
nPackets++;

}

KeReleaseSpinLock();

} while (nPackets !=
nPacketsOld);
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^nN�P=D,QSR,QS7UT�25Q¶F�NK·ê25PM75�G���=J¡DCN�Ä�N ¥ ]ADCN¶ KIGF�N�@A752�@AV�¬=NKB�JM7A�-6�7�4GF�Jbey�k�mC`�c�z�{}|&|�bDy�k�mC`�c�z~{��Uf�� ¥ PCN�� c���c,fUc,k�{Zc&�Zi�gCbD��a�m9` T�N=·´2ED75I5R9NAF*P,7CDAI{8¢DCNAF�HC4�N_@CT�2KIEDA2�I bDy�k�m9`�c�z~{I�&�
��@G2GB�25T¼YA sF�25@� £R925Q925T�25PSP= &>��

� |��{bDy�k�m9`�c�z~{�|D|�bDy�k�m9`�c�z�{��,f��~�
RSQ9NZIGF�2GB"7�T ¥ 4OJ,4�N�R925QCJ9DCN�Q,V0T�25PK87>�D��
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