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g pLO�zsOQ4h[lVn}kmtzùR[{���?ÿ����������* ���þ"�$	����$ �^qO����Lkm^qOvz�h�zu�ÌlLt�pL^qR[lLk��hjn}kmRel)hjnùn}pLO-�.��(/ ���þ"�$	��"�# �zsn}hjn}O')
Q�OlVn`� g pLkmz�kxzµQ�RuwLOv�xOvw8\�8kxlLzsO^snqkxlLyPh
zu�ulbt�pL^qRelbk��`h¤n}kxR[l#OwbyeO4{�^sReQ lLRuwbO�JLW¦n}R
lbRuwLO:J�@
hjlLw
h[lLRjn}pLOv^�zu�ulbt�pL^qRelbk��`h¤n}kxR[l:OwbyeOë{�^sReQNlLRÌwLO�JuS,nqR,lLRÌwLO�J�@u� g pLO�z(�ÌlLt�pL^sRelLk��`hjnqkxRel�tRelbwLkmnqkxRelQÌ�{�R[^
n}pbO]n��*R¦z(�ÌlLt�pb^qRelLk��`hjnqkxRel�OvwLyeOvzµkmz�wLO���lLOvw8kmla"Ckxye�b^qOT<�hjz7h�zqkxQ�iL�mOµ{��Llbtvn}kmRel�Rel"nqpLO)O��uOtv�bn}kmRel
pLkmzsn}R[^qkxOvz9R[{cO'�uOt�un}kxR[l4kmlLzsn}h[lLtOvz�~�� JLWua�~�� JuSLa�~�� J�@µR[{�lLRÌwLOz*JLWuauJuSbaÌJ�@7^sOzsi�Ovtvn}kÝYeOv���e�E"�Re^9O'�bh[Q4ib�xO[a
n}pbO�zu�ÌlLt�pL^qR[lLk��hjn}kmRel8tvRelLwLkÝn}kmRel�{�Re^�n}pLO�OwbyeO){�^qReQ JbW�nqR"J�@�kxz%wbO���lLOvw8nqRP\HO)n}^q�bO4kÝ{*hjlLw8R[lL���
km{oÖ� wÔ~â10;W?$Q¬ d2[8ejd\UWhL wÖ� wÔ~â10E@?$�®�Ú20A_W®�¾oÜD$���nqpLkxzTtR[lLwLkmnqkxRel�kmwLOlVn}k���OzTn}pbOPzu�ulbt�pL^qRelbk��`h¤n}kxR[l OwbyeO
h[z,\�OvkxlLy|tRelVnq^qRe�Ø)�kxlbwLOiHOlLwbOlVn`� ~�l�ib^}h[t�n}kxtvO[aChPtR[l�nq^qRe�Ø)�kmlLwLOiHOlbwLOlVn]zu�ÌlLt�pL^qR[lLk��hjn}kmRel#th[l�\HO
kxQ�iL�mOQ�OlVn}Ovw \� zskxQ�iL�xO|zqOvQ:h[ibpLRe^qO
Rei�Ov^}hjnqkxRelbz��²kmnqpLRe�bn�lLOOvwLkxlLy8n}R�O��bh[Q�kxlbOPn}pbO"O��uOtv�bn}kmRel
pLkmzsn}R[^qkxOvz²hjn²^q�bl�) nqkxQ�O
�Ü_�W8�ø�
X Rjn}O�n}pLhjn;lLRÌwLOëJ�@�kxl
"Ckmye�L^sOr<�p�h[z9n}Ro�*h[kÝn9{�Re^�lLRÌwLOz�JbW7hjlLw4JuS%n}R7tReQ�iL�mOvn}O*\�O�{�Re^qOAkÝn9t`h[lTzØn�h[^Øn
O��uOvt�bnqkxRelc��"�Re^�h|Q]�L�Ýn}kmnqpL^qOh[wLOvw#^q�bl�nqkxQ�O4zu�Ìzsn}OvQ�nqp�hjn,zq�LiLiHRe^Øn}z]zs�LzqiHOlLzskmY[O�n}pL^sO`h[wLzva9h
Q�Re^qO
O�ü�tvkxOlVn;r;r�K {�R[^ón}pbkxzCO'�bh[Q4ib�xO*th[l]\HO�Re\bn}h[kxlbOw]\�,^qOwb�LtkmlLy�n}pbO*n}pL^sOO')��*h���\L^}hjlLt�pLkxlby�{�^qReQ'n}pbO
�+�=�0�,�olLRÌwLO²\�]n���RI)��*h/�T\L^}h[lbt�pLkxlLy&1�3543�6b\�)wLO�mOvnqkxlLy�nqpLO²tRelVn}^sRe��OwbyeOA{�^qReQ lLRuwbOëJbU7nqR7lLRuwbO
J�@uabh[lLw:nqpLOl�^sOiL�xh[tkmlLy,nqpLO�zu�ulbt�pL^qRelbk��`h¤n}kxR[l�OwLyeO�{�^qReQ3lLRÌwLO%JbWµn}R]lbRuwLO%J�@,\��h]tvRelVn}^sRe��OvwLyeOj�
g pLkmz�n}^qh[lLzs{�R[^qQ�Ow�r;r�K��*R[�L�xw�tvRelVn�h[kml"n}pLO)zqh[Q4O]h[Q4R[�LlVn%R[{�kxwLOh[�ùi�h[^}hj�x�xOv�xkmzqQ°h[z�nqpLO)Re^skxyekml�h[�
r;r�K'\L�un���Re�L�xw:t^qOhjn}Oën��*R,n}pL^sO`h[wLz*kxlLzØn}O`hjw:R[{ýnqpL^qOvO[aLhjlLwQ��Re�L�xw4i�Ov^s{�Re^sQ3RelLO�zu�ÌlLt�pL^qR[lLk��hjn}kmRel
kxlbzsn}Oh[w"R[{9n���RLaH{�Re^�h:y[kmYeOvl"kxlbzsn�hjl�nqkñhjnqkxRel|R[{9nqpLO3��?ÿ����������* ���þ"�$	��"�# :tRelbzsn}^s�Ltvn� g pLkxz�kxwLOh4kmz
h[l|O��Ìn}OvlLzqkmRel|R[{ónqpLO d2[8e`hNVD[8XYf�154�Ñ`1�ejd�g.e94%nq^}h[lbzs{�Re^sQ:hjnqkxRel4n}p�hjnC�*h[z²�LzqOvw
kml¦nqpLOµr g76 � X zu�uzØn}OvQ
n}R,^qOviL�ñh[tvO�h7w�hjn}h,zu�ulbt�pL^qRelbk��`h¤n}kxR[l:\��zqO����LOvlVn}kñhj��tvRelVn}^qR[�~�LR�����@uauWeW��ø�� X R[nqOënqp�hjn�kmn�kxz;kx�m�xOvyVh[�unqR
^qOviL�ñhjtOT\�Rjn}p�z(�ÌlLt�pL^sRelLk��`hjnqkxRel�OwbyeOzµtReQ�kxlby�kxlVn}RPJ�@�\��tR[l�nq^qRe�9OvwLyeOvzaù\�Ovt`h[�LzsO�nqpLOT^qOvzq�L�Ýn}kxlby
r;r�Kó��Re�L�mw4nqpLOl4kxlLtvRe^q^sOtvnq���)O'�uOt�un}O�lLRÌwLO�J�@7n��²kmtO²{�Re^�h,yekÝYeOvl:kxlbzsn�hjl�nqkñhjnqkxRel)Rj{cn}pLO8��?ÿ���������� ���þ��$	��"�$ 4tvRelLzØn}^q�btvn`� $
"��L^snqpLO^va�km{µn}pbOoy[^}h[l��L�xh[^qkÝn�� R[{��*Re^s� \HOkxlby·iHO^Ø{�Re^qQ�Ow kxl nqpLO8iLh[^}h[�m�xOv��zqOvtvnqkxRelLz|kxz�nqRuR��mkmnqnq�xO
n}RÆ�s�Lzsnqkm{.� tv^qO`h¤n}kxR[l2R[{)iLh[^}h[�m�xOv��n}pL^sO`h[wLzva%n}pLO#r�r�K�kxlÁ"Ckxye�b^qOP<·th[l!\HOonq^}h[lLzØ{�Re^qQ�Ow2kxlVn}R·h
zqO����LOlVn}kxh[�7I#"ùK)a��²pLkxt�p kmz�h�r;r�K �²kmnqp lLRº�+�=�0�,�3lbRuwLOvz¦h[lLw lLR�zu�ulbt�pL^qRelbk��`h¤n}kxR[l OwLyeOvz



EXAMPLE OF PARALLEL SECTIONS (COBEGIN-COEND)

S0:  PARALLEL SECTIONS
9
           SECTION
S1:         . . .
S2:         . . .

           SECTION
S3:         . . .
S4:         . . .

S5:  END SECTIONS

. . . .

synchronization edge

control edge

f(H(I.S4), H(I.S5))
:

U
;

START
9

U
;

S5
9

U
;

U
; S0 [mgoto]
9

S4
9

S2
9
S1
9

S3
9

U
;

U
;

f(H(I.S2), H(I.S5))
:

f(H(I.S4), H(I.S5))  :=  H(I.S4) = concat(H(I.S5), <S3,U>)
:
f(H(I.S2), H(I.S5))  :=  H(I.S2) = concat(H(I.S5), <S1,U>)
:

      goto S0

.   .   .

.   .   .

"ókxye�L^sO=<�m,st�bh[Q4ib�xO%R[{ózsnq^q�Lt�n}�L^sOw"r;r�K��²kmnqp¦tRelVn}^sRe��h[lLw¦zu�ulbt�pL^qRelbk��`h¤n}kxR[lPOvwLyeOz



 �nqpLkxzAnq^}h[lLzØ{�Re^qQ4hjnqkxRel¦kxz²iHRezqzskx\L�mO7\�Ovt`h[�LzsO,nqpLO�r;r�K kxl�"Ckxy[�L^qOk<TkxzëzqOv^qkñhj�xk��h[\L�mO�$�� g pLOv^qO�{�Re^qOjaZ��O
zqOvO%n}p�hjnAr�r�K¯{�^qh[Q�O���Re^q�4t`h[l¦t`hjl|zs�LiLiHRe^snëh0�²kmwLO%^}hjlLyeO�R[{ói�h[^qh[�x�mO�mkxzqQ {�^qReQ kxwLOh[�Ãi�hj^}h[�m�xO�mkxzsQ
n}R
�LzqO�{��L�*i�hj^}h[�m�xO�mkxzsQ n}R
lLR"i�h[^qh[�x�mO�mkxzqQ|����z�{��bn}�b^qOQ��Re^q� a�kÝn0��Re�L�mw�\�O4kxlVn}Ov^qOvzsn}kmlLy
nqR
O��ÌnqOlLw
O��ukmzsn}kmlLyPh[�xyeR[^qkmnqpLQ�z�{�Re^7zqOv�xOvtvn}kmlLy¦�LzqO�{��L�;i�h[^qh[�x�mO�xkmzqQ°{�^qReQúr,�7K%z� 21�3543�6r� WÌ_��.$�nqRPReiHO^qhjn}OTQ�Re^qO
yeOvlLO^qh[�x����Rel|r;r�K7zv�
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g pLO]Q4h[kml
wLkmzsn}kmlLtvnqkxRel|\HOvn���OOl8r;r�K7z%hjlLw�rE�7K7z��xkmOzëkxl
nqpLO]tR[Q4iL�mOvnqOµ{�^sOOwbReQ kml"tR[lLlLOt�n}kmlLy
r;r�K lLRuwbOzM�²kmn}p7tvRelVn}^qR[�uhjlLw,zu�ÌlLt�pL^qR[lLk��hjn}kmRel,OvwLyeOvzùnqRë^sOiL^sOzsOlVn9hr�²kxwLO;zsi�Ovtvn}^s�LQÀR[{bzqO����LOvlVn}kñhj�
h[lLw�i�h[^}hj�x�xOv�eiL^sReye^}hjQ4zv�ó~�l]tvRelVn}^qh[zsnaVrE�7K7zùp�h`YeO�zsOvY[O^}hj�bzsnq^q�Lt�n}�L^qh[�ÌtRelLzØn}^qh[kxlVn}zCh[^qkmzqkmlLyA{�^qReQÀn}pbO
{¼h[t�n�n}p�h¤nAn}pLO7rE�7KÀ�*h[z²wLOvzqkxy[lLOw�n}R)\HO7h@�sQ4h8�ukxQ4h[�x���)i�h[^qh[�x�mO�A��^qOviL^qOvzqOvl�n}hjn}kmRel¦R[{óh)zqO����LOvlVn}kñhj�
iL^sReye^}hjQP��st�bh[Q�iL�xOvz²R[{ónqpLO7zsnq^q�Lt�n}�L^qh[�ýtRelbzsn}^qh[kxlVnqz²{�R[^²r,�7K%z²kxlLtv�x�LwbOWm

B v%[8x�S`[�f�hNxul9[8]pg.eZUWh�[8VTd2[8eZlWg.hNgL[8e$C � O�n�lbRuwLO�ª \HO�h�i�RezØn}wLR[Q4kml�hjn}R[^AR[{�lLRÌwLO�Ekml|nqpLO�I#"óK
nqp�hjn�n}pLOPrE�7K �*h[z4wLO^skmYeOvw {�^qR[QP� g pLOl nqpLO^sO
th[lLlLR[n4\HO"h8wbkx^qOvtvnqOw iLhjn}p·R[{%tR[l�nq^qRe�
wLOvi�OvlLwLOvlLtO,OwLyeOvzë{�^sReQùúnqR�ª kxl�n}pLOµrE�7K)�
 g pLO]O��bh[Q�iL�mO�r;r�K.kml���ye�b^qO:_]h[lLw"Q�Rezsn%I#"ùK7zëYukmRe�ñh¤n}O%n}pLkmz�tvRelLwLkÝn}kxR[lc����rE�7Kë��Re�L�mw
lLRjn7h[�x�mR��Àn}pLO]ib^qOzsOlLtvO4Rj{�h[l��LlLtvRelLwLkÝn}kxR[l�h[�CtvRelVn}^sRe�COvwLyeO[aý�mkx�jO,n}pbO)OwLyeO]{�^sReQD0E<:nqR�0�S
kml��Lye�L^qOT_e� $

B ©7VD1\lWgLd\UWhi1�xuUWejd212f�h�[8Vpd2[8eZlWg.hNgL[8e$C�kÝ{�n}pbO^qOThj^qO,n���R¦wLkxz.�sRekxlVn�tRelVnq^qRe�ówLOiHOlLwbOlLtvO�iLhjn}pLz�{�^qReQ
 ¼h[lLtOvzsnqRe^2$AlLRÌwLOFE'nqR4lbRuwLO%�kxlPhTrE�7KTaLnqpLOlGE th[lLlLRjn�\HOµhAVD1L4WgL[8e�lLRÌwLO
gw3w1�3�6HE'Q]�LzØn
\HOµhTib^qOwbkxt`h¤n}O7lLRÌwLO[�
 g pLO,O'�bh[Q4ib�xO7r;r�KNkml ��ye�L^sO�W]YÌkxRe�xhjn}Ovz�n}pLkmz²tRelLwbkmn}kmRelca�hjlLwPpbOlLtvO,th[lLlLR[në\HOµYÌkmO���Ow"hjz
h)�xOvyVh[�ýrE�7K)�z$

K%kmYeOvl�n}pLOvzqO�zsn}^s�Ltvnq�L^}hj�9tRelLzØn}^qh[kxlVn}zva�kmn%kmz%p�h[^qw�n}R¦Q4h[lLkmiL�L�ñh¤n}O,nqpLO�rE�7K.^qOviL^qOvzqOvl�n}hjn}kmRel8h[zµh[l
kxlbwLOiHOlLwbOlVnëOlVn}kÝn��e�9~�lLzØn}O`hjwca�iL^qR[ye^}h[Q3n}^qh[lLzØ{�Re^qQ4hjn}kmRel�kmz��Lzq�Lh[�x���:iHO^Ø{�Re^qQ�Ow�\��Q4h[kml�n}h[kxlbkxlLy,h
n}kmyepVn²�xkmlL�4\HOvn���OOvl�hTrE�7K�h[lLw|kmnqzAtRe^s^qOzsi�R[lLwLkxlby�zsO����LOvl�nqkñh[��iL^sReye^qh[Q� I#"óK%$��
"Ckmye�L^qO�SotR[l�n}h[kxlbz4h�zskxQ�iL�xO�O'�LhjQ4iL�mO�n}Rokx�m�x�LzØn}^}h¤n}O:pbR�� n}pLOPI#"ùKúh[lLw�n}pLOPrE�7K p�h`YeO¦n}Ro\HO
�LiHw�hjnqOw�kxl�h]tRelLzskxzØn}OlVn²Q4h[lLlLOv^7�²pLOvlLOvY[O^�h�iL^sReye^}hjQ.nq^}h[lLzØ{�Re^qQ4hjnqkxRel�kxz�iHO^Ø{�Re^qQ�OwÃ�;I#"ùKJI�_
h[lLw"r,�7KKI�_]tvRelVn�h[kmlPnqpLO�Re^skxyekml�h[��I#"ùKNh[lLw
rE�7K {�R[^ënqpLkxzëO��bh[Q�iL�xOj�²��z�zspLR��²l"kxl
rE�7KLI�_ea
��O�h[zszq�LQ�O7n}p�hjn²nqpLO7RelL����w�hjn�hTwLOvi�OvlLwLOlbtOz�h[^qOT_NM <baý_NM SLa h[lLw�<�M S} D1�3543�6ýhjzqzq�bQ4O7n}p�h¤n
lLRÌwLO�_�tR[l�n}h[kxlbz)h"wLOv{�R[{²Yjh[^qkxh[\L�mOPO�a;lLRÌwLO <"tvRelVn�h[kmlLz)h��LzsO¦h[lLw�h"wLO�{�R[{²Yjh[^skñh[\L�mOPO�a�hjlLw
lLRÌwLO:S
tRelVn�hjkxlLz)hP�LzqO�Rj{AY[hj^qkñhj\L�xOQOP$È�"� wLOvzqkm^}h[\L�mO4nq^}h[lLzØ{�Re^qQ4hjnqkxRel�{�Re^7n}pLkmz]rE�7K°Q�kxy[p�n,\HO
n}R4tReQ�\LkxlLO7lLRÌwLOvz�_eaY<:h[lbw
S:kmlVn}R4h4zqkmlLye�mO7nqpL^qOh[w
zskxlLtvO,nqpLO^sO�kxzëlLR4�LzqO�{��L�óiLh[^}h[�m�xOv�xkxzsQ hjQ4Relby
n}pbOQ|�->�R���OvY[O^aÌkmnCkxz�lbR[n;i�R[zqzqkm\L�xO�n}R%^sOiL�xh[tO�nqpLO8R]_SM <�tvRelVn}^qR[�LwLOiHOlbwLOlLtvO�OvwLyeOAkml)rE�7KTI�_
\�4h4_SM <µtRelVn}^sRe�HwLOiHOlLwbOlLtvO%OwLyeOjab\HOth[�LzqO�n}pLOµ_UM <,OvwLyeOëYukmRe�ñh¤n}Oz;n}pbO0ej[CS`[�f�hNxul9[8]pg.eZUWh�[8V
d2[8eZlWg.hwgL[8eP{�Re^µrE�7K7zv� g pLO:R[lL���"nq^}h[lbzs{�Re^sQ:hjnqkxRel�nqp�hjn,t`h[l8\�O4Q:h[wbO�kmlonqpLO�rE�7K nqR��*h[^swLz�Re�b^
yeRVhj��R[{�zqO^skñh[�mk��vkxlLy�lbRuwLOvz4_[a�<uaùS¦kmz�n}R|kxlVn}Ov^qt�p�h[lbyeOTlLRuwbOz�_4hjlLw�W�h[z7zspLR��²l#kxl8I#"ùKVITW|hjlLw
rE�7KVITWu�:�.zqOvi�h[^}h¤n}O�w�hjn�h¦zsnq^q�Lt�n}�L^sO��²km�x�CnqpLOl8lLOOvw#n}R|\�O�Q4h[kxlVn�hjkxlLOvw"n}R
zØn}Re^sO)n}pLO�wLOzskx^sOw
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[
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]
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\
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U
\

CFG # 1 PDG # 1

CFG # 2 PDG # 2
_

data dependence

control dependence

"ókxye�L^sO�S�m 6 OzØn}^qkmtvnqkxRelLzAR[l|nq^}h[lLzØ{�Re^qQ�kxlbyTr,�7K%z



n}pb^qO`hjw]Q:hjiLiLkxlby�Re^ùn�h[zs�7i�h[^snqkmnqkxRel,h[zCkml � Wu_�� �-s�YeOvl]{�Re^�n}pLkmzCzqkmQ4ib�xO;tRÌwLO*Q�R[nqkxRel7n}^qh[lLzs{�R[^qQ4hjn}kmRelca
kmn²kmzAlLOtvOzsz}h[^u�|nqRTzsn}R[^qO7\�Rjn}pPI#"ùKKI�W)h[lbw
rE�7K`ITW)hj{ n}Ov^An}pLO%n}^qh[lLzØ{�Re^qQ4hjn}kmRelc�
g pLOv^qOPh[^qO|lLRozq�Lt�p·zsn}^s�Ltvnq�L^}hj�ëtvRelLzØn}^}hjkxlVn}z�kxQ�i�R[zqOw�Rel·r;r�K7zv�H"�Re^)O��bh[Q�iL�mO[a�hjlG�·I#"ùK th[l
\HOPYÌkxO��*Ovw÷hjz�h�r;r�K�nqp�hjn:p�h[z�lLR#z(�ÌlLt�pL^sRelLk��hjn}kmRel OvwLyeOzÆ ¼O`hjt�p-I#"óK�OwbyeO"kxzTn}^sO`hjnqOw h[z:h
r;r�K tRelVn}^sRe�AOwbyeO�$È� g pbkxz�r;r�K kmzTh�tReQ�iL�xO�n}Ov����zsO����LOvl�nqkñh[�²^sOiL^sOzqOvlVn�hjnqkxRel�R[{ën}pLO¦iL^sReye^}hjQP�
JukmQ4km�ñh[^s���ea[h[l��rE�7K2t`h[l4\�O²YÌkxO���Ow�h[z*h,r;r�K!\�)n}^sO`hjnqkxlLyµO`hjt�p�rE�7K2tRelVn}^sRe� wLOiHOlbwLOlLtvO�OwbyeO
h[z,hPr;r�K©tRelVnq^qRe�9OvwLyeO[aóO`h[t�p#rE�7K w�hjn�h¦wLOvi�OvlLwLOlbtO�OvwLyeO4h[z�h|r;r�K¬zu�ÌlLt�pL^qR[lLk��hjn}kmRel8OvwLyeOja
h[lLw�Oh[t�p�rE�7K3^sOyekmRel
lbRuwLO]h[z�h�r;r�Kù�+�=�0�,� lLRÌwLO[� g pbkxz%r;r�K3kmz�h��ØQ:h8�ukmQ:h[�m���:i�h[^}hj�x�xOv�a�
^qOviL^qOvzqOvl�n}hjn}kmRel�R[{AnqpLO:ib^qReye^qh[Q|�Pr;r�K%z�t`hjl�h[�xzsR
^sOiL^sOzqOvlVn�hA�²kxwbO:zqiHOt�n}^s�LQ�Rj{AkxlVn}Ov^qQ�OwLkxhjn}O
i�h[^qh[�x�mO�mkxzqQ3ye^qh[l��L�ñhj^qkmnqkxOvz�
"Ckmye�L^qO}@8kx�m�x�LzØn}^qhjn}Ovz4pLR��°n}pbO�wLOzskx^qOvw iL^qR[ye^}h[Q�nq^}h[lLzØ{�Re^qQ4hjnqkxRel�{�Re^4nqpLO"O��bh[Q�iL�mO
kxlÓ��ye�L^sO"S
t`hjl·\HO�kxQ�iL�xOvQ4OvlVn}Ow�kml�n}pLO|r;r�K {�^}h[Q�O���Re^q� ��r;r�KbI�_|tvRelVn�h[kmlLz)n}pLO¦Re^skxyekml�h[�*I#"ùKTat�²pbkxt�p
t`hjl \HO|YÌkxO��*Ovw h[z4h#r;r�K �²kmn}p·lLRoi�h[^}hj�x�xOv�xkmzqQ|�·r;r�KcITWotR[l�n}h[kxlbz�nqpLO
rE�7K wLOv^qkÝYeOw·{�^qReQ
n}pbO�Re^qkmyekxl�hj��I#"ùK gw3w1�3�6�r,�7KdI�_"{�^qReQ ��ye�L^sO�SL� g pLkxz�r,�7K t`h[l \HO"YÌkxO��*Ovw÷hjz¦h�r�r�K \G�
n}^sO`hjnqkxlLy�Oh[t�p#tvRelVn}^sRe�9wLOiHOlbwLOlLtvO4OvwLyeO�h[zµh¦r;r�K tvRelVn}^sRe�9OwLy[O[a�O`h[t�pow�hjn}h�wLOiHOlLwbOlLtvO:OwbyeO
h[z7h�r;r�K z(�ÌlLt�pb^qRelLk��`hjnqkxRel�OvwLyeOja�h[lLw�O`h[t�p�^sOyekmRel�lLRÌwLOTh[z%h¦r;r�Kà�+�=�0�,�-lLRÌwLOj��r;r�KeIp<
kxl}�Lye�L^qOp@�zspLR��²z%n}pLO]^sOzs�L�mn7R[{�zsO^qkxh[�xk��kmlLy4lbRuwLOvz)_eaM<baýhjlLw�SL� g pLkxzo�*h[z%Re�L^�wLOzskx^qOvw�iL^qRey[^}h[Q
n}^qh[lLzØ{�Re^qQ4hjn}kmRelc� X R[n}O7n}p�h¤n�r;r�KKIp<�tvRelVn�h[kmlLzëi�h[^}hj�x�xOv�xkmzqQÊ ¼O'�bib^qOzszqOvw�\G��nqpLOp���=�0�,��lLRuwbO�$�a
\L�bnëwLRÌOz²lLRjn²tRelVn�hjkxl|h[l�¦z(�ÌlLt�pL^sRelLk��`hjnqkxRel¦OwbyeOzv�
�8O�tRelLtv�x�LwbO�n}pLkmz]zqOvtvn}kmRel��²kmnqp�h"\L^qkmOv{ëwLkxzst�LzszqkmRel�R[{ëQ4OvQ4Re^u�#tvRelLzskxzsnqOlLt���zqOvQ:hjl�nqkxtvz��JÌkxlLtvO
h rE�7K�kxz
wbO^qkÝYeOvw!{�^qReQ h zsO����LOlVnqkñh[�]ib^qReye^qh[Q|a%kmn}zPtRelVnq^qRe��h[lLw!w�h¤n�h wLOvi�OvlLwLOvlLtOvzoOvlLzq�b^qO
n}pLhjn�n}pbO^qO"h[^qO"lbR�w�hjn�h�^qh[tOvz�¯~ n�kxz4i�R[zqzqkm\L�xO|n}R�tv^qO`h¤n}O�h�r;r�KEn}pLhjn�O'�bpbkx\LkÝn}z�h�w�h¤n�h#^qh[tOja
pLR���OvYeOv^�°~ {)^sO`h[w2h[lLwÒ�²^skmnqO8hjttOvzqzsOz"n}R�n}pbO8zqh[Q4Oo�xRÌt`h¤n}kxR[l h[^qOolLR[nPiL^qR[i�Ov^q��� ye��h[^swLOw÷\G�
tR[l�nq^qRe�*OwLyeOvzTRe^)\��z(�ÌlLt�pL^sRelLk��`hjnqkxRel�OwbyeOzva�n}pbOl�n}pLO|r;r�K
× zTO��uOtv�bn}kmRel�Q:h/�#O��upLkx\bkmn�h"w�hjn}h
^}hjtO[�ó��z�wbkxzqtv�LzqzsOwTkxl,zqOvtvn}kmRel�_ea¤n}pLO*^qOzs�L�mnqzCiL^sOzsOlVn}Ovw�kml,nqpLkxzói�h[iHO^�hjiLiL���µRelb���%n}R�wLOvnqO^qQ�kxlbkxzsnqkxt
i�h[^qh[�x�mO��iL^sReye^}hjQ4z0 ¼tv�ñh[zsz]_�$�� g pLkxz�Q4Oh[lLz�nqp�hjn��*OTh[zszq�LQ�O)h:wbOvn}Ov^qQ�kxlLkmzsnqkxt,h[lLw���O`h[�PQ4OvQ4R[^(�
tR[lLzqkmzsn}OvlLt��"zqOQ4h[lVn}kmtz�{�R[^�r;r�K7z7h[z�{�Re�x�mR��²zv��~ {�h�^qOh[w�h[ttvOzsz%kxz�iHO^Ø{�Re^qQ�Ow"kml"i�h[^qh[�x�mO�M�²kmnqp�h
�²^qkÝn}O*h[ttvOzqz�nqp�hjnCt�p�h[lLyeOvz�n}pLO��xRÌt`hjnqkxRelj× z�Yjh[�x�LOjajnqpLOl]nqpLO�^qOvzq�L�Ýn�R[{bn}pLO�^sO`h[wThjttOvzqz9kmzCh[zszq�LQ�Ow]nqR
\HO��LlLwLO���lLOvw| igw3w1�3�6�h[�x� Q�OQ�Re^(��hjttOvzqzsOzëh[^qO�h[zqzs�LQ4Ovw�n}R]\HO�lLR[l�)?hjnqReQ�kxt�$È��JÌkxQ�kx�ñhj^q���[a[n}pbO�^qOvzq�L�Ýn
R[{ n���R,i�hj^}h[�m�xO��²^skmn}O²hjttOvzqzsOzE�²kmn}p)wbk�{�O^qOvlVn9Y[hj�x�LOvz9kxz9h[�mzqR%�LlbwLO���lbOwc� X R[n}O�nqp�hjn9lLR[l�)?hjnqReQ�kxtkÝn��
kxQ�iL�mkxOz�nqp�hjnµQ�OQ�Re^(�oh[tvtOvzqzqOvz)h[�mRelLOTt`h[lblLR[n]\HO��LzqOvw#{�Re^µz(�ÌlLt�pL^sRelLk��hjn}kmRelq�CnqpLO�tRelVn}^sRe��OwLyeOvz
h[lLw�zu�ulbt�pL^qRelbk��`h¤n}kxR[l8OvwLyeOzµh[^sO)n}pLOTRelL���
Q�Ot�pLh[lLkxzsQ4zµh`Yjh[kx�xh[\L�mO,kml�nqpLO�r;r�K3{�Re^%tRÌRe^qwbkxl�hjnqkxlLy
O��uOvt�bnqkxRel�kmlLzsn}h[lLtOvz]R[{²r;r�K¬lLRuwbOz��MPRe^qO4wLOvn}h[kx�mz,R[l#n}pLkmz]r;r�K°Q�OQ�Re^u��tRelLzskxzØn}Olbt���Q�RÌwLO�
t`hjl \HO|{�Re�blLw kmló� WW<I� � �8OPkml�nqOlLw�n}R8O��Ìn}OvlLw n}pbOP^sOzq�b�mn}z�R[{�nqpLkxzTi�hji�Ov^�nqR#lLRelbwLOvnqO^qQ�kxlbkxzsnqkxt
w�hjn}h8)�^qh[tO') {�^sOO%i�h[^qh[�x�mO��iL^qRey[^}h[Q�z% ¼tv�ñh[zszëW?$*kxl�{��bnq�L^qO=��Re^q� �

f 6�+7�)$A1o����/ > +Ng��8������:��	 ���������
	��	E�:� & &°5 	

JuOvtvn}kmRel @Ì�m_o^qO�YukmO��²zP^qO`hjt�pLkxlLy�wLO���lLkmnqkxRelbzPhjl�h[���Ìzskxz�{�Re^|zqO����LOvlVn}kñhj�µib^qReye^qh[Q�zPgw3w1�3�6�{�Re^PI#"ùK7zv�
JuOvtvn}kmRel�@u� Woib^qOzsOlVn}z�R[�L^:zsRe�x�bnqkxRel�{�Re^4^qO`hjt�pLkxlLy#wLO���lbkmn}kmRelLz4h[l�h[���ÌzqkxzT{�Re^4r;r�K%z�ÀJuOt�n}kxR[lb@u� <
kx�m�x�LzØn}^qhjn}Ovz�Re�L^AzsRe�x�bnqkxRel&�²kÝn}pPh[l¦O��bh[Q�iL�xOj�



MGOTO
h

1 2
i

3

STOP

U
j

T
k

4
l

U
j

START

U
j
U
j

F
m

T
k

START

1

2
i
3

STOP

U
j
U
j
U
j

4
l

U
j

PPG # 1
n

PPG # 2
n

PPG #3
n

2
i U

j
START

U
j

U
j

F
m

STOP

1

U
j
T
k3

4
l

U
j

Ideal parallelism
o

Useful parallelism
p

synchronization edge

control edge

MGOTO
h

"Ckxy[�L^qOk@9m7st�bh[Q�iL�xO%Rj{ónq^}h[lLzØ{�Re^qQ�kxlby)r;r�K%z



q7r5s t @CFvu#w7=yxFz|{À@~}�x7=�� =y�-xF����x%Fv���U�L=y���8x������T�
6 Ot`hj�x��n}pLhjn,hPwLO���lLkmnqkxRel)�"R[{�Yjh[^qkxh[\L�xOP��VD1\U9d2_`12f%h|iL^qR[ye^}h[Q i�RekmlVn0ª©kmloh"I#"ùK km{�n}pLOv^qO�kxzµh
wLkm^qOt�n}Ovw]i�hjnqp�kxlµn}pLO*I#"ùK {�^qReQ*��nqR�iHRekxlVntª zq�Lt�p]nqp�hjn���kxzùlLR[nU�s��kx�x�mOw�ëh[�mRelLy²n}p�h¤nCi�h¤n}p � W8�Ygw3w1�3�6
n}pbO^qO)kmz�lLR�R[nqpLO^%wbO���lLkÝn}kmRel"R[{;Yjh[^qkxh[\L�mOQ� h[�mRelLy:nqp�hjn7i�h¤n}pc�%"�Re�x�mR��²kxlLy�n}pLO)�Lzs��h[��tvRelVYeOvl�nqkxRelÃa
�xO�n 6 s9�ëI#>�å ²` �Í;$�h[lLw 6 s;�ëI#>�±2�'³u wÍq$9wbOlLR[nqOAn}pLO²zqO�n�R[{ÃwbO���lLkÝn}kmRelLzCnqp�hjn�^qOh[t�p�nqpLOAzsn}h[^sn�h[lbw�OvlLw
^qOvzqiHOt�n}kmY[O���"R[{*I#"ùK lLRÌwLO� �\�h[zqkmt]\L�mRut���$�ÍC�µ���mzqRLa��xO�nF�}ô����u wÍq$%wbOlLR[nqO]n}pLO�zqOvnµR[{;wbO���lLkÝn}kmRelLzN�
n}pLhjnµyeOvnQ�8g.X.X�1\l)kxl�lLRÌwLO
Íîgw3w1�3�6C{�Re^o�²pLkmt�p8n}pbO^qO�O��ukmzsn}zµh[lbR[n}pLOv^7wLO���lbkmn}kmRel)���ókml8lbRuwLO
Í�n}R¦n}pbO
z}hjQ4OëY[hj^qkñhj\L�xOëh[z��� �km{���hj�xzqR�h[iLiHO`h[^sz*kml&ÍPnqpLOl����bQ]�Lzsn�{�Re�x�mR����9$��9��lLw��xO�n#«3�/Í� �Í;$�wbOlLR[nqO�n}pbO
zqO�nëR[{CwbO���lLkÝn}kmRelLz7�4nqp�hjn²yeO�no491�ej1�V(UWh�1\l�kxl¦lLRÌwLOkÍßgw3w1�3�6��:hjiLi�Oh[^qz²kml Í8hjlLwPkmzAlLR[n²��kx�m�xOvw�kxl�ÍC�
"�Re^AO`hjt�p�I#"ùK�lLRuwbO%Íóa$�}ô����u wÍ;$²h[lLw�«��/Í- wÍq$²th[lP\HOµtReQ�iL�bnqOw|\G�|hT�xRÌt`hj�cO��bh[Q�kxl�h¤n}kxR[l|Rj{Cn}pbO
zsn}hjn}OvQ4OvlVn}z2�¤kxlLzØn}^q�btvn}kmRelLz�kxl�\�h[zskxtë\L�xRÌt��TÍC� g pbOë{�Re�m�xR��²kxlby%O�����hjnqkxRelLz�t`hjl4n}pbOl:\HOë�LzqOvw:n}R,^qO�xhjn}O
n}pbO 6 s9�ëI#>�åz²� wÍq$²hjlLw 6 s9�ëI#>o±2�'³u �Í;$�zqO�n}z0� W��Lm

6 s9�ëI#>�±���³( �Í;$ ¬  6 s9�ëI#>�åz²� wÍq$� ¡�}ô����u wÍq$\$K¢ «3�/Í� wÍq$6 s9�ëI#>�åz²` �Í;$ ¬ ¢£�¤ iL^sOw
¥ ²§¦ 6 s9�ëI#>o±2�'³u ©¨Z$
g pLOvzqOTO�����hjnqkxRelbz�{�Re^qQ°n}pLO)\Lh[zqkmz�{�Re^�nqpLO)t�xh[zqzskxt`hj�CkmnqO^qhjn}kÝYeO]hj�xyeRe^skmnqpLQ©{�Re^�^sO`h[t�pLkmlLy�wLO���lLkmnqkxRelbz
kxl&�²pbkxt�p�n}pLO 6 s9�ëI#>�åz²� wÍ;$�zqOvnqzëh[^qO%kmlLkmnqkñh[�mk��Ovw�nqRPªLaLh[lLw�nqpLO 6 s9�ëI#>�±���³( �Í;$�h[lbw 6 s9�ëI#>�åz²� wÍq$
h[^sOµkÝn}Ov^}hjnqkmYeOv���4^qOvtReQ�iL�bnqOw¦n}kx�m�ÃlLRTt�p�hjlLyeOµRutvt�L^sz�
~�l�iL^sOi�hj^}hjnqkxRel#{�R[^,Re�b^�zqR[�x�bnqkxRelon}R
nqpLO:^sO`h[t�pLkmlLy"wLO���lLkÝn}kxR[lLz]h[lLh[���Ìzqkmz�iL^sRe\L�mOQú{�Re^�r�r�K%za-��O
h[�mzqR�{�Re^sQ:hj�xk��vOAn}pLO%tvRelLtOvibn²R[{EVD1\l91�ïEe`g.hwgL[8e��C�#O%zqh/�:n}pLhjnAh]wLO���lLkÝn}kxR[l��)kxzoVD1\l91�ïEej1\l�hjn*iL^qRey[^}h[Q
iHRekxlVn�ª km{ùn}pLOv^qO,kxzëh�iLhjn}p|{�^qReQ|�4nqRQªNhjlLw«��kmzë��km�x�xOvw|h[�xRelby�UWX.X�S�UWh._fA{�^sReQV�:n}R�ªT� g pLO,zqOvnqz6 s,�=sE"�å ²` �Í;$²h[lLw 6 sE�=sE"t±2�'³u wÍq$²wbOlLR[nqO,nqpLO,zsOvn�R[{9wLO���lLkmnqkxRelbz²nqp�hjn�h[^qOµ^qOvwLO��LlLOw�hjn²nqpLO�zØn�h[^Øn
h[lLw|OlbwP^sOzqiHOt�n}kÝYeO���¦R[{�I#"óK¯lLRuwbOQ �\�h[zskxt%\L�mRut���$#ÍC�
�8O:Re\LzsO^ØYeO�n}pLhjn�kÝ{AwLO���lLkmnqkxRel¬�"kxzµ^qOvwLO���lbOw�hjn,i�RekmlVnTª©n}pbOl�kmnµth[lLlLR[n�^qOh[t�p�i�R[kxlVnTªTa�hjlLw
YÌkxtvO�YeOv^qz}hu� g pbO^qO�{�Re^qOjabn}pbO 6 s9�ëI#>!hjlLw 6 sE�=sE"#zsOvn}z²h¤nAh[l�4iL^qRey[^}h[Q3iHRekxlVn�Q��Lzsn*\�O�wbkxz��sR[kxlVn`�
"��L^snqpLO^vabkÝ{ùh�wLO��LlLkmnqkxRel��T\HO�xR[lLyez�nqR]lLOvkmn}pbO^ 6 s9�ëI#>®�lLRe^ 6 sE�=sE"�"{�Re^�zqReQ�O�iL^sReye^qh[Q iHRekml�n
ªTaÌnqpLOl�kÝn*Q]�bzsn�\HO�nqpLO�th[zqO�nqp�hjn�n}pLOv^qO�kmz*lLRTI#"ùKÀi�hjnqp:{�^qReQL�]n}R0ª�� g R)iL^sOi�hj^qO�{�R[^*^qOh[t�pLkmlLy
wLO���lLkmnqkxRelbzPhjl�h[���Ìzskxz¦Rel÷r�r�K%zao��O#iL^sR�YukmwLO�n}pLO�{�Re�x�mR��²kxlLy�O�����hjn}kmRelLz��²pLkxt�p÷t`h[l÷\�Oo�LzsOw÷nqR
tR[Q4iL�un}O%n}pLO 6 sE�=s,"�zsOvn}zë�LzskxlLy)n}pbO 6 s9�ëI#>�åz²�zsOvn/m

6 s,�=sE"t±���³( �Í;$ ¬  6 sE�=sE"�åz²� wÍq$� F«��/Í- wÍq$\$K¢
 ¯�}ô����u wÍ;$±° 6 s9�ëI#>�åz²� wÍq$\$6 sE�=s,"�åz²` �Í;$ ¬ ²£�¤ iL^sOw
¥ ²§¦ 6 sE�=s,"�±2�'³( ©¨Z$

q7r´³ t @CFvu#w7=yxFz|{À@~}�x7=�� =y�-xF����x%Fv���U�L=y���8xbµ¶µ·�T�
�8O%lLR��2O'�unqOlLw�nqpLO%O�����hjnqkxRelbz*{�Re^*nqpLO 6 s9�ëI#>Cåz²Th[lLw 6 s9�ëI#>�±2�'³ózqO�n}z²kxl�r;r�K%z²h[z�{�Re�x�mR��²z�C��z
Q�OlVn}kmRelLOw#O`h[^s�xkxOv^aùn}pLkmz]h[l�hj���Ìzqkmz�kxz,t�L^s^qOvl�nq���8^qOvzsn}^skxt�n}Ow�nqR�r;r�K%z�nqp�hjn]tvRelVn�h[kml�RelL���otRelVn}^sRe��)
kxlbwLOiHOlLwbOlVn�zu�ÌlLt�pL^qR[lLk��hjn}kmRel¦OwLyeOvz�m



6 s9�ëI#>�±2�'³( �Í;$ ¬  6 s9�ëI#>�åz²� wÍq$� ¡�}ô����u wÍ;$($¸¢ «��/Í- wÍq$
6 s9�ëI#>�å ²` �Í;$ ¬ ¹º» ¢£�¤ iL^sOw
¥ ²§¦ 6 s9�ëI#>o±2�'³u ©¨~$´¼�½¾   6 s,�=sE"�å ²` �Í;$

g pLOÆ��^szsn|O�����hjnqkxRel {�Re^ 6 s9�ëI#>�±2�'³( wÍq$�kxz�kxwbOlVn}kmt`h[��nqR�n}pLO�zqO����LOlVn}kxh[�7t`h[zsO[��"�Re^�n}pbOozsOtvRelLw
O�����h¤n}kxR[lcacn}pLOTzsOvnµiL^qOvwM wÍq$�^qOv{�Ov^qz%n}R|h[�m��r;r�K iL^qOvwLOtvOzszqRe^sz�R[{�lLRÌwLOpÍÒ ¼tR[l�nq^qRe�COwLyeOTiL^sOwLOvtOvzu)
zqR[^qz�h[lbw z(�ÌlLt�pL^sRelLk��hjn}kmRel OwbyeO"iL^sOwLOvtOzszqRe^sz2$È����z��*O}�²km�x�²zqOvO�kxl nqpLO"O��bh[Q�iL�mO
iL^sReye^}hjQ kml
zqOvtvnqkxRelß@u� <ba;kmn�kxz]kmQ4iHRe^Øn�h[lVnµn}R�zq�b\bn}^qh[tvnTRe�un 6 sE�=sE"�åz²� wÍq$µn}R�OvlLzq�b^qO�n}p�h¤n]n}pLO 6 s9�ëI#>�åz²` wÍq$
zqO�nAwLRÌOz�lbR[n�tvRelLzqOv^sYjhjnqkmYeOv���} ¼kmQ4iL^sOtvkxzqOv����$9kxlLtv�x�LwLO�O��Ìn}^qh]wLO��LlLkmnqkxRelLzv� g pLkmz�zq�L\un}^}hjtvn}kmRelQ�*h[z�lLRjn
lLOvtOzsz}h[^u��kxl#nqpLO�O�����h¤n}kxR[l�{�Re^�n}pbO�zqO����LOvlVn}kñhj��t`h[zsO�kxl�zsOtvnqkxRelß@Ì�m_�\HOth[�LzqO 6 sE�=s,"�åz²� wÍ;$]hjlLw¿ £À¤ ib^qOw
¥ ²§¦ 6 s;�ëI#>�±2�'³u ©¨Z$Th[^sO|tvReQ�iL�xO�n}O����wLkmz��sRekml�n){�R[^4hÓ ¼zsO����LOvl�nqkñh[�J$4I#"ùK nqpÌ�bz4Q4h[��kxlLy�n}pbO
zq�b\bn}^qh[tvnqkxRel|hTlLRI)�R[i|kml�n}pLO7zsO����LOlVnqkñh[��t`hjzqO[�
g pLOµO�����hjnqkxRelbz�{�Re^�n}pLO 6 sE�=s,"�zqO�n}zA{�Re^²h�r;r�K h[^qO7lLR��Àhjz²{�R[�x�xR��²z�m

6 sE�=sE"t±2�'³u �Í;$ ¬  6 sE�=sE"�åz²� wÍq$� F«��/Í- wÍ;$($K¢
 ¯�}ô����u wÍ;$~° 6 s9�ëI#>�åz²� wÍq$\$6 s,�=sE"Måz²` �Í;$ ¬ ¢£À¤ z(�ÌlLt iL^sOw
¥ ²§¦ 6 sE�=sE"t±2�'³u ©¨~$ ¢

²£À¤ tRelVnq^qRe� iL^qOvw#¥ ²�¦ 6 sE�=sE"�±���³( Á¨Z$
g pLO���^szsn�O�����h¤n}kxR[l¯kmz�kxwLOvlVn}kxth[�,nqR n}pLO�zsO����LOlVnqkñh[�Tt`hjzqO[� ���xzsRLa)h[z�kml!n}pLO�zsO����LOlVnqkñh[�)th[zqOja
n}pbO"zqOvtRelLw O��Ì�Lhjn}kmRel kxlbt�x�bwLOz�n}pLO"kmlVn}O^szqOvtvn}kmRel R[{%nqpLO 6 sE�=s,"�±2�'³%zqO�n}z�{�Re^4lLRuwbO�Ít× z�tR[l�nq^qRe�
OwbyeO�iL^sOwLOvtOzszqRe^szTkxl 6 sE�=s,"�åz²� wÍ;$È� g pLO�Q4h[kxlolLO��©h[wbwLkmnqkxRelokxl#nqpLO�zsOtR[lLw�O�����hjnqkxRel#�xkxOvz�kml
kxlbt�x�bwLkxlLy,n}pLOpÑ9e`gL[8e4Rj{ùnqpLO 6 s,�=sE"t±���³ùzsOvn}zA{�Re^AlbRuwLO=Í�× z�f�c8ejd2_9VD[8e`g���UWhNgL[8eTOvwLyeO%iL^sOwLOvtOzszqRe^sz�kml6 s,�=sE"�å ²` �Í;$�� g pLO,�LlLkmRel
ReiHO^qhjn}kmRel|kxz²�LzqOvw�\�Ovt`h[�bzqO)h[lPkxlLzØn�h[lbtOµR[{9lLRÌwLO0ÍoQ]�LzØn��*h[kmnë{�Re^�UWX.X
n}pbO,hjiLiL^qR[iL^qkxhjn}O%kmlLzsn}h[lLtOvz²R[{CkÝn}zAzu�ulbt�pL^qRelbk��`h¤n}kxR[lPOvwLyeO7iL^qOvwLOtvOzszqRe^sz�n}R�tR[Q4iL�mOvnqO%O��uOtv�bn}kmRelc�
��z�h���l�hj�ólLRjn}O[aZ�*O,Re\LzsO^sY[O]n}p�h¤n�OvY[Ol"nqpLRe�LyepPn}pLOµ{�Re�L^�O�����hjn}kmRelLz�zqpLR��²l�h[\HR�YeO)h[ibi�Oh[^ënqR�\HO
Q]�bnq��h[�m���µ^qOvt�L^szqkmY[O[aG�*O²th[l�h�Y[RekxwT^sOt�b^qzqkmRel�hjn�h[l�]y[kmYeOvl4ib^qReye^qh[Q¯i�RekmlVn9\�)OvYjh[�m��hjn}kmlLy�nqpLO²zqOvnqz
kxl�nqpLO%{�Re�x�mR��²kmlLy]Re^swLO^va

6 sE�=sE"�åz²� wÍq$�® 6 s9�ëI#>�åz²� wÍ;$'® 6 s,�=sE"�±2�'³( wÍ;$'® 6 s;�ëI#>�±2�'³( wÍ;$'â
q7r�Â Ã�Ä F�ÅeÆ3�Ø@
~�l¦n}pLkmzëzsOt�n}kxR[lca`�*Oµ�LzqO,h[l|O��bh[Q�iL�xO7r;r�K�n}RTkx�m�x�LzØn}^qhjn}O�nqpLOµ^qO`hjt�pLkxlLy�wLO���lLkmnqkxRelbz²h[l�h[���uzskxz²O�����h�)
n}kmRelLz�{�^sReQ�zsOtvnqkxRel�@u�Ý_e� g pLO²O��bh[Q�iL�xOAiL^sReye^qh[Q h[lbw�kÝn}z;r;r�K÷kxz9zspLR��²l:kmlT��ye�L^sO�Ru� g pLO²O��bh[Q�iL�mO
iL^sReye^}hjQ��*h[z�n�hj�[Ol�{�^sReQ � Wef8�� ¼i�hjyeO7f[d$E�²pLO^sO%kmn#�*h[zAkxlbt�x�bwLOw¦h[z�h[l�O��bh[Q�iL�xO�kx�x�m�Lzsnq^}hjnqkxlLy7n}pbO
wLk�ü4tv�L�mn��:R[{�wbRekxlLy)wLhjn�hT��R��'h[lLh[���Ìzqkmz*{�Re^²hTiL^qR[ye^}h[Q��²kmnqp|O'�uiL�xkmtkmn�z(�ÌlLt�pL^sRelLk��hjn}kmRelc�
g pLO�lLR[n�h¤n}kxR[lFO á'®yO�è�®5OÈÇ�®5O+Éókmzù�bzqOw,n}RëkxwLOvl�nqkm{.�%wbkxzsnqkxlLt�nùwLO���lbkmn}kmRelLz�R[{un}pLO�z}h[Q�O�zqt`hj�ñh[^ýYjh[^qkxh[\L�mO[aO��9~�l¦h[wbwLkmnqkxRelTn}R]nqpLO�kxQ�iL�mkxtkÝn9z(�ÌlLt�pb^qRelLk��`hjnqkxRel�kml:n}pbO�tRe\HOy[kxl�) tRÌOlLw�tvRelLzØn}^q�btvn`aun}pLkmz*O��bh[Q�iL�mO



�$Ê±Ë Ì�á�Ë´ÍÀâ/â/â�'�� ��ÏÎ5��Ð
Ê%Ñ
þ%�"&����'	����ÒÏË Ì9èÓË�Í�â�â/â�$�� "�ÏÎ5��Ð�ÒÑ��ÔÕË Ö�	§�ÏÎ5��Ð
Ê�Ñ

â/â/â�$�� "�ÏÎ5��Ð�Ô�Ñ�%�vË Ö�	§�ÏÎ5��Ð�×�ÑÌ�ÇJË�Í�â�â/âØ%Ø��ÙÏË â/â/â��ÚÏË Ö�	§�ÏÎ5��Ð�ÒÑ
â/â/â��ÛÕË Ì�É/Ë�Í�â�â/â��×ÕË Ö�	§�ÏÎ5��Ð�Ô�Ñ
â/â/â�$�� "�ÏÎ5��Ð�×�Ñ

þ%������(

synchronization edge

control edge

S2

MGOTO
Ü

S6S3

S5

COEND
Ý

S7

S8

S4

S1

U U

U

U

U U

U

U

U

X RÌwLOkÍ 6 sE�=sE"�åz²� wÍq$ 6 s9�ëI#>�åz²` wÍ;$ 6 sE�=sE"t±2�'³u �Í;$ 6 s9�ëI#>�±���³\ �Í;$
J�_ ª ª ª »§O�áD¿

tRe\HOyekml ª »§O�á'¿ ª »§O�áD¿
JLW ª »§O�á'¿ »§O á'¿ »§O�è�¿
J�< »§O á2¿ »§O�è/¿ »§O á'¿ »§O�è�¿
J�@ ª »§O�á'¿ ª »§O�áD¿
J�R »§O á2¿ »§O�è/¿ »§O á'¿ »§O�è�¿
JLf »§O á2¿ »§O�è/¿ »§O á�®5OKè�¿ »§OÞÉ�¿
J�B »§O á'®yO�è�¿ »§O�è/¿ »§O á�®5OKè�¿ »§OÞÉ�¿
JuS »§O á'®yO�è�¿ »§OÞÉ�¿ »§O�á�®yO�è�®5O+É�¿ »§OPÇ�¿

tRÌOlbw »§O á'®5OKè/®5O+É�¿ »§OPÇ�¿ »§O�á�®yO�è�®5O+É�¿ »§OPÇ�¿
"Ckmye�L^qO�R�m st�bh[Q�iL�xO¯i�h[^qh[�x�mO��iL^sReye^qh[Q �²kmnqp O��uiL�mkxtvkmn÷z(�ÌlLt�pL^sRelLk��hjn}kmRelúhjlLw n}pbO�^qOh[t�pLkmlLy
wLO���lLkmnqkxRelbz²h[l�h[���uzskxzAzsOvn}z²{�Re^AkÝn}z²r;r�K



p�h[z9O'�uiL�xkmtkmn�z(�ÌlLt�pL^sRelLk��hjn}kmRelT�LzqkmlLy�n}pbO8�'�� "�Th[lLwQÖ��	§�)ReiHO^}h¤n}kxR[lLz�RelTOvY[OlVn�Y[hj^qkñhj\L�xOvzß��Ð
ÊVa���Ð�ÒLa��Ð�Ô�h[lLw���Ð�×��
"Ckmye�L^qO�R]h[�mzqR]kmlLt�m�LwLOz�n}pLO�zsRe�x�un}kxR[lLz�{�Re^�n}pLO 6 sE�=sE"�h[lLw 6 s9�ëI#>!zqOvnqz�{�Re^�hj�x� n}pLO%r;r�K¯lbRuwLOvz
n}pLhjn#��Re�L�xw:\�O�R[\bn�h[kmlLOw:\G��h[l�kmnqO^qhjn}kÝYeO�wLhjn�h��LR��÷h[lLh[���Ìzqkmz*iL^sReye^qh[Q �bzqkxlby�n}pLO�O�����hjnqkxRelLz�{�^qReQ
zqOvtvnqkxRelÒ@u� Wu� X R[nqkxtO"nqp�hjn 6 s9�ëI#>�åz²` 20�<$4pLh[z¦\�OvOl tReQ�iL�bnqOw-h[z}»§OKè�¿�aC�²pLkxt�p-kxz�h�iL^qOvtkxzsO
zqR[�x�bnqkxRelc�:~�l#tR[l�nq^}h[zØn`aCnqpLO�hjl�h[���Ìzskxz%n}Ovt�pLlLk����LO4{�^qReQ � Wef��,��Re�L�xw8tRelbzqO^ØYjhjn}kÝYeO���okxlLtv�x�LwLOQO á7kml6 s;�ëI#>Cåz²~ �0�<$�wL�LO%nqR]n}pLO%iL^sOzsOlLtvO,R[{ùn}pbO%z(�ÌlLt�pL^sRelLk��hjn}kmRel¦OwLy[O�{�^qReQe0A_�nqRP0�<� �OvY[Ol¦n}pLRe�byep
n}pbO)z(�ÌlLt�pL^sRelLk��hjn}kmRel�OwbyeO)kxz�^qOwb�LlLw�h[lVn2$�� X R[n}O,n}p�hjn�Re�L^%h[lLh[���Ìzqkmz%h[�mzqR�tvRe^q^sOtvnq���PkxwLOvlVn}k��LOzUOÈÇ
h[zAn}pbOµR[lL���:wLO���lbkmn}kmRel�n}pLhjnë^qO`hjt�pLOz²n}pLOpþ%���.��(�zØn�hjnqOQ�OlVn`�
à 6�+,����;+7� á �4(vâ
g pLOT��Re^q�|n}p�h¤n%kxz�Q�RezØn�t�mRezqOv���P^qOv�ñhjnqOw"n}R:Re�L^qz%kmz�\�a"�O^s^}h[lVnqO[a�K%^q�Ll�*h[�xwÃaýh[lLwoJu^skxlLkÝYjh[z}h[l
Rel
tR[Q4iLkm�xO') n}kmQ4O]h[l�h[���uzskxz,h[lLw�R[ibn}kmQ4k��`hjnqkxRel�R[{AO'�uiL�xkmtkmnq����iLh[^}h[�m�xOv�9iL^qRey[^}h[Q�z&� BI�,�²pLkxt�p#\L�Lkx�mwLzµRel
O`hj^q�xkmO^,�*Re^s�:\�¦JÌ^qkxlbkmYjh[z}hjl:Rel�Reiun}kxQ�k��vkxlLyµO��uiL�mkxtvkmn}����i�h[^}hj�x�xOv� iL^qRey[^}h[Q�z=� Wef8� � g pLO��4n}RÌR)iL^qR�YÌkxwbO
w�hjn}h}��R��©O�����h¤n}kxR[lLz){�Re^]n}pLO¦^sO`h[t�pLkmlLy�wLO��LlLkmnqkxRelLzThjl�h[���Ìzskxz)iL^sRe\L�xOvQP�+>�R��*O�YeOv^a*nqpLO¦iL^qRey[^}h[Q
^qOviL^qOvzqOvl�n}hjn}kmRel4h[zqzs�LQ4Ovw4kml]n}pLOvkx^-��Re^q��kxz9h%i�h[^qh[�x�mO�9��R�� ye^qh[iLp� rE"ùK%$��²pLkxt�p�kxz�Q�Re^sOA^qOzØn}^skxtvnqkmY[O
n}pLh[l�hër;r�KT�Z��l�µrE"ùK t`h[lµ\HO�tvRelVYeO^Øn}Ovw�n}R�h�r;r�K)a�\L�bnùn}pLO;tR[l�Y[O^szqO�kmzùlbR[n�n}^q�bO[�9JÌReQ4O9zsi�Ovtk���t
wLk�{ÃOv^qOlbtOz�\�O�n��*OvOl�rE"ùK%z*h[lbw�r;r�K7z�h[^qO�h[z;{�Re�x�mR��²z�-"ókx^qzØn`aenqpLO�rE"ùKÀh[zqzs�LQ�Oz�h,tR[iG�) kxl~�jtvRei�)
Re�bnëzsOQ4h[lVn}kxtvzë{�R[^�hjttOvzqzskxlLy4zqp�h[^sOw
Yjh[^skñh[\b�xOzAkml¦i�h[^}hj�x�xOv�ctR[lLzsnq^q�Lt�n}za~�²pLOv^qO`hjz�n}pbO�r;r�KNh[�x�mR��²z
wLkm^qOt�n²h[tvtOzsz²R[{ùzqp�h[^sOw¦Yjh[^qkxh[\L�xOvz*O�YeO^u�G�²pLO^sO[�AJÌOtR[lLwcaLn}pbO7r,"ùK¯h[zqzs�LQ4OvzAn}p�hjn*n}pLO%i�hj^}h[�m�xO�mkxzsQ
kxz#��O�m��) zsn}^s�Ltvnq�L^qOvw+ ¼h�lbOzsnqkxlLy�R[{ótRe\HOy[kxl�ãÌtvRuOvlLwPh[lLw|wLRVh[�m�Ãzsn}hjn}OvQ4OvlVn}z2$²h[lLw¦n}pLhjnAn}pLOµzsnq^q�Lt�n}�L^sO
kxz,Yukmzqkm\L�xO�kxl�nqpLO�^qOviL^qOvzqOvl�n}hjn}kmRelÒ �nqpLOkm^]h[l�hj���Ìzqkmz)h[�xy[Re^qkÝn}pLQ�z7�LzqO�nqpLO��xO'�ukxt`hj�*lLOvzsn}kmlLy�zsnq^q�Lt�n}�L^sO
R[{*i�h[^}hj�x�xOv��tR[lLzsnq^q�Lt�n}z2$'�;kxlotRelVn}^qh[zsna�r;r�K7zµt`hjl#^qOviL^qOvzqOvl�n]\�R[nqp8zØn}^s�Ltvnq�L^qOvw�h[lLw8�LlLzsnq^q�Lt�n}�L^sOw
i�h[^qh[�x�mO�mkxzqQ|�� g pLkxz�wLk�{ÃOv^qOvlLtO;kxzch[l�h[�mReyeRe�LzcnqR²zqiHOtkxh[��) t`h[zsO�ReibnqkxQ�k��hjn}kmRel�R[{uzsnq^q�Lt�n}�L^sOw,zqO����LOvlVn}kñhj�
iL^sReye^}hjQ4z��LzqkmlLy]hjl�h[\LzØn}^qh[tvn*z(�ÌlVn�h8�:n}^qOvO�^sOiL^sOzqOvlVn�hjnqkxRel:YÌzv�byeOvlLO^qh[��R[ibn}kmQ4k��`hjnqkxRel)R[{czqO����LOvlVn}kñhj�
iL^sReye^}hjQ4z;�LzskxlLy�h]I#"ùK!^qOib^qOzsOlVn�h¤n}kxR[l~$�� g pLkm^qwcauhµr,"ùK!wLkmzsn}kmlLye�LkmzqpLOvz�\HOvn���OOvl�i�h[^qh[�x�mO��tR[l�nq^qRe�
��R�� h[lLwTzqO��Ì�bOlVn}kxh[�LtR[l�nq^qRe����R�� OvwLyeOzva�²pLO^sO`h[z�nqpLO��Thj^qO*nq^qO`h¤n}OwT�Llbkm{�Re^sQ4���7kxlTh%r;r�KÛ ¼O'�uiL�xkmtkmn
z(�ÌlLt�pb^qRelLk��`hjnqkxRelbz�h[lbwPzu�ulbt�pL^qRelbk��`h¤n}kxR[lLz�hjzqzqRÌtkxhjn}OvwA�²kÝn}p|i�h[^qh[�x�mO�ctvRelVn}^qR[�M�LR��Àh[^qOµh[�mzqRTn}^qOhjn}Ovw
�LlLkÝ{�Re^qQ�����kxl�h�r;r�K%$��Y"Ckxl�hj�x���[aHh[z�wLkmzqtv�LzqzsOwokxl
zsOt�n}kxR[lP@u� <uaHnqpLO)h[l�hj���Ìzqkmz�h[�myeRe^qkÝn}pLQ�zAkxl���BbaÃWef8�
\HOtR[Q4O)kmQ4iL^sOtvkxzqO�kxl"n}pbO�ib^qOzsOlLtvO4Rj{*zu�ulbt�pL^qRelbk��`h¤n}kxR[loOvwLyeOvz7nqp�hjn7tv^qRezszµ�mO��ukxth[�C�mOvY[O�xz%zs�Lt�p�hjz
n}pbOµOvwLyeO%{�^qR[Q|0�_7nqR+0E<)kml��Lye�L^qO%Rb�
g pLOv^qO�p�h[z�\HOOvl zqReQ�O
kmlLkmnqkñh[�r��Re^q�·wLRelLO"R[l h[l�h[�����vkxlLy#O��uiL�xkmtkÝn}����iLh[^}h[�m�xOv�ëib^qReye^qh[Q�zQ�²kmnqp h
zqO����LOlVn}kxh[�x����tvRelLzqkmzsnqOlVnCQ�OQ�Re^u��Q�RuwLOv�Y1�3543�6�� WW@uaV_�dua�SI�ø� g pLkxz�kmz�h²Q��Lt�p,pLh[^qwLOv^�iL^qRe\b�xOQ2\�Ovt`h[�LzsO
kmn²kmz²lLOtvOzqzqh[^(�¦nqR:h[lLh[���9�Oµh[�m�ciHRezqzskx\L�mOµkmlVn}O^s�xOh�YÌkmlLyezAR[{CQ4OvQ4Re^u��ReiHO^qhjn}kmRelLz�nqR4�LlbwLO^szsn�hjlLw
n}pbO
^qOvRe^qwbO^qkmlLyµtRelLzØn}^qh[kxlVn}z9{�Re^;h7iL^sReye^}hjQ �LlLwLOv^*h7zsnq^qRelby,Q�OQ�Re^(��tRelbzqkxzØn}OvlLt��TQ�RuwbO�ø�ó~�l4tvRelVn}^qh[zsna
Re�L^�h[l�h[���Ìzqkxzµn}Ovt�pLlLk����LOvzTh[^qO4wLOvY[O�mRei�Ovw�{�Re^,nqpLO�r;r�K°kml|�²pLkmt�p�h[�x�;^qOvRe^qwbO^qkmlLy"tvRelLzsnq^}h[kmlVn}z,{�R[^
n}pbOµiLh[^}h[�m�xOv��iL^sReye^qh[Q©h[^sO%t`h[iun}�L^sOw|\G��nqpLO%tR[l�nq^qRe��hjlLw¦z(�ÌlLt�pL^sRelLk��hjn}kmRel¦OwLy[Oz0 z�s�LzØnëh[zëh�rE�7K
t`hjibn}�L^sOz�h[�x�Hn}pLO7^sORe^swLO^skxlLyTtR[lLzsnq^}h[kml�nqzA{�Re^²h�zsO����LOvl�nqkñh[�ýib^qReye^qh[QQ$��
g pLO�kxwLOhµR[{ÃO��Ìn}OvlLwLkmlLy]rE�7K%z�nqR�r;r�K7zE�*h[z*kml�nq^qRÌwL�LtvOw:\�K"�O^s^}h[lVnqO�h[lbw�M
h[tvO�kml�� RI� auO'�Ìn}OlbwLOw
\� JukxQ�RelLzva����mi�Ov^qlcaAhjlLwb"�O^s^}h[lVn}OPkxlÁ� WIRI�øa²hjlLw·{��L^Øn}pLOv^:O'�unqOlLwbOw \� R[�L^4iLh[zsn��*Re^s�·kmló� WW<I�
h[lLwH� W¤SW�ø� g pLO:wLO���lLkÝn}kxR[l8R[{�r;r�K%z��bzqOw#kxl�n}pLkmz,i�hji�Ov^,kmzµzskxQ�kx�xh[^�n}R¦n}pbO:wLO���lLkmnqkxRel�{�^qR[Q � W¤SW�L�



n}pbOPRelb����wLk�{ÃOv^qOvlLtO|kxz)n}pLhjnTn}pLO|wLO��LlLkmnqkxRel�kxlÒ� WW<I�ë�LzqOvwî�+�=�0�,�Ê1\l�4912f)kmlLzsnqO`h[w�R[{��+�=�0�,�
ej[�l912f�� g pbOTr�r�KNwLO��LlLkmnqkxRel"�bzqOw�kmlF� RbaýWWR���kmQ4iHRezqOvw
zsOvYeOv^}h[�C^qOzØn}^skxtvnqkxRelbz�mëh$²nqpLO)r;r�K7z�tRe�L�mw
lLR[n�tR[l�n}h[kxlP�xRÌRei�) t`h[^s^qkxOvw¦w�hjn�h�wLOiHOlbwLOlLtvOzK �z(�ÌlLt�pL^sRelLk��hjn}kmRelLzD$�aH\~$ëRelb����^sOwL�Ltvkx\L�mO,�mRuR[iLz���O^sO
tR[lLzqkmwLO^sOwca t�$�r;r�K%z�p�hjw¦nqR4zqhjn}kmzs{.�4n}pLO7lLRI) i�R[zsn() wLReQ�kxl�h¤n}Re^�^q�L�mO[a�h[lbwPw~$Ar;r�K7z²p�hjw|nqR�zqhjn}kmzs{.�
n}pbO�iL^qOvwLkxthjn}O')?h[lbtOzØn}Re^*^q�L�mO[� g pLO7r;r�K7z*wLO���lbOw¦kxl:nqpLkxz*i�h[iHO^�p�h`Y[O%lLRelLO�Rj{ýn}pLOvzqO%^qOvzsnq^qkxt�n}kmRelLz�6 Ozsnq^qkmtvn}kmRelLz�h$²h[lLw
\`$²�mkxQ�kmn�nqpLOkm^�r;r�K7zë{�^qReQ¬\HOkmlLy�hj\L�xO%n}R4^qOviL^qOvzqOlVnµh[�m��rE�7K7z²n}p�h¤n�th[l"\HO
wLOv^qkmY[Ow�{�^qR[Q zsO����LOlVnqkñh[�cib^qReye^qh[Q�z��b^sOzØn}^qkmtvnqkxRel�h?$�kxz*h]zqO^skxRe�bz��xkmQ4kÝn�hjnqkxRelTkxl:iL^}h[t�n}kmtO[auyekmY[Ol�n}pbO
kxQ�iHRe^sn}h[lVn�^qR[�xO*ib�ñh/�eOvw4\�]�mRuR[i�)�th[^q^skxOw,w�hjn}h�wLOiHOlLwbOlLtvOz*kml)^qOviL^qOvzqOlVnqkxlLy7�xRÌRei]iLh[^}h[�m�xOv�xkxzsQ�� WIBI�ø�6 Ozsnq^qkmtvn}kmRel�t�$��xkmQ4kÝn}zën}pLOvkx^7r;r�K7z7{�^qReQ \�OvkxlLy|h[\L�mO]n}R|^qOviL^qOvzqOlVn)I#"óK%z� 6 Ozsnq^qkmtvn}kmRel�w~$��xkmQ4kÝn}z
n}pbOkx^�r;r�K7z�{�^qReQ3^qOviL^qOvzqOvl�nqkxlLy,n}pL^sO`h[w�) \�h[zsOw�i�h[^qh[�x�mO��iL^sReye^qh[Q4z�kxlTn}pbOkx^�{��L�x��y[OlLOv^}h[�mkmn��}1�3543�6�än}pbO
r;r�K�{�^qReQ "ókxye�L^sOoW�t`h[lLlbR[n
\HO�O��uiL^sOzqzsOw!kml-nqpLOkm^¦r;r�K Q�RÌwLO�%\HOth[�LzqOokmn¦kmz�i�R[zqzqkm\L�xO"{�R[^
lLRÌwLO%JÌS,n}R,\�O�O��uOtv�bn}Ovw�n��²kxtOj� g pLOo>ëkxOv^}h[^st�pLkxth[� g h[zs��K%^}hjiLpÆ w> g K%$;iL^sReiHRezqOvw�\G�:K%kx^s�jhj^�hjlLw
róR[���Ìt�pL^qR[lLReiHRe�L�xR[z��Ü_ZW���kxz;h[lbR[n}pLOv^�Yjh[^qkxh[lVn;R[{ n}pLOër;r�KTa�h[ibiL�xkmt`h[\L�mO*Relb����nqR7zsn}^s�Ltvnq�L^qOvw:iL^sReye^qh[Q4z
n}pLhjn²t`h[l|\HOµ^sOiL^sOzsOlVn}Ovw"\��n}pLO7pLkmO^}hj^qt�p��wLO���lLOwPkxl�n}pbO�> g KT�

å = ����$%��0�	���:��	������ æ�0
��0�(�+ á ��(�â
~�l�n}pLkmz�i�h[iHO^va���O%Q4R[nqkmYjhjnqOw:nqpLO%�LzqO%Rj{ùnqpLO7r;r�K¯^qOviL^qOvzqOvl�n}hjn}kmRel|kxl�h[lLh[���ÌzqkmzAh[lLw�R[ibn}kmQ4k��`hjnqkxRel
R[{CO��uiL�xkmtkÝn}����i�h[^}hj�x�xOv�ciL^sReye^}hjQ4zv���8O�iL^sOzqOvlVn}Ow�h�zqRe�m�bn}kmRel�{�Re^ë^qO`hjt�pLkxlLy�wLO���lLkmnqkxRelbz�h[lLh[���Ìzqkmz²Rel
r;r�K7z�h[lLw#zspLR��*Ovw�pLR��Nkmnµkmz,Q�Re^qOTiL^sOtvkxzqO:h[lLw8Q4Re^sOTyeOlLOv^}h[�m����hjiLiL�xkmt`h[\b�xO]n}pLh[l8nqpLO4zsRe�x�un}kxR[l
iL^sOzqOvlVn}Ow
kxl!��BÌaHWef8� �
"�Re^9{��bn}�b^qOC�*Re^s� a9��O�kml�nqOlLw�n}RµO��Ìn}OvlLw:nqpLO�^sOzs�L�mnqz�R[{�n}pLkmz�iLh[i�Ov^9n}R�lbRelLwLO�n}O^sQ4kmlLkxzØn}kmtAw�hjn�h�)�^}hjtO�)
{�^qOvO�i�h[^qh[�x�mO�;iL^sReye^}hjQ4z& ¼t�xh[zqz)WPiL^qR[ye^}h[Q�z2$%n}p�h¤n]zq�biLi�R[^sn)Q]�un}��h[��O��ut�m�LzqkmRel�n}pb^qRe�Ly[p�h[t����Lkm^qO')
^qOv�xOh[zqO�zu�ulbt�pL^qRelbk��`h¤n}kxR[lc�Ç	�n}pLOv^�i�R[zqzqkm\Lkx�mkmnqkxOzT{�Re^:{��un}�L^sO}�*Re^s� kxlbt�x�bwLO"O��ÌnqOlLwLkmlLy�zqO����LOvlVn}kñhj�
tR[Q4iLkm�xOv^Th[l�h[���uzskxz4h[lLw·Reibn}kmQ4k��`hjnqkxRelbzTh[�xyeR[^qkmnqpLQ�z� 21�3543�6²tvReQ�Q4Rel�zq�b\�O'�bib^qOzszqkmRel O�mkxQ�kxl�hjnqkxRelÃa
JLJu� tRelLzØn}^s�LtvnqkxRelcaCOvn}tj�z$2{�Re^,�LzqO:Rel�r;r�K7zva�hjlLw�O��ÌnqOlLwLkmlLy�O��ukmzsn}kmlLy�h[�myeRe^skmn}pbQ4z%{�Re^µzqOv�xOt�n}kmlLy
�LzsOv{��L��i�h[^qh[�x�mO�mkxzqQ {�^sReQ¬rE�7K%z�n}RTReiHO^}h¤n}O7Q4R[^qO%yeOvlLO^qh[�x���:RelPr;r�K7zv�

� $�â
���Fç��+7�o/�� +,���;	

g pLO4h[�bnqpLRe^=�*R[�L�xwo�xkm�[O]n}R¦n}pLh[lL��r9^qRj{�OzqzsRe^µ��^sYÌkmlLw#hjlLw8Rjn}pLOv^µQ�OQ�\�Ov^qz7R[{*nqpLO4I*ReQ�iL�bn�h¤n}kxR[l
JÌnq^q�Lt�n}�L^sOz�K7^sRe�Li)h¤n�n}pLOAM8� ~�� g � � h[\HRe^}hjnqRe^(�7{�Re^�I*ReQ�iL�bn}Ov^�JutkmOlLtvO�{�Re^Cib^qR�YÌkxwLkmlLy%h�zsnqkxQ]�b�ñhjnqkxlLy
^qOvzqOh[^qt�pPOlVYÌkx^qR[lLQ4OvlVnë{�R[^�n}pLkmz#�*Re^s� a�hjlLw�>�h[^qkmlLkýJÌ^qkxlbkmYjh[z}hjl¦{�R[^ApLO^²tR[Q4Q�OlVn}zAR[l|nqpLkxzAi�hji�Ov^�

6�+7�V+7(*+,��$�+7	

�á_���J��Àè]�;��wbYeOPh[lLw M8�,�]��>�km�x�ø��� �LlLk���Ow�{�Re^sQ:h[�mk��hjn}kmRel#R[{�{�Re�L^TzqpLh[^qOvw�)�Q�OQ�Re^(��Q4RÌwLO�mz�
�2�E�E�Ç��V(UWe�f�U9d�hwgL[8eP[8e�©#UWV(UWX.X�1�XMUWeZl
nkg�f�hwV'gw��Ñ�h�1\l�Ë~c�f�h�1�]0f�a�i�h[y[Oz�Rb_�<"ã9RVWjSLau���Lye�bzsnµ_�ded?<u�

� W8�µ���éè]�ý��pLRLa 6 �ùJÌOvn}pbkøaùh[lLw+Ob� �]�Hêë�x�mQ:h[lÃ�ÆÈ7[8]�SZg.X�1�VDfëC
©7V�g.ejd�g SZX�12f26
�Z12d2_9e`g¯4�Ñ~12f26�UWeZlß�Y[�[8X f��
��wLwbkxzqR[l�) �8Ozs�xO��[ac_�d?BWRb�



� <I�0O[RepLl 6 �ù���m�xOlÃ�Æn01�S`1�eZl91�ejd21�É�eZUWX5c�f�g�f�y/[8V
Ë~Ñ���f�d�V'g SZh�1\l�ì`UWV�gwU��X�12f&UWeZl�g.h.f
É�SSZX5gLd\UWhwgL[8eßh�[
©7V2[\4WV(UW] ��V(UWe�f�y/[8V�]KUWhwgL[8e���r9p`�'n}pLOvzqkmza 6 kxtOFêëlLkmY[O^szqkmn��[a~>�Re�bzsn}R[lca g :]a�_�d?BW<b�

� SW�0OI�Ìp�)i>ëO^qlby I*pLR�� hjlLw-� km�x�mkñh[Q � �Lw���O�m�k>�h[^s^qkxzsRelc�.I*ReQ�iLkm�xO"n}kmQ4O"h[l�h[���uzskxz�R[{�i�h[^qh[�x�mO�
iL^qR[ye^}h[Q�z�n}pLhjn*zsp�h[^sO�Q�OQ�Re^(�H��©7VD[�d2121\lWg.e948f=[iy�h�_`1#ÉTÈ���Ë��8�7©ÕíqÉ�vox�Ë��8�EÉTÈ��aË~cI]�S`[�f�g.Ñ9]
[8e�©7V'g.ejd�g SZX�12fT[iy�©7VD[\4WV\UW]p]pg.e94Qí;UWe94WÑ�U�4912f�aLi�hjyeOz7_�<eU§ãH_`SL_ea�Oeh[l���h[^u��_�dedVWÌ�

��@8� 6 R[l°I7��n}^qR[lca8MPkxt�p�hjO�Æ>ëkxlLwca�hjlLw©� kx�mzqRelà>ëzqkmOpc� ���un}ReQ4hjn}kmt!K%OlbO^}h¤n}kxR[l¬R[{P�ë�ëK
rCh[^qh[�x�mO�mkxzqQ|� ©7VD[�d2121\lWg.e948fb[iyºh._`1�ÉTÈ�� Ë��I�7©ÏíqÉov î ï�ðÇÈ7[8e/y/1�VD1�ejd21�[8eò©7VD[\4WV(UW]p]pg.e94íqUWe94WÑ�U�491on012f�g�4WeÆUWeZlp��]�SZX�1�]Q1�e`hLUWhwgL[8e�6t©C[8V'hNX�UWeZl86��#VD1L49[8e�a W¤S~ øf?$'mz@¤S�ã�R?Bba�O[�LlLOT_�d?B[db�

� RI�0Ob�q"�O^s^}h[lVnqOTh[lLwoM8�;sA��MPh[tOj�p	�l � kxlLOh[^qk��kxlby�rChj^}h[�m�xO�CI*RÌwLO[��È7[8e/y�3-�C12d�3k�M��1�X y'h._AÉTÈ��
Ë~cI]�Sj3�[8e�©7V�g.ejd�g SZX�12f0[iyo©�VD[\4WV(UW]p]pg.e94QíqUWe94WÑ�U�4912f�aLi�h[y[Oz7_Zf[d"ã _�Bedba�Oeh[l���h[^(��_`d?B@u�

� f8�0Ob��" Ov^q^qh[lVn}O[aÀñT��	�nqnqOlLzØn}Ovkxlca9hjlLwFOb�ý��hj^q^qOvlc� g pLO�r9^qR[ye^}h[Q ��Ovi�OvlLwLOvlLtO|K%^}h[ibp�h[lLw8kmnqzê�zsOokmlî	�ibn}kmQ4k��`hjnqkxRelc��ÉTÈ�� ��V(UWe�f�U9d�hwgL[8e�fa[8eî©7VD[\4WV\UW]p]pg.e94¶íqUWe94WÑ�U�4912fÆUWeZlFË~c�f�hi1�]0f�a
d` N<?$�m <b_�d"ã�<jSVdba�O[�L���
_�d?BVfu�

� BI�0O[O`h[lblLO�"�O^q^qh[lVn}Oja7��km^q�#K7^s�Ll��hj�xwca;h[lbwÓ>�h[^qkmlLkAJÌ^qkxlbkmYjh[z}hjlc�8I*ReQ4ibkx�xO') nqkxQ�O���l�h[���uzskxz)hjlLw
	�ibn}kmQ4k��`hjnqkxRel!Rj{ st�uiL�xkmtkmnq���!rCh[^qh[�x�mO�)r9^qR[ye^}h[Q�z� ò`[8Ñ�V'eZUWX�[iy|©#UWV(UWX.X�1�XkÉ�X�49[8V'g.h._9]0fÓUWeZl
É#SSZX5gLd\UWhwgL[8e�f�aÃ_`dedVfu�� g R�h[iLiHO`hj^2$��

� dI��K7�Lh[lLy 6 ��K7h[R�h[lLwÞè�kmYeOv��Jbhj^q�¤h[^� � RÌt`hjnqkxRel�I*RelLzqkmzsnqOlLt��Ym�JÌnqOiLibkxlLyp*�O��eR[lLw�n}pLO7M|OQ�Re^(�
I*RepLOv^qOlbtO�*�h[^q^skxOv^�E�'e`hi1�V'eZUWhwgL[8eZUWX�È7[8e/y/1�VD1�ejd21T[8e�©#UWV(UWX.X�1�XY©7V2[�d212f2f�g.e94[ab���Lye�bzsnµ_�ded@Ì�

�á_�UI��K7�Lh[lLy 6 �¤K7h[R�h[lLw�è�kmY[O�µJbh[^s�¤h[^��	�l,nqpLO�~�Q�iHRe^sn}h[lLtO;R[{�h[l0s9lLw9) g RI)is9lLw�è�kxO���R[{HM|OQ�Re^(�
I*RelLzskxzsnqOlLt��3kxlÇ"��bnq�L^qO÷I*ReQ�iL�bnqO^·J9�ÌzsnqOQ�z� ©7VD[�d2121\lWg.e948fÒ[iyÓh�_`1�ó%ð%ðôº�'e`hi1�V'eZUWhwgL[8eZUWX
Ë~cI]�S`[�f�g.Ñ9]Ê[8e�õ�g�48_ ©C1�V.y/[8V�]KUWejd21
È7[8]�SZÑ�hwg.e9486ÀöjÑ��8Ñ`[§�WU86Àò�U�S�UWe�a X RZY[OQ]\HO^µ_�dedefu�

�á_e_���ñ)�ëK7p�hj^}h[t�pLR[^q�xRÌRLa��]� � OlLRezs��køakOb� � h[�LwLR[lca%ró��K%kx\L\HRelLzva��,��K%�Libn}hba%h[lbwóOb�C>ëOlLlLOvzqzu�e�
MPOQ�Re^u�:tvRelLzqkmzsnqOlLt��¦h[lLw¦OvY[OlVnëRe^qwbO^qkmlLy)kxl:zqt`hj�ñh[\L�mO�zqpLh[^qOvw�)�Q�OQ�Re^(�4Q]�L�Ýn}kmiL^qRÌtOvzqzqR[^qz�ó~�l
©7V2[�d2121\lWg.e948fr[iy,h._`17óô/h._oÉTÈ�� ��e`h�1�V'eZUWhNgL[8eZUWX?Ë~c8]�S`[�f�g.Ñ9]ò[8eAÈ7[8]�SZÑ9hi1�V-É�VDd2_9g.hi12d�hwÑ�VD1�a¤i�h[yeOvz
_�@§ãbW[fua�M
h/��_`dedeUb�

�á_ZW8��MPkx�xh[lLw K7km^q�¤h[^-h[lLw�I*RelLzsn}h[lVn}kmlLONróR[���Ìt�pL^qR[lLReiHRe�L�xR[z� g pLOò> g K
m|��lú~�lVnqO^qQ�OwbkñhjnqO6 OviL^qOvzqOvl�n}hjn}kmRel%{�Re^ýr9^qR[ye^}h[Q�z;*�hjzqOwµRel,I*RelVn}^sRe�Vh[lbw��%h¤n�hr��OiHOlbwLOlLtvOzv� g Ovt�pLlLkxth[�V^qOvi�R[^sn`a
I*OlVn}Ov^*{�Re^*Ju�LiHO^stReQ�iL�bnqkxlLy 6 Ovz�LhjlLw ��OvYH� )´êëlLkmY[O^qzskmn���R[{ý~��m�xkmlLRekxzvaÌM
h/�|_�dedb_e�ùIAJ 6 � 6 ibn`�
X RL�Ý_�U[S?Rb�

�á_�<I�0Oeh[Q�Oz;K%Rezq�mkxlLy�h[lLw
>ëOlL^u�TMPt`K7km�mn}R[lc� g pLO�Oeh`Yjh � h[lLye��hjyeOrs9lVYukm^qRelbQ4Ovl�n�mC� � pbkmn}O�rCh[iHO^v�
g Ovt�pLlLkmt`h[��^qOvi�R[^sn`a[Ju�Ll]MPkxtv^qRezu�Ìzsn}OvQ4zCI*ReQ�iL�bnqO^óI*ReQ�i�h[l�eaeW?@?@[UëK7h[^qtvkñhA��Y[Ol��LOAM|Re�LlVn�h[kmlè�kmO��7a I*�,aHM
h/��_�ded@u�

�á_`SW�,ró�~**^skxlLt�p�>�hjlLzqOvlc� g pLOµiL^sReye^}hjQ4Q�kxlLy)�xh[lLye�Lh[yeOµI*RelLtv�L^q^sOlVn�rCh[zst`h[� �r�2�E�E����V(UWe�f�U9d�hwgL[8e�f
[8e�Ëq[iy'hw�,UWV2101�e94Wg.ej121�V�g.e94[aLJ�st)�_G W?$�mÝ_�ded§ãbW[U?Rba�O[�LlLOT_�dVfW@u�

�á_�@8��>�kmyep
r9Ov^s{�Re^sQ:h[lbtOT"óRe^snq^}h[l�"CRe^q�bQP�Sõ�g�48_�©C1�V.y/[8V']KUWejd21Nö#[8V'hNV(UWeZ3÷íqUWe94WÑ�U�491%Ë?S`12d�g ï#d\UWhwgL[8eø ìZ1�VDf�gL[8eúùW31û�a`��OvtOQ�\�Ov^µ_`dedVWu�



�á_�RI�µ~isEs,sA���q_9V21\UlÆ�-Ð?h�1�e�f�gL[8e�foy/[8V&©C[8V'h�U��X�1a��S`1�V\UWhwg.e94PË~c�f�hi1�]0f@üNnkV(U(y'hÈýÿþ¤a7"�O\L^s��h[^(� _`dedVWu�
rA_�UeU?<b� SVh�IRb�

�á_Zf8� � � � hjQ4iHRe^sn� >�R�� nqR M
hj�[O÷h�MP�b�mn}kmiL^qRÌtOvzqzsRe^·I*ReQ4ib�bn}Ov^�nqp�hjn I*Re^s^qOt�n}���Çst�bOvt�bnqOz
MP�L�Ýn}kxib^qRÌtOzsz9r9^qRey[^}h[Q�z�~�D�E�,�À��V(UWe�f�3;[8eÆÈ7[8]�SZÑ9hi1�VDf�a�I,)?WWB` ¼d$�m RedeU"ã9Redb_eaeJuOibnqOQ]\HO^A_`dVf[db�

�á_�BI��*�� � Oh[zq�L^sO[�µrChj^}h[�m�xO�ùr9^qRÌtOvzqzskxlLyPMPRÌwLO�ù{�Re^=>ëkxyep � O�YeO��r;^sReye^qh[Q4Q�kxlby � h[lLy[��h[yeOvz�7��iL^skx�
_�ded[Sb� ��^qhj{ n"iL^sReiHRez}h[�µ\�Ò:o<?>o@ tvReQ�Q4kÝnqn}OvO�R[{)n}pLO#��Q�O^qkmt`h[l X hjnqkxRel�hj��J�n�h[lLwLh[^qw2{�R[^
~�lb{�Re^sQ:hjnqkxRel�r;^sRutvOzszqkxlby�J9�ÌzØn}OQ�z�

�á_�dI�0Oeh[Oi�skml � OOja#Juh[Q]�LOv��ró��MPkxwL��k�{Ca�h[lbw^�%h�YÌkmw¬����róh[wL��hu� I*Relbt�L^s^qOlVn2JÌn}hjn}kmtÀJukmlLye�xO
��zszqkxy[lLQ4OvlVn|"�Re^sQ h[lLw I*RelLzsn}h[lVn�r9^sRei�h[yVh¤n}kxR[l¯{�Re^Pst�uiL�xkmtkÝn}���!rCh[^qh[�x�mO�Tr9^qR[ye^}h[Q�z� ~�líqUWe94WÑ�U�4912f
UWeZlad2[8]�SZg.X�1�VDfry/[8V�S�UWV(UWX.X�1�X7d2[8]�SZÑ�hwg.e943�©7VD[�d2121\lWg.e948f&[iyph._`1+ó�ù8h._Pg.e`hi1�V'eZUWhwgL[8eZUWX
��[8V ��f2_`[2Sj3Àõ%1�X�lQÉ�ÑW43�6®ó%ð%ðô�g.ea�}g.e`ej1\U�S`[8X5g�f26���v=3xa � Otvnq�L^qO X R[n}Ovz7kxl�I*ReQ�iL�bnqO^µJutvkxOvlLtOj�
JuiL^skxlLyeOv^u)2è;O^q�xh[yLa X O�� � Re^q� aý_�d[d?Bb�C n}R�h[iLiHO`h[^D$��

� W[UI�0	�i�Ovl M
rrm2� r9^sRei�R[zqOw ~�lLwb�Lzsnq^(� J�n�h[lLwLh[^qw ��r;~¬{�Re^úJup�h[^sOw MPOvQ4Re^u� r9^sReye^}hjQ
)
Q4kmlLyLa 	%t�n}Re\HO^ _`dedVfu� � pLkÝn}O i�hji�Ov^ Rel 	�i�Ovl M
r kmlLkmnqkñhjnqkmYeOja h`Yjh[km�ñh[\L�mO h¤n
pVnqn}ijmz�?���r�r�7� ReiHOlbQ4ic� Re^syG�jReiHOlLQ�i~�jQ�i�) wLRutv�LQ�OlVn}zD�ji�h[iHO^D�ji�h[iHO^v� iLzv�

� Wu_��Fè�kÝYeO�8Jbhj^q�¤h[^�¦���bn}ReQ4hjnqkxt�rCh[^Øn}kÝn}kxR[lLkxlLy¦R[{Ah
r9^qRey[^}h[Q ��OiHOlbwLOlLtvO¦K%^}h[iLp8kxlVn}R
rCh[^qh[�x�mO�
g hjzq��z�7����� ò`[8Ñ9V�eZUWXt[iy���12f�1\UWVDd2_�UWeZlpnT1��W1�X�[2SZ]Q1�e`h a�<@� N@?�WR$Èac_�dedb_[�

� WeW8�Fè�kÝYeO�8Jbhj^q�¤h[^� g pLO�r g76 � X róh[^}h[�m�xOv��r9^sReye^}hjQ4Q�kxlLyPJ9�ÌzØn}OQ|�"~�l�*���J����ÌQ:h[lbzq��køa9OvwLkmnqRe^a
©#UWV\UWX.X�1�X%öjÑ�ejd�hwgL[8eZUWXG©7VD[\4WV(UW]p]pg.e94®í;UWe94WÑ�U�4912f�UWeZl
È7[8]�SZg.X�1�VDf�aj�ëIAM¬r9^qOvzqz�"�^sRelVn}kxOv^�JÌO^qkmOzva
i�h[yeOvz�<eUed"ã�<[db_e�b�ëIAM r9^qOvzqza X O�� � Re^s� aý_�dedb_e�

� WW<I�Fè�kÝYeO��Juh[^q�¤h[^v� �úI*R[lLt�L^s^qOvl�n s-�uOvt�bnqkxRel JuOQ4h[lVn}kmtzT{�Re^�rCh[^qh[�x�mO�²r9^qRey[^}h[Q K%^}h[ibpLz:hjlLw
r9^qReye^qh[Q ��Ovi�OvlLwLOvlLtO�K7^qh[iLpLz� Nst�Ìn}OvlLwLOvw���\LzØn}^}hjtvn'$È�AË?SZV'g.e9491�V'x�ìZ1�V'X�U�4�íM12d�hNÑ9VD1pv�[8h�12fKg.e
È7[8]�SZÑ�h�1�VkËqd�gL1�ejd21�aÃfW@ef�mÝ_�R"ã�<eUuaý_�dedVWu�²r9^sRutvOOwbkxlLyez�R[{�nqpLOT"CkÝ{ n}p¦�#R[^q��zqpLR[i"Rel � h[lLy[��h[yeOvz
h[lLwPI*ReQ�iLkx�mO^sz*{�Re^²rChj^}h[�m�xO�ýI*ReQ4ib�bn}kmlLyLa � hj�xOFê�lbkmYeOv^qzskmn��ea����Lye�LzØnµ_�dedVWu�

� WjSW�Fè�kÝYeO��Jbh[^q�¤h[^7hjlLw|**h[^q\�hj^}h¦JukmQ4Relbz�TrChj^}h[�m�xO�Cr9^qReye^qh[Q�K%^}hjiLpLzµh[lLw�n}pbOkx^µI*�xh[zqzsk���thjn}kmRelc�
Ë?SZV'g.e9491�V�x�ìZ1�V'X�U�4�íM12d�hNÑ9VD1Qv%[8hi12f&g.eÁÈ7[8]�SZÑ9h�1�VQËqd�gL1�ejd21�a;fWR?B�m R?<W<"ã�R@?@Ìa*_�dedW<b��r9^qRÌtOOvwLkxlbyez
R[{�n}pLO,JukØ�Ìn}p��#R[^q��zqpLR[i
Rel � h[lLye�Lh[yeOzëh[lbw
I*R[Q4iLkm�xOv^qz*{�Re^²róh[^}hj�x�xOv�ýI*ReQ�iL�bnqkxlLybaLróR[^sn}�xh[lLwca
	�^qOy[RelcaL���Lye�LzØn,_`ded?<b�

� W?@8����OlLlbkxz�Jup�h[zsp�h�h[lLw�MPh[^qt¦JÌlLkx^v��s-ü�tkmOlVnTh[lLw�I*Re^q^sOtvnps-�uOvt�bnqkxRel�R[{ëróh[^}hj�x�xOv��r;^sReye^qh[Q4z
n}p�h¤n�Jup�h[^sO�M|OQ�Re^(�H� g Ot�pLlLkmt`h[��^sOiHRe^snaL~i*AM8a�_�d?Befu� 6 OiHRe^sn 6 I�_�W[d?<?Rb�

� WWRI��*�h[^s\�h[^}h,JukmQ4Relbza9�%h`Yukmw:���xiHO^qlÃauhjlLw�O[O`hjlLlLOo"�Ov^q^}hjl�nqO[�ý�Á" R[�LlLw�hjnqkxRelT{�Re^*JuO����LOvlVn}kñhj�xk��vkxlLy
rCh[^qh[�x�mO��I*RÌwLO[�a©�VD[�d2121\lWg.e948f�[iy�h�_`1pÉTÈ�� ó%ð%ð�ùAË~cI]�S`[�f�g.Ñ9]ç[8eF©#UWV(UWX.X�1�X�É�X�49[8V'g.h�_9]0f UWeZl
É�VDd2_9g.hi12d�hwÑ�VD1�a~O[�b����_�d[deUb�

� Wef8��>�h[^skxlLkÃJu^skxlLkÝY[hjz}h[lc����SZhwg.]pg���g.e94T�tÐ�SZX5gLd�g.hwX5c0©#UWV\UWX.X�1�X~©7V2[\4WV(UW]0f��ór9p`�!n}pLOvzqkxzva`��OiLh[^snqQ4Ovl�n*R[{
I*ReQ�iL�bn}Ov^ëJutkmOlLtvO[a$ê�lbkmYeOv^qzskmn���R[{�I*Re�mRe^}h[wbRLaÃ_�d[d[SL�



� WWBI��MPkxt�pLh[O�jOb�Ì�8Re�Ý{�O[�C��SZhwg.]pg���g.e94TË~Ñ�S`1�VDd2[8]�SZg.X�1�VDf�y/[8V�Ë~Ñ�S`1�VDd2[8]�SZÑ9hi1�VDf���r9kmnqQ:hjlca � R[lLwLRel�hjlLw
g pLO)M|~ g r;^sOzszaýI�hjQ]\L^qkmwLyeOjaÃMPh[zqzqh[t�p��LzqO�nqn}zva9_�d?Bedu��~�lPnqpLO�zsO^qkmOzva 6 OzsO`h[^st�poMPRelLRey[^}h[iLpbz
kxl¦róh[^}h[�m�xOv�ýh[lLwA��kxzØn}^skx\L�bnqOwPI*ReQ�iL�bnqkxlLyL�


