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(òêé�éõéùýùò �ô��òú�ôþùò öüý �ôü�õòêéùýùò ùò ��ô�òûô ò �ôþû�ôõò òõòóýùý� ñùòüýéú� ô ýóýþ÷ô
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3ô��ò ô ��ô�òúúýùô� ýõóô� ��ô�-ò�úò ý éü�õòüòþûý÷øô ùò öü úô*û+ý�ò �ôþû�ôõýùô� ùò �ôþ/ÿö�
�ý÷-òú �ýúòýùô òü üôùòõô �� ��ô�ôúûô ò óýõéùýùô òü �ý�ù+ý�ò �53�7
� 8 þôóô �ôþû�ôõýùô��
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÷øô òþû�ò 53�7 ò 53�7�3� 'úûöùôú ùò �ýúô ùòüôþúû�ýü ý óéý�éõéùýùò ùôú �ôþ�òéûôú ��ô�ôúûôú�
éþ�õöéþùô öüý ý�õé�ý÷øô �ò�ôþ/ÿö��óòõ ùò ��é�ûôÿ�ý/ý�
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FGH HIJKLM>JN JO PQRMHSR JN TG>U VWXYZ[ \H]L>\HR MGH ^HIHKJUSHNM JO ^HR>_N MHTGN>]LHR MJ JIH\`
TJSH aJMMKHNHTbR ^H\>IH^ O\JS MGH c^cUMcM>JN JO M\c^>M>JNcK ^>_>McK T>\TL>MR ^HR>_N MHTGN>]LHR
MJ RLTG RQRMHSRd eHR>^HR >NMH_\cM>N_ SLKM>UKH GJSJ_HNHJLR U\JTHRRJ\Rf cR JTTL\R >N MGH gh
U\JTHRRJ\ c\HNcf cN^ MHTGN>]LHR OJ\ U\JI>^>N_ SLKM>UKH GHMH\J_HNHJLR U\JTHRRJ\ >N c R>N_KH R>K`
>TJN RLaRM\cMH VijWXYZ[f MGH\H >R MGH LRH JO klmXnopqkrstl urkvwrkl Vxy[d FGHRH c\H ^>_>McK
RQRMHSR zGH\H aHGcI>J\ TLRMJS>{cM>JN TcN cMMc>N c G>_GH\ ^H_\HH MGcN zGcM >R cTG>HIcaKH z>MG
RJOMzc\H H=HTLM>N_ U\JTHRRJ\Rd |G>KH MGH }H=>a>K>MQ JO c U\JTHRRJ\ ^H\>IHR O\JS MGH TcUcT>MQ
MJ H=HTLMH ^>~H\HNM RH]LHNTHR JO >NRM\LTM>JNR RMJ\H^ >N SHSJ\Qf MGH }H=>a>K>MQ JO xy ^H\>IHR
O\JS MGH UJRR>a>K>MQ JO cKMH\>N_ MGH >NMH\TJNNHTM>JN cN^ MGH OLNTM>JNcK>MQ JO TJSUJNHNMR zG>TG
^H�NH MGH RQRMHS RM\LTML\H >N >MRHKOd FGLRf xy ScbHR MGH Gc\^zc\H RM\LTML\H }H=>aKH >N MGH
RcSH zcQ MGH LRH JO x�� SHSJ\>HR OJ\ MGH U\J_\cS SHSJ\Q JO U\JTHRRJ\R ScbH MGH U\JTHRRJ\
caKH MJ H=HTLMH I>\MLcKKQ cNQ McRbd yJzHIH\f MJ MG>R HNGcNTH^ }H=>a>K>MQ TJ\\HRUJN^R >NT\HcRH^
TJSUKH=>MQ OJ\ ^HR>_N cN^ TJNM\JKf zGHN TJSUc\H^ MJ RJOMzc\Hd FGH U\JUJR>M>JN JO RLUUJ\M cN^
TJNM\JK JO \HTJN�_L\caKH RQRMHSR >R Kc\_HKQ aHG>N^ zGcM GcR cK\Hc^Q aHHN cTG>HIH^ OJ\ RJOMzc\H
RQRMHSRd hJNM\>aLM>N_ MJ JIH\TJSH MGH K>S>McM>JNR MGcM U\HIHNM xy LRH MJ aHTJSH z>^HRU\Hc^f
MG>R zJ\b U\JUJRHR c Mc\_HM c\TG>MHTML\H OJ\ Uc\M>cKKQ cN^ ^QNcS>TcKKQ \HTJN�_L\caKH RQRMHSR
V�xPR[ MGcM c\H cKRJ RHKO`\HTJN�_L\caKHd FGH c\TG>MHTML\H cRRLSHR MGH H=>RMHNTH JO c U\JTHRRJ\
>N MGH NJN`\HTJN�_L\caKH Uc\M JO MGH RQRMHSd �M cKRJ cRRLSHR MGcM MG>R U\JTHRRJ\ TcN HNTJSUcRR
MGH U\JTHRRHR >NIJKIH^ >N MGH �xP TJN�_L\cM>JN TJNM\JKd eHR>^HRf MGH zJ\b U\JUJRHRf IcK>^cMHR
cN^ RGJzR \HRLKMR JO U\JMJMQU>N_ cN >NO\cRM\LTML\H MGcM HNcaKHR MGH >SUKHSHNMcM>JN JO IcK>^
RHKO`\HTJN�_L\caKH P�x KcQJLMRd �M cKRJ RL__HRMR c ^HR>_N }Jz LRHOLK MJ >SUKHSHNMf >N c RHS>`
cLMJScMH^ zcQf P�xR MGcM HSUKJQ MGH U\JUJRH^ c\TG>MHTML\H cN^ >NO\cRM\LTML\Hd �N MJU JO MGH
c\TG>MHTML\H >R >SUKHSHNMH^ c RJOMzc\H TJN�_L\cM>JN TJNM\JKKH\f z>MG RM\LTML\H acRH^ JN c U\HI>`
JLR SJ^HKf IcK>^cMH^ >N Gc\^zc\Hf MGH xPh�d FGH NHz TJNM\JKKH\f xPh�`Pf zcR U\JMJMQUH^ >N
�>K>N= �g��Rd hJSUc\>RJN ^cMc aHMzHHN xPh� cN^ xPh�`P c\H U\JI>^H^d PHIH\cK TcRH RML^`
>HR zH\H >SUKHSHNMH^ MJ ^HSJNRM\cMH MGH I>ca>K>MQ JO MGH U\JUJR>M>JNRf >NTKL^>N_ c \HTJN�_L\caKH
T\QUMJ_\cUGQ U\cTM>TcK cUUK>TcM>JNd
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PQRST UV WQXYZTR [[\
]^_ `abcdbdce fgceh ie jckjkabe ig lkmbckheikc ig lkmnfdceopga qrstur gv akwbu

xecg yeageie me jckjkabe kc\f\meh ig seczeh{k |}~^ � gabcdbdce � lkvjkabe jghka
agfd\mbga v�idhka� �dbklkmnfdceikc ��s�� �mbgcwelg ig �ckfceveo�k ie �jh\uleo�k ������ skmbckhg sgmbceh ig skmnfdceopga �sss�� `alehkmeikc ig skmnfduceopga �̀ s�� tgv�c\e ig skmnfdceopga �ts�� tkm\bkc ig qglkmnfdceo�k �tq� g
e �kcbe �mbgcme ig �lgaak � skmnfdceo�k ��s���^ � lkmbckheikc ig lkmnfdceopga
fgcgml\e e ec�d\bgbdce ig dv r�q iemik adjkcbg e dve ieie ejh\leo�k^ ^ ^ ^ ^ ^ ��

]^� �cewk ig igjgmi�ml\ea ig lkmnfdceopga db\h\�eik jece lc\ec e ��� ie �eyghe ]^_^ ��
]^� �hd[kfceve ik ehfkc\bvk ie wgccevgmbe ig lkvjelbeo�k ig y\babcgeva^ ^ ^ ^ ^ ^ }_
]^� �hd[kfceve ik ehfkc\bvk ig igalkvjelbeo�k ig y\babcgeva db\h\�eik mk v�idhk

�dbklkmnfdceikc ik qrstur^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ }�
�^_ �\efceve ig yhklka ik jck�gbk �mi��c^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ��
�^� `abcdbdce �gceh ie �cge qglkmnfdc�zgh jece k jck�gbk �mi��c^ ^ ^ ^ ^ ^ ^ ^ ^ ^ �_
�^� �g\edbg cgadhbembg ie ik jck�gbk �mi��c� lkmwkcvg z\adeh\�eik lkv e wgccevgmbe

���� `i\bkc^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ��
�^� r\meh\�eo�k fgceie idcembg k gmz\k ig ]_� jehezcea ig �� y\ba � �s��� lkmwkcvg

kyagczeik me bghe ik emeh\aeikc h�f\lk �f\hgmb _�}��^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ��
�^] �\efceve gv yhklka ik jck�gbk skmbeikc �ju�kxm^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ��
�^� �g\edbg cgadhbembg ie a�mbgag ik jck�gbk skmbeikc �ju�kxm� lkmwkcvg z\adeh\�eiklkv e wgccevgmbe ���� `i\bkc^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ��
�^} sejbdce ig bghe �dg lkvjckze e lkmbefgv ik v�idhk cglkmnfdc�zgh lkmnfdceik

lkvk lkmbeikc^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ �}
�^� �\efceve ig �hklka ik jck�gbk �dea �cgea^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ��
�^  �cewk lkccgajkmigmbg ek ¡d[k ig g[gldo�k iea lkmnfdceopga ik jck�gbk �dea �cgea^ � 
�^_� �b\h\�eo�k ika cgldcaka ik ���� jece \vjhgvgmbec k jck�gbk �dea �cgea akycg k

i\ajka\b\zk ¢s�£���^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^  _
�^__ �cewk ig igjgmi�ml\ea jckjkabk jece k bgabg ik lkmbckheikc ig lkmnfdceopga^ ^ ^  �
�^_� �hd[k ig g[gldo�k ig lkmnfdceopga ejcgagmbeiea mk fcewk �^__^ ��q \igmb\nle ea

lkmnfdceopga g[\abgmbga gv leie �cgea cglkmnfdc�zgh^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^  �
�^_� �mwceugabcdbdce ig {ecixecg ignm\ie jece k a\abgve ig lc\jbkfcene ig ieika^ ^ ^  ]
�^_� qgadhbeik ik jcklgaak ig a�mbgag iea ec�d\bgbdcea yeag �e� g agldmi�c\e �y� ejcguagmbeik jghe `i\bkc ig ����^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^  }
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æçèéêëì íîîéæïðñæòç óîôïæõï öçëñ÷øñæòç óôñ ù÷òïôëëò÷ëì íóöùëú ðò æçûüë ýô øëð÷ þð÷ýÿð÷ô ôëîôï��
õïò �íóö�ëúì ÷ôýø�æçýò ïò� æëñò ò ñô�îò ýô î÷ò�ôñò ô èðëñòë ïò� ÷ôïø÷ëòë ç�ò ÷ôïò÷÷ôçñôë ýô
ôçèôçþð÷æð� íñøðé�ôçñôì óò�ë î÷ò�ôñðýòë ïò� ôëñð ð	ò÷ýðèô� ô�î÷ôèð� ø� ïòç�øçñò þôñô÷òèê�
çôò ýô 
� ô 
� î÷òïôëëðýò÷ôë æçñô÷éæèðýòë îò÷ ÷ôýôë æçñ÷ðïþæî ïòçõèø÷ûôæëì ñôçýôçýò çò �øñø÷ò
øëð÷ ø� ��� �� ������������� æçñô÷éæèðýòë ô� ÷ôýôì ëôèøçýò �ôç�ôé ô� �
���

�øñ÷ð ð	ò÷ýðèô� ô�î÷ôèðýð çò î÷ò�ôñò ýô óò�ë ü ò øëò ýô þð÷ýÿð÷ô ÷ôïòçõèø÷ûôéì òø ëô�ðì
ò øëò ýô îéðñð�ò÷�ðë ýô î÷òñòñæîð��ò ÷îæýð òçýô ëô îòýô ïòçõèø÷ð÷ ò þð÷ýÿð÷ô ýôëñð îð÷ð
ø�ð ðîéæïð��ò ôëîôï�õïð� �ò� ôëñð ð	ò÷ýðèô� ûæëð�ëô ÷ôýø�æ÷ ò ñô�îò ýô î÷ò�ôñò ò	ñôçýò�ëô
î÷òýøñòë ïò� �ðæò÷ ûæýð �ñæé ô ýôëô�îôçþòë ïò�îðñ�ûôæë òø îòøïò æç�ô÷æò÷ôë ð íóö�ëì ô� ñô�îò
ðýô øðýò ðò éðç�ð�ôçñò çò �ô÷ïðýò�

í !ô"æ	æéæýðýô ðî÷ôëôçñðýð îò÷ þð÷ýÿð÷ô ÷ôïòçõèø÷ûôé ò ñò÷çð ëô�ôéþðçñô ð ëæëñô�ðë ô�
ëò�ñÿð÷ôì �ðñò  øô ëøèô÷ô ò ýôëôçûòéûæ�ôçñò ýô ëæëñô�ðë ýô ëøîò÷ñô ð þð÷ýÿð÷ô ÷ôïòçõèø÷ûôé  øô
ýôëô�îôçþô� ñð÷ô�ðë ëô�ôéþðçñôë ðòë ëæëñô�ðë òîô÷ðïæòçðæëì ñðæë ïò�ò ôëïðéòçðýò÷ôë ýô ñð÷ô�ðë�
#ëñô ñ÷ð	ðéþò ð	ò÷ýð ðéèø�ðë ýðë ñð÷ô�ðë ýô æ�îéô�ôçñð��ò ýô æç�÷ð�ôëñ÷øñø÷ð çôïôëë÷æðë îð÷ð
þð	æéæñð÷ ð ïòçëñ÷ø��ò ýô ëæëñô�ðë ýô þð÷ýÿð÷ô ïòçõèø÷ûôé�
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ïéðëëæõïð�%ôë ô ø�ð ýæëïøëë�ò ëò	÷ô ûðçñðèôçë ô ýôëûðçñðèôçë ýô ëæëñô�ðë ÷ôïòçõèø÷ûôæë� í
óô��ò 
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�( ü ðî÷ôëôçñðýð ð ò÷èðçæ�ð��ò ýò ÷ôëñðçñô ýò ûòéø�ô�
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]^_`]]^ab^c d^ ^ae^afg]hgi
j^ekad` lkmbg ^n opqrs at_u^`c vwc m`d^n c^] _ugcchx_gd`s c^ekad` g y`]ng d^ hab^]gz{`

^ab]^ y`]a^_^d`] ^ _`acknhd`] d^cb^c n|dku`c ^n} ~��� �~s ~���~`k ~����~i

• ��� � ���} c{` `c at_u^`c e^]gun^ab^ d^c_]hb`c ^n uhaekge^n d^ d^c_]hz{` d^ fg]d�g]^ �̂ n
haeu�cs �������� ����������� �������� � ����s `y^]^_^ad` �^�h�huhdgd^ ^ had^m^ad�a_hg
d^ b^_a`u`ehgi �cb^c at_u^`c m`d^n c^] n`dhx_gd`c ^ ^nm]^egd`c _`n b^_a`u`ehgc d^
dhy^]^ab^c yg�]h_gab^ci  c at_u^`c ��� �s ^n e^]gu a{` c{` dhcm`ah�huh¡gd`c _`n eg]gabhgc d^
gb^adhn^ab` d^ _g]g_b^]¢cbh_gc b^nm`]ghci

• £��� ���} c{` at_u^`c ]^m]^c^abgd`c ^n a¢¤^hc d^ g�cb]gz{` nghc �gh�`cs bhmh_gn^ab^ _`n`
���¥���� ¦k^ c{` e^]gdgc mg]g kng dgdg b^_a`u`ehgi �cb^c at_u^`c m`d^n c^] mg]_hgun^ab^
mg]gn^b]h¡§¤^hc m^u` kck§]h` m]`¨^bhcbgs m^]nhbhad` ¦k^ ckg g]¦khb^bk]g c^̈ g mg]_hgun^ab^
gdgmb§¤^u ©c a^_^cchdgd^c d` m]`¨^b`i �ab]^bgab`s _`n` g ���¥��� ª ^cm^_¢x_g mg]g kng
dgdg b^_a`u`ehgs ^�hcb^n dhx_kudgd^c mg]g ` kc` d` _`nm`a^ab^ ag hnmu^n^abgz{` d^ «vc
¨kab` g dhy^]^ab^c yg�]h_gab^ci

•

���� ���} c{` at_u^`c `bhnh¡gd`c mg]g kng b^_a`u`ehg ^cm^_¢x_g ^ a{` m`d^n c^] n`d¬
hx_gd`c m^u` m]`¨^bhcbgi �cb^c at_u^`c m`cck^n kn ug`kb ^ mugabg �gh�g m]ª¬d^xahd`ci
w`cck^n _`n` ngh`] ¤gabge^n g eg]gabhg m]^_hcg d^ _g]g_b^]¢cbh_gc d^ b^nm`]h¡gz{`i jkg
d^c¤gabge^n ª g d^ a{` m^]nhbh] ¦kgu¦k^] bhm` d^ n`dhx_gz{` `k m^]c`aguh¡gz{`i

  m]`¨^b` d^ j`«c _`nmu^�`c ]^ta^ kn _`a¨kab` akn^]`c` �d^¡^agc `k _^ab^agc� d^ vwcs d^
y`]ng g ]^dk¡h] ` b^nm` d^ m]`¨^b` d^ kn d^b^]nhagd` m]`dkb`i ®^cbg y`]ngs dhy^]^ab^c j`«c
m]`¨^bgd`c mg]g ¤§]hgc gmuh_gz¯^c m`d^n ^nm]^eg] kn n^cn` vws m]§bh_g _`af^_hdg _`n` �����
d^ at_u^`ci
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Ä]gdh_h`agun^ab^s chcb^ngc ]^_`axek]§¤^hc �jÅc� c{` d^xahd`c _`n` g¦k^u^c hnmu^n^abgd`c
c`�]^ �������� ���������ÆÇ�¥i  c dhcm`chbh¤`c _`n^]_hghc nghc dhykadhd`c ¦k^ m`cck^n fg]d�g]^
]^_`axek]§¤^u c{` `c ÈwlÉc �̂ n haeu�cs £��¥� ���������Ê¥� Ë��� Ì���Í��i  c ÈwlÉcs �^n
_`n` m]gbh_gn^ab^ ¦kgu¦k^] dhcm`chbh¤` d^ fg]d�g]^ ]^_`axek]§¤^us m`cck^n kng n^n|]hg d^
_`ab]`u^s d^a`nhagdg ���Î��� �� ��������ÏÐ�i   m]^^a_fhn^ab` dg n^n|]hg d^ _`axek]gz{`
_`ab]`ug `c ]^_k]c`c d` dhcm`chbh¤`s ha_ukhad` g hab^]_`a^�{` ^ab]^ c^en^ab`c d^ x`c hab^]a`c
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Sub-região Configuração

CO ….. CO

Sub-região Descarte

DE DE…..

Região  de Execução

Região de Transição

Região de Suporte

AR
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…..

AR ATIVA

CO CONFIGURANDO

CH CHAVEANDO

PR PRONTA

AR ARMAZENADA

DE DESCARTÁVEL

Fluxo de Configuração

Fluxo de Desconfiguração

Fluxo de Dados

Fluxo de Controle

Fluxo de Mudança de Dados
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ÆÇÈÉÊË ÌÇ ÍÎÏËÐÑÇ ÒÐÓÒÔÇÕÒÓÇÕÑË ÖÇ×ÎÕÌØÐÉË ÙÇÚÈÚ ÇÓ ÌÉÖ×Ë ÐÛÈÉÌËÜ
ÆÇÈÉÊË ÌÇ ÝÞÇ×ÎßÊË ÏÐË×ÇÖÖËÖ ÇÓ ÇÞÇ×ÎßÊË à áÇÐÕÇâ ÌË Íã
ÆÇÈÉÊË ÌÇ äÐÒÕÖÉßÊË ÏÒÐÑÇ ÌÒ ÓÇÓåÐÉÒ æÉÐÑÎÒâ çÎÇ ÒÐÓÒÔÇÕÒ ËÖ ÏÐËÈÐÒÓÒÖ ÇÓ ÏÐË×ÇÖÖË ÌÇ ×ÒÐÈÒ ËÎ

ÖÒâæÒÕÌË ×ËÕÑÇÞÑË
ÍÎèéÐÇÈÉÊË êÑÉæÒ ÏÐË×ÇÖÖË ÒÑÉæË ÙÕË ×ÒÖË ÌÇÖÖÇ ×ËÓÏÎÑÒÌËÐ ÓËÕËÏÐË×ÇÖÖÒÌË Öå ÇÞÉÖÑÇ ÎÓ ÏÐË×ÇÖÖË

ÒÑÉæË Ò ×ÒÌÒ ÉÕÖÑÒÕÑÇÜ
ÍÎèéÐÇÈÉÊË ëÐËÕÑÒ ÏÒÐÑÇ ÌÒ ÓÇÓåÐÉÒ æÉÐÑÎÒâ çÎÇ ÒÐÓÒÔÇÕÒ ËÖ ÏÐË×ÇÖÖËÖ ÏÐËÕÑËÖ ÏÒÐÒ ÇÞÇ×ÎßÊË
ÍÎèéÐÇÈÉÊË ÌÇ ìíÒæÇÒÓÇÕÑË ÏÒÐÑÇ ÌÒ ÓÇÓåÐÉÒ æÉÐÑÎÒâ çÎÇ ÒÐÓÒÔÇÕÒ ËÖ ÏÐËÈÐÒÓÒÖ ÖÒâæÒÕÌË ÉÕîËÐÓÒßïÇÖ

ÏÒÐÒ ÖÇÐÇÓ ×ËÓÎÕÉ×ÒÌÒÖ Ò ËÎÑÐËÖ ÏÐË×ÇÖÖËÖ ÒÏåÖ ÖÇÎ ÑðÐÓÉÕË
ÍÎèéÐÇÈÉÊË ÌÇ ìËÕñÈÎÐÒßÊË ÏÒÐÑÇ ÌÒ ÓÇÓåÐÉÒ æÉÐÑÎÒâ çÎÇ ÒÐÓÒÔÇÕÒ ËÖ ÏÐËÈÐÒÓÒÖ ÇÓ ÏÐË×ÇÖÖË ÌÇ ×ÒÐÈÒ
ÍÎèéÐÇÈÉÊË ÌÇ òÇÖ×ÒÐÑÇ ÏÐËÈÐÒÓÒÖ ÖÒâæÒÕÌË ÖÎÒ ×ËÕñÈÎÐÒßÊË ÉÕÑÇÐÕÒ
ÍÎèéÐÇÈÉÊË ÌÇ ìËÕÑÐËâÇ ×ÒÐÐÇÈÒÌËÐ ÙâËÒÌÇÐÜ ÏÒÐÑÇ ÌË áÇÐÕÇâ Íã çÎÇ ×ËÕÑÐËâÒ ÇÖ×ÒâËÕÒÓÇÕÑË ÌÇ
ÌÇ ìËÕñÈÎÐÒßÊË ÏÐË×ÇÖÖËÖó ÏÐÇÇÓÏßÊË Ç ×ËÓÎÕÉ×ÒßÊË ÇÕÑÐÇ ÏÐË×ÇÖÖËÖ
ìËÕñÈÎÐÒßÊË ×åÌÉÈË ÇÞÇ×ÎÑØæÇâ ÌÇ ÎÓ ÏÐËÈÐÒÓÒ
ìËÕñÈÎÐÒßÊË êÐÓÒÔÇÕÒÌÒ ÏÐËÈÐÒÓÒ ÇÓ ÓÇÉË ÌÇ ÒÐÓÒÔÇÕÒÓÇÕÑË ÖÇ×ÎÕÌØÐÉË
ìËÕñÈÎÐÒßÊË êÑÉæÒ ÏÐËÈÐÒÓÒ ÒÑÎÒâÓÇÕÑÇ ÌÇ ÏËÖÖÇ ÌË ÏÐË×ÇÖÖÒÌËÐó ÇÞÇ×ÎÑÒÕÌË
ìËÕñÈÎÐÒßÊË ìËÕñÈÎÐÒÕÌË ÏÐËÈÐÒÓÒÖ ÇÓ ÏÐË×ÇÖÖË ÌÇ ×ÒÐÈÒ ÕÒ ÓÇÓåÐÉÒ æÉÐÑÎÒâ
ìËÕñÈÎÐÒßÊË ëÐËÕÑÒ ÏÐË×ÇÖÖË ÏÐËÕÑËÖ
ìËÕñÈÎÐÒßÊË òÇÖ×ÒÐÑØæÇâ ÏÐËÈÐÒÓÒ ÖÒâæÒÕÌË ÖÇÎ ×ËÕÑÇÞÑË ÉÕÑÇÐÕË ÏÒÐÒ ÏÐåÞÉÓÒ ÇÞÇ×ÎßÊË
ìËÕñÈÎÐÒßÊË ìíÒæÇÒÕÌË ÏÐËÈÐÒÓÒÖ ÖÒâæÒÕÌË ÉÕîËÐÓÒßïÇÖ ÏÒÐÒ ÖÇÐÇÓ ×ËÓÎÕÉ×ÒÌÒÖ Ò ËÎÑÐËÖ ÏÐË×ÇÖÖËÖ

ÒÏåÖ ÖÇÎ ÑðÐÓÉÕË
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��� ����������� �� ������� ������������� �� ������ ��� � ������ ¥¦§�
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ßð ñòóôõòö ÷ ø÷ùúö÷óòõ÷ö õû ø÷ùüýþöòÿ�û� ô��óû�ûùúòõ÷ð

�ð �ûõôö ÷� úû��÷� õû öûø÷ùüýþöòÿ�÷� �öûò õû ò�	÷� ÷� ø÷ùúö÷óòõ÷öû� õû ø÷ùüýþöòÿ�÷ð
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�÷� ò öûòóôòÿ�÷ õû�úû úöò	òó�÷� �÷öò� ÷	úôõò� ò� �ûýþôùúû� ø÷ùúöô	þôÿ�û��

•  ÷�!ùô÷ õ÷ �þùøô÷ùò�ûùú÷ õò �÷öúò ôùúûöùò õû òøû��÷ ò ø÷ùüýþöòÿ�û� "õ÷ ôùýó#�� $%&'(%)*
+,%-./()&0,% 122'33 4,(& ÷þ 5�678� 9þû �ò	ôóôúò� ò òþú÷:öûø÷ùüýþöòÿ�÷ û� õô��÷�ôúô;÷�
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•  ô��÷ùô	ôóôòÿ�÷ õû �òøö÷� �òöò ø÷�þùôøòÿ�÷ ûùúöû 57� ü=÷� û öûø÷ùüýþö�;ûô�ð

•  ÷�!ùô÷ õ÷ �ö÷øû��÷ õû �ö÷>ûú÷ õò ø÷�þùôøòÿ�÷ ûùúöû �ö÷øû��òõ÷ö û 57� öûø÷ùüýþö�;ûô�
òúöò;?� õû ôùúûööþ�ÿ�û�ð

•  ÷�!ùô÷ õ÷ �ö÷øû��÷ õû �ö÷>ûú÷ õû ôù�öò:û�úöþúþöò� õû �òöõ@òöû ø÷� þ�ò ÷þ õþò� �öûò�
öûø÷ùüýþö�;ûô� ø÷� �þ�÷öúû ò òþú÷:öûø÷ùüýþöòÿ�÷ð

•  ô��÷ùô	ôóôòÿ�÷ õû þ� �Aõþó÷ õû�ûù;÷ó;ôõ÷ û� �÷�ú@òöû �òöò ø÷ùúö÷óû õû ø÷ùüýþöòÿ�û�
òúöò;?� õò �÷öúò 5�67ð

• Bûøþö�÷� õû �÷�ú@òöû �òöò ø÷��òøúòÿ�÷ û õû�ø÷��òøúòÿ�÷ õû òö9þô;÷� õû ø÷ùüýþöòÿ�÷ð
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�òöò ÷ õû�ûù;÷ó;ô�ûùú÷ �þúþö÷ õû þ�ò ò�óôøòÿ�÷ õû�÷ù�úöòùõ÷ ÷ þ�÷ õò ôù�öò:û�úöþúþöò�òöò �ô�úû�ò� òþú÷:öûø÷ùüýþö�;ûô�ð
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Ð ÑÒÓÒÔÕÖ×ÕØÙÒÔÚÖ ÑÒ ÓØÓÚÒÙÛÓ ÜÒÝÖÔÞßàÜáÕÒØÓ ÝÖÔÑàâ ÛÖ ãÜÖäÒÚÖ ÑÒ åÛÜÑæÛÜÒ ÝÖÙ çÒèØéØ×ê
ØÑÛÑÒ ÓÒÙÒ×åÛÔÚÒ ÛÖ ãÜÖäÒÚÖ ÑÒ ÓÖëÚæÛÜÒì íÒÓÚÛ ëÖÜÙÛî Ö åÛÜÑæÛÜÒ ÜÒÝÖÔÞßàÜáÕÒ× ÔÒÝÒÓÓØÚÛ ÑÒ
ÓàéÓØÓÚÒÙÛÓ ïàÒ ÒèÒÝàÚÒÙ ÖãÒÜÛðñÒÓ ÓÒÙÒ×åÛÔÚÒÓ òÓ ÑÒ àÙ ÓØÓÚÒÙÛ ÖãÒÜÛÝØÖÔÛ×ì óÙ ÓØÓÚÒÙÛ
ÖãÒÜÛÝØÖÔÛ× ÚôãØÝÖ ßÒÜÒÔÝØÛ ãÜÖÝÒÓÓÖÓ ÒÙ àÙ ãÜÖÝÒÓÓÛÑÖÜî ÝÖÔÚÜÖ×ÛÔÑÖ Û ÝÛÜßÛ ÑÒ ãÜÖßÜÛÙÛÓ Û
ÒèÒÝàÚÛÜ ÒÙ ÙÒÙõÜØÛì öÛÜÛ ØÓÚÖî ÑÒÕÒ ÓÒßàØÜ àÙÛ ãÖ×ôÚØÝÛ ãÜÖÕÒÔØÒÔÚÒ ÑÒ àÙ ÒÓÝÛ×ÖÔÛÑÖÜ ÑÒ
ãÜÖÝÒÓÓÖÓì ÷Ù øíùÓî ÑÒÕÒ ÒèØÓÚØÜ àÙ ÓàéÓØÓÚÒÙÛ ïàÒ ÜÒÛ×ØâÒ ÚÛÜÒëÛÓ ÓÒÙÒ×åÛÔÚÒÓ Û ÒÓÚÛì

öÛÜÛ Û ØÙã×ÒÙÒÔÚÛðúÖ ÑÒ ïàÛ×ïàÒÜ ÓØÓÚÒÙÛ ÝÖÙãàÚÛÝØÖÔÛ× ÝÖÙã×ÒèÖî û ÔÒÝÒÓÓáÜØÖ ÓàãÖÜÚÒ
ÑÒ åÛÜÑæÛÜÒ Ò ÓÖëÚæÛÜÒì üÖ ÝÛÓÖ ÑÒ øíùÓî Ö ÓàãÖÜÚÒ ÑÒ åÛÜÑæÛÜÒ ãÖÑÒ ÚÖÙÛÜ Û ëÖÜÙÛ ÑÒ
ã×ÛÚÛëÖÜÙÛÓ ÑÒ ãÜÖÚÖÚØãÛðúÖ ÒÔÚÜÒ ÖàÚÜÖÓ ÙÒØÖÓî ÒÔïàÛÔÚÖ Ö ÓÖëÚæÛÜÒ û ÜÒãÜÒÓÒÔÚÛÑÖ ãÖÜ ëÒÜÜÛê
ÙÒÔÚÛÓ ÑÒ ãÜÖäÒÚÖì ýÖÙÖ äá ÑÒÓÝÜØÚÖ ÛÔÚÒÜØÖÜÙÒÔÚÒî ÒèØÓÚÒ ÝÛÜþÔÝØÛ ÑÒ ëÒÜÜÛÙÒÔÚÛÓ ÑÒ ÓàãÖÜÚÒ
ÛÖ ÑÒÓÒÔÕÖ×ÕØÙÒÔÚÖ ÑÒ øíùÓì ÿ×ûÙ ÑØÓÓÖî ÛÓ ÒèØÓÚÒÔÚÒÓ ÔúÖ ÓÛÚØÓëÛâÒÙ ÛÓ ÜÒÛØÓ ÔÒÝÒÓÓØÑÛÑÒÓ ÑÖÓ
ãÜÖäÒÚØÓÚÛÓî ÝÖÙÖ Û ÛàÚÖÙÛÚØâÛðúÖ ÑÖ ãÜÖäÒÚÖ ÑÒ ÓØÓÚÒÙÛÓ ÑÒÓÓÛ ÔÛÚàÜÒâÛ ãÛÜÛ ïàÒ ÖÓ ÙÒÓÙÖÓ
ãÖÓÓÛÙ ÜÒÓãÒØÚÛÜ ÛÓ ÜÒÓÚÜØðñÒÓ ØÙãÖÓÚÛÓ ãÒ×Ö ÙÒÜÝÛÑÖ ÝÖÙ ÜÒ×ÛðúÖ ÛÖ ÚÒÙãÖ ãÛÜÛ Ö ãÜÖÑàÚÖ
ÝåÒßÛÜ ÛÖ ÙÒÜÝÛÑÖ �ÒÙ ØÔß×þÓî ���� �� ������	ì

Ð ãÜÖäÒÚÖ ÑÒ øíùÓ éÛÓÒÛÑÖÓ ÒÙ 
ö�ÿÓ ÑÒÕÒ ÝÖÔÓØÑÒÜÛÜ ÛÓ ÜÒÓÚÜØðñÒÓ ÑÛ ÛÜïàØÚÒÚàÜÛ ÑÒÓÚÒÓ
ÑØÓãÖÓØÚØÕÖÓ Ò ÑÛÓ ëÒÜÜÛÙÒÔÚÛÓ ÑØÓãÖÔôÕÒØÓ ãÛÜÛ Ö ÑÒÓÒÔÕÖ×ÕØÙÒÔÚÖ ÑÒ ÓØÓÚÒÙÛÓ ÜÒÝÖÔÞßàÜáÕÒØÓì
üÒÓÚÛ øÒðúÖ ÓÒÜúÖ ÛãÜÒÓÒÔÚÛÑÖÓ ÛÓãÒÝÚÖÓ ÜÒ×ÛÝØÖÔÛÑÖÓ ÛÖ ãÜÖäÒÚÖ ÑÛ ØÔëÜÛêÒÓÚÜàÚàÜÛ ÑÒ åÛÜÑæÛÜÒÑÒ øíùÓì ÿ ÓÒßàØÜ ÓúÖ ×ØÓÚÛÑÖÓ ÖÓ ãÖÔÚÖÓ ÜÒ×ÒÕÛÔÚÒÓ ÔÖ ãÜÖäÒÚÖ�

• ÒÝÔÖ×ÖßØÛÓ ÑÒ ÓàãÖÜÚÒ Û ÜÒÝÖÔÞßàÜÛðúÖ ãÛÜÝØÛ×�
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Processadores
PowerPC 405

CLB CLBCLB

Multiplicadores
e BRAMs

CLB CLB

RocketIOsDCM

Ultra SelectIO

ÀÁÂÃÄÅ ÆÇ¾È ÉÄÂÅÊÁËÅÌÍÎ ÁÊÏÐÄÊÅ ÑÐ ÃÒ ÑÁÓÔÎÓÁÏÁÕÎ ÖÁÄÏÐ×ØØ Ù ÚÄÎ ÑÅ ÛÁÜÁÊ×Ç

ÝÒ ÞÃÅÑÄÎ ß Å ÃÊÁÑÅÑÐ ÅÏàÒÁáÅ ÑÐ áÎÊâÂÃÄÅÌÍÎã ÎÃ ÓÐäÅã ß Å ÒÐÊÎÄ ÔÎÄÌÍÎ ÑÐ ÒÐÒåÄÁÅ ÑÐ
áÎÊâÂÃÄÅÌÍÎ ÞÃÐ ÔÎÑÐ ÓÐÄ ÜÁÑÅ ÎÃ ÐÓáÄÁÏÅÇ æÅÑÅ áÎÜÃÊÅ ÑÐ ÄÐáÃÄÓÎÓ çæèéÓêã ÒÐÒåÄÁÅÓã ØëÉÓã
ÒÃÜÏÁÔÜÁáÅÑÎÄÐÓê ß ÑÁÕÁÑÁÑÅ ÐÒ ÃÒ áÐÄÏÎ ÊìÒÐÄÎ ÑÐ ÞÃÅÑÄÎÓÇ

ÉÓ ÀÚíîÓ ÑÅÓ ïÅÒðÜÁÅÓ ÖÁÄÏÐ×ØØã ÖÁÄÏÐ×ØØÙÚÄÎ Ð ÖÁÄÏÐ×ØÖ ñòóôã ÅÜßÒ ÑÎÓ áÎÒÔÎÊÐÊÏÐÓ õöÓÁáÎÓ
Ð×ÁÓÏÐÊÏÐ ÊÅÓ ïÅÒðÜÁÅÓ ÖÁÄÏÐ× Ð ÷ÔÅÄÏÅÊÆëÆíã ÔÎÓÓÃÐÒ áÎÜÃÊÅÓ ÑÐ ÒÃÜÏÁÔÜÁáÅÑÎÄÐÓ ÑÐ 18× 18

õÁÏÓ
Ð Å ÔÎÄÏÅ ÁÊÏÐÄÊÅ ÑÐ ÅáÐÓÓÎ Å áÎÊâÂÃÄÅÌÍÎ çØæîÚêÇ øÅÁÓ ÁÊïÎÄÒÅÌùÐÓ ÓÎõÄÐ ÐÓÏÅÓ ïÅÒðÜÁÅÓ ÔÎÑÐÒ
ÓÐÄ ÐÊáÎÊÏÄÅÑÅÓ ÐÒ ñò¾ôÇ ÉÓ ÑÁÓÔÎÓÁÏÁÕÎÓ ÑÅ ïÅÒðÜÁÅ ÖÁÄÏÐ×ØØÙÚÄÎ ñòÆô áÎÊÓÏÁÏÃÐÒ ÃÒÅ Ð×ÔÅÊÙ
ÓÍÎ ÑÅ ïÅÒðÜÁÅ ÖÁÄÏÐ×ØØÇ æÅÑÅ ÑÁÓÔÎÓÁÏÁÕÎ ÑÐÓÏÅ ïÅÒðÜÁÅ çáÎÒ Ð×áÐÓÓÍÎ ÅÎ ÑÁÓÔÎÓÁÏÁÕÎ ÛæÆÖÚÆ
ÞÃÐ ÊÍÎ ÔÎÓÓÃÁ ÔÄÎáÐÓÓÅÑÎÄÐÓ ÐÒõÅÄáÅÑÎÓê áÎÊÏßÒ ÔÐÜÎ ÒÐÊÎÓ ¾ ÔÄÎáÐÓÓÅÑÎÄ Øéø ÚÎúÐÄÚæûóò
ÐÒõÅÄáÅÑÎÇ

ÉÓ ÀÚíîÓ ÑÅ ïÅÒðÜÁÅ ÖÁÄÏÐ×ØÖ ÐÓÏÍÎ ÑÁÕÁÑÁÑÎÓ ÐÒ ÏÄüÓ áÜÅÓÓÐÓ õÅÓÐÅÑÅÓ ÊÅ ÅÔÜÁáÅÌÍÎ ÅÜÕÎÈ
èÛã ÀÛ Ð ÷ÛÇ îÓ ÔÜÅÏÅïÎÄÒÅÓ èÛ ÓÍÎ ÁÊÑÁáÅÑÅÓ ÔÅÄÅ ÅÔÜÁáÅÌùÐÓ áÎÒ ÒÅÁÎÄ ÑÐÒÅÊÑÅ ÑÐ öÄÐÅ ÑÐ
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RocketIO SMA
(6 portas MGT)

Módulo iSFP Gbe
(2 portas MGT)

Interface MGT

Conectores
LVDS

Interface LVDS

SDRAM 32MB
(x32)

Interface de
Memória

SDRAM 32MB
(x32)

PHY 10/100

Miscelanea E/S

Pinos de Saída
IDE (40 pinos)

Portas RS232
2

Painel LCD

Switches

LEDs

Fonte
Programáveis

LVDS (3)

Fontes de Relógio

Saída SMA (3)

LVTTL @100MHz

Socket OSC
LVTTL (4/8 Pinos)

Entradas SMA (2)

Regulador 2,5V

Reguladores de
Tensão

Regulador 1,5V

RocketIO 1,5V

Tensões
Reguladas:

3,3V, 5V, 12V, -12V
e -5V

Conectores System
ACE

Porta JTAG CPU

Porta JTAG

Porta JTAG
Cabo Paralelo IV

Porta Debug CPU

Porta Trace CPU

PROM ISP
XCF04S (3)

Configurações e Portas de Debug

Módulo P160
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Virtex-II Pro
FPGA

XC2VP20/30
(FF1152)
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� YZWaVzyaU ~TY`U � `[�baZ Y {UTa|}U VzTayY `Y abW[ZVYy[ v[`aYbW[ U ~TU `[ �dUyUT d�cayUT
{Z�x{UTayaUbY`UT [ {Z�xyUb�c~ZY`UT {YZY V~byaUbYZ yUvU {UbWU `[ {YTTYc[v `[ �UTt �TWU {U`[
T[Z V[aWU ~TYb`U ���T `U ���u yUb�c~ZY`YT yUvU V~b|�[T a`[bWa`Y`[f yUvU {ZU{UTWU {UZ
��dd[Z qR�s U~ ~Wada�Yb`U o����ohoj� `U {Z�{ZaU ���u yUbVUZv[ {ZU{UTWU {[dY �adab�f {UTayaUbY`UT
bU dUyYd Ub`[ T[ `[T[�Y ~v {abU `[ abW[ZVYy[t �TWYT [TWZ~W~ZYT {Z�x`[�ba`YT T}U `[bUvabY`YT
�hi�m�t u �ac~ZY RtS Y{Z[T[bWY ~vY ad~TWZY|}U `Y Z[TWZa|}U [byUbWZY`Y bU TUVWXYZ[ {YZY `[�baZ
U {UTayaUbYv[bWU `[ �UT `Y abW[ZVYy[ `[ yUv~bayY|}U [bWZ[ {YZW[T ��YT [ Z[yUb�c~Z�w[aTt �Uv
[TWY �ac~ZY {[Zy[�[xT[ Y b[y[TTa`Y`[ `U ~TU `[ vYyZUT {YZY TYWaTVY�[Z Y yUb`a|}U _��p `Y abVZYx
[TWZ~W~ZY `[ ���Tt
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¹½ËÂÐØÏÈ¹ÙÔ½ºÁÒ È¶· Ù¹½· ØÝ· ½ · ºÐ¸½¹ß·Ë½ ¼½ ËÂ¶ÈÐºË·âÚÂ Ì¹½Á½Ð¸½ ½Ð¸¹½ ½É·ÁÎ
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ôõöö÷øõùú÷û õø ûüôúý÷öõ þ÷ö÷ ÿõûõù�ü��õö û�ûúõø÷û õø�÷ö�÷ÿüû� �ûú÷û ôõöö÷øõùú÷û ü�ú�ø �üøü
õùúö÷ÿ÷ �ø÷ ÿõû�ö�	
ü ÿ÷ ÷ö���úõú�ö÷ ÿõ �÷öÿý÷öõ ÿü û�ûúõø÷ õ õö÷ø �üøü û÷�ÿ÷ ÷ö����üû
�üø ÷û �ùôüöø÷	�õû ùõ�õûû�ö�÷û ÷ü þöõõù���øõùúü ÿ÷ øõø�ö�÷ ÿõ �üù��ö÷	
ü ÿõ �ø ����
õûþõ����ü�

�û ôõöö÷øõùú÷û õø ûüôúý÷öõ ��õ öõ÷���÷ø õûúõ ú�þü ÿõ þöü�õûû÷øõùúüû û
ü ÿõùüø�ù÷ÿ÷û � ���
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ü ÿõùüø�ù÷ÿüû
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ü ÿõ úüÿü ü û�ûúõø÷% �÷ûü õø
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ü ÿõùüø�ù÷ÿüû
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B?NO>?JG?NP N?\FJ>A D `O\FBD <SabS cFDJ>A DCdDN DN GDB?@DN ?NGXA ?H?IFGDJ>A ?C KDB>LDB?P
FCD eA] [ FGOVOUD>D MDBD IACFJOIDWXAS cFDJ>A DN GDB?@DN ?NGXA ?H?IFGDJ>A ?C NA@GLDB?P JA
MBAI?NND>AB ?CdDBID>AP D IACFJOIDWXA [ B?DVOUD>D DGBDR[N >? FCD fgh i>A OJ\V_NP ZMMVOIDGOAJ
jBA\BDCCOJ\ kJG?B@DI?lS m G?BI?OBA GOMA >? IACFJOIDWXA DIAJG?I? EFDJ>A FCD GDB?@D ?JRAVRO>D
JD IACFJOIDWXA ?NGn ?H?IFGDJ>A ?C NA@GLDB? ? D AFGBD ?C KDB>LDB?S e?NN? IDNAP FCD opqprp
rs ptuvwpxyz rs {pwr|pws i?C OJ\V_NP }pwr|pws ftuvwpov~z� �p�sw � }f�l [ FGOVOUD>DS

...
FPGAISP

OS4RS

API de Comunicação
HAL

P1

P2

P3

Pn

Pc

Pa

Pb

(1)

(2)

(3)

(1) Comunicação entre tarefas em software

Legenda:

(2) Comunicação entre tarefas em hardware e software

(3) Comunicação entre tarefas em hardware

`O\FBD <Sab� kJ@BDQ?NGBFGFBD >? KDB>LDB?�NA@GLDB? EF? M?BCOG? D IACFJOIDWXA ?JGB? GDB?@DNP
GDJGA ?C KDB>LDB? EFDJGA ?C NA@GLDB? �b��S

����� �������� �� ������ �� ���

�C �a��P �BO?N? ?G DVS MBAM�?C D IAJNGBFWXA >? FC \?B?JIOD>AB >? B?IAJY\FBDWXA >OJ�COID
i?C OJ\V_N �����~qs �soz� ¡�wpv~z� ¢p�p¡sw � ��� ¢p�p¡swlS m \?B?JIOD>AB @AO OCMV?C?JQ
GD>A ?C KDB>LDB? ? G?C D @FJWXA >? IAJGBAVDBP CAJOGABDB ? ?H?IFGDB A MBAI?NNA >? B?IAJY\FBDWXA
?C FCD MVDGD@ABCD DVRAS m NONG?CD IAJG[C C£>FVAN B?IAJY\FBnR?ON OCMV?C?JGD>AN ?C KDB>Q
LDB?P FC MBAI?NND>AB ? dDBBDC?JGAN >? IACFJOIDWXAS �NG? NONG?CD CDJG[C DBCDU?JD>D DN
IAJY\FBDW�?N MDBIODON ?C FC KANM?>?OBAP IAC A EFDV N? IACFJOID DGBDR[N >? FC dDBBDC?JGA
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´µ¶ ·¸¹º»¼½´º ¾¿À Á Â Ã»µ´ºÄÄ½Åµ» ºÆº´Ç¹½ Ç¶ Ä·Ä¹º¶½ µÃº»½´·µ¸½È Åº ¹º¶Ãµ »º½È Ã½»½ ½ÃÈ·É
´½ÊËºÄ ´µ¶ »ºÄ¹»·ÊËºÄ Åº ¹º¶ÃµÁ Â Ìº»º¸´·½Åµ» ¼µ· ·¶ÃÈº¶º¸¹½Åµ ´µ¶ ´Í½Îº½¶º¸¹µ Åº ´µ¸¹ºÆ¹µ
º ¶º´½¸·Ä¶µÄ Åº ÄºÌÇ»½¸Ê½ Ã½»½ Ã»ºÎº¸·» ºÎº¸¹Ç½·Ä ¼½ÈÍ½Ä ÅÇ»½¸¹º µ Ã»µ´ºÄÄµ Åº »º´µ¸ÏÌÇ»½ÊÐµÁ
Â Ä·Ä¹º¶½ Ã»µÃµÄ¹µ Ç¹·È·Ñ½ ½ ·¸¹º»¼½´º ÒÓÔÓÕÖ×ØÙ Ã½»½ ½ »º´µ¸ÏÌÇ»½ÊÐµ Åº Å·ÄÃµÄ·¹·ÎµÄ Ú¾ÛÜ
Å½ Ý·È·¸ÆÁ Ü ·¶ÃÈº¶º¸¹½ÊÐµ º ¹ºÄ¹º Åµ Ä·Ä¹º¶½ ¼µ»½¶ »º½È·Ñ½ÅµÄ ¸½ ÃÈ½¹½¼µ»¶½ Åº Ã»µ¹µ¹·Ã½ÊÐµ
ÞØÙÖßàáâââ Åµ À¸Ä¹·¹Ç¹µ ãÓäåæ çäèéßàê ëåìÖäÖíÖÓ î ïØééÓàðßàå ñòóôÁ õÄ¹½ ÃÈ½¹½¼µ»¶½ ö ÄÇ÷Å·É
Î·Å·Å½ º¶ ¶øÅÇÈµÄ Åº ºÆÃ½¸ÄÐµÁ Ü Ú·ÌÇ»½ óÁùó ½Ã»ºÄº¸¹½ Ç¶ Å·½Ì»½¶½ Åº ÷Èµ´µÄ Åµ Ä·Ä¹º¶½
·¶ÃÈº¶º¸¹½Åµ ¸ºÄ¹½ ÃÈ½¹½¼µ»¶½Á

Unidade de
Controle

Processador
Mestre

Processador
Escravo

Registradores

End.Configuração

Comandos

Estado1

Estado2

Estado3

…..

Gerenciador RTR

DB-V2Pro XC2VP20

E/S FPGA

Módulo 1
Dummy

Módulo 2
Dummy

Módulo de Sincronização

Módulo de Interconexão e Controle

DB-V2Pro XC2VP20
Interface de

Configuração
Módulo de Comunicação (Ex.: DB COM)

RAPTOR2000 Módulo 1 RAPTOR2000 Módulo 2 RAPTOR2000 Módulo 3

Barramento Local

PLX
Gerenciador
Configuração

Memória de
Configurações

Bus PCI

RAPTOR2000 PLACA MÃE

Ú·ÌÇ»½ óÁùóú û·½Ì»½¶½ Åº ÷Èµ´µÄ Å½ ÃÈ½¹½¼µ»¶½ Ã»µÃµÄ¹½ Ãµ» Û»·ºÄºñù¤ôÁ

üýþýÿ �������� �� 	
��
��� � �������

õ¶ ñ¤�ô� �·ÈÈ·½¶Ä º �º»Ì¶½¸¸ Ã»µÃËº¶ ½ ´µ¸Ä¹»ÇÊÐµ Åº Ç¶ éàä�Óà éÓ éäìÙßìäÖä�ß Ã½»½ µ Ä·ÄÉ
¹º¶½ µÃº»½´·µ¸½È

µ
¿È·¸ÇÆ º¶÷½»´½Åµ º¶ Ç¶½ ÃÈ½¹½¼µ»¶½ ½Ç¹µÉ»º´µ¸ÏÌÇ»�ÎºÈÁ õÄ¹½ ÃÈ½¹½¼µ»¶½ ö

÷½Äº½Å½ ¸µ Ã»µ´ºÄÄ½Åµ» �·´»µ÷È½Ñº� ´½Ã½Ñ Åº ºÆº´Ç¹½» ºÄ¹º �º»¸ºÈ Åµ �·¸ÇÆÁ Â éàä�Óà éÓ éäìÙßìäî
Öä�ß Å·ÄÃµ¸·÷·È·Ñ½ Äº»Î·ÊµÄ ½ ½ÃÈ·´½ÊËºÄ º¶÷½»´½Å½Ä� ¹½·Ä ´µ¶µú º¸Î·µ Åº ÷·¹Ä¹»º½¶Ä Ã½»½ ½ Ãµ»¹½
À¿Ü¾ º ´µ¶Ã½´¹½ÊÐµ Åº ÷·¹Ä¹»º½¶ÄÁ ûºÄ¹º ¶µÅµ� µ µ

¿È·¸ÇÆ ½÷Ä¹»½· ½Ä ´µ¶ÃÈºÆ·Å½ÅºÄ º¸ÎµÈÎ·Å½Ä
¸µ Ã»µ´ºÄÄµ Åº »º´µ¸ÏÌÇ»½ÊÐµ º Å·ÄÃµ¸·÷·È·Ñ½ ´µ¶½¸ÅµÄ Ã½»½ Äº»º¶ ºÆº´Ç¹½ÅµÄ ¸µ �ÍºÈÈ Åµ Ä·ÄÉ
¹º¶½Á ¿µ¶ ·ÄÄµ� µÄ ½Ç¹µ»ºÄ Î·Ä½¶ Ç¹·È·Ñ½» Ç¶½ ÃÈ½¹½¼µ»¶½ ´µ¶ Ç¶ Ä·Ä¹º¶½ µÃº»½´·µ¸½È �ºÆ�ÎºÈ
º Åº ´øÅ·Ìµ ½÷º»¹µ� ½Å½Ã¹½¸Åµ ½Ä ¼º»»½¶º¸¹½Ä �·¸ÇÆ Ã½»½ ½ÇÆ·È·½» ¸½ »ºÄµÈÇÊÐµ Åº Ã»µ÷Èº¶½Ä
º¸´µ¸¹»½ÅµÄ º¶ Ä·Ä¹º¶½Ä ½Ç¹µÉ»º´µ¸ÏÌÇ»�Îº·ÄÁ
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CD EFGH IJKLJMNO PQ JMR SKOSTPD UD VUWVXVQPDJ YUP ZO[QKOMP J \X[]DXZJ \P P^PZU_`O \OV
Da\UMOV bU[ZXO[JXV PD VXVQPDJV KPZO[cdUKeLPXVR f QJKPbJ \P ZO[QKOMJK \X[JDXZJDP[QP J P^PZU_`O
\P Da\UMOV PD UD \XVSOVXQXLO KPZO[cdUKeLPM \PLP VPK JQKXWUg\J J UDJ P[QX\J\PR IJKLJMNO SKOShV
O ijkjlmnopqk pj rqlstukovwq pj xnyzj{oy |jmqlstuk}~jny � |xr� �\O X[dM�VH |jmqlstuko��j
x�yzj{ rqlstukoznql �olotjk�H UD DO\PMO \P ZO[QKOMJ\OK \P KPZO[cdUKJ_`O ZJSJ� \P \PVPD�
SP[NJK bU[_TPV VPDPMNJ[QPV �V \P UD VXVQPDJ OSPKJZXO[JMR f PVQKUQUKJ \O ��I� XDSMPDP[QJ\J
X[QPdKJMDP[QP PD NJK\�JKP � JSKPVP[QJ\J [J �XdUKJ �R10 EFG�

Á
rea R

econfigurável 0

Controle
Central de

Configurações

Á
rea R

econfigurável 1

Á
rea R

econfigurável n

Monitor  de
Reconfiguração

Escalonador de
Configurações

AutoconfiguradorMemória Controlador

Memória de Configuração

Interface de
Configuração

Porta ICAP

...

�XdUKJ �R10� �O\PMO \P UD ��I� SJKJ XDSMPDP[QJ_TPV \P ���VH KPQXKJ\J \P EFGR

�V SKX[ZXSJXV Da\UMOV YUP ZODSTPD O ZO[QKOMJ\OK ��I� P VUJV bU[_TPV PVQ`O \PVZKXQJV J
VPdUXK�

�n��j{�kno pj rqlstukovwq�r��H JKDJ�P[J QO\OV WXQVQKPJDV SJKZXJXV UVJ\OV SPMO VXVQPDJ
PD QPDSO \P P^PZU_`OR �PLJ[\O PD ZO[QJ O PVZJVVO PVSJ_O \P JKDJ�P[JDP[QO PD ���fV�

�nn��uzqmqlstukopqk�xr�H ZO[QKOMJ O SKOZPVVO bgVXZO \P ZO[cdUKJ_`O�KPZO[cdUKJ_`O�
�nnn��lzjk� omj pj rqlstukovwq�r�� bOKDJQJ OV \J\OV \P ZO[cdUKJ_`O SJKJ O ���fR
�n~�rqlzkq�j rjlzko� pj rqlstukovwq�rrr�H KPZPWP KPYUXVX_TPV SJKJ X[XZXJK O SKOZPVVO \P

ZO[cdUKJ_`O P bOK[PZP KPVUMQJ\OV \O SKOZPVVO [J bOKDJ \P VX[JXV \P VQJQUVR
�~��qlnzqk pj |jmqlstukovwq�|��H \PQPZQJ JV VXQUJ_TPV O[\P UDJ KPZO[cdUKJ_`O SO\P�\PLP

VPK KPJMX�J\JR
�~n���pu�q �ymo�qlopqk�rx�H � KPVSO[VeLPM SOK \PQPKDX[JK YUJM WXQVQKPJD � O SKa^XDO J VPK

ZO[cdUKJ\OR CVQP Da\UMO KPZPWP KPYUXVX_TPV \O III P JKDJ�P[J UDJ PVQKUQUKJ \P \J\OV ZOD
X[bOKDJ_`O VOWKP \PSP[\�[ZXJV P[QKP ZO[cdUKJ_TPVH ZODO UDJ QJWPMJR CVQJ QJWPMJ � ZNJDJ\J
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ÃÄÃ ÅÆÇÈÉÇÇÊË ÌÍÇ ÎÏËÐËÇÑÍÇ ÒÓÔÆÇÍÌÍÇ

ÕÖ×ØÙ ÚÛ ×ØÜÝÜÞßÚÛ ØÙàáÛÜâÚÛ Ù âáÛãä×áâÚÛ ÖÜ åÙæçÚ èÂ¡é âÙÛ×ÜãÜêëÛÙ ÜÞìäÖÛ íäÙ ÛÙØàÙê âÙ
ØÙîÙØÙÖãáÜÞ ×ÙïØáãÚ ðÜØÜ ÙÛ×Ù ×ØÜÝÜÞßÚÂ ñÙÛ×Ü åÙæçÚ ÛçÚ âáÛãä×áâÚÛ ÜÛðÙã×ÚÛ ðÚÛá×áàÚÛ Ù ÖÙìÜ×áàÚÛ
âÜÛ ðØÚðÚÛ×ÜÛÂ

ò ìÙØÙÖãáÜâÚØ âÙ ãÚÖóìäØÜæôÙÛ ðØÚðÚÛ×Ú ðÚØ õÞÞêÜÖÖ ö âÙâáãÜâÚ Ü ÜðÞáãÜæôÙÛ ÙÛðÙã÷óãÜÛé
ãÚêÚ äÖáâÜâÙÛ âÙ ãÚÖ×ØÚÞÙ âÙ îäÖæôÙÛ Üä×ÚêÚ×áàÜÛÂ ÕÛ×ÜÛ ÜðÞáãÜæôÙÛ ÛçÚ ãÞÜÛÛáóãÜâÜÛ ãÚêÚ
½³±¾»ø±¼é Úä ÛÙùÜé Ú ÛáÛ×ÙêÜ ×ÚêÜ âÙãáÛôÙÛ äê îäÖæçÚ âÜÛ ÜæôÙÛ âÙ×Ùã×ÜâÜÛ ðÚØ ÛÙÖÛÚØÙÛ íäÙ
ãÚêðôÙ Ú ÛáÛ×ÙêÜÂ ò ìÙØÙÖãáÜâÚØ Ü×ÙÖâÙ Ü ×ÜØÙîÜÛ Ùê ×ÙêðÚ ØÙÜÞ ãÚê ØÙÛ×ØáæôÙÛ ÖçÚ ãØ÷×áãÜÛé Úä
ÛÙùÜé ×ÜØÙîÜÛ íäÙ ÖçÚ ÛÙùÜê àá×ÜáÛ ÜÚ ãÚÖ×ØÚÞÙ âÚ Üä×ÚêïàÙÞé ãÚêÚ Ú ÜãáÚÖÜêÙÖ×Ú âÚ ÞáêðÜâÚØ
âÙ àáâØÚÛÂ ò ìÙØÙÖãáÜâÚØ ÖçÚ ðÚÛÛäá äêÜ äÖáâÜâÙ âÙ ÙÛãÜÞÚÖÜêÙÖ×Ú âÙ ×ÜØÙîÜÛé êÜÛ ÙÛ×ÜÝÙÞÙãÙ
Ö÷àÙáÛ âÙ ðØáÚØáâÜâÙÛ úÛ ×ÜØÙîÜÛé îÜàÚØÙãÙÖâÚ ÜÞìäêÜÛ ×ÜØÙîÜÛ ÛÙìäÖâÚ äêÜ ðÚÞ÷×áãÜ âÙóÖáâÜ Ùê
×ÙêðÚ âÙ ðØÚùÙ×ÚÂ

ûÙÛÜÖÚ Ù× ÜÞÂ Ùê üèýþéüèÿþé üè�þ ðØÚðôÙê Ú äÛÚ âÙ ×öãÖáãÜÛ ðÜØÜ Ú ÙÛãÜÞÚÖÜêÙÖ×Ú âÙ ×ÜØÙîÜÛ Ùê
å�ûÛÂ ÕÛ×ÜÛ ×öãÖáãÜÛé ãÚÖîÚØêÙ âÙÛãØá×Ú ÜÖ×ÙØáÚØêÙÖ×Ùé ÝäÛãÜê ÙÛãÚÖâÙØ âÜ ÜðÞáãÜæçÚ Ú ×ÙêðÚ
ìÜÛ×Ú ÖÚ ðØÚãÙÛÛÚ âÙ ØÙãÚÖóìäØÜæçÚ âÚ ßÜØâ�ÜØÙÂ ÕÛ×ÜÛ ×öãÖáãÜÛ áêðÞÙêÙÖ×ÜâÜÛ Ùê ÛÚî×�ÜØÙ ÛçÚ
�×ÙáÛ ÖÚ ðØÚùÙ×Ú Ù âÙÛÙÖàÚÞàáêÙÖ×Ú âÙ ãÚÖ×ØÚÞÜâÚØÙÛ âÙ ãÚÖóìäØÜæçÚ ðÜØÜ ÜðÞáãÜæôÙÛ ÙêÝÜØãÜâÜÛ
Ùê ðÞÜ×ÜîÚØêÜÛ ãÚê âäÜÛ Úä êÜáÛ �ØÙÜÛ ØÙãÚÖóìäØ�àÙáÛÂ

�áìÖÚÞÙ× Ù× ÜÞÂ Ùê ü¡ýþ ðØÚðôÙê äêÜ áÖîØÜëÙÛ×Øä×äØÜ Ùê ßÜØâ�ÜØÙ Ù ÛÚî×�ÜØÙ ðÜØÜ ÛäðÚØ×Ù
Ü äê ÛáÛ×ÙêÜ ÚðÙØÜãáÚÖÜÞ ðÜØÜ ×ÜØÙîÜÛ âÙ ×ÙêðÚ ØÙÜÞ áêðÞÙêÙÖ×ÜâÚ Ùê ÛÚî×�ÜØÙÂ ÕÛ×Ü ÙÛ×Øä×äØÜ
ðÙØêá×Ù íäÙ âäØÜÖ×Ù Ü Ù�ÙãäæçÚ âÚ ÛáÛ×ÙêÜé ×ÜØÙîÜÛ áêðÞÙêÙÖ×ÜâÜÛ Ùê ÛÚî×�ÜØÙ ÛÙùÜê ØÙÜÞÚãÜâÜÛ
Ùê ßÜØâ�ÜØÙ ðÜØÜ íäÙ ãÚÖÛáìÜê Ü×ÙÖâÙØ úÛ ØÙÛ×ØáæôÙÛ âÙ ×ÙêðÚ áêðÚÛ×ÜÛ ðÙÞÚ ÛáÛ×ÙêÜÂ ò ãÚë
ðØÚùÙ×Ú âÙ ßÜØâ�ÜØÙ Ù ÛÚî×�ÜØÙ ðÙØêá×Ù Ü áêðÞÙêÙÖ×ÜæçÚ âÙ äêÜ âÜâÜ ×ÜØÙîÜ ×ÜÖ×Ú Ùê ÛÚî×�ÜØÙ
íäÜÖ×Ú Ùê ßÜØâ�ÜØÙÂ �ÙÛ×Ù êÚâÚé âäØÜÖ×Ù Ü Ù�ÙãäæçÚé Ú ÛáÛ×ÙêÜ ÚðÙØÜãáÚÖÜÞ ÙêðØÙìÜ ãßÜàÙÜë
êÙÖ×Ú âÙ ãÚÖ×Ù�×Úé ðÙØêá×áÖâÚ íäÙ äêÜ âÜâÜ ×ÜØÙîÜ ÛÙùÜ ØÙÜÞÚãÜâÜ Ù êÜÖ×ÙÖßÜ ÛÙä ãÚÖ×Ù�×Ú âÙ
Ù�ÙãäæçÚÂ ñÙÛ×Ü ðØÚðÚÛ×Üé Ü ØÙãÚÖóìäØÜæçÚ ðÜØãáÜÞ âÚ ÛáÛ×ÙêÜ ×Ùê Ü îäÖæçÚ âÙ ãÚÖóìäØÜØ ×ÜØÙë
îÜÛ Ùê ßÜØâ�ÜØÙ Úä Ü âÙÛÜ×áàÜæçÚ âÜ ×ÜØÙîÜ ãÜÛÚ ÙÛ×Ü ÛÙùÜ ØÙÜÞÚãÜâÜ Ùê ÛÚî×�ÜØÙÂ ò ðØÚùÙ×áÛ×Ü
âÙóÖÙ Ùê ×ÙêðÚ âÙ ðØÚùÙ×Ú Ü ðÚÞ÷×áãÜ âÙ ÙÛãÜÞÚÖÜêÙÖ×Ú âÜÛ ×ÜØÙîÜÛ âÙ ÜãÚØâÚ ãÚê ÚÛ ×ÙêðÚÛ âÙ
×ØÚãÜÛ âÙ ãÚÖ×Ù�×ÚÛ Ù âÙ Ù�ÙãäæçÚ âÙ ×ÜØÙîÜÛÂ ÕÛ×Ü ðØÚðÚÛ×Ü îÚá áêðÞÙêÙÖ×ÜâÜ ÛÚÝØÙ Ú âáÛðÚÛá×áàÚ
��¡	
��� âÜ îÜê÷ÞáÜ 	áØ×Ù��� âÚ �áÞáÖ�Â
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ÁÂ ÃÄÅÄ ÆÇÈÄ ÉÊ ËÌÄÍÊÎÄ ÉÊÏÊÃÅÄÐÅÑÉÄ ËÒÌÒ ÑÂËÐÊÂÊÃÎÒÌ ÓÔÕÏ ÏÇÌÖÑÇ ×ÄÂÄ ÇÂÒ ÒÐÎÊÌÃÒÎÑÅÒ
ÒÄÏ ÆÇÈÄÏ ËÌÄËÄÏÎÄÏ ËÊÐÒ ØÑÐÑÃÈ ÊÂ ÙÚÛÜÝ ÞÏÎÒ ËÌÄËÄÏÎÒ ÉÊ ×ÄÃ×ÊËßàÄ ÉÊ ÓÔÕÏ ÎÒÂáâÂ ÇÏÒ
ãÊÌÌÒÂÊÃÎÒÏ ÉÄÏ ÒÂáÑÊÃÎÊÏ ÞÔä Ê åÓÞæ ÍÇÃÎÒÂÊÃÎÊ ×ÄÂ ÇÂÒ ãÊÌÌÒÂÊÃÎÒ ÉÊÏÊÃÅÄÐÅÑÉÒ ËÄÌ çèÐÐÊÌ
ÊÂ ÙéêÜ ËÒÌÒ ÒÃëÐÑÏÊ Ê ÖÊÌÒßàÄ ÉÊ áÑÎÏÎÌÊÒÂÏ ËÒÌ×ÑÒÑÏæ ÉÊÃÄÂÑÃÒÉÒ ìíîïðñòóïîôõõ öîíÝ

÷ ÆÇÈÄ ÉÊ ÉÊÏÊÃÅÄÐÅÑÂÊÃÎÄ ËÄÉÊ ÏÊÌ ÉÑÅÑÉÑÉÄ ÊÂ ø ÊÎÒËÒÏ ÉÊ ËÌÄÍÊÎÄ áÊÂ ÉÊùÃÑÉÒÏú ûÄÃü
×ÊËßàÄ ÉÒ ýÌþÇÑÎÊÎÇÌÒæ ÔÊùÃÑßàÄ ÉÊ ÿÐÒÃÎÒ �ÒÑÈÒ Ê Ó�ÃÎÊÏÊ ��ÖÑ×Ò Ê ��ÏÑ×Òæ �ÊÌÒßàÄ ÉÊ �ÑÎü
ÏÎÌÊÒÂÏ ÿÒÌ×ÑÒÑÏ Ê ÿÌÄÍÊÎÄ ÉÊ ÓÄãÎ�ÒÌÊÝ ý �ÑÖÇÌÒ øÝÚ ÒËÌÊÏÊÃÎÒ ÇÂÒ ÅÑÏàÄ ÉÄ ÆÇÈÄ Ê ÑÎÊÌÒß�ÊÏ
ÊÈÑÏÎÊÃÎÊÏ ÊÃÎÌÊ ÒÏ ÊÎÒËÒÏÝ

Concepção
da Arquitetura

Definição da Planta
Baixa e Síntese do

Hardware

Geração de
Bitstreams

Parciais

Projeto de
Software

�ÑÖÇÌÒ øÝÚú ÁÂÒ ÅÑÏàÄ ÖÊÌÒÐ ÉÄ ÆÇÈÄ ÉÊ ËÌÄÍÊÎÄ Ê ÏÇÒÏ ÑÃÎÊÌÒß�ÊÏÝ

�	
	� ������� �� �����������
ÞÏÎÒ â Ò ËÌÑÂÊÑÌÒ ÊÎÒËÒ ÉÄ ÆÇÈÄ ÉÊ ËÌÄÍÊÎÄÝ �ÊÏÎÒ ÊÎÒËÒ ÏàÄ ÉÊùÃÑÉÄÏ ÄÏ Ã�×ÐÊÄÏ åÿÏ þÇÊ

ÑÌàÄ ×ÄÂËÄÌ Ò �î� ò!ï! î� "�#ï ÉÄ ÏÑÏÎÊÂÒÝ ý �î� ò!ï! î� "�#ï â Ò ×ÄÃùÖÇÌÒßàÄ ÎÄÎÒÐ ÉÄ �ÿ�ý
þÇÊ ×ÄÃÎâÂ ÎÄÉÒ Ò ËÒÌÎÊ ùÈÒ ÉÄ ÏÑÏÎÊÂÒ Ê ÇÂÒ ×ÄÃùÖÇÌÒßàÄ ÑÃÑ×ÑÒÐ ËÒÌÒ ×ÒÉÒ ÇÂÒ ÉÒÏ ëÌÊÒÏ
ÌÊ×ÄÃùÖÇÌëÅÊÑÏÝ ýÎÌÒÅâÏ ÉÄ ÆÇÈÄ ÉÊ ×ÌÑÒßàÄ ÉÊ ÒÌþÇÑÎÊÎÇÌÒÏ ÉÄ ÞÔäæ ×ÄÃÏÎÌ�ÑüÏÊ Ò ÒÌþÇÑÎÊÎÇÌÒ
áÒÏÊæ ÄÃÉÊ ÏàÄ ÉÊùÃÑÉÄÏú Ä ËÌÄ×ÊÏÏÒÉÄÌæ ÄÏ áÒÌÌÒÂÊÃÎÄÏæ ËÊÌÑãâÌÑ×ÄÏ ËÒÌÒ ÊÃÎÌÒÉÒ Ê ÏÒ�ÉÒ ÉÊ ÉÒÉÄÏ
Ê ÎÑËÄÏ ÉÊ ÂÊÂ�ÌÑÒÝ �ÊÏÎÒ ÊÎÒËÒæ ÎÒÂáâÂ â ÉÊùÃÑÉÒ Ò ×ÌÑÒßàÄ Ê ÒÉÑßàÄ ÉÊ ÃÄÅÄÏ ËÊÌÑãâÌÑ×ÄÏ $
ÒÌþÇÑÎÊÎÇÌÒ áÒÏÊÝ
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: ;<=< >?@ABC@A;D @?;DEFGH@IJ?K ;@A<=D >?KD >@DL?MANM< =?J?ON? <G@?G<@ P<;@DN ><@< BD@P<@
< AEM?@B<;? QFR<S ?EM@? HP< I@?< FR< ? HP< @?;DEFGH@IJ?K DH ?EM@? =H<N I@?<N @?;DEFGH@IJ?ANT
U<;@DN NVD AEN?@A=<N ?EM@? D W<@@<P?EMD XD@?XDEE?;M ? < AEM?@B<;? YZY[ =D >?@ABC@A;D\ >DAN ?NM?
C D ]EA;D PD=D ^H? >?@PAM? D >DNA;ADE<P?EMD =<N P<;@DN ;DP < B?@@<P?EM< [KDD@>K<EE?@T :
[AGH@< _T` PDNM@< < >DNAaVD =< P<;@D =?EM@D =< ?NM@HMH@< =D >?@ABC@A;DT

Lógica
definida pelo

usuário
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IPIC

Estrutura do IP

M
a
c
r
o
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..

. Para o barramento
CoreConnect

[AGH@< _T`b YEN?@aVD =<N P<;@DN ED >?@ABC@A;D ;@A<=D >?KD HNHI@AD\ BD@P<E=D < AEM?@B<;? =? ;DO
PHEA;<aVD ?EM@? I@?<N FR< ? @?;DEFGH@IJ?K DH ?EM@? =H<N I@?<N @?;DEFGH@IJ?ANT

: I@?< FR< =?FEA=< ;DPD < I@?< =? ;DEM@DK? =? HP cde\ >D@ ?R?P>KD C ;DP>DNM< >?KD >@DO
;?NN<=D@ UA;@DfK<g? ? MD=DN DN >?@ABC@A;DN E?;?NNI@ADN <D N?H >@D;?NN<P?EMD ;DPDb P?Ph@A<N\
W<@@<P?EMDN\ ;DEM@DK<=D@?N ><@< =AN>DNAMAJD YX:Z ? AEM?@@H>aVD\ ? <AE=< =AN>DNAMAJDN =? ?EO
M@<=< ? N<i=<T :N I@?<N @?;DEFGH@IJ?AN NVD @?>@?N?EM<=<N >D@ YZN =?FEA=DN >?KD HNHI@AD ><@<
=?N?P>?Ej<@ HP< M<@?B< ?N>?;iF;< ED NANM?P<T

:>hN < =?FEAaVD =DN YZN ^H? ;DP>k?P < <@^HAM?MH@< W<N? =D NANM?P< ;DP < AEM@D=HaVD =<N
P<;@DN\ =?J? N?@ G?@<=D D lmnopqn =< <@^HAM?MH@<\ DH N?L<\ C =<=D AEi;AD <D >@D;?NND =? NiEM?N? ?
DMAPAg<aVD =D j<@=r<@?\ ;DEBD@P? < =?N;@AaVD =D sHRD =? NiEM?N? <>@?N?EM<=D E< c?aVD _TtT`T

uvwvw xyz{|}~� �� ���{�� ��|�� y ��{�y�y ���|�� y ���|��
� <PWA?EM? Yc� =AN>DEAWAKAg< <N B?@@<P?EM<N E?;?NNI@A<N ><@< ?NM< ?M<>< =D >@DL?MDT �P>@?G<O

N? < B?@@<P?EM< �o����o�llm� ><@< =?FEA@ < >K<EM< W<AR< =D NANM?P<\ DH N?L<\ ?NM<W?K?;?@ <
=AP?ENVD QBD@P<MD ? P?=A=<NS =? ;<=< I@?< ^H? ;DEM?@I ;<=< Ph=HKD =? j<@=r<@? =< <@^HAM?MH@<
=?EM@D =D [Z�:T � HND =?NM< B?@@<P?EM< =?J? <M?E=?@ < @?NM@Aak?N AP>DNM<N >?KD >@DL?MD ? >?KD
j<@=r<@? ?RM?@ED\ AE;KHAE=Db KD;<KAg<aVD =? >AEDN =? ?EM@<=< ? N<i=< =D =AN>DNAMAJD\ >@DRAPA=<=?
?EM@? DN Ph=HKDN ? ANDK<P?EMD ?EM@? I@?<N =< <@^HAM?MH@<T Z<@< ANDK<@ <N I@?<N C E?;?NNI@AD D
HND =<N P<;@DN ^H? FR<P < AEM?@B<;? =? ;DPHEA;<aVD ?EM@? <N I@?<NT c?GHE=D ?NMH=DN @?<KAg<=DN
ED X<>iMHKD �\ ?RANM?P >@D>DNM<N =? ;@A<aVD =? AEM?@B<;?N ?EM@? I@?<NT ZD@CP\ E?NM? M@<W<KjD
N?@I ?P>@?G<=D HP EDJD PD=?KD =? AEM?@B<;?\ =?FEA=D >D@ U�KK?@ ����T U�KK?@ =?N?EJDKJ?H
�����q ^H? >DNNAWAKAM<P < ;DPHEA;<aVD ? D ANDK<P?EMD ?EM@? YZN =H@<EM? < ?M<>< =? ;DE;?>aVD
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·¸ ¸¹º»¼½¾½»¹¸¿
À ·¾ÁÂ¼ÃÄÅ ·¾ Æ¹¾¸Ç ·¾È¾Â·¾É ¾Â½¹¾ Å»½¹ÅÇ Ê¸½Å¹¾Ç ·¸Ç ¹¾Ç½¹¼ÃË¾Ç ¼ÌÈÅÇ½¸Ç È¾Í¸ ¸¹º»¼½¾½»¹¸

·¾ Î¹¾ÏÐÅÂÁÑ»¹¸ÃÄÅ ·Å ·¼ÇÈÅÇ¼½¼ÒÅ ¾Ì º»¾Ç½ÄÅ¿ ÓÌ¸ Ì¸Â¾¼¹¸ ·¾ ·¾ÁÂ¼¹ Æ¹¾¸Ç Ô ·¸·¸ ¸ Ç¾Ñ»¼¹É
ÒÅÍ½¸·¸ È¸¹¸ Ð¹¼¸¹ Ç¼Ç½¾Ì¸Ç ¸ Ç¾¹¾Ì ¼ÌÈÍ¾Ì¾Â½¸·ÅÇ ÇÅÕ¹¾ ÅÇ ·¼ÇÈÅÇ¼½¼ÒÅÇ Ö¼¹½¾×ØØ ¾ Ö¼¹½¾×ØØÙÚ¹Å
·¸ Û¼Í¼Â×¿ Ü¾Ç½¾Ç ·¼ÇÈÅÇ¼½¼ÒÅÇ ¸ ØÝÀÚ ¾ÂÐÅÂ½¹¸ÙÇ¾ ÍÅÐ¸Í¼Þ¸·¸ ÂÅ Ð¸Â½Å ¼ÂÊ¾¹¼Å¹ ·¼¹¾¼½Å ·Å ßÚàÀÉ
ÐÅÂ·¼ÃÄÅ Í¼Ì¼½¸Â½¾ È¸¹¸ º»¾ ¸ Æ¹¾¸ Á×¸ ÎÐÅÂ½¹ÅÍ¾ ·Å Ç¼Ç½¾Ì¸Ï Ç¾á¸ ·¾ÁÂ¼·¸ â ·¼¹¾¼½¸ ·Å ßÚàÀ
¾ Æ¹¾¸Ç ¹¾ÐÅÂÁÑ»¹ÆÒ¾¼Ç â ¾Çº»¾¹·¸¿ Ú¹¼Ì¾¼¹ÅÉ ÈÅÇ¼Ð¼ÅÂ¸ÙÇ¾ ¸ Æ¹¾¸ Á×¸ Â¸ ¹¾Ñ¼ÄÅ ¼Â½¾¹Â¸ Ì¸¼Ç â
·¼¹¾¼½¸ ·Å ßÚàÀÉ ¹¾Ç¾¹Ò¸Â·Å ¸ ¹¾Ñ¼ÄÅ Ì¸¼Ç â ¾Çº»¾¹·¸ È¸¹¸ ¸Ç Æ¹¾¸Ç ¹¾ÐÅÂÁÑ»¹ÆÒ¾¼Ç¿ À ¼Â½¾¹Ê¸Ð¾
·¾ ÐÅÌ»Â¼Ð¸ÃÄÅÉ ÐÅÂÇ¼·¾¹¸·¸ ÐÅÌÅ È¸¹½¾ ·¸ Æ¹¾¸ Á×¸É ÁÐ¸ ÈÅÇ¼Ð¼ÅÂ¸·¸ ¾Â½¹¾ Ð¸·¸ È¸¹ ·¾ Æ¹¾¸Ç
¸·á¸Ð¾Â½¾Ç¿ ãÅ·ÅÇ ÅÇ ¾×¾ÌÈÍÅÇ ¸È¹¾Ç¾Â½¸·ÅÇ ¸º»¼ ¾ÌÈ¹¾Ñ¸Ì ¾Ç½¸ Å¹Ñ¸Â¼Þ¸ÃÄÅ ·¾ ÈÍ¸Â½¸ Õ¸¼×¸É
Ì»·¸Â·Å ¾Ò¾Â½»¸ÍÌ¾Â½¾ Å ÂäÌ¾¹Å ·¾ Æ¹¾¸Ç ¹¾ÐÅÂÁÑ»¹ÆÒ¾¼Ç¿ À ß¼Ñ»¹¸ å¿æ ¸È¹¾Ç¾Â½¸ »Ì ¾×¾ÌÈÍÅ
·¾ Í¾¼¸»½¾ ÅÕ½¼·Å ¸ È¸¹½¼¹ ·¾ »Ì¸ ½¸Í ·¾ÁÂ¼ÃÄÅ ·¾ Æ¹¾¸Ç È¸¹¸ »Ì çèé ¼ÌÈÍ¾Ì¾Â½¸·Å ÇÅÕ¹¾ Å
ßÚàÀ ÛÝêÖÚëì¿

íÇ ¸ÌÕ¼¾Â½¾Ç îèï ¾ Øçî ¼ÂÇ¾¹¾Ì ¸Ç ¹¾Ç½¹¼ÃË¾Ç ·¾ ·¾ÁÂ¼ÃÄÅ ·¸ ÈÍ¸Â½¸ Õ¸¼×¸ ÂÅ ¸¹º»¼ÒÅ ·¾
¹¾Ç½¹¼ÃË¾Ç ·¾ÁÂ¼·Å È¾ÍÅ È¹Åá¾½¼Ç½¸ Î Å ¸¹º»¼ÒÅ ÐÅÌ ¾×½¾ÂÇÄÅ ÓÝßÉ ·¾ ðñòó ôõöñ÷óøùö÷ úùûòÏ¿
è¾Ç½¾ ÌÅ·ÅÉ ¸Ç ¹¾Ç½¹¼ÃË¾Ç ·¾ÁÂ¼·¸Ç È¸¹¸ ¸ ¸¹º»¼½¾½»¹¸ Õ¸Ç¾ ¾ ¸¹Ì¸Þ¾Â¸·¸Ç Â¾Ç½¾ ¸¹º»¼ÒÅ ÈÅ·¾Ì
Ç¾¹ ¹¾»½¼Í¼Þ¸·¸Ç ÂÅ È¹Åá¾½Å ·¾ øóüýù÷ò÷ýóøñ ñòþýöÿ�óùøñÉ ¸ÇÇ¼Ì ·¾ÂÅÌ¼Â¸·¸Ç ÈÅ¹ Å¹¼Ñ¼Â¸¹¾ÌÙÇ¾ ·¸
¸¹º»¼½¾½»¹¸ Õ¸Ç¾É ¾ ·¼Ê¾¹¾ÂÐ¼¸Â·ÅÙÇ¾ ·¾Ç½¸ ¸È¾Â¸Ç ÈÅ¹ ÐÅÂ½¾¹¾Ì Ì�·»ÍÅÇ ¹¾ÐÅÂÁÑ»¹ÆÒ¾¼Ç ·¼Ç½¼Â½ÅÇ
·¸º»¾Í¾Ç ·¸ ¸¹º»¼½¾½»¹¸ Õ¸Ç¾ ¾ Ê»ÂÐ¼ÅÂ¸¹¾Ì ÐÅÌÅ Ñ¾¹¸·Å¹¾Ç ·¾ Ì�·»ÍÅÇ ¹¾ÐÅÂÁÑ»¹ÆÒ¾¼ÇÉ ÐÅÂÊÅ¹Ì¾
·¾ÇÐ¹¼½Å Â¸ È¹�×¼Ì¸ ç¾ÃÄÅ¿ ÀÈ�Ç ¾Ç½¸ Ê¸Ç¾É ¸ ¸¹º»¼½¾½»¹¸ Ô Ç¼Â½¾½¼Þ¸·¸ Ç¾Ñ»Â·Å Å �»×Å ·¾ÇÐ¹¼½Å Â¸
ç¾ÃÄÅ å¿�¿¶É ·¾ ÌÅ·Å ¸ Ñ¾¹¸¹ Å ¸¹º»¼ÒÅ ·¾ ÐÅÂÁÑ»¹¸ÃË¾Ç ·Å ßÚàÀ¿ è»¹¸Â½¾ Å È¹ÅÐ¾ÇÇÅ ·¾ Ç�Â½¾Ç¾
Ê�Ç¼Ð¸ Ô Ñ¾¹¸·Å ½¸ÌÕÔÌ Å ¸¹º»¼ÒÅ ÐÅÂ½¾Â·Å ¼ÂÊÅ¹Ì¸ÃË¾Ç ÇÅÕ¹¾ Å ÈÅÇ¼Ð¼ÅÂ¸Ì¾Â½Å ¾ Å ¹Å½¾¸Ì¾Â½Å
·¾ ¹¾Ð»¹ÇÅÇ ·Å ßÚàÀ È¸¹¸ ¸ ¸¹º»¼½¾½»¹¸ È¹Åá¾½¸·¸¿ îÇ½¾ ¸¹º»¼ÒÅ ½¸ÌÕÔÌ Ô ¹¾»½¼Í¼Þ¸·Å ·»¹¸Â½¾
¸ Ç�Â½¾Ç¾ ·¸Ç ¸¹º»¼½¾½»¹¸Ç Ç¾Ð»Â·Æ¹¼¸ÇÉ È¸¹¸ º»¾ Å ÈÅÇ¼Ð¼ÅÂ¸Ì¾Â½Å ·ÅÇ ¹¾Ð»¹ÇÅÇ ·¾ ½Å·¸Ç ¸Ç
¸¹º»¼½¾½»¹¸Ç Ç¾á¸Ì Ç¾Ì¾Í�¸Â½¾Ç¿

������	 
����� �� ������ ���� ��������� �� �����������

ÝÅÌ Å ÅÕá¾½¼ÒÅ ·¾ ÇÅÍ»Ð¼ÅÂ¸¹ Å È¹ÅÕÍ¾Ì¸ ·¾ ·¼ÇÈÅ¹ ·¾ »Ì¸ ¼ÂÊ¹¸Ù¾Ç½¹»½»¹¸ È¸¹¸ ÐÅÌ»Â¼Ð¸ÃÄÅ
¾Â½¹¾ Æ¹¾¸Ç ·Å çèé � ÍÍ¾¹ È¹ÅÈ!Ç Ì¸Ð¹ÅÇ º»¾ ÈÅÇÇ¼Õ¼Í¼½¸Ì ¸ ·¾ÁÂ¼ÃÄÅ ·¾ »Ì¸ ¼Â½¾¹Ê¸Ð¾ ·¾
ÐÅÌ»Â¼Ð¸ÃÄÅ ¾Ì »Ì¸ ÈÅÇ¼ÃÄÅ Á×¸¿ ÀÇ Ì¸Ð¹ÅÇ ÇÄÅ ·¾ÁÂ¼·¸Ç ÇÅÕ¹¾ Ý"#Ç ·Å ßÚàÀÉ ÐÅÌ ¸
Ê»ÂÃÄÅ ·¾ ½¹¸ÂÇÈÅ¹½¸¹ Ç¼Â¸¼Ç ·¾ ¾Â½¹¸·¸ È¸¹¸ ¸ Ç¸�·¸¿ ÀÇ Ì¸Ð¹ÅÇ È¹Åá¾½¸·¸Ç ½$Ì Ð¸È¸Ð¼·¸·¾ È¸¹¸
¸½Ô æ Ç¼Â¸¼Ç¿ ÓÌ¸ ¼Â½¾¹Ê¸Ð¾ ·¾ ÐÅÌ»Â¼Ð¸ÃÄÅ ÂÅ¹Ì¸ÍÌ¾Â½¾ ÈÅÇÇ»¼ Ç¼Â¸¼Ç Õ¼·¼¹¾Ð¼ÅÂ¸¼Ç¿ ÀÇÇ¼ÌÉ Ô
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Módulo 1
Reconfigurável

Comunicação
Serial

Controlador
ICAP

Barramento
OPB

Processador
Microblaze

Memórias
BRAMs

Macros

Módulo 2
Reconfigurável

Macros

Controle de
Macros

Área 1
Reconf. Área Fixa

Área 2
Reconf.

:;<=>? @ABC DEFGHIJ KF IF;?=LF H?>? =G MNO ;GHIFGFPL?KJ FG =G :QRS TUVWQXY ZJG K=?[
\>F?[ >FZJP]<=>\^F;[_ =G? \>F? ]E? F K=?[ ;PLF>`?ZF[ ]E?[ FPL>F \>F?[A

PFZF[[\>;J ZJP[L>=;> K=?[ G?Z>J[ K;`F>FPLF[_ ? a?Z>J Ob cKJ ;P<Id[_ efghi ij klm in F ? a?Z>J[
bO cKJ ;P<Id[_ klm i ij efghin_ =[?K?[ KF ?ZJ>KJ ZJG J HJ[;Z;JP?GFPLJ >FI?L;^J K?[ \>F?[ ]E? F
>FZJP]<=>\^F;[ PJ IF;?=LF KJ K;[HJ[;L;^JA o `?LJ K?[ G?Z>J[ [F>FG KF]P;K?[ [Jp>F Ubq[ HF>G;LF
r=F J =[=\>;J HJ[[? <F>?> >F[L>;stF[ H?>? <?>?PL;> ? HJ[;suJ ]E? K? ;PLF>`?ZF ?Hv[ r=?Ir=F> FL?H?
KF [wPLF[FA

S a?Z>J bO L>?P[HJ>L? [;P?;[ K? F[r=F>K? H?>? K;>F;L? KF =G GvK=IJ >FZJP]<=>\^FI H?>? J
GvK=IJ ]EJA D[L? G?Z>J K;`F>F K? G?Z>J Ob_ HJ;[ HJ[[=; =G? Zx?^F KF ZJPL>JIF H?>? KF[?L;^?>
J[ [;P?;[ KF [?wK? ĉ F> [;P?I yzh{|lyP? :;<=>? @A}nA ~[LJ � PFZF[[\>;J_ H?>? ;[JI?> ? \>F? KF
ZJPL>JIF KJ [;[LFG? KF [;P?;[ F[H�>;J[ <F>?KJ[ HFIJ GvK=IJ >FZJP]<=>\^FI K=>?PLF J H>JZF[[J KF
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DEFGHIJ KLGHIJC MMNOPQRO STI QRUVWRHQI NI GXYZ

TIQR[\
]

>>>
MM GRQHQI^Q_I OUV`SVS`I KLGHIJ HaT QRPa`TIbcOU Uad`O a eZfY
DEFGHIJgGRQVQI^Q_O[hKLGHIJi DZYjgkZlgEmGXYZg?gAnoGXngGAiDEGgpYjfnpgAnoGXn\C

>>>
MMI`TI_ORI Ra dSPPO`
Pa`[JaUq?C JaUrstuC JaUvv\

DEFGHIJgwVa`IxOlSPPO`m`QVO[hKLGHIJi JaUi dQVgJI`HQI^yJaUz\C
MMOR{QI JI`I GXYZ stu JI^I{`IU
DEFGHIJgAO{QHOm`QVO[hKLGHIJi ?i stu\C

>>>
MM`OJOVQ` OUVO J`aHOUUa NO OUH`QVI Ra dSPPO` O OR{Qa NO JI^I{`IU
| GXYZ JI`I VaNIU IU JI^I{`IU Na dQVUV`OIT JI`HQI^

>>>
MMI`TI_ORI Ra dSPPO`
Pa`[JaUq?C JaUrstuC JaUvv\

DEFGHIJgwVa`IxOlSPPO`m`QVO[hKLGHIJi JaUi dQVgJI`HQI^yJaUz\C
MMOR{QI JI`I GXYZ stu JI^I{`IU
DEFGHIJgAO{QHOm`QVO[hKLGHIJi ?i stu\C
>>>
B
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Arquitetura de Hardware

API

MR

CCC EC

AC

Aplicação

MC ICAP

Software

Hardware
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NOPO QRSTUSUTV WQTVX YZ [Z\STZXVYZT TR[]^R _`

ab cdefghcijkd bglmb d ndolpimb b d qimapimb ad nhnlbeir s tudcd abgdehgiad vwxyz{|}~�vai
�h�fmi �r� mb�mbnbgli d cuhbglb ad cdglmduiadm ������r � nb�fhm� abncmb�b�nb d cde�dmliebgld
b �figad odm d cind� i bnlmflfmi ab ciai fe abnlbn e�afudnr

����� ������� �� ���������� ¡� ¢��£
s edghldm ab mbcdg¤�fmijkd ¥��¦ § mbn�dgn¨�bu �dm ablbclim nhlfij©bn �fb ahn�imie d

�mdcbnnd ab mbcdg¤�fmijkd be fei i�uhcijkdr ªbnli �md�dnli� b«hnlbe adhn ahobmbglbn cindn be
�fb d edghldm § be�mb�iadr ªd �mhebhmd cind� in cdg¤�fmij©bn� id cdgcuf¬mbe nbf �mdcbnniebgld
�bmie nhgihn �fb nkd ablbcliadn �bud edghldmr s edghldm habglh¤ci i cdg¤�fmijkd �fb nhgiuhi d
b�bgld b mb�inni bnli hgodmeijkd id ���r ªd nb�fgad cind� d edghldm § cdudciad be fe �dgld
bnlmil§�hcd ad ndolpimb ai i�uhcijkdr ®nld oi cde �fb i i�uhcijkd �dnni abchahm d edebgld be
�fb d �mdcbnniebgld ab fei cdg¤�fmijkd § cdgcuf¬adr

¯nli �md�dnli ab cdglmduiadm ab cdg¤�fmij©bn gkd �mb�° �mbbe�jkd gbe niu�iebgld ab
cdglb«ld ab cdg¤�fmij©bn� cind be �fb fei cdg¤�fmijkd lbe nbf �mdcbnniebgld hglbmmde�had
lbe�dmimhiebglb� cbabgad nfi ¨mbi �imi �fb dflmi ab eihdm �mhdmhaiab nb±i b«bcfliai� b �dnni
mbldmgim id nhnlbei b cdglhgfim nbf �mdcbnniebgldr

sn nhgihn �bmiadn gd �mhebhmd cind b i b«bcfjkd ab fei hgnlmfjkd gd nb�fgad cind� ablbmeh�
gie i cdgcufnkd ab limboin mbiuhiain �dm fei cdg¤�fmijkd� cdgnb�²bglbebglb uhtbmigad i ¨mbi
mbcdg¤�fm¨�bu �imi �fb dflmi cdg¤�fmijkd nb±i be�mb�iai gi ebnei ¨mbir

����³ ´µ��¶������ �� ·������� ¸�µ ¢́ ·£
s bnciudgiadm ab cdg¤�fmij©bn ¥̄ �¦ lbe i ofgjkd ab imeibgim fe cmdgd�miei bnl¨lhcd ab

b«bcfjkd ain cdg¤�fmij©bnr ¯nlb cmdgd�miei § ab¤ghad nb�fgad fei �du¬lhci ab bnciudgiebgld
¤«i� df nb±i� ab¤ghai be lbe�d ab �md±bld ad nhnlbeir ªbnli �bmnkd ad ����� ihgai gkd q¨
nf�dmlb i bnciudgiebgld ahg¹ehcdr

¯nlb e�afud �dnnfh fei bnlmflfmi ab aiadn dgab bnlkd ab¤ghain in ab�bga°gchin bglmb in
cdg¤�fmij©bnr ¯nli bnlmflfmi § cqieiai ab º|»¼y| ½¼ ¾¼x¼¿½À¿{z| ¼ ¾¼Á{ÂzÃ�Â¼Á ¥ÄÅÅ¦ cdg�
odmeb ab¤ghad be Æ Ç̀r Èei ÄÅÅ b«be�ud § ednlmiai gi Äitbui �r�� nbf cdglbÉad mb�mbnbgli d
�miod ab cdg¤�fmij©bn ai �h�fmi �rÊr

¯nlb b«be�ud i�mbnbgli i ab¤ghjkd ab �mbcba°gchin ab b«bcfjkd ab cdg¤�fmij©bn �imi fei
aiai i�uhcijkdr �lmi�§n ad �miod gdli�nb �fb fei cdg¤�fmijkd id cdgcufhm nfi limboi �behlb �fb
gd�in cdg¤�fmij©bn nb±ie flhuhiain �bud nhnlbeir ªbnlb b«be�ud i ÄÅÅ mb�fbm Ë cie�dn �imi
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MN OPQRSTUTRPOV WUXYSWOV Z[N O\UYOV RNO ]PUO PUZ[YX^RP]_U` [ Ma RTS`SbO RNO UVTPRTRPO
WU X`O \OPO [ OPNObUYONUYT[ WOV Z[YX^RPOcdUVe fUVTU N[W[g WRPOYTU [ \P[hUT[ W[ VSVTUNOg [
\P[hUTSVTO WUXYU O [PWUN WU UiUZRcj[ WOV Z[YX^RPOcdUV \PUUYZkUYW[ O X`O Z[N O SWUYTSXZOcj[
WOV Z[YX^RPOcdUV \OPO QRU [ UVZO`[YOW[P RTS`SbU WRPOYTU O UiUZRcj[e

lmnmo pqrstuv wq xyz{|}tv~�y �px�
�a TUN Z[N[ �RYcj[ OPNObUYOP T[WOV OV Z[YX^RPOcdUV W[ VSVTUNO WRPOYTU VRO UiUZRcj[e

MVTO NUN�PSO \[WU VUP SYTUPYO [R UiTUPYO O[ ����g WU\UYWUYW[ O\UYOV W[ Y�NUP[ U TONOYk[
WOV Z[YX^RPOcdUV \OPZSOSV W[ VSVTUNOe �V �STVTPUONV Vj[ Z[N\OZTOW[V OYTUV WU VUPUN OPNObUYO�
W[Vg _SVOYW[ [TSNSbOP O [ZR\Ocj[ WO NUN�PSOe

lmnm� �}�y�yz{|}tvwyt ��x�

� ORT[Z[YX^RPOW[P ��a� � [ N�WR`[ PUV\[YV]_U` \[P ^UPUYZSOP [ \P[ZUVV[ WU PUZ[YX^RPOcj[
\P[\PSONUYTU WST[e MVTU N�WR`[ PUZU�U W[ aaa SY�[PNOcdUV V[�PU O Z[YX^RPOcj[ U ]PUO [YWU
UVTO WU_UP] VUP Z[YX^RPOWOe � �a �RVZO [ �STVTPUON WO NUN�PSO WU Z[YX^RPOcdUV U [ UY_SO \OPO
O \[PTO WU Z[YX^RPOcj[ W[ WSV\[VSTS_[ ��a���e �V �STVTPUONV Z[N\OZTOW[V UN NUN�PSO WU_UN
VUP WUVZ[N\OZTOW[V \U`[ �ae � \P[ZUVV[ WU UY_S[ W[V �STVTPUONV O[ �a�� RTS`SbO OV �RYcdUV
WSV\[Y�_USV YO ��� \OPO OZUVVOP [ Z[YTP[`OW[P WO �a�� UN kOPW�OPUe

lmnml xyz�ty�q xqz�tv� wq xyz{|}tv~�q� �xxx�

� a[YTP[`U ZUYTPO` WU Z[YX^RPOcdUV �aaa� TUN O �RYcj[ WU ^UPUYZSOP [V WS_UPV[V N�WR`[V W[
Z[YTP[`OW[P ��a���g O\`SZOYW[ [ ZP[Y[^PONO QRU PUZU�U W[ N�WR`[ UVZO`[YONUYT[ WU Z[YX^R�
POcdUVe � SN\`UNUYTOcj[ WUVTU Z[YTP[`OW[P VUP] UN V[�T�OPU V[� RNO OPQRSTUTRPO N[Y[\P[ZUV�
VOWOg \[PTOYT[ O UiUZRcj[ W[V N�WR`[V VUP] VUQ�UYZSO`e MVTO VUQ��YZSO � WOWO \U`[ PUZU�SNUYT[
WU PUQRSVScdUV W[ N[YST[P WU PUZ[YX^RPOcj[g VU^RSW[ \U`O PUQRSVScj[ WU VUP_Sc[V W[ UVZO`[YOW[P WU
Z[YX^RPOcdUV U W[ ORT[Z[YX^RPOW[Pg WU N[W[ O [�TUP�VU RNO Y[_O Z[YX^RPOcj[ YO OPQRSTUTRPOe

lmnm� �z�qt v�q wq ¡ty|tvrv~�y wv �¢�u�v~�y ��¡��
� \P[\[VTO WU SN\`UNUYTOcj[ W[ Z[YTP[`OW[P WU Z[YX^RPOcdUV UN V[�T�OPU PUQRUP RNO SY�

TUP�OZU kOPW�OPU£V[�T�OPU QRU [�UPUcO VR\[PTU O[ Z[YTP[`U W[ kOPW�OPUe
MVTU N�WR`[ UN\PU^O _]PSOV �RYcdUV WSV\[Y�_USV Y[ PU\[VST�PS[ WU ¤¥¦§¨¥© W[ ON�SUYTU Mfª

«¬¬e
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ÄÅÆÅÇ ÈÉÊËÌÍÎÏËÐ ÑÒÌÒ ÓËÏÑÒÔÎÒÕÖË × Ø×ÐÔËÏÑÒÔÎÒÕÖË Ù× ÚÍÎÐÎÌ×ÒÏÐ
ÛÜ ÝÞßàáâãÜ äå æãçèéàÞÝêëã ìÝÞæáÝáÜ éåÞÝäãÜ ìåíÝ îåÞÞÝïåçðÝ ñáðéåç Üëã æãçòàçðã äå ìÝíÝâÞÝÜ

äå óô õáðÜ ÞåìÞåÜåçðÝäÝÜ åï õáçöÞáã çã îãÞïÝðã ÷Þõðø åÜðÝÜ ïåÜïÝÜ ìÝíÝâÞÝÜ ÝìÝÞåæåï æãïã
æÝäåáÝÜ äå æÝÞÝæðåÞåÜ ùúûüü ÞåìÞåÜåçðÝäÝÜ åï çãðÝêëã ýåþÝäåæáïÝí÷

ÿáÜÝçäã Þåäà�áÞ Ý ßàÝçðáäÝäå äå ïåï�ÞáÝ çåæåÜÜöÞáÝ ìÝÞÝ ÝÞïÝ�åçÝÞ õáðÜðÞåÝïÜ çã ÜáÜðåïÝ
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RSTS UVWXYVYZ[\]^_ `_ abcVdb ef
gh ijk gk lkmnokp qrpr hjoh srjk t grgk rurnvkw

xyz{|y}~��

�hjoh s�gn�k� xyz{|y}� phqphjhmor k mklh gk qpkshgnlhmok h ~ phqphjhmor k m�lhpk gr
skm��ipr��k �ih gh�h jhp jiujonoi�gr qh�k �������

� lkmnokp �ih phqphjhmor k jh�imgk srjk �kn nlq�hlhmorgk hl nm�pr�hjopioiprj skl ilr h
girj �phrj phskm��ip��hnj� �� k lkmnokp �ih phqphjhmor k qpnlhnpk srjk� �kn nlq�hlhmorgk rqhmrj
hl nm�pr�hjopioiprj skl ilr �ronr phskm��ip��h�� qknj k �rpg�rph gh jiqkpoh qrpr nmohppiq��k
okpmr rnmgr lrnj sp�onsr r gh�mn��k gh �phrj phskm��ip��hnj mk �rpg�rph� �rnj ghor��hj ghjorj
nlq�hlhmor��hj hjo�k skmongrj mk �rq�oi�k � ghjoh gksilhmok�

����� � ¡¢£¢¤¥¦ §¨©¢§ ª�«¬
joh l�gi�k gk ������ ohl �prmgh nlqkpo®msnr mk ghjhlqhm�k gk jnjohlr� � riokskm�

��iprgkp ohl r �im��k gh skmopk�rp k qpkshjjk gh phskm��ipr��k qrpsnr� qpkqpnrlhmoh gnok gk
gnjqkjnon�k� � ������ h�k�ini r qpkqkjor gh �rp�r��k ¯e°� qhplnonmgk �ih k qp�qpnk jnjohlr
phskm��iph�jh ropr�tj gr ±�²³� jor srprsohp�jonsr rilhmor r riokmklnr gk �´��

�k ������� k riokskm��iprgkp phshuh gk skmopk�h shmopr� gh skm��ipr��hj r nghmon�sr��k gr
skm��ipr��k h r �ronr kmgh gh�h jhp skm��iprgr mk jnjohlr� �k srjk gh rp�inohoiprj skl rqhmrj
ilr �phr phskm��ip��h�� ku�nrlhmoh m�k t mhshjj�pnk nghmon�srp r �ronr �ih jh ghjhµr skm��iprp�
� riokskm��iprgkp uijsr hl lhl�pnr r skm��ipr��k h r hm�nr rk ui¶hp gk skmopk�rgkp gr ±�²³�
·l �hokp nmghvrgk qh�r nghmon�sr��k gh srgr skm��ipr��k phr�n¸r k lrqhrlhmok gk hmghph�k
gh lhl�pnr grj skm��ipr��hj� ² hjopioipr gk �hokp t lkjoprgr r jh�inp�

{¹º¹»¼½»{½{¾x¿¹À¿¼»z¾¼½Á Â¿Ã¿z¿¾
{¹º¹»¼½»{½{¾x¿¹À¿¼»z¾¼½Á ÂÄ¹{

�hjoh s�gn�k� ¿¼»z¾¼½ phqphjhmor k s�gn�k gh nghmon�sr��k gr skm��ipr��k� ¿Ã¿z¿¾ phqphjhmor
r qkjn��k gh lhl�pnr nmnsnr� gr skm��ipr��k h Ä¹{ phqphjhmor k m�lhpk gh qkjn��hj ksiqrgrj
mr lhl�pnr r qrponp gh ¿Ã¿z¿¾�

�klk rj skm��ipr��hj hmskmoprl�jh sklqrsorgrj mr lhl�pnr� gh�h kskpphp k qpkshjjk gh
ghjsklqrsor��k giprmoh k hm�nk rk ui¶hp gk skmopk�rgkp gr ±�²³� skm�kplh r �h��k f�Å�e� �
riokskm��iprgkp oprmj�hph kj u�kskj rplr¸hmrgkj mk ui¶hp gk skmopk�rgkp Æ ±�²³� phqhonmgk



ÇÈ ÉÊËÌÍÎÏÐ ÑÒ ËÓÐËÐÔÍÊ ÕÖ ÉÐ×ÍÓÐÏÊÕÐÓ ÕÖ ÉÐ×ØÙÚÎÓÊÛÜÖÔ

ÝÞßÝ àáâãÝÞÞâ äßå ä ßáäæÞçèÞÞéâ ãâçàêÝßä ëä ãâæìíîáäïéâð áÝäêèñäæëâ ëÝÞßä òâáçä ä áÝãâæìíîáäïéâ
ëâ ëèÞàâÞèßèóâô
õö÷öõ øùúûüýþûÿý� ÿ� �ýþ����û���ù �ø�	


ÞßÝ ç�ëîêâ ëÝßåç ä àâê�ßèãä îßèêèñäëä àäáä ÝÞãäêâæäá äÞ ãâæìíîáäïÝÞ ëâ ÞèÞßÝçäô � ãâæßáâ�
êäëâá ������ äëâßä îçä àâê�ßèãä ëÝ ÝÞãäêâæäçÝæßâ ÝÞß�ßèãäð âî ÞÝ�äð îç ãáâæâíáäçä å ëÝìæèëâ
Ýç ßÝçàâ ëÝ àáâ�Ýßâ Ýç òâáçä ëÝ îçä ��� àäáä äÞ ãâæìíîáäïÝÞð æä �îäê â ÝÞãäêâæäëâá ÞÝ
�äÞÝèä ëîáäæßÝ ä Ý�Ýãîïéâ ëâ ÞèÞßÝçä �Ç�ô

�äáä èçàêÝçÝæßäá Ýç Þâòß�äáÝ â ÝÞãäêâæäëâáð òâè ãáèäëä îçä ÝÞßáîßîáä ëÝ ëäëâÞ �îÝ áÝàáÝ�
ÞÝæßä ä ���ô

� èçàêÝçÝæßäïéâ ëä ��� òâè áÝäêèñäëä ãâç ä ÞÝíîèæßÝ ÝÞßáîßîáä ëÝ ëäëâÞ 

!"#$%" "&'()&* +," ,-.#(/(%0
+," !$%10
+," !$%203 "// 456789:; 0

<ÝÞßä ÝÞßáîßîáäð =>?@AB áÝàáÝÞÝæßä â ã�ëèíâ ëÝ èëÝæßèìãäïéâ ëÝ îçä ãâæìíîáäïéâð CDEFGHGI
áÝàáÝÞÝæßä â æJçÝáâ ëÝ àáÝëÝãÝÞÞâáäÞð KLIM Ý KLIN äáçäñÝæäç ä èëÝæßèìãäïéâ ëäÞ ãâæìíîáäïÝÞ
ÞîãÝÞÞâáäÞô

� èçàêÝçÝæßäïéâ ëä ìêä ëÝ Ý�Ýãîïéâ îÞä â ã�ëèíâ ä�äè�âô
OPQDGKIQPRCQHQKSCDIRCOTKUV

<ÝÞßÝð CDIRCOTK áÝàáÝÞÝæßä â æJçÝáâ ßâßäê ëÝ ãâæìíîáäïÝÞ ëâ ÞèÞßÝçäô
õö÷öW �ýþX�ýü� ��þX�ûü ÿ� �ýþ����û���ù ����	

� ãâæßáâêÝ ãÝæßáäê ëÝ ãâæìíîáäïÝÞ å áÝÞàâæÞ�óÝê àâá Þèæãáâæèñäá Ý ÝÞßä�ÝêÝãÝá â âáëÝæäçÝæßâ
ëÝ òîæãèâæäçÝæßâ ëâÞ ç�ëîêâÞ �îÝ ãâçàÝç â ������ô � ��� ãâæßåç îçä ßä�Ýêä ëÝ äêâãäïéâ
ëÝ áÝãîáÞâÞ Y���Zð âæëÝ çäæßåç èæòâáçäïÝÞ Þâ�áÝ ä êâãäêèñäïéâ ëäÞ ãâæìíîáäïÝÞ Ý Þâ�áÝ äÞ
�áÝäÞ áÝãâæìíîá�óÝèÞ ëä äá�îèßÝßîáäô [çä ìêä ëÝ ãâæìíîáäïÝÞ �� Ý�ÝãîßäëäÞ ßäç�åç å îßèêèñäëäð
àäáä �îÝ â ��� ßÝæ\ä ãâæßáâêÝ Þâ�áÝ ä Ý�Ýãîïéâ ëäÞ ãâæìíîáäïÝÞô

� ìêä ëÝ ãâæßáâêÝ ëäÞ ãâæìíîáäïÝÞ Ý�ÝãîßäëäÞ òâè èçàêÝçÝæßäëä Þâ�áÝ îç ìêä ãâç ßäçäæ\â
èíîäê äâ æJçÝáâ ëÝ ãâæìíîáäïÝÞ îßèêèñäëäÞ àÝêâ ÞèÞßÝçäô � ÝÞßáîßîáä å çâÞßáäëä ä ÞÝíîèáô
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� ������ �� �������� �� �������� ����� � ��������� ������ �� ������������ ��� ���� ��
���� ����� ��������������� �� ������������ ��� ��� ���� ������������� ������ ��� ��������
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�������� � �������
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������� �� ¯¯¯°
±� � ¯¯¯ ������ � ® �� ��� �� ���������²�� �©��������°
³� � ¯¯¯ ��������� � ������� �� �����������¥ �������� � ® �� �����°
´� � ����������� ������� �� ¯¯¯ � ® �� ��µ©��� ����������� � ��� ����������°
¶� � ¯¯¯ �������� � ������� �� ��������������� ��¯�¥ �������� � ® �� ��µ©��� �����������°
«� � ¯¯¯ �������� � ������ ��� ��� � ���� ��������
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ÍÎÏÐÑÒÓÔ Õ

Ö×ØÙÚÛ× ÚÜ ÝÞ×Û

ßàáâ ãäåæáçèé êâàëìâíâ éà âàáçêéà êâ ëäàé ìâäèîïäêéà åäìä íäèîêäðñé êä îòóìäôâàáìçáçìä êâ
õäìêöäìâ åäìä ëéòáìéèâ êâ ëéò÷øçìäðùâà âú àéóáöäìâ åìéåéàáä â îúåèâúâòáäêäû ßèâ áäúüýú
êâàëìâíâ ä íäèîêäðñé êä åìéåéàáä êé ëéòáìéèäêéì þÿã�ôÿû � åäìáîì êâàáâà âàáçêéà êâ ëäàé óéìäú
ìâäèîïäêäà äò�èîàâà åìâèîúîòäìâà åäìä äíäèîäðñé êâ êâàâúåâòõé êé àîàáâúä� íîàäòêé ä ëéúåäìäðñé
ëéú ä åìéåéàáä êâ ëéòáìéèâ êâ ëéò÷øçìäðùâà êâ ãäìíäèõé ���û
�âàáâ ãäåæáçèé àñé äåìâàâòáäêéà ëîòëé âàáçêéà êâ ëäàé çàäêéà åäìä íäèîêäì ä îòóìäôâàáìçáçìä

êâ õäìêöäìâ åäìä ÿ�þà âú ëéò	çòáé ëéú é ëéòáìéèäêéì þÿã�ôÿû � ÿâðñé 
û� äåìâàâòáä �çäáìé
âàáçêéà êâ ëäàé àîúåèâà� �çâ êâúéòàáìäú ä âóâáîíîêäêâ êé ç�é êâ åìé	âáé åìéåéàáé òäà ÿâðùâà
�û� ä �û�û� åäìä é êâàâòíéèíîúâòáé êâ îòóìäôâàáìçáçìäà êâ ÿ�þàû � ÿâðñé 
û� êâàëìâíâ é âàáçêé
êâ ëäàé êâ çúä äåèîëäðñé â�âúåèé åäìä ä îòóìäôâàáìçáçìä åìé	âáäêäû �îòäèúâòáâ� òä ÿâðñé 
û�
àñé ìâäèîïäêäà úâêîðùâà â ëéúåäìäðùâà åìâèîúîòäìâà êäà åìéåéàáäà êâ ëéòáìéèâ êâ ëéò÷øçìäðñé
þÿã� â þÿã�ôÿû

��� ��������� �� ��� �!"� �# $%&��'#!"�("(��  ��� )*+!
�âàáä ÿâðñé àñé äåìâàâòáäêéà éà åìé	âáéà âúåìâøäêéà åäìä åìéíä êâ ëéòëâîáé â íäèîêäðñé êä

åìéåéàáä êâ îòóìäôâàáìçáçìä åäìä ëéòáìéèâ êâ ëéò÷øçìäðùâà âú àéóáöäìâû
,-.-. /01234 35 6704 .8 9:4;514 <=3>?:
@ åìé	âáé �òêA@ì óéî çàäêé åäìä ìâäèîïäì ä åìéíä êâ ëéòëâîáé êä âàáìçáçìä êâ ëéòáìéèâ

êä åéìáä îòáâìòä êâ ëéò÷øçìäðñé BCã�DEû ßàáâ åìé	âáé çáîèîïä çúä �ìâä ìâëéò÷øçì�íâè éòêâ àâ
îúåèâúâòáä çú úFêçèé ëéòáâòêé äåâòäà çúä åéìáä èFøîëä GHIû �áìäíýà êé ç�é êäà êîóâìâòðäà



JK LMNOPQRS TU VWPQXSW XV LMWS

YZ [\]\^_ `aKb c defZYg hi j\klkfeZi mZfn\Z] mZfZ feng^odhfZf Z pfeZ mZfZ e_enhkZf Z qh^rsg Ye
hiZ mgfkZ ]td\nZ uvw

xyzyzyz {|}~�}�~� �� ��|}���
� mfg�ekg �^Y��f qg\ \^kedfZ]ie^ke e]ZjgfZYg hk\]\�Z^Yg Zl qeffZie^kZl Ygl Zij\e^kel ���

e ���w � elkfhkhfZ defZ] Yg l\lkeiZ c Zmfele^kZYZ ^Z �\dhfZ aw�w �elke� eimfedZ�le g mfgnellZYgf
�\nfgj]Z�e� �h^kZie^ke ngi fenhflgl mZfZ ngih^\nZrsg lef\Z] e^kfe g ���� e hi ��� fenhflgl
mZfZ ng^kfg]e YZ mgfkZ ����� Z]ci Yg itYh]g feng^odhfp�e] e ieitf\Z mZfZ mfgnellZie^kgw
�ZfZ feZ]\�Zf ieY\r�el Ye keimg Ye e_enhrsg Ye qh^r�el feZ]\�ZYZl me]g l\lkeiZ� qg\ nf\ZYg
e Z]gnZYg hi itYh]g ���� v¡¢£¤ v ei ¥ZfY¦Zfe� ngi Z qh^rsg Ye ng^kZf n\n]gl Ye fe]td\g
ei \^lkZ^kel mfc�Yekefi\^ZYglw � §eimgf\�ZYgf c ¥Zj\]\kZYg¨YelZj\]\kZYg mgf lgqk¦Zfew �
Z^Z]\lZYgf ]td\ng Y\lmg^©�e] ei ]ZjgfZktf\g ^sg mgllh\ Z nZmZn\YZYe Ye ieitf\Z mZfZ feZ]\�Zf
ieY\r�el Ye keimg ]g^dZl ªfe]td\g ^Z gfYei Ye ^l e \^kef�Z]gl YZ gfYei Ye il«w �ll\i� qg\
^enellpf\g \im]eie^kZf ei ¥ZfY¦Zfe g §eimgf\�ZYgf e ZY\n\g^p�]g Zg l\lkeiZw

FPGA

Processador
Microblaze

Memória
RAM

UART

Opb_hwicap

Barramento OPB

Área
Reconfigurável

And/Or

ICAP

ILMB

DLMB
Comunicação serial

com hospedeiro (PC)

Temporizador

Buffer

¬®¯°± ²³´µ ¶±®°±·± ¸¹ º»¼½¼¾ ¸¼ ¿°¼À¹Á¼ ÂÃ¸ÄÅ°³
Å¾ ·Æ¸¯»¼¾ Ç¹·¿¼°È±¸¼° ¹ ± É°¹± Ê¹½¼ÃË®¯°ÌÍ¹» Î¼°±· ½¼Ã¾Á°¯Ï¸¼¾ ± ¿±°Á° ¸¼ Ð¯Ñ¼ ¸¹

½°±ÒÓ¼ ¸¹ ¿¹°ÎÔ°½¼¾ ¸¼ ±·º¹ÃÁ¹ Õ¶Ö× ½¼·¼ Í¾Á¼ Ã¼ Ø±¿ÏÁ¯»¼ Ù³ Â É°¹± Ê¹½¼ÃË®¯°ÌÍ¹» Î¼
¿°¼À¹Á±¸± ½¼· ¯· °¹®¾Á°±¸¼° ¸¹ ÚÛ ºÁ¾× ¼Ã¸¹ ¾¹ ·¿»¹·¹ÃÁ± ¯·± ¿¼°Á± »Æ®½± ¹ÃÁ°¹ ±»®¯Ã¾ ºÁ¾
¸¹¾Á¹ °¹®¾Á°±¸¼°× ½¼ÃÎ¼°·¹ »¯¾Á°±¸¼ Ã± ¬®¯°± ²³Û³ Â ¿¼°Á± »Æ®½± °¹½¼ÃË®¯°ÌÍ¹» ¯¾± Ú ºÁ¾ ¸¼
°¹®¾Á°±¸¼°× ¾¹Ã¸¼ ¸¼¾ ºÁ¾ ±¾ ¹ÃÁ°±¸±¾ ¹ ¯· ºÁ ± ¾±Ï¸± ¸± ¿¼°Á±³
Å ¾¼ÎÁÜ±°¹ ¹Ñ¹½¯Á±¸¼ ¿¹»¼ ¿°¼½¹¾¾±¸¼° Ý½°¼Þ»±È¹ Ã¼ ¾¾Á¹·± ÂÃ¸ÄÅ° Î¼ ·¿»¹·¹ÃÁ±¸¼

¿±°± °¹±»È±° ¼¿¹°±Òß¹¾ ¸¹ ¹¾½°Á± ¹ »¹Á¯°± Ã¼ °¹®¾Á°±¸¼° ¸¼ ·Æ¸¯»¼ °¹½¼ÃË®¯°ÌÍ¹»× º¹· ½¼·¼
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Função
And/Or
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KL MNOPQRST UV WXQRYTX YW MNXT

Módulo
Reconfigurável

Barramento
OPB

Controlador
ICAP

Temporizador

Processador
Microblaze

Memórias
BRAMs

Z[\]^_ `abc de[_]fe ^eg]hf_ife j_ jk l^kmefk nijop^q rkisk^te u[g]_h[v_jk rkt _ se^^_teif_
Zwxn yj[fk^a

l_^_ k eiu[k je l_h_u^_g jk z]{e^ | }~nwa
�egfe egf]jk je r_gkq sk^_t ^e_h[v_j_g tej[��eg je fetlk l_^_ l^eeir�[teifk jk z]{e^ jk

rkif^kh_jk^ }~nwq rkisk^te _l^egeif_jk i_ �_zeh_ `aLa �t_ tej[��k ^e_h[v_j_ rkt k ]gk jk
jegrktl_rf_jk^ je z[fgf^e_tg e k]f^_ get k jegrktl_rf_jk^a p fetlk je eiu[k je j_jkg jk
z]{e^ | lk^f_ }~nw � [ijeleijeife jk ]gk je rktl_rf_��k je z[fgf^e_tga

n Z[\]^_ `a� tkgf^_ l_^fe j_ g[i_h[v_��k ^eheu_ife jk l^kreggk je ^erki�\]^_��k jk Zwxn
_f^_u�g jk }~nwq rkisk^te kzge^u_jk _f^_u�g jk _i_h[g_jk^ h�\[rka �egf_ Z[\]^_ � _l^egeif_j_
_ u_^[_��k je g[i_[g ^eheu_ifeg j]^_ife _ egr^[f_ ik }~nw jk l^[te[^k hkfe je ��L l_h_u^_g jk
z[fgf^e_t l_^r[_hq zet rktk k fetlk l_^_ r_^^e\_^ k z]{e^ jk rkif^kh_jk^ pw�o��[r_l rkt
_g �L� l_h_u^_g ^egf_ifeg jk z[fgf^e_ta p fetlk je r_^\_ jk z]{e^ rkt _g ��L l_h_u^_g [i[r[_[g
jk z[fgf^e_t i�k � u[g]_h[v_jk iegfe [igf_ifeq t_g jeue ge^ [irh]�jk i_ h_f�ir[_ je r�_ue_teifk
j_ rki�\]^_��ka

Zk^_t ^e_h[v_j_g tej[��eg rkt e get ]gk j_ ^kf[i_ je jegrktl_rf_��ka ngg[tq sk[ lkg�
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§¨©ª«¨ ¬®¯ °±²«²³¨´µ¶ ·¶¸ ¹ªº»¹¸¶¸ ·¶ ¼½¾¿ À¨¹¨ ²ÁÀ«ªÁªÂ±¨¹ ¶ À¹¶Ãª±¶ ¿Â·ÄÅ¹ ¸¶©¹ª ¶
·²¸À¶¸²±²Æ¶ ÇÈÉÊ½¦Ë

ÌÍÎÏÐÑ ÒÓÔÕÖÑ ÎÕ ×ÐØÙÕÚ ÒÓÔÕÖÑ ÎÕ ÛÜÜÚ ÝÕÖÙÕÞßÏàÐ ÎÕ ×ÐØÙÕÚ
ÌØÙÖÑáÐàâÕ ãäå æçç èéåäê
ÌëìíÝë îï åå ðéçãê
íÝëìñòØÙàó åãå åãã åéåê
ÛôÌë õ å ðéðåê
ÛôÌëìöÞßÐÖ æ å ðéðõê
÷ôÌë õ å ðéðåê
÷ôÌëìöÞßÐÖ å å ðéððäê
ø×ùõæõ çæ çð ðéèãê
úÕÔóÑÖØâàÎÑÖ åãå åïç åéåê
ÌÍÎÏÐÑ øÕÙÑÞûüÏÖýþÕÐ ïð åæã ðéççê
ÿÖÕà úÑßàÐ ååõæ ïõä îéõðê

§¨©ª«¨ ¬É¯ �ª¸»«±¨·¶¸ ·ª Áª·²´�ª¸ ¹ª¨«²³¨·¨¸ À¨¹¨ ¨Æ¨«²¨¹ ¶ ·ª¸ªÁÀªÂ�¶ ·¶ À¹¶ºª¸¸¶ ·ª ¹ªº¶Â�
��»¹¨´µ¶ À¨¹º²¨« Â¶ À¹¶Ãª±¶ ¿Â·ÄÅ¹

���	 
� ��
��	 ����	
�ÚÙÖØßà ÎÕ ãåõ óàÐàþÖàÚ ÞÑ áÏ�ÕÖ �ÚÕÔ ÎÕÚÙÑÔóàÙßà��Ñ� åéõïæÔÚ
�ÚÙÖØßà ÎÕ ãåõ óàÐàþÖàÚ ÞÑ áÏ�ÕÖ �ÙÑÔ ÎÕÚÙÑÔóàÙßà��Ñ� åéæäîÔÚ
�ÞþØÑ ÎÕ ãåõ óàÐàþÖàÚ � ÷ö�Ý îåéîî

µ
Ú

úÕÔóÑ ÎÕ ÖÕÙÑÞûüÏÖà��Ñ ßÑßàÐ óàÖà çæç óàÐàþÖàÚ ÚÕÔ ÎÕÚÙÑÔóàÙßà��Ñ åéäåðÔÚ
úÕÔóÑ ÎÕ ÖÕÙÑÞûüÏÖà��Ñ ßÑßàÐ óàÖà çæç óàÐàþÖàÚ ÙÑÔ ÎÕÚÙÑÔóàÙßà��Ñ åéîååÔÚ

¸�Æª« Àª¹ºª©ª¹ �»ª ¶¸ ±ªÁÀ¶¸ ·ª º¨¹�¨ ·¶ ©»�ª¹ ¸¶�¹ªÁ »Á ¨»ÁªÂ±¶� ·ªÆ²·¶ ¨¶ À¹¶ºª¸¸¶ ·ª
·ª¸º¶ÁÀ¨º±¨´µ¶ �»ª ¨±²Â�ª ¨«�»Á¨¸ ·ª³ªÂ¨¸ ·ª Á²º¹¶¸¸ª�»Â·¶¸

�����  !"#$% $& '(!% �) *+%,&"% '%-"($%+ ./01%2-

Å À¹¶Ãª±¶ È¶Â±¨·¶¹ °À�3¶4Â ±ªÁ º¶Á¶ ¶©Ãª±²Æ¶ Æ¨«²·¨¹ ¶ 5»6¶ ·ª À¹¶Ãª±¶ À¹¶À¶¸±¶ Â¶
È¨À�±»«¶ 7� ª Æ¨«²·¨¹ ¶ �»Âº²¶Â¨ÁªÂ±¶ ·ª 83�¸ º¶Á ¸»À¶¹±ª ¨ º¶Á»Â²º¨´µ¶ ªÂ±¹ª À¹¶ºª¸¸¨·¶¹ ª
Àª¹²�9¹²º¶¸ ¨±¹¨Æ9¸ ·ª ²Â±ª¹¹»À´µ¶ :¸±ª ª¸±»·¶ ·ª º¨¸¶ ±¨Á©9Á ¸ª¹Æª À¨¹¨ Æ¨«²·¨¹ ¨ »±²«²³¨´µ¶
·¨¸ Á¨º¹¶¸ À¹¶À¶¸±¨¸ À¶¹ ;<««ª¹ =É>?� �»ª ·ª�ÂªÁ ¨ ²Â±ª¹�¨ºª ·ª º¶Á»Â²º¨´µ¶ ªÂ±¹ª @¹ª¨¸ �6¨ ª
¹ªº¶Â��»¹@Æª²¸

¿ ¨¹�»²±ª±»¹¨ ·ª �¨¹·4¨¹ª ·ª¸±ª À¹¶Ãª±¶ 9 ©¨¸²º¨ÁªÂ±ª º¶ÁÀ¶¸±¨ Àª«¶¸ Áª¸Á¶¸ ¹ªº»¹¸¶¸



AB CDEFGHIJ KL MNGHOJN OM CDNJ

Tempo de envio de
512 palavras ao ICAP

Tempo de escrita de
124 palavras no buffer
do controlador ICAP

sem descompactação

Tempo de envio de
124 palavras ao ICAP

81,88us

Clk de 25MHz

313,66us 21,06us

PQRSTU VWBX YQZU[Q\U]^_ R`TUaU aSTUZb` _ `ZcQ_ a` def gU[UcTUh a` if jQbh k lmnop q_Zr_Ts`
_jh`TcUa_ ZU b`[U a_ UZU[QhUa_T [tRQq_ nRQ[`Zb eVufvW

a_ whbSa_ a` mUh_ eW naQqQ_ZU[s`Zb`p q_Zbxs yUTazUT` gUTU q_ZbT_[` a` QZb`TTSg]{`h ` SbQ[Q\U

q_ZbUa_T`h gT_RT`hhQc_h ` T`RT`hhQc_h Qsg[`s`ZbUa_h Z_ staS[_ T`q_Z|RST}c`[p U_ QZcxh a` Ug`ZUh
g_TbUh [tRQqUhW ~sU SZQaUa` a` q_ZbT_[` gUTU _ UqQ_ZUs`Zb_ aUh sUqT_h bUsjxs x SbQ[Q\UaU Z`hb`
gT_�`b_W n PQRSTU VWd UgT`h`ZbU Ss aQURTUsU a` j[_q_h aU UT�SQb`bSTU ShUaU gUTU Qsg[`s`ZbUT
`hb` `hbSa_ a` qUh_W

Processador
Microblaze

UART

Controlador
ICAP

Barramento OPB

Área
Reconfigurável

Up/Down

Controlador
de

Interrupção

M
 a c ro s

Controle
das Macros

ICAP
FPGA

Memória
RAM

ILMB

DLMB

Comunicação serial
com hospedeiro (PC)

Buffer

PQRSTU VWdX �QURTUsU `s j[_q_h a_ gT_�`b_ m_ZbUa_T ~g��_zZW

lZQqQU[s`Zb`p _ gT_�`b_ g_hhSQ _ staS[_ T`q_Z|RST}c`[ _g`TUZa_ q_s_ Ss q_ZbUa_T gT_RT`h�
hQc_W �STUZb` U `�`qS]^_ _ q_ZbUa_Tp U_ UbQZRQT _ cU[_T ���p R`TU Ss hQZU[ a` QZb`TTSg]^_ U_
gT_q`hhUa_Tp rU\`Za_ q_s �S` `hb` a`hcQ` h`S �S�_ a` `�`qS]^_ gUTU SsU ������ �� ����������
�� �����������p _Za` h` `Zq_ZbTU _ qtaQR_ a_ q_ZbT_[Ua_T a` q_Z|RSTU]^_ �Ym��YW
n T`�SQhQ]^_ a` QZb`TTSg]^_ qUShUaU g`[_ staS[_ a` q_ZbUR`s hQZU[Q\U U q_Zq[Sh^_ a` h`S
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¬®¯°±±²³°´µ®¶ ®· ±°̧ ²¶ ¹´º®³² ²® ¯®´µ®»²¼® ¼° ¯®´½¾·²¿À°± Á²µ²ÂÃ± ¼® ³®´¹µ® ¼° °¯®´Ä
½¾·²¿Å®¶ ÆÇÈ É·° ² Ê°² °±µÊ »¹Â° ¬²² °¯°Ë° ®·µ² ¯®´½¾·²¿Å® ¼° Ì²¼Í²°Î Ï®³ ¹±µ®¶
® ¯®´µ®»²¼® ¼°µ°³¹´² ÁÂ¹² ³Ð¼·»®± ÏÏÏÑÒÏÑÓÏÈ ² ¬ÐÔ¹³² ¯®´½¾·²¿Å® ° °¯®´½¾·² ®
³Ð¼·»® ¯®´µ²¼®¶ ¬²² É·° °±µ° ®¬°° ¯®³® ¯®´µ²¼® °¾°±±¹Â®Î Ó¬Ð± °±µ° ¬®¯°±±²³°´µ®¶ ®
ÇÕÏÆÄÕ °´¯°² ±·² ®¬°²¿Å®¶ ¬°³¹µ¹´¼® É·° ® ¬®¯°±±²¼® °µ®´° ²® ±°· Ö·Ô® ¼° °Ô°¯·¿Å®Î
×·²´µ° °±µ° ¬®¯°±±® ´Å® °Ô¹µ° ±²»Â²³°´µ® ¼® ¯®´µ°Ø¼® ¼® °¾¹±µ²¼® ®· ·±® ¼° °±°µ ´® ³Ð¼·»®
¯®´µ²¼®Î
Ù ±®ºµÍ²° ¬®¸°µ²¼® ¬²² °±µ° °±µ·¼® ¼° ¯²±® ³®´¹µ®² ® ¬®¯°±±® ¼° ¯®´µ²¾°³ ²µ²ÂÃ± ¼°

º·´¿À°± ¼² ÓÚÛ ° µ²´±³¹µ° ±°¹²»³°´µ° ²® ÚÏ ®± ¼²¼®± ¼° ¯®´µ²¾°³ ®Ëµ¹¼®±Î ×°±µ² º®³²¶ Ã
¬®±±ÜÂ°» Â°¹½¯² ° Â²»¹¼² ® º·´¯¹®´²³°´µ® ¼® ±¹±µ°³² ²µ²ÂÃ± ¼° ·³ Ì¹¬°µ°³¹´²» ¼¹±¬®´ÜÂ°»
´® ±¹±µ°³² ®¬°²¯¹®´²» ¼® Ì®±¬°¼°¹®Î

ÝÞßÞàÞß áâãäåæçèéã

Ï®³ ² ¹³¬»°³°´µ²¿Å® ¼® ¬®¸°µ® Ï®´µ²¼® ê¬Ä×®Í´ º®¹ ¬®±±ÜÂ°» Â²»¹¼² ® Ö·Ô® ¼° ¬®¸°µ®¶
¸·´µ²³°´µ° ¯®³ ² ¹´µ°º²¯° ¼° ¯®³·´¹¯²¿Å® ¼°½´¹¼² Â¹² ³²¯®±Î Ï®³ ²± º°²³°´µ²± ¼® ²³Ë¹°´µ°
ÛÕÒ¶ º®²³ ®Ëµ¹¼®± °»²µÐ¹®± ° ² ¼°±¯¹¿Å® ¼² ²»®¯²¿Å® ° ®µ°²³°´µ® ¼®± ³Ð¼·»®± É·° ¯®³¬À°³
® ¬®¸°µ®Î Ó ë¹¾·² ìÎì ²¬°±°´µ² ² °±µ·µ·² ºÜ±¹¯² Á»°¹²·µ°È ¼® ±¹±µ°³² ±®Ë° ® ¼¹±¬®±¹µ¹Â®
íÏîïÚðñÎ
ò°±µ² ë¹¾·²¶ Ã ¬®±±ÜÂ°» Â¹±·²»¹ó² ² ¹´µ°º²¯° ÛÚÛë¶ ¯®³¬®±µ² ¬°»²± ³²¯®± É·° µ²´±¬®µ²³

±¹´²¹±¶ ¹±®»²³ ²± Ê°²± ½Ô² ° °¯®´½¾·ÊÂ°» ° °±µ²Ë°»°¯°³ ¬®´µ®± ¼° ¬²±±²¾°³ ¬²² °±µ°± ´®
»°¹²·µ° ¼® ëÚôÓÎ Ï®³® ¯²¼² ³²¯® ¬®¼° µ²´±¬®µ² ²µÃ ª ±¹´²¹± ° ² ¹´µ°º²¯° ÛÚÛë Ã ¯®´±µ¹µ·Ü¼²¶
´°±µ° ¯²±®¶ ¬® õñö ±¹´²¹±¶ º²óÄ±° ´°¯°±±Ê¹® ® ·±® ¼° õö ³²¯®± ¬²² °±µ²Ë°»°¯° ² ¹´µ°º²¯° ¼°
¯®³·´¹¯²¿Å®Î Ù ³Ð¼·»® Ï®´µ®»° ¼° Æ²¯®± ¹´¼¹¯²¼® ´² ë¹¾·² ìÎì ¯®´µ®»² ® ²¯¹®´²³°´µ®
¼² ¯Ì²Â° É·° Ì²Ë¹»¹µ²Ñ¼°±²Ë¹»¹µ² ² ¬²±±²¾°³ ¼° ±¹´²¹± ´²± ³²¯®± ÷ÇÏ ¼·²´µ° ® ¬®¯°±±® ¼°
°¯®´½¾·²¿Å®¶ °Â¹µ²´¼® ² ²¿Å® ¼° ±¹´²¹± °±¬Ø¹®± ±®Ë° ® ¬®¯°±±²¼®Î
Ó ø²Ë°»² ìÎð ²¬°±°´µ² ®± °¯·±®± ¼® ëÚôÓ ·µ¹»¹ó²¼®± ¬²² ¹³¬»°³°´µ² ² ²É·¹µ°µ·² ¼®

¬®¸°µ® Ï®´µ²¼® ê¬Ä×®Í´ ±®Ë° ® ¼¹±¬®±¹µ¹Â® íÏîïÚðñÎ
×°½´¹´¼®Ä±° ù°² ¼° Ï®´µ®»° ¯®³® ±°´¼® ® ¯® ¸́·´µ® ¼° µ®¼®± ®± ³Ð¼·»®± É·° ¯®³¬À°³ ²

²É·¹µ°µ·² ¯®³ °Ô¯°¿Å® ¼² Ê°² °¯®´½¾·ÊÂ°»¶ ¬®¼°Ä±° ´®µ² ´² ø²Ë°»² ìÎð ·³ ²·³°´µ® ¼°±µ²
Ê°² °³ °»²¿Å® ²® Ò±µ·¼® ¼° Ï²±® õ¶ ¼°Â¹¼® ²® ·±® ¼®± ³Ð¼·»®± ¼° ¯®´µ®»° ¼²± ³²¯®± ° ®
¯®´µ®»° ¼° ¹´µ°·¬¿À°±Î
Ò±µ° °±µ·¼® ¼° ¯²±® ·µ¹»¹ó² ²¬°´²± ·³² ¯®´½¾·²¿Å® ¬²¯¹²»ÑÊ°² °¯®´½¾·ÊÂ°» Á̄ ®´µ²¼®
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Comunicação
Serial

Controlador
ICAP

Processador
Microblaze

Memórias
BRAMs

Controle de
Macros

Barramento
OPB

Área
Reconfigurável

Macros

Controle de
Interrupções
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?@A@ BCDEFCGHI FC JKIJILMC FN EOPKCQNLMKRMRKC JCKC LFKL ST

UVWXYV Z[\] ^_`Y`aVbcd edf gXhigfdf ed jklm[
nopqrs tuvwxs pw yrz{w| tuvwxs pw }~~| �wx{w��q�r pw yrz{w|
nz{xs�r��w ��� ��� �����
n����� �� �� �����
������z{�� ��� ��� ����
����z��{ �� �� �����
}�n� � � �����
}�n�����rx � � �����
��n� � � �����
��n�����rx � � ������
�y���� �� �� �����
nopqrs �w{s���qx��wr  �� ��� �����
nopqrs �s��xsrw �� ��� �����
¡xw� pw �s��xsrw ���� ��� �����
¡xw� ¢s��r ���� ��� �����
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»¼½¼¾ ¿ÀÁÂÃÄ ÃÅ ÆÇÀÄ ¾È ÉÊÄËÅÁÄ ÌÂÇÀ ÍÊÅÇÀ

Î ÏÐÑÒÓÔÑ ÕÖ×Ø ÙÐÓ×Ø ÔÓÚ ÛÑÚÑ ÑÜÒÓÔÝÞÑ ×ÏßÝÛ×Ð Ñ àÖáÑ âÓ ÏÐÑÒÓÔÑ ÏÐÑÏÑØÔÑ Ï×Ð× âÓØÓãä
ÞÑßÞÓÐ åÕæØ Ú×ÝØ ÛÑÚÏßÓáÑØç ÝãÛßÖÝãâÑ ÝÚÏßÓÚÓãÔ×èéÓØ ÛÑÚ âÖ×Ø êÐÓ×Ø ÐÓÛÑãëìÖÐêÞÓÝØí îØÔÓØ
åÕæØ ÓáÝìÓÚ ÖÚ ÛÑãÔÐÑßÓ âÓ ÛÑãëìÖÐ×èéÓØ Ú×ÝØ ÓëÛÝÓãÔÓç ÛÑÚ Û×Ï×ÛÝâ×âÓ âÓ ÓØÛ×ßÑã×Ð ÛÑãä
ëìÖÐ×èéÓØ ÓãÔÐÓ âÝïÓÐÓãÔÓØ êÐÓ×Ø ÐÓÛÑãëìÖÐêÞÓÝØç ØÝÔÖ×èðÑ ãðÑ ÓãÛÑãÔÐ×â× ãÑØ ÓØÔÖâÑØ âÓ Û×ØÑ
×ãÔÓÐÝÑÐÓØí ñÝØ×äØÓ ×òÖÝ ÓØÔ×ÜÓßÓÛÓÐ ÖÚ× ÝãïÐ×äÓØÔÐÖÔÖÐ× âÓ ÏÐÑÒÓÔÑ òÖÓ ÏÓÐÚÝÔ× × ÛÑãØÔÐÖèðÑ âÓ
åÕæØ ÓØÛ×ßêÞÓÝØç ÑÖ ØÓÒ×ç ÛÑÚ âÖ×Ø ÑÖ Ú×ÝØ êÐÓ×Ø ÐÓÛÑãëìÖÐêÞÓÝØí

ó ×ÐòÖÝÔÓÔÖÐ× ÖÔÝßÝô×â× ãÑ ÏÐÑÒÓÔÑ âÖ×Ø êÐÓ×Ø ÏÑØØÖÝ ÓØÔÐÖÔÖÐ× âÓ ÛÑãÔÐÑßÓ ØÝÚÝß×Ð ×ÑØ ÓØÔÖâÑØ
âÓ Û×ØÑ ×ãÔÓÐÝÑÐÓØ ÛÑãÔÓãâÑç ÛÑãÔÖâÑç âÖ×Ø êÐÓ×Ø ÐÓÛÑãëìÖÐêÞÓÝØí õÓØÔÓ ÓØÔÖâÑ âÓ Û×ØÑ Ô×ÚÜöÚ
ïÑÐ×Ú ÝÚÏßÓÚÓãÔ×â×Ø ØÑÜÐÓ ×Ø êÐÓ×Ø ÐÓÛÑãëìÖÐêÞÓÝØ ÏÑÐÔ×Ø ß÷ìÝÛ×Ø âÓ âÖ×Ø ÓãÔÐ×â×Øí óØ ÏÑÐÔ×Ø
ÛÑãëìÖÐ×â×Ø ïÑÐ×Ú øùúç ùú Ó ûüýí þÚ âÝ×ìÐ×Ú× ÓÚ ÜßÑÛÑØ â× ×ÐòÖÝÔÓÔÖÐ× ö ×ÏÐÓØÓãÔ×âÑ ã×
ÿÝìÖÐ× �íí

Processador
Microblaze

UART

Controlador
ICAP

Barramento OPB

Controle
das Macros

ICAP

Memória
RAM

ILMB

DLMB

Comunicação serial
com hospedeiro (PC)

Área 2
Reconfigurável

Xor/Or/And

M
acro s

FPGA

Área 1
Reconfigurável

Xor/Or/And

M
acro s

Buffer

ÿÝìÖÐ× �í� ÕÝ×ìÐ×Ú× âÓ �ßÑÛÑØ âÑ ÏÐÑÒÓÔÑ ÕÖ×Ø ÙÐÓ×Øí

ÕÓÞÝâÑ � ÓØÔÐÖÔÖÐ× â× ×ÐòÖÝÔÓÔÖÐ× âÓ ÛÑãëìÖÐ×èðÑ ÓÚ âÝØÏÑØÝÔÝÞÑØ �ÝßÝãá ØÓÐ ÑÐÝÓãÔ×â× ×
ÛÑßÖã×Ø âÓ ÐÓÛÖÐØÑØç Òê ïÑÝ ÚÓãÛÝÑã×âÑ òÖÓ × ïÑÐÚ× Ú×ÝØ ×âÓòÖ×â× Ï×Ð× âÓëãÝÐ êÐÓ×Ø ëá×Ø Ó
ÐÓÛÑãëìÖÐêÞÓÝØ ö ×ßÑÛ×Ð Ï×Ð× Û×â× ÖÚ× âÓØÔ×Ø ÖÚ ÛÑãÒÖãÔÑ ÛÑãÔ�ìÖÑ âÓ ÛÑßÖã×Ø âÓ ÐÓÛÖÐØÑØí
óØØÝÚç ãÑÐÚ×ßÚÓãÔÓ ØÓ ÛÑßÑÛ× × êÐÓ× ëá× ÓÚ ÖÚ âÑØ ß×âÑØ âÑ âÝØÏÑØÝÔÝÞÑ Ó ×Ñ ß×âÑ âÓØÔ× ØÓ
ÏÑØÝÛÝÑã× ×Ø êÐÓ×Ø ÐÓÛÑãëìÖÐêÞÓÝØ ÖÚ× ×Ñ ß×âÑ â× ÑÖÔÐ×í óòÖÝç ÑÏÔÑÖäØÓ ÏÑÐ ãÖÚÓÐ×Ð ×Ø êÐÓ×Ø
ÐÓÛÑãëìÖÐêÞÓÝØ ÓÚ ÑÐâÓÚ ÛÐÓØÛÓãÔÓç â× ÓØòÖÓÐâ× Ï×Ð× × âÝÐÓÝÔ×ç Ó ÛÑßÑÛ×Ð × êÐÓ× ëá× ã× ÓáÔÐÓÚ×
âÝÐÓÝÔ× âÑ âÝØÏÑØÝÔÝÞÑí

óØØÝÚç Ñ Ú÷âÖßÑ �ÑãÔÐÑßÓ âÓ �×ÛÐÑØ ãÓØÔÓ ÏÐÑÒÓÔÑ ÏÑØØÖÝ ØÝã×ÝØ ÝãâÓÏÓãâÓãÔÓØ Ï×Ð× Ú×ÛÐÑØ
â× ÙÐÓ× � Ó Ï×Ð× Ú×ÛÐÑØ â× ÙÐÓ× 	í �ÑÚÑ × ÙÐÓ× � ãðÑ ÛÑÚÏ×ÐÔÝß
× ãÓã
ÖÚ ÐÓÛÖÐØÑ ÛÑÚ × ÙÐÓ×
	ç Ñ �ÑãÔÐÑßÓ âÓ �×ÛÐÑØ ÏÓÐÚÝÔÓ × ÑÏÓÐ×èðÑ â× ÙÐÓ× 	ç ÜÓÚ ÛÑÚÑ × ÛÑÚÖãÝÛ×èðÑ âÓØÔ× ÛÑÚ ×
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��� ���� ������������ � ���� �� �������� �� �������� � ������������� �� ������ ��� �� ������
��� � ������� � �������� �� ������ ����

������ ���� �������� �� �������� �� ������������� �� ���� ����¡�� ���� � ������� ���� ¢�����
£¤¥¦§¨ ©ª«¬¬®¨ ¯°®¨ ±

² ± ±
± ± ³
³ ± ²

´�����������µ �� ¶���� ������ ��¶·��� ��� ����� ���� ��� ��� ����� �¸ ��� ��� �µ �� ������
��� � ������� �� �������� �� ���� ������ ���� ���������µ � ����������� ¹º»¼½º ������ �
�������� �� ������������� ������� ���� ���� »��� � ����������� �� ������� ��� ������ �������
¾ �����������µ � ����������� �� ���� ����¡�� ¹º»¼½º �����¿� � ������� �� ������ ������ ��½
���������� ¾ ���������� � ��À�Á��� �� ������� À�� ��������� ������ ���� �����¿�� ������¡�� ��
������� � ������� �� �� �������� �� ���� ¶��� ������ ��¶·��µ �������������� ����� ���� � ·��������
�� À������������ ��� ������ �¸ ���� ���� ������ ����� �� ¶���� ��������·��� � �� ������ �����
�� ������� �� ��À�Á��� �� ������� � �������� � �� ����

Â� ´�������¿� � �������� �� ´»ÃÄÅ

Æ� ´�������¿� ��� � �Ã¹ �� ¹º»¼½ºÅ

Ç� È����·� ���� ��� ¶���� ������ ��¶·���Å

É� ÊË ����� ��� ¶���� ������ ��¶·���Å

�� ������� �������� �� �¸���� ¼¹µ ���������¿��� ��� � ¶��� ��� �������� � �������������Å

�� Ì����� �� ����� ÇÅ

� ��À�Á��� �� ��������� �� ������� ��¸� ����� �� ����� ����������� ����� ¶���� ������ ��¶·���
��������� ����·�� �� ¼¹ � �������� �� ���� �� �¸���� ��·� ��� ������ ������ Ã ������������
�� ���� ������ � ��·���� ���� ������� �� ����������� �� ���� ����¡��µ ���� ��� ���� ��������
� ��� � ��������� � ��¸���� ���� ������ � ��� ���������� �������� � ��¸���� ���� ������µ �
����������� ������ ��� � ¶��� ��·�� � ������� � ��� �������������µ ��������� � ����������� ����
�������� �� ��� ���� ������ Í������� � ������� �� �� �������� �� ¶��� ������ ��¶·��Î�
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ó �ò�����

Área 1
Reconfigurável
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Serial

Controlador
ICAP

Barramento
OPB

Processador
Microblaze

Memórias
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Macros

Área 2
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Macros

Controle de
Macros

Área 1
Reconf. Área Fixa

Área 2
Reconf.
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?@ ABCDEFGH IJ KLEFMHL MK ABLH

NO POQRSNO SP TUONO UVQPWXNWPO VYN UZWPOPVQUWU[ R[ V\[PWN SP TNV]^RWU_`PO NVSP aNRbPOOP U
VPTPOOXSUSP SP R[ TNVQWNcP TN[ZcPdN ORW^XR U VPTPOOXSUSP SP TWXUW R[ OXOQP[U PdP[ZcN ZUWU
UbUcXUW N eRVTXNVU[PVQN SN TNVQWNcUSNW fghijgk

l POQRSN SP TUON eNX WPUcXmUSN P[ R[ TN[ZRQUSNW ZPOONUcn XVeWUjPOQWRQRWU OR]TXPVQP ZUWU
QPOQUW N TNVQWNcP SP TNV]^RWU_`PO WPUcXmUSN XVQPXWU[PVQP P[ ONeQoUWP pOP^RVSN TUON SN ifqk l
POQRSN SP TUON bXOU OX[RcUW R[ OXOQP[U TNVQPVSN XVeWUjPOQWRQRWU TN[ SRUO rWPUO WPTNV]^RWrbPXO
P s TNV]^RWU_`PO ZUWTXUXO SXePWPVQPOk

l OXOQP[U PdP[ZcN UZWPOPVQU N ^WUeN SP SPZPVStVTXUO PVQWP TNV]^RWU_`PO TNVeNW[P UZWPOPVj
QUSN VU uX^RWU skvvk

1

5 4

Início

2

3

0

uX^RWU skvvw xWUeN SP SPZPVStVTXUO ZWNZNOQN ZUWU N QPOQP SN TNVQWNcUSNW SP TNV]^RWU_`POk

y z{{ SN fghijg TNWWPOZNVSPVQP UN ^WUeN UZWPOPVQUSN VU uX^RWU skvv | [NOQWUSU VU
zU}PcU sksk ~NW TNVbPV_YNn NO TU[ZNO SU z{{ �RP VYN TNVQ|[ bUcNWPOn NR OP�Un OYN TNVOXSPWUSNO
��������NR �������n UQWX}RXjOP N V\[PWN vs UN TU[ZNk hN[ POQU SP]VX_YN ZWPQPVSPjOP eUTXcXQUW
U NZPWU_YN SN TNVQWNcUSNWk

zU}PcU sksw ~WPPVTaX[PVQN SU z{{ TNWWPOZNVSP UN ^WUeN SU uX^RWU skvvk
������ �������� ���� � ���� �
� � � �
� � � �
� � � �
� � �� ��
� � � ��
� � �� ��
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ÃÄÅ Æ ÇÅÈÉÊÅÊËÌÆÍÎÄ ÏÄ ÐÄËÌÑÄÉÆÏÄÑ Ê ÊÒÊÐÓÍÎÄ ÔÄÕÑÊ ÓÅÆ ÔÓÈÄÔÌÆ ÆÑÖÓÇÌÊÌÓÑÆ ÐÄÅ ÏÓÆÔ
×ÑÊÆÔ ÑÊÐÄËØÙÓÑ×ÚÊÇÔ ÛÄÇ ÈÄÔÔÜÚÊÉ ÚÆÉÇÏÆÑ ÔÊÓ ÛÓËÐÇÄËÆÅÊËÌÄ ÏÊ ÅÆËÊÇÑÆ ÖÓÊ ÈÄÔÔÆ ÔÊÑ ÊÅÈÑÊÙÆÏÆ
ÊÅ ÓÅ ÔÇÔÌÊÅÆ ÊÅÕÆÑÐÆÏÄ ÆÓÌÄÝÑÊÐÄËØÙÓÑ×ÚÊÉÞ

ßàáâãä åæçèé ßêâëì íî îëîïâðñì íî ïìòóáâãäðôîõ äöãîõîò÷äíäõ òì áãäøì åæççæ ùúû àíîò÷àóïä äõ
ïìòóáâãäðôîõ îëàõ÷îò÷îõ îü ïäíä ýãîäõ ãîïìòóáâãýþîêæ

ú ßàáâãä åæçè äöãîõîò÷ä ä ïäö÷âãä íî ÷îêä íì ÿâëì íî îëîïâðñì íäõ ïìòóáâãäðôîõ õì�ãî
ä äã�âà÷î÷âãä îëîüöêìæ �ì îõ÷äíì àòàïàäê �íîóòàíì õîáâòíì ì áãäøì�� ì õàõ÷îüä öìõõâà äöîòäõ
âüä ïìòóáâãäðñì íàõöìò�þîê òäõ ýãîäõ ãîïìòóáâãýþîàõ� ä ïìòóáâãäðñì ���æ 	ìü ä ïìòïêâõñì íä
ïìòóáâãäðñì ���� ì û
	��
 îõïäêìòä ä ïìòóáâãäðñì ��� ïìüì àòíàïäíì òì áãäøìæ �ä ßàáâãä
åæçè � öìõõ�þîê þîã ì îòíîãîðì íî üîü�ãàä àòàïàäê î ì ò�üîãì íî öìõàðôîõ ìïâöäíäõ öîêì �à÷õ÷ãîäü
íä ïìòóáâãäðñì ��æ �îõ÷ä üäòîàãä� ì õàõ÷îüä � ÷îìãàïäüîò÷î ãîïìòóáâãäíì íî øìãüä ä ÷îã âü
òìþì îõ÷äíì íî ïìòóáâãäðôîõæ �î äïìãíì ïìü ä áãäøì äöãîõîò÷äíì� äö�õ ä ïìòïêâõñì íî ïäíä
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¬®¯° ± ²³´µ¶ ·®¸¹´º´ » ²¼½¯®®·¾º´ ¿¼À Á ¬® º¶ ¿´Àº´º¶ ¿´À´ ²´º´ ¬Â®¶ Ã·¶ ´ ²¼Ä¿Å¶Æ º¶
Ç¼ÀÄ´ Ã·¶ ¼ ´¸È¼À®Ä¼ ·®¸¹´ «É ¬®¯ º¶ º´º¼¯ ¿´À´ ²À¿®¼ÈÀ´Ç´À ´ Ä¶½¯´È¶Ä º¶ ¶½®À´º´°

ÊËÌËÍ ÎÏÐÑÒÐÒÑÓ ÔÕ ÖÑÕ×ØÐÕ
± ´ÀÃ·®¶®·À´ º¶ ³´ÀºÙ´À¶ º¶¯¶½µ¼¸µº´ ¿´À´ ¶¯®¶ ¯¯®¶Ä´ ¿¼º¶ ¯¶À µ¯®´ ½´ ÚÈ·À´ É°ÁÛ°
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M
acro s
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Comunicação serial
com hospedeiro (PC)

Buffer

ÚÈ·À´ É°ÁÛÜ Ý½ÇÀ´Þ¶¯®À·®·À´ º¶ ³´ÀºÙ´À¶ º¶ß½º´ ¿´À´ ¼ ¯¯®¶Ä´ º¶ ²À¿®¼ÈÀ´ß´ º¶ º´º¼¯°

à¯®´ ´ÀÃ·®¶®·À´ ²¼½®»Ä ¬´¯²´Ä¶½®¶ ¼¯ Äáº·¸¼¯ ·®¸¹´º¼¯ ½¼¯ ¶¯®·º¼¯ º¶ ²´¯¼ ´½®¶À¼À¶¯Æ
²¼Ä ¶â²¶ãä¼ º¼ Äáº·¸¼ À¶²¼½ßÈ·Àåµ¶¸ Ã·¶ Ä¿¸¶Ä¶½®´ ´¸È¼À®Ä¼¯ º¶ ²À¿®¼ÈÀ´ß´Æ ¼À´ æç« ¼À´
çàè«É° à¯®¶ ¯¯®¶Ä´ ½ä¼ ·®¸¹´ ²¼Ä·½²´ãä¼ ¿¼À ½®¶ÀÀ·¿ãä¼° Ý¯®¼ ¯È½ß²´ Ã·¶ ¼ ¯¼Ç®Ù´À¶ º´
´¿¸²´ãä¼ ·®¸¹´ ¼ Ä¼½®¼À º¶ À¶²¼½ßÈ·À´ãä¼ ¿´À´ º¶²ºÀ ¼ Ä¼Ä¶½®¼ ¶Ä Ã·¶ ¯¶Àå ´¸®¶À´º´ ´
²¼½ßÈ·À´ãä¼ º´ åÀ¶´ À¶²¼½ßÈ·Àåµ¶¸°

± ´ÀÃ·®¶®·À´ » ½²´¸Ä¶½®¶ º¶ß½º´ ²¼Ä ´ ²¼½ßÈ·À´ãä¼ º¼ ´¸È¼À®Ä¼ æç«Æ ¿¼¯ ¶¯®¶ ¼²·¿´
·Ä´ åÀ¶´ Ä´¼À º¼ º¯¿¼¯®µ¼ éêªë° à¯®´ ²¼½ºãä¼ º¶ ¿À¼ì¶®¼ ¿¶ÀÄ®¶ º¶ß½À ¼ ¿¼¯²¼½´Ä¶½®¼
º´¯ Ä´²À¼¯ Ã·¶ ¶¯®´¬¶¸¶²¶Ä ´ ²¼Ä·½²´ãä¼ ¶½®À¶ ´¯ åÀ¶´¯ ßâ´ ¶ À¶²¼½ßÈ·Àåµ¶¸ º¼ ¯¯®¶Ä´°

è¶È·½º¼ ¼ í·â¼ º¶ ¿À¼ì¶®¼Æ ´¿á¯ ´ ¯¾½®¶¯¶ º´ ²¼½ßÈ·À´ãä¼ ½²´¸ ´¯ ¶®´¿´¯ ¯¶È·½®¶¯ º¶ß½¶Ä
´¯ ²¼½ßÈ·À´ãÅ¶¯ ¿´À²´¯ º¼ ¯¯®¶Ä´° î¶¯®¶ ²´¯¼Æ ´ ï½²´ ²¼½ßÈ·À´ãä¼ ¿´À²´¸ ´º²¼½´¸ ¯¶Àå ¼
´¸È¼À®Ä¼ çàè«É° à¯®´ ´ÀÃ·®¶®·À´ ¯¶²·½ºåÀ´Æ ²¼Ä¼ º¶ß½º¼ ½¼ í·â¼Æ » ¯½®¶®¹´º´ º¶ ´²¼Àº¼
²¼Ä ¼¯ ´ÀÃ·µ¼¯ °½²º ¶ °·²Ç º´ ²¼½ßÈ·À´ãä¼ ½²´¸ º¶ Ä´½¶À´ ´ ¼¬®¶À ´ º¶ß½ãä¼ º¶ ½®¶ÀÇ´²¶Æ ¶ ·Ä
¿¼¯²¼½´Ä¶½®¼ ¶ À¼®¶´Ä¶½®¼ È·´¯ ´¼ ¿À¼ì¶®¼ º´ ²¼½ßÈ·À´ãä¼ ½²´¸° ± ¶®´¿´ ¯¶È·½®¶ º¼ í·â¼Æ
» È¶À´À ¼¯ ¬®¯®À¶´Ä¯ ¿´À²´¯ ²¼Ä ´ Ç¶ÀÀ´Ä¶½®´ ð¼À¶ñ½ß¶ÀÝÝÞ òÀ¼ éêªëÆ ¯¶È·º¼ ¿¶¸´ ²¼Ä¿´²®´ãä¼
º¼ ´ÀÃ·µ¼ º¶ ²¼½ßÈ·À´ãä¼ ¿´À²´¸ ¿´À´ Ã·¶ ¯¶ì´ ´ÀÄ´¹¶½´º¼ ½´ Ä¶ÄáÀ´ º¼ ¯¯®¶Ä´°

ÊËÌËÌ ÖÑÕ×ØÐÕ ÔØ óÕôÐõÓÑØ
ð¼½²¸·¾º¼ ¼ ¿À¼ì¶®¼ º¶ ³´ÀºÙ´À¶ º¼ ¯¯®¶Ä´Æ ´ ¶®´¿´ ¯¶È·½®¶ º¼ í·â¼ Ç¼ º¶ß½À ¼ ¿À¼ì¶®¼

º¼ ¯¼Ç®Ù´À¶° ö ¯¼Ç®Ù´À¶ º´ ´¿¸²´ãä¼ Ç¼ ¿À¼ì¶®´º¼ ¿´À´ ¸¶À ·Ä ¬¸¼²¼ º¶ º´º¼¯ º¶ ¶½®À´º´Æ
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�o�z �sm pwo nop|mpxu� s� �tonmzzulot �tortu���m� uzzon}ulo u �m��t}uz~ �zzs�}plo�zm u
m�}z|�pn}u lmz|m �tonmzzulot �m~r~ s� �}nto��u�m os s� �oymt���� m uzzs�}plo �sm mz|m �ozzs}
tmnstzoz l}z�op��m}z �utu tmu�}�ut o nop|to�m lm nopqrstuv�mz� po|u�zm �sm u �tmu ul}n}opulu u
mz|m �utu }���m�mp|ut o ������� mz|}�ulu u �ut|}t lu �u�m�u �~�� nop|u�}�}�uplo oz ��ls�oz
szuloz u�mpuz �utu xu�}�}|ut tmnopqrstuvwo lo xutlyutm �����xy}nu� m �op|to�m lm �untoz�
nxmru�zm u ����  lo ¡�¢�� nop|tu ��££  lm zo�tmnutru rmtulu �m�o ����~

¤¥¦¥§ ¨©ª«¬¬®¯© °±¬²³© ¬© ´µ³¶µ© ·¬³¸²´µ¬ ¹º ´»¬¼º¬ªº²³©
½� z}z|m�uz tmnopqrst��m}z� u �u|�pn}u lm tmnopqrstuvwo � s� ¾u|ot nt�|}no� �sm lm�m mz|ut

�tm�}z|o po �to{m|o� nop|t}�s}plo lm ¾ot�u }��ot|up|m �utu u �}u�}�}lulm lm }���m�mp|uvwo lo
z}z|m�u no� mz|u u�otlurm�~

�op¾ot�m oz mz|sloz lm nuzo tmu�}�uloz up|mt}ot�mp|m� ¾o} �ozz��m� �ml}t oz |m��oz tm�u|}�oz
uo �tonmzzo lm tmnopqrstuvwo lo z}z|m�u~ �mrsplo uz �ml}v�mz m up��}zmz lm ¾ot�uz lm oplu� ¾o}
�ozz��m� mz|u�m�mnmt u ½�suvwo �~� �utu lm|mt�}put u �u|�pn}u lm nxu�mu�mp|o lm nopqrstuv�mz
�utn}u}z~

treconf = (tcarga¿buffer + tescrita) ×
num

�
palavras

512

��~��
oplm treconf

� u �u|�pn}u lm tmnopqrstuvwo� tcarga¿buffer

� o |m��o �utu nuttmrut À�� �u�u�tuz
lm �� �}|z lu �m��t}u �utu o �sÁmt lo nop|to�ulot Â���� tescrita

� o |m��o �utu mzntm�mt À��
�u�u�tuz lo �sÁmt po Â��� m ÃÄÅÆÇÈÉÈÊËÈÌ � o pÍ�mto |o|u� lm �u�u�tuz �sm nopz|}|sm� o
�}|z|tmu� �utn}u�~

�mrsplo uz �ml}v�mz tmu�}�uluz no� o upu�}zulot ��r}no ¾o} �ozz��m� o�|mt oz zmrs}p|mz �u�otmz
lmznt}|oz �m�u �u�m�u �~kÎ

�u�m�u �~kÎ �ml}vwo lm |m��oz �utu tmu�}�ut u �m}|stu m mznt}|u lm À�� �u�u�tuz lm �� �}|z�
s|}�}�uplo ¾tm�Ï�pn}u lm tm��r}o lm �À �Ð�~

ÑÒÓÔÕÖ× ØÙÚÒÛ× ÓÒ ÜÝÞß
tescrita àáâààµß
tcargaãbuffer

ßä å×Úæçå áâèéêÚß
tcargaãbuffer

åä å×Úæçå áâêëàÚß

�o�uplo no�o m�m���o o �}|z|tmu� �utn}u� lo mz|slo lm nuzo �op|ulot ì��íoyp no�
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ýþÿþ��� �� ����� �þ	þ
�þ�  �����
�	 �þ	��	þ� � ý�ÿ�� �� ���������þ��� ��ÿ þ ���þ��� ��î�
�þ����� ��� þ ���������þ �� ��	���� ��þ�þ ��� �� !"�

treconf = (81, 88µs + 1, 378ms) × 63673

512

treconf = 181, 55ms

#������ ��� �ÿ ��ý�ý��þÿ �þ���þ	 ��ÿ ÿ��ÿ� ýþÿþ��� ����� ���������þ�� ��ÿ � $#% �
þ &��þ��� ��� þ�þ�'� ����þ �ý�	�"þ�þ� ������� (�)�

Treconf = Tinit + (Numpalavras × Tpalavra) *���+

Treconf = 884ηs + (63673 × 748ηs)

Treconf = 47, 63ms

%�ÿ �� ����	ýþ��� ��ý����  �����
�	 ��ÿ���
þ� ��� � ���ý��	� �ÿ �þ��,þ��  þ���'�ÿþ�þ-
ÿ��ý� . 
�"�� ÿþ�� �/���� �ÿ ��	þ��� þ� ���ý��	� �ÿ ���ý,þ��� 0�
�þÿ��ý�� þ ����þ-��ý��ý��þ
������ýþ ������� þ��� 1�'���	��þ�� �� �ÿ�	�ÿ��ýþ��� þ������þ	ÿ��ý� ÿ��ý� ÿþ��� ��� � $#% �
þ	ÿ �� �������� ÿþ��� �þ�þ���þ�� �� þ�ÿþ"��þÿ��ý� �� ��ý�ý��þÿ� þý�þ
� �� �ÿ����� �� ��ÿ-
�þ�ýþ��� �� ��ý�ý��þÿ��
2ÿþ ��ÿ�þ�þ��� ��þ	�ýþý�
þ 
��þ��� ÿ��ý�þ� �þ�þ�ý����ý��þ� �� þÿ��� ���ý��	þ����� ��ÿ

��þ� 
þ�ýþ���� � �����
�����ý�� ��� ��þ	�"þ�þ � þ������ýþ�þ �þ 3þ��	þ ��îï�
3þ��	þ ��îï4 5�þ��� ��ÿ 
þ�ýþ���� � �����
�����ý�� ��	þý�
�� � �þ�þ�ý����ý��þ� ��� ���ý��	þ�����
$#% � $#% -#�67879:;8<=:>97 ?@7A>7B7 CD6E CD6EFDGHIJKLMNMH MH OJPQRSTNUVJ WIXN YNLZN [YS\HTL]NUVJ^ TJXLPN_ MH IHLXSTN`H_KTLXNaWSXJbKJPQRSTNUVJ cVJ dNTN GLTXHZee fLg GLN WhefLg dNTN GLTXHZee b hTJ ML_dJPLiLIL]NMN dHIJ jNiTLKNPXHkTHN hHlSHPN _H KJgdNTNMN N dTJKH__NMJT RTNPMH _H dTJKH__NMJT KJP_LMHTNMJ^_HPVJ RTNPMH dHlSHPN _H dTJKH__NMJT dTmbHZL_XHn_XNiLILMNMH oSPKLJPNI YNLZN^ OJgdIHZN^ WIXN^ _LgdIH_ THH_KTLXN MH _JjXpNTHH kTHN WMLKLJPNI dNTN HqRq H_KNIJPNgHPXJ^ dTHHgdUVJ^ HXKqOJgdNKXNUVJ`rH_KJgdNKXNUVJ cVJ _SdJTXNMN fSdJTXNMN [NIRJTLXgJ sTLtLNIa
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���þ �ö �ùþ
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öøþ �ö
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� ö	�ùö�þ �ö÷øö÷ ÷�÷øö	ú÷ ö���ö þûù��úøþù�ú	ö�øö �	 ÷�û÷�÷øö	ú ��ö �öùö���ö ú÷ �þ����
�ùú�ö÷ ö��÷øö�øö÷ ö	 �	 ����  �ùþ�þ÷øú �ö ���ùú�ö÷øù�ø�ùú ö �þ�øùþüö �ö �þ����ùú�ö÷ ö	
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�ö��û�ü��ú�ö �ö ÷þ�ø�úùö �úùú �þ�øùþüö �þ ÷�÷øö	ú�

 ���ùú�ö÷øù�ø�ùú �ùþ�þ÷øú ö �	�üö	ö�øú�ú ú��� øö�ö �þ	þ þû
öø��þ �ú�öù ö�þü��ù ú �ùþ�þ÷øú
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IJK L KMNMO MOPNMQLIJK RSTUJ VJO L WMNKXJ LUSLY IJ Z[\]^[_ `OL PJKKabaYaILIM c IMKMTWJYWMN
MKUSIJK L dO IM IJOaTLN MKUL UMVTJYJQaL PLNL eSM KM fLbaYaUM J SKJ IM VLPLVaILIMK OSaUJ OLaJNMK
IM LNOLgMTLOMTUJ IM baUKUNMLOK PLNL MKUMK KaKUMOLK_

h aTiNL^MKUNSUSNL PNJPJKUL LPNMKMTUJS SOL YLUjTVaL IM VfLWMLOMTUJ KSPMNaJN k YLUjTVaL MT^
VJTUNLIL TL PNJPJKUL IM \LNWLYfJ lmn_ oKUJ JVJNNM PNaTVaPLYOMTUM PMYL NMKUNapXJ MTVJTUNLIL TJ
VJTUNJYLIJN IL o\hq IaKPJTrWMY TJ LObaMTUM stuv eSM SUaYagL SO IaKPJKaUaWJ IM LNOLgMTLOMTUJ
UMOPJNwNaJ VJO PMeSMTL VLPLVaILIM PLNL MKVNaUL M YMaUSNL IM VJTdQSNLpxMK IJ IaKPJKaUaWJ_ sKUS^
IJK KJbNM J IMKMTWJYWaOMTUJ IM SO VJTUNJYLIJN OLaK MdVaMTUM KMNaL SOL LYUMNTLUaWL PLNL NMISgaN
L YLUjTVaL IM VfLWMLOMTUJv ULTUJ PLNL MKUL PNJPJKUL eSLTUJ PLNL J Z[\]v eSM TXJ IaKPxM IM
ULY NMVSNKJ_

y LObaMTUM IM IMKMTWJYWaOMTUJ stu PMNOaUM PNJRMULN LNeSaUMUSNLK IM fLNIzLNM VJOPYM{LKv
LbKUNLaTIJ IMULYfMK IM aOPYMOMTULpXJ VJOJ aTUMNVJTMVULN O|ISYJK VJO aTUMNiLVMK VJTUMTIJ
IMgMTLK JS VMTUMTLK IM dJK_ qJN JSUNJ YLIJv MKUM LObaMTUM TXJ PJKKSa }M{abaYaILIM PLNL PMNOaUaN
JUaOagLN LYQSOLK MKUNSUSNLKv VJOJ c J VLKJ IJ VJTUNJYLIJN IL o\hq_ \JO MKUL PJKKabaYaILIM
KMTIJ LbMNUL PMYJ iLbNaVLTUMv KMNaL PJKKrWMY IMKMTWJYWMN LNeSaUMUSNLK IM VJTUNJYM IM VJTdQSNLpXJ
MO KJiUzLNM OLaK JUaOagLILK_

`OL aOPJNULTUM MULPL IJ }S{J IM IMKMTWJYWaOMTUJ IM [tZK c L IMdTapXJ IM KSL PYLTUL
bLa{L_ ~MKUL MULPLv LK aTUMNiLVMK MTUNM wNMLK d{LK M NMVJTdQSNwWMaK M{aKUMTUM TLK LNeSaUMUSNLK
bLKM M KMVSTIwNaLK IMWMO KMN JbNaQLUJNaLOMTUM LK OMKOLK_ h WMNadVLpXJ IMKULK aTUMNiLVMK c
NMLYagLIL fJRM JbNaQLUJNaLOMTUM IM iJNOL WaKSLY VJO L iMNNLOMTUL �q�h sIaUJN_ sKUL MULPL
IM WMNadVLpXJ PJIMNaL KMN LSUJOLUagLIL VJO L VJTKUNSpXJ IM SOL iMNNLOMTUL eSM aTUMNPNMULKKM
JK LNeSaWJK IM VJTdQSNLpxMK QMNLIJK_ oKUJ NMISgaNaL VJTKaIMNLWMYOMTUM J UMOPJ IM PNJRMUJ IM
[tZK_
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ÄÅÆÇÈ !ù�Ê!!¦Ã áÔÍÓ��Ã �ÇÐÕÅÍðÃ áÅÐ�� Ø§§ÉÙ

ÞØ!ß �Ù á"ÒÒÇÐÙ ÖÓÈÎÇÕÅÈ ÝÓÍÅÕÓ�ÅÕÇÍÎÇ ÐÇ�ãÍ�ÆÔÐ#
ÇÓÈ �ãÕ �ãÕÔÍÓ�Å��ã 
ÓÅ ÐÇÝÇÈ ÓÍÎÐÅÚ��ÓÄÙ
ÖÇÕÓÍ#ÐÓã ÝÇ ÌÍÝÅÕÇÍÎã Ú ¦Ë ÄÅÆÇÈÃ ïÔÒð Ø§§óÙ

ÞÉ§ß üÅÎÓãÍÅÒ ÖÇÕÓ�ãÍÝÔ�ÎãÐ âãÐÄÙ üÅÎÓãÍÅÒ �ãÕÄÒÇÕÇÍÎÅÐð ÆÅÒÒÓÔÕ ÅÐÈÇÍÓÝÇ �ãÍ�ÆÔÐÅ×ÒÇ ÒãÆÓ�
ÅÐÐÅðÙ $±å²»±«³° õ±»±%²®¯Ã ¦Ë�¦Ã ïÔÒð ¦!!ùÙ ¦ ÄÅÆÇÙ
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F%�%HIJ HIJ *���#�; 2 I?IIII,
F%�%HIJ HIJ *�%F 2 KLMN,
F%�%HIJ HAJ *���#�; 2 I?AIII,
F%�%HIJ HAJ *�%F 2 KLMN,
F%�%HIJ HKJ *���#�; 2 I?KIII,
F%�%HIJ HKJ *�%F 2 KLMN,
F%�%HIJ HLJ *���#�; 2 I?LIII,
F%�%HIJ HLJ *�%F 2 KLMN,
F%�%HIJ HMJ *���#�; 2 I?MIII,
F%�%HIJ HMJ *�%F 2 KLMN,
F%�%HIJ HNJ *���#�; 2 I?NIII,
F%�%HIJ HNJ *�%F 2 KLMN,
F%�%HAJ HIJ *���#�; 2 I?OIII,
F%�%HAJ HIJ *�%F 2 AKLM,
F%�%HAJ HAJ *���#�; 2 I?PIII,
F%�%HAJ HAJ *�%F 2 AKLM,
F%�%HAJ HKJ *���#�; 2 I?QIII,
F%�%HAJ HKJ *�%F 2 AKLM,
F%�%HAJ HLJ *���#�; 2 I?RIII,
F%�%HAJ HLJ *�%F 2 AKLM,
F%�%HAJ HMJ *���#�; 2 I?AIIII,
F%�%HAJ HMJ *�%F 2 AKLM,
F%�%HAJ HNJ *���#�; 2 I?AAIII,
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UVWVXYZ X[Z \]VU ^ Y_`ab

cc]VdefV ge VfhiVjkh ge leimlnhno pV]qVrst ^u ihvwqx s
cc]VdefV ge VfhiVjkh ge leimlnhno pV]qVrYt ^u fqyle

]Vl XsZ ^ sb
]Vl XYZ ^ z{|}~b

c������������������������������������������������������
������{vqiqVfq�Vjkh gV ]VdefV ge genilq]hlen�����������
������������������������������������������������������c

di� XsZ ^ ]gg XsZ \v�Wlegei ^ Yb
]gg XsZ \nmiY ^ Yb
]gg XsZ \nmi_ ^ _b
di� XYZ ^ ]gg XYZ \v�Wlegei ^ Yb
]gg XYZ \nmiY ^ ab
]gg XYZ \nmi_ ^ [b
di� X_Z ^ ]gg X_Z \v�Wlegei ^ Yb
]gg X_Z \nmiY ^ `b
]gg X_Z \nmi_ ^ ab
di� X̀ Z ^ ]gg X̀ Z \v�Wlegei ^ Yb
]gg X̀ Z \nmiY ^ ��z�b
]gg X̀ Z \nmi_ ^ ��z�b
di� XaZ ^ ]gg XaZ \v�Wlegei ^ _b
]gg XaZ \nmiY ^ sb
]gg XaZ \nmi_ ^ ��z�b
di� X[Z ^ ]gg X[Z \v�Wlegei ^ Yb
]gg X[Z \nmiY ^ ��z�b
]gg X[Z \nmi_ ^ ��z�b

c������pqU gV {vqiqVfq�Vjkh gV ]VdefV ge genilq]hlen����c
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