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t�i(i(V)LMc1E/V)T2�OGIG(X�jSc�NRQSGIceG(X adG(J§V)T�V�ERjSG(LxV)LMi}E q�H7fOHKiIi(V)c1NLxH*iIG(TMTMGIT�l7�vjpa}E�G(V)idE�N/LMH*i(GITMT�ceHKJGkQpQpjSX�

V\JRjp´�GILMGIX"a�f@PXikaxjSH�X/V�QOc�H*J/PRQSGnH7f�¨�s|m � ��D � C2©	adT�adH�N�QSGko"G�Q�N/LMH*i(GITMT�T~adLMPika}PLMGv��LxV)N/EejST�J/GINRjSikadG(J�jSX
�A��P/LMG � C�Ó������}¿AÀRV)XJ��6Í�À��}¿AÀKNLxH*iIG(TMTMGIT°ceHKJGkQR¨�s|m � ��D � ·¸T9V)JJLMG(TMT�V)XJ�J/V�a}VFjSX"adGILbfòV)iIG9adHWceGIc�H�Lbq
LMG(TMNOGIikaMjpo"GkQpq C�DFEG�J/V�a}V)NAV�adE?jST§c�H*J/GkQpQSGIJ��"q$f@H�PL\NLMHKiIGITMTMG(T�l#X/V)ceG�Qpq��6½MÁMÂ��*½��7l��§½MÁxÂ��"½���l��6½MÁMÂ��*½��
V)XJ! v½�Ð�"�Í)¿/ÆIC ` G(iIH*J/G � JGITMi(LbjS�OGIT{adEG�NLbjSc�V)L~qWJG(iIH*J/G2PXRjpa4�nERjpQSG ` GIiIHKJG(×�V)XJ ` GIiIHKJG � c�H*JG�Q adEG
G}uGIiIP^aMjSH�XªPXRjpanH7f�adE/G�NLMHKiIGITMTxH�L�C�ynGI�$#�V)X¬«NLMHKiIGITMT9jSX/iIH�LMNOH�LxV�adGIT9a}EG�fwPX/ikaMjSH�X/V�QpjparqZH7f�adEG�LMG(�7jSTbadGIL
�/V)X/¬/C!%ªÃkÀ~Ë�À@Ã}Ä ceHKJGkQST�a}EGvH�NOGILxV�aMjSH�X�H7f4¨WsZm � ��D � ·¸T��nLbjpadGn�PT�i(H�X adLxH7Q/QSH��7jSi�C-tWiIi(V)LMc c�V)¬�GIT�PTMG
H7f{adELMG(G-V)Lx�RjpadGIL�NLxH*iIG(TMTMGIT�l7�nE^jSidE�V)LMGvjSXikQSPJ/GIJ6jSX�¨nJ/J©�X"a(l ` GIi(H*JG � V)X/J�]_Lba�g�a}LbQ	C ` G(iIH*J/G � V)Lx�RjpadGIL
V�QpQSHI�nT-adEG � Ë�ÁxÂ�ÄOÇ Ô Ð�¿OÍ Ä)adH6jSX"adGILMLxPNRa2adE/G�&AHI�&H7f4jSX/TbadLMPi�aMjSH�XT�f@LMH�c s|GIceH�LbqZä'�}¿/ÇdÀ@Ã�idE/V)X/XGkQ@å��nERjpQSG
]_LbaIg�adLbQ�V)LM�RjpadGIL6NOGILMc�jpa}T�J/V�a}V$V)LMLbjpoKjSX�ZfwLMH�c c�GIceH�Lbq�ä(� Ô ¿^å�V)X/J_a}EG�Gku^GIi(PRaMjSH�X_P/XRjpaªä)� � Á��)åWadH
V)iIi(GITMTnadEG6�nLbjpa}G\�/PT�ä	TMGIG6�A��PLxG � å}C�¨�JJ©rX"a(lO�nERjSi}E|jST�JGINRjSi�adGIJ«jSX��A��PLMG�×Kl4G(ceNRQSHIqRT�V)LM�Rjpa}LxV�aMjSH�X
ä	¨�JJ{g3NLMHKiIGITMTkå:adH6V�QpQSHI� V)JJLxGITMTMGIT�V)LMLbjpoKjSX��f@LMH�c adEGnJ/V�a}V)N/V�a}E�H�X�adEGv]Öi}EªidEAV)XXGkQa}H6�LxG(V)¬\adEG
� Ë3ÄÑÂ�Â�*Zä	¨�JJ{gnl^s|¨nynGI�Rl^©�Xi(LMGIceG(X adG(L�l � g,+nH7QSJ^jSX� � V�adi}EGITIl � g.-6LxGI�7jSTbadGIL9H7f � g � jSNOG7å�V)XJª� V�jSX
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PROC arbiter.merge(CHAN OF BUNDLE In1,In2,Out,
                   CHAN OF ACK Ackin1,Ackin2,Ackout)
  SEQ
    clock:=0
    WHILE TRUE
      SEQ
        ALT                 --arbiter
          In1?in1.data
            SEQ
              process1.data(data1.delay)
              out.data(timestamp):=max(in1.data(timestamp), clock)+data.delay
              Out!out.data
              Ackout?ack
              clock:=ack(timestamp)+ack1.delay
              ack(timestamp):=clock
              Ackin1!ack
          In2?in2.data
            SEQ
              --process in2.data in a similar way
:

Õ4jS��PLxG � � DvEG�¨�LM�Rjpa}GIL � LMHKiIGITMT

V)iIiIGITxT{adH-adEG2s|¨�yFGI�RC°DvEG2V)LM�Rjpa}GIL�NLMHKiIGITMTxGITAH7fHKiIi(V)LMc EAVko"G��OGIG(X�c�H*J/GkQpQSGIJW� q�ceG�V)XTOH7fKa}EG�H*i(i(V)c
¨ � D®iIH�XTba}LMPika(C4©�XN/PRa�ceGITxTxV)��GIT�V)LMGniIH�XTMP/ceGIJ�V)XJ�NLMHKiIGITMTMG(J�V)T�TMHKH�X<V)T�adEG�iIH�LxLMGITMNOH�XJRjSX/�FjSX/NPRa
idEAV)XXGkQST-�{LMG§V)XJ|XHeV�aMadG(c§a-jST�c�V)JG�a}H�NLMGko"G(X aFNLxGIGIceN^aMjSH�XT�¼"adEG�i(V�QSi(PRQ�V�aMjSH�XzH7f�adE/G�aMjSceGIT~a}V)ceNT
H7f�adEG�H�PRadN/PRavceGITMTdV)��GIT�jST-jpQpQSPTbadLdV�adGIJ�jSXª�A��PLxG � C
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DvEGªV)iIiIP/LxV)ikq�H7fnHKiIi(V)LMc�E/V)T��{G(GIX�Gko V�QSP/V�adGIJ�� q�iIH�ceN/V)L~jSX�ªadEG�LMGITMP^QpadT�NLMHKJPi(GIJ��"q_H*iIi�V)LMc

�vjpadEzadEH�TMG�H��^a}V�jSXGIJªf@LMH�c V�JRjp´�GILMGIX"a(lTMGI±KPGIX"aMj�V�Q:JRjSTxiILMGkadGWGko"G(X anT~jSc\P^Q�V�adH�LvH7f�¨WsZm � ��D � �nL~jpaMadGIX
jSX ¨�TbjSczlFadEG?¨ny�s�·¸T«jSXR�EH�PTMG�T~jSc\P^Q�V�aMjSH�X®Q�V)X��P/V)��G�C DvE/G$LxGITMPRQpadTe�nERjSi}E E/V�o"G��OGIGIX®NLMHKJPiIGIJ
� q®adEG?G}uGIiIP^aMjSH�X>H7f\adEG ` ELbq^TbadH�X/GZ�OGIXi}Ec�V)Lx¬ µ ��¶ V)LxG$adEH�TMG|adE/V�aZV)LMG$arq^NRjSi(V�QpQpq PTMGIJ>fwH�LzadEG
NOGILbfwH�Lxc�V)XiIG�G�o�V�QSP/V�axjSH�X�H7f4¨Ws|m � ��D � lRX/V)ceG�Qpq\a}EG ` ELbq^TbadH�X/GvX*P/c\�OGILIl"V)T2��GkQpQ#V)T2adE/GFHKiIiIPN/V)X/ikq
V)XJÖTba}V�QpQ�NOGILbjSHKJTeH7f�a}EGZ¨WsZm � ��D � NRjSNOGkQpjSXGITI¼nTbjSXi(G«adEG$i(V�QSiIP^Q�V�aMjSH�X�H7f§adEGITMGzo�V�QSP/GIT�jSTª�/V)TxGIJ
H�XÖadEG$TbjSc�PRQ�V�adG(J�aMjSc�G�l�adE/Gkq�V)LMG�N/V)LbaxjSiIPRQ�V)LbQpq�TxPRjpa}V)�RQSG|adH��OG|P/TMGIJ V)TzV�ceG(V)X/T�f@H�LzceG(V)TxPLbjSX�
adEG«JG(��LMGIGªH7fnaxjSc�jSX��V)iIiIP/LxV)ikq�H7f�HKiIi(V)LMcZC � jS¬�G|V�QpQnTbq^X adE/GkaMjSiª�OGIXi}Ec�V)LM¬KT�l ` ELbq^TbadH�XG�adL~jSGIT6adH
c�V�adi}EªadE/G§Vko"GILdV)��G6�OGIE/V�o*jSH�P/LvH7f�V�Q�V)LM��G6TMGkaWH7f�LxG(V�Q4NLMH���LdV)czl^adE/GILMGkf@H�LMG�adEG�LxGITMPRQpadT�H��^a}V�jSXGIJzc<Vkq
�OG�iIH�XTbjSJ/GILMGIJ$LMGINLxGITMGIX"a}V�aMjpo"G\H7f-adEG�Vko"G(LxV)��Ge�OGIE/V�o*jSH�P/L�H7f�HKiIi(V)Lxc adHKHRCeDvEG ` EL~qRTba}H�XG�X*Pc��OGIL
JGIXH7a}GIT\adEGzXKPc��OGIL�H7f�aMjSceG(T\adE/V�aea}EG<QSH*H�N>�nERjSi}E�iIH�X/TbaMjpadPRa}GIT6adEGz�OHKJRq�H7f�a}EG«�OGIXi}Ec�V)LM¬�jST
G}uGIiIPRadG(J|JP/LbjSX�<adEG�NOGIL~jSH*J?H7fvH�XG�TMG(iIH�XJ�l�a}E*PT�N/LMH�oKjSJRjSX�ZV)X�jSXJRjSi(V�axjSH�X�H7f-adEG�NOGILbf@H�LMc�V)Xi(G6H7f
adEG-TbjSc�PRQ�V�adG(J\V)LMi}ERjpadG(ikadPLMG CODFERjST�X*Pc��OGIL#jST�i(V�QSiIPRQ�V�adG(J6�"q\TxV)c�NRQpjSX�FadEG9iIPLMLxGIX a�ikQSHKid¬�o�V�QSPG-�OGkf@H�LMG
ä��������
	���Iå�V)XJzV�fSadG(L�ä�������������å2adEG�G}uGIiIPRaxjSH�X�H7f�adEGnQSHKH�N|V)XJZGIceNRQSHIq*jSX/�§a}EG�fwH�LMc�PRQ�V �
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D�V)�RQSG � jpQpQSPT~adLxV�adGIT#adEG�ikQSH*i}¬Wo V�QSPGIT8�9�����
	����9V)XJ>�9�:�������9H7fadEG ` ELbq^TbadH�XG�NLMH���LxV)c1V)T�NLMHKJPiIG(J�� q
H*i(i(V)LMczl"�nERjpQSGva}V)�RQSGW×§NLxGITMGIX"adT�adE/G ` ELbq^TbadH�X/GvX*P/c\�OGIL�H��^a}V�jSXGIJ�fwLMH�c adEG�V�fwH�LMG(ceGIX"aMjSH�XGIJ�o�V�QSPG(T�C
¨�T9TxEH��nX�jSXea}V)�RQSGW×KlKadEGFaMjSc�jSX�§GILMLMH�L��vjpadE�LMGI� V)LMJeadH ` ELbq^TbadH�XGvXKPc��OGIL�jST �(� C �7×@? ¼KadERjST2o�V�QSP/G

c�V�q<�OGni(H�XTbjSJGILxGIJeLMG�V)TMH�X/V)�RQSG�V)XJ�jSXJG(GIJ<V)i(iIGINRa}V)�^QSGnV�a-adERjST�QSGko"GkQ#H7f�TbjSc�PRQ�V�aMjSH�X«V)XJ«V�a�adEG�G(V)LbQpq
Tba}V)��GIT6H7f-adEG�JGIT~jS��X�NLMHKiIGITMTIC�DvEG�TxV)c�G�V)NNRQpjSGIT�fwH�L§adEG\o V�QSPGIT§H��^a}V�jSXGIJ�LMG(� V)LMJRjSX�<adE/G�NRjSNOGkQpjSXG
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D�V)�RQSG �
t�i(i(V)LMcçD-jSceG(Tba}V)ceN ` LbjpfSa\ä � ` ELbq^TbadH�XG � H*H�N{å

�9�����
	�����ä	X/T}å ������������ä	XT}å
[�V�QSPG ` Lbjpf�a ��LMLMH�L�ä�?�å [�V�QSPG ` LbjpfSa ��LMLxH�L�ä�?�å
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¨�TbjSc �������
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D�V)�RQSG§×
t�i(i(V)LMc ` ELbq^TbadH�XG � Pc��OGILnä � ` ELbq^TbadH�XG � HKH�N{å
` EL~qRTba}H�XG � Pc��OGIL ��LMLMH�L�ä�?�å
�(� ×$ � C � - �(� C �7×

¨�TbjSc ` EL~qRTba}H�XG � Pc��OGIL + � -$)ã �"C  �

HKiIiIPNAV)Xikq\V)XJ�Tba}V�QpQANOGIL~jSH*JT�äò�nERjSi}EeV)LMGFX/H7a�jSXikQSP/JGIJ6jSX�adE^jST�N/V)NOGIL}å}¼)adEG-aMjSc�jSX��GILMLxH�L��vjpadE�LxGI� V)LMJ
adH\a}EH�TMG�o V�QSPGIT�LxV)X��G(T-fwLMH�c -@?ÚadH�V)�OH�PRa � -@? µ æ ¶ �nERjSi}EzV�QSTMH�jSTFiIH�XTbjSJG(LMGIJ«V)iIiIGIN^a}V)�RQSG�C
©rX?H�LMJGILFadH<G}uV)c�jSXG§E/H�� NLMGIG(ceNRaMjSH�X/TvV)LMG6J^jSTbadLbjS�P^adGIJzHIo"GILnaMjSceG�l/adEG\X*P/c\�OGILFH7f2aMjSceG(T�adE/V�a�V

NLxGIGIceN^aMjSH�X��vV)T4J/GkadGIika}GIJ6äòadEG�NLMGIG(ceNRaMjSH�X�iIH�PX"a�å{V)XJ�adEG�iIH�LxLMGITMNOH�XJRjSX/�-V)i(iIPc�PRQ�V�adGIJ�NLMG(GIceNRaxjSH�X
c<V)��XRjpadPJG�ä@jSX�¿OÍ)¿�Â)Ç�½MÁMÂ)¿ �)Ç~å�fwH�L§G(V)idE�V)LM�^jpadGIL�NLMHKiIGITMT�E/Vko"G��OGIG(XZTxV)c�NRQSGIJ«jSX�LxGI��PRQ�V)LnjSX a}GILbo V�QST�H7f
� -$-$-$-)XTICeDvEG�LMG(TMPRQpadTn�nERjSi}E�V)LMG�N/LMGITMGIX"adGIJzjSX?�A��PLxG\ãRl:jSXJRjSi(V�a}G\adE/V�a�NLMGIG(ceNRaMjSH�X/T�a}V)¬�G�N^Q�V)iIG�V�a
V�QSH�� fwLMG(±*PG(Xikq l^�vjpa}EªadEG6iIH�LMLMGITxN{H�X/JRjSX��NLMGIG(ceNRaMjSH�Xªc<V)��XRjpadPJG��OGkjSX/��LMGkQ�V�aMjpo"GkQpqZTxc�V�QpQ�ä	LdV)X�7jSX�
f@LMH�c QSGITMTnadE/V)X?×�»)XT�adH<ã �7»)XT}å}C§sZH�Tba§H7f�adEG6NLMGIGIc�NRaMjSH�XT�HKiIiIP/LvjSX?¨�JJ©rX a�NLMHKiIGITMTI¼/adE^jSTnc<Vkq$�OG
G}uNRQ�V�jSXG(J��"qeadE/GFfòV)ika�adE/V�a-adE/GWV)i�aMjpo*jparq<H7f4adEG�V)JJLxGITMT�jSX adG(Lbf@V)iIG�ä@j	C¸G�XKPc��OGIL�H7f�ceG(TMTxV)��GIT-V)LMLbjpoKjSX�
H�X6adEG�jSXNP^a�i}E/V)XXG�QST°H7fO¨nJ/J{g�N/LMH*i(GITMT}å{jST�ERjS��EGIL�l7adEKPT4jSXiILxG(V)TbjSX�FadEG9NLMH��/V)�^jpQpjpa�q6H7fONLMGIG(ceNRaMjSH�X/T�C
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¨�Tbq^XidE/LMH�XH�PT°QSH��7jSinNLMH�c�jSTxGIT°adH�NLMHIo*jSJ/GvV�TMH7QSPRaMjSH�X�adH��7QSH��/V�QAi�QSH*i}¬ jSX/��LMGkQ�V�adG(J\N/LMH��RQSGIc�T�V)X/J�adEG

c�G(V)XTFadH�c�GIGkanadEG6QSH���GIL�NOH���GILWLMGI±KPRjSLMGIc�GIX"adT�H7f�[ � hR©vTbq^TbadGIc�T�C6t�iIi(V)c jST�N/V)LbaxjSiIPRQ�V)LbQpqZTMP^jpa}V)�RQSG
f@H�L�LxV)NRjSJ^Qpq\jSc�NRQSGIc�GIX axjSX�FJRjST~adLbjS�PRa}GIJ6T~jSc\P^Q�V�aMjSH�X�ceHKJGkQST�H7f:V)Tbq^Xi}ELMH�XH�PT�TbqRT~adGIceT�V�a�adEG�yFG(�7jSTbadGIL
D°LxV)XTbf@GIL � Gko"G�Q��P^anjpadT�J^jSTbadLbjS�P^adGIJzX/V�a}PLMG�jSX"adLMHKJPi(GIT�aMjSc�G6c�H*J/GkQpQpjSX�eN/LMH��RQSGIc�T�C�DvERjSTWN/V)NOGIL�E/V)T
JRjSTxiIPTMTMG(Jea}EGITMGWNLMH��^QSGIceT9jSXzi(H�XXGIikaxjSH�X<�vjpadEªadE/G�¨�s|m � ��D � V)LMidE^jpadGIikadP/LMG�lRiIH�XR�ALMc�jSX�§adE/V�avadE/Gkq
c<Vkq<�OG�jS��XH�LxGIJzTbjSXi(GFa}EG�aMjSc�jSX/�\G(LMLMH�L9jSX"adLMHKJPiIGIJejSXªadE/G�c�H*J/GkQAjSTvjSXTbjS��XRjp�{i(V)X a�C
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� Pc��OGIL � -KlOt�ika}H��{G(L �(��� -KlONN �K� �» � C
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¨�yns|ºRlA©rX"o*jpadG(J � V)NOGIL�l{gFtWs � gvt � · � ãRC
� C +WV)Pi}¬/lFhACpl\¹M¨nT~qRXi}ELMH�X/H�PT ` GITbjS��X�s|GkadEHKJH7QSH��7jSGIT � ¨�X�tFo"GIL~o*jSGk��ºRC2D4GIi}EXRjSi�V�Q-ynGINOH�Lba�mv]®
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a) Decode1

b) AddInt
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c) WrtCtrl
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