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îgIHP�<SPQL1=MUWVK?ZPQ<JB�A�c_I\UbagdÊ=�dÊPQ<sUWaga_cS<_YKn�c_YH<SP�?æ=MagACB@RWRbB�fgalFiXÂP�nDc_UWB@VÇ"0NH<SUbP&ÈKo�UWVZc_<SB�]

?ZYÊnDPQa0NK=�aSUµn²åeç�E`RT=�V\[5YK=M[5P�nDB@VKnDPQdHcSa���L�B@<_P�nDB@L�dHRWPQcSP�?ZPQaDnD<_UWdHcSUbB@VHaO=�<_P�=lh5=�UWRT=�NHRWP
PQRWaSPQfgIHPQ<SPÉ�6"@êZì"5ä�
_FHXZP�nDcSUWB5VÇÊ ?ZPQa>n�<_UWNKPma§<SYHVZc_UWL�Ps=Ma_aSYHL�dHcSUWB5VHa�cSIK=�cg=�<SP3YHa_P�?²UWV�cSIHP
nDB@L�dHUWRT=�cSUWB5V0dH<_BHnDPQaSa�FÊîgIHP
n�B5L�d\UbRT=Mc_UWB5V0dH<_BHnDPma_a3UWc_a_PmRzA�UWas?ZPQa>n�<_UWNKPl?�UWV�XZP�nDclF(ÅKìZfgUWc_I
=MVæPQL²dHIK=Ma_UWasB@VæUWc_a3aSc_<_YÊnDc_YH<SP1=MVK?�Y\a_P�BMA�c_I\P0A�=5nDcSB5<ë]>ÁDB@UWV�a_cS<>=�cSPQ[5oZFkXZPlnDc_UWB5VÌË�?ZUWa~]
nDY\a_a_Pmasc_I\P§?ZPQcD=�UWRWa�BMAmÁDB@UWVHUWVH[Kì5=MVK?OcSIHP� ÊVK=�Rec~fJB�a_PlnDc_UWB5V\asdH<SPQa_PQVZcg<SPQRT=�c_Pl?�fJB5<St�=�VK?
nDB@VKnDRWYHaSUbB@VHa�F

Í ÎÐÏÒÑÓÑ-Ô�ØFÕ�ÝLÔ1Õ�ÖÀ×¹ÝFØÙØÙÔ�Ú(Ú

åeç�E UWa1=�V UbL²dHRWUTnDUWc_RWo�dK=M<>=�RWRWPQR3=�<_<D=lo`Rµ=MVH[5YÊ=�[5P�?ZPma_UW[5VHPl?`ACB@<Oa>nDUWPQVZcSUM enænDB@L�dHY\c>=l]
cSUbB@VHaL�6"5ê�
_F��~c#UbaJ=�VOUWL�dÊPQ<>=Mc_UWh5PJRT=�VH[@YK=�[@P5ì�aSYHdHdÊB5<_cSUWVH[�a_cD=�VK?\=�<>?²?H=�cD=3c~oZdKPmaLÛ�Ü!ÝIÞ�ß�à(ß`á�ì
âã:ä ÞQì~å`æ ä á~ìKPmc>n�F6çQì\a_cD=�VK?H=M<>?�B@dKPm<>=�cSB5<Sa-Û�è0ì(éQìOêHì\PQc>nMF çmìeG#]�RWUWt5P3=�a_aSUW[5VHL²PQVZcgB5dÊPQ<>=Mc_B5<Sa
Û�è¯ë0ì�ê�ë0ìlPQcDn�F6çQìldH<_BHnDPl?ZYH<_Pma�fgUWc_I Nio@]~h5=�RWYHP�=�VÊ?3NZo5]~<_P�ACPQ<_PmVKnDPgdK=M<>=�L²PQc_Pm<_a�ìl<SP�nDYH<Sa_UWB5Vkì
= a_cD=�VK?H=M<>?�aSPQcgB�A�nDB@VZc_<_B@RknDB5V\a_c_<SYKnDcSa-Û�Ü ì>ì#ì ã á~ì(í�æ<Ü!î ßMìKPmc>n�F6çQìÊ=�VK?²G#]�RWUWt5PF��ï5õ0F

�~V1=@?H?ZUWc_UWB@Vkì5åeç�EádH<_B�hZUT?ZPQas=´ViY\LONKPQ<#B�Aï=MNHa_cS<>=@nDc_UWB5V\a¹=MVK?OB@dKPQ<D=�cSUbB@VHag?ZPQa_UW[@VHP�?
cSB
aSUbL²dHRWUòACo�dH<SB5[5<D=�L²L�UWVH[sfgI\UbRWPªdH<_B@L�B5cSUWVH[�P�$1nDUWPQVÊnDoiFUð¹øëû<��ÿ��Zùg=�<_P�= ACY\VK?H=�L²PQVZc>=MR
nDB@VKnDPQd\c�ì·UbL²dHRWUTnDUWc_RWoOa_dÊP�nDUòACoZUWVH[�cSIHPOdK=�<D=�RWRWPQRWUWa_L UbVu=�åeç�E`dH<SB5[@<>=�L�F à <SPQ[5UWB@VuUba�=
aSPQc3B�A�UWVK?ZUTnDPQa�=�VÊ?�nQ=�VáNKPO?ZP�nDRT=M<_P�?�=�aªACB@RbRWB�fgalF~Û à VZo�c_P�éÂc3cSB�c_I\P
<SUb[@IZcgB�A�ñiñ1UWa§=
nDB@L�L²PQVZc�F6ç
ò v¹��ÓUµi���~�~¨�µ ó`óQ#�g¶ «D}D¶ ï�m}~��xzw@���~�lwH¶ {D©5�:óm|~{D}~{Q�Q|~«S�:óm¨5|~�QÎ~{D«D�~}�óQ³D¨@��ó
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ájß�à:Ü ã ÝÃôõë÷öùø#ú�úMû	üø#ú�ú!Ý�ýÿþ ñ}ñ � ß�å`î ä ájß	ô�ë�����ø�ü�ø���ü���ø�ü
	���ü�����6ü���û	üMÝ����

¿ Pm[5UWB5VHas=M<_P3YHaSP�?�c_B�?ÂP�nDRT=�<SP´=M<_<D=loias=MaJACB5RWRWB�fga�F
� ä á����Uöjôý âã(ä Þ/þ ñ}ñ��RÜ � ä Ý	û���Ý ä ásá ä�� ã ì âã:ä Þ��

ð¹øëû��Cÿ��9ù�%ÂøDý�� ��ø��DùsdH<SP� HéÃaSc>=�cSPQL�PmVicSa�c_B�?ZP� KVHP²c_IHP²PDéHc_PQVZc�BMA§=�<S<>=lo�B@dKPQ<D=�cSUbB@VHa�F à
a_cD=�cSPQL�PQVZc3fgIHB@a_PO=�<_<D=loZa´=M<_P0B�A�<D=�VHt! 0<SP�í@YHUW<_PQa
=�<_PQ[@UWB5V�a_dÊP�nDU! KPQ<�BMA�<>=MVHt" ZìÊ=�VK?
c_I\P�=M<_<>=lo`UWVK?ZUTnDPma�A�B5<OfgIHUTnSI�c_I\PæaSc>=�cSPQL�PmVic²UWa�PDéHP�nDY\c_P�?ð=M<_P�c_IHP�UWVK?ÂUµn�PQa�UbV c_IHP
<_Pm[5UWB5V�a_dÊP�nDU! KPm<�FKâ\B5<JPDéK=�L²dHRWP5ì@c_IHPªACB@RbRWB�fgUWVH[3a_cD=�cSPQL�PQVZcs=Ma_a_UW[@VHa�cSIHP3h5=�RWYHP7�scSBOc_IHP
PQRWPQL²PQVZc_agB�A#�9ACB5<Jc_IHP UbVÊ?ZUTnDPQa}ôõë$����ø�ü�ø���ü���ø�ü
	���ü�����6ü���û	üMÝ����ZF

öjô�ý%�&� ë ø#þ
rªoZVK=�L²Uµnm=�RWRWoOa>nDB@dKP�?á<_Pm[5UWB5V�a_dÊP�nDU! KPQ<Sa
=�RWRWB�fð=OdH<SBÂn�P�?ZYH<SPOPQUWc_IHPQ< c_B�aSYHdHdHRWo�<SPQ[5UWB@V
a_dÊP�nDU! KPm<_agPDéHdHRWUTnDUWc_RWo�UWV0UbcSa�NÊBÂ?Âo�B5<�cSB�UWVHIHPQ<SUWcÅcSIHPQLqAC<SB5L cSIHPsnQ=MRbR\a_UWc_P5F@îgIZYHa�ìMdH<_BHnDPD]
?ZYH<SPQa§nm=�V�NKP fg<_UWc_cSPQV�UbV�=0<_PQ[@UWB5VZ]~UWVK?ZPQdÊPQVK?ZPmVicJA~=�a_I\UbB@V1=MVK?²PDéHP�nDYHcSP
B�h@PQ<¹?ÂUM½ePQ<SPQVZc
<_Pm[5UWB5VHagfgUWcSI1Pl=5nSI�nQ=�RWR~F

[east of R] A:=1[R] A:=1 [2,1..n] A:=0 [R] ... A@east ...[east in R] A:=0

(a)	 (b)	 (c)	 (d)	 (e)	 (f)

[R] A := A@east

[1\j]Ê¦�'\¦Â�M{>Ï��@{Dw5«D{��m�K|~{D�mxz��w��@}_�Q�l{J{>�5�m¯3¨��z{D}D¶�J|~{>�ª¬Z�Q��{D}Å|~{D¨@|~{>}~{Dw����~�5{#y��D�z�@{3���Qw@©���Mxz�~{
|~{D¨5|~{D}~{Dw��~}¹�M¶Z���5{g�Z�Q}~�@{>©��m|~{Q��xzw G {&Hï|~{>¨@|~{D}~{>w��~}J�~�5{g{S�z{D¯3{Dw��~}�|~{S�T{D|~|~{>©0�~�3¬��}?BSUT/V�W�X_¶

¿ PQ[5UWB5V\a�nQ=MV`NKP�PDéHdH<SPQa_aSP�?7=MVK?9L1=MVHUWdHYHRT=�cSP�?�UWV =�h5=�<SUWPQc~ouB�A3f¹=loZa�F�â·UW[5Y\<_P¯Êa_I\B�fgas=�aSP�í@YHPQVKnDP0B�AkB@dKPm<>=�cSUWB5VHagfgIHUTnSI�Y\a_P(�sì~ô�=�VÊ?ÌÝ
=�as?ÂP� KVHP�?�=MNKB�h@P5ìH=�VK?iß ä ��Þ
ë ö*)ü�ø&ýëF à <_<D=lo±=MVK?�<SPQ[5UWB5VáVK=�L²PQas=�<SP
nQ=�d\UbcD=�RWU��QP�?eìÊfgIHUWRWP3a>nQ=MRT=�<sh5=M<_UT=�N\RbPmas=�<_P0VHB@c�F
�~VÃâ·UW[KF�ÊmÛ�=�çmìe=�Vu=�<_<D=loæ=�aSa_UW[5V\L�PQVZc�ìe=Ma Á�YHa_c�?ZPQaDnD<_UWNÊP�?eì�aSPQc_a�cSIHPcôu<SPQ[5UWB5V�B�A+�sìÊc_B
�5F-,gPDéHclìK=�V�=�aSa_UW[5VHL²PQVZc�B�h@PQ<gc_I\P�<_PQ[@UWB5Vcß ä ��Þ�Ü!Ý	ô�aSPQc_aªc_IHP
n�B5RWYHL�Vc�^��a_UT?ZP3c_I\P-ß ä ��Þ
NÊB5<>?ÂPQ<scSB�äHF�~VcÊmÛ�n/çmìHc_I\P�<_PQ[@UWB5Vcß ä ��Þ ã ì�ôænQ=MYHa_PQa3cSIHP�UWL�dHRWUTnDUWc�=�RWRWBHnQ=�cSUbB@VOB�A�=0VHPQf
nDB@RbY\L�Vu=5?/ÁQ=@nDPQVZc3c_BÊìeNHYHc�B@YHc_aSUT?ZPOB�A>ì�c_IHPÃß ä �wÞ3NKB@<>?ZPQ<O=�VÊ?�a_PQcSa
UWc3c_BQ�@F#.¯)��Êú�÷7�Cý
�>øëû��Cÿ��ÂùóN\UbVÊ?3c_IHPmUb<�UWVK?ZUTnDPmaï=Mck<SYHVZc_UWL�P5FmîgIHP(/�)��KúM÷-�Cý �>øëû��Cÿ��9ö*	�ü�ø#ú�úMÝ�ýiUWV-ÊmÛ�?ç�a_dÊP�nDU! KPQa
c_IÊ=�c�cSIHP� K<Sa_c�ÝªPQRWPQL�PQVZcSa�B�Aec_IHPgaSP�nDB@VK?O<SB�f NÊPga_Pmc�cSB´ä\F�îgIHP10·]�B@dKPm<>=�cSB5<�c_<D=�VHaSRT=�c_Pma
c_I\P
aSdKP�n�UM ÊP�?�<SPQ[5UWB@VkìHUWV�c_IHUWasnQ=Ma_PÌô�ìHNZo1=@?H?ZUWVH[Oc_I\P2/��j�DøDýDþ��Cÿ��0cSB�=�RWRkUWVK?ZUTnDPmasUWV�c_IHP
<_Pm[5UWB5Vkì·a_B�âkUW[ÊF�Ê(Û�PIç�Y\a_PQaO?ZUT=�[@B5VK=MRÅIÊ=�a_I\UbV\[�c_B�UWVK?ÂUµnm=�c_POcSIHPOh5=�RWYHPma�<_PDA�PQ<_PQVÊnDP�?`NZo
�30�ß ä ��ÞQF(�~V Ê(ÛÌA&çmìZc_IHP3IK=Ma_IHP�?±dKB@<_c_UWB@V�B�A�c_IHP0=�<_<D=loOUWas=�a_aSUW[5VHP�?²UWVZc_B4�sìZa_I\UzA�c_UWVH[0c_IHP
=�<S<>=loZF�,�B5cSUµn�Psc_IÊ=�cJc_IHP3h5=�RWYHPma�UWVOc_IHP}ß ä �wÞ ã ì�ô²<_PQ[@UWB5V1=M<_PªYHVKnSIK=�V\[5P�?�NKP�nm=�YHaSP�c_IHPmo
=�<SP�B5Y\c_a_UT?ZP3BMAÅc_I\P
=�dHd\RbUWP�?�<_PQ[@UWB5Vcô�F
åeç�Eèa_YHdHdÊB5<Sc_a�=�ACYHRWR�aSPQc0B�As<_Pl?ZYKnDP�=�VÊ?�aDnQ=�V ÛCdK=M<>=�RWRWPQR�d\<_P� HéOç B5dÊPQ<>=Mc_B@<_a�F�â\B5<

PDéK=�L²dHRWP5ìÊc_IHP�ACB5RWRWB�fgUWVH[Oa_cD=�cSPQL�PQVZcÃ�Dø�/�'HýDøDù��ðcSB�c_IHP²h5=�RWYHP0B�AgUbcSa�RT=�<S[5PQaSc�PQRWPQL�PmVic
YHaSUbV\[�c_I\P�L1=®é�<_P�?ZYÊnDc_UWB5V�B5dÊPQ<D=�c_B@<}Ûwû ä658717 çg=MVK?�=Ma_a_UW[@VHascSIHP�h5=�RWYHP3cSB�c_I\P�a>nQ=MRT=�<
9 Ü à#à:ß��wÞQF
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9 Ü à#à:ß��wÞ:�6ë û ä65�717 �Lþ ñ}ñ";(Ü!Ý�<iî ä á�à(ß���Þ�ß`î ß`û}ß`Ý`Þ

õªc_I\PQ<�<_Pl?ZYKnDcSUbB@VOB5dÊPQ<>=Mc_UWB5V\a�UWVKnDRWYK?ZP9û}Ü!Ý 717 ì�è 717 ì(ê 717 ì5=�VK?>= 717 FZXHnQ=MV
UWa�aSUWL�Uò]
RT=�<�cSB§<SP�?ZYKn�P5ì5N\YHc�UWc�dH<_BH?ZYKn�PQa¹=MV�=M<_<D=lo
BMAKc_IHPgaD=�L²P�aSIK=�dÊPs=�VK? a_U��QP3=�a�UWc_a�B@dKPm<>=�VÊ?eì
=MVK?²P�=5nSI�PQRWPQL²PQVZcsnDB5VZcD=�UWVHagc_I\P�<_PQaSYHRWc3B�A�c_IHP <_P�?ZYÊnDc_UWB5VáB�h5PQ<s=MRbR·RWB�f�PQ<gUWVK?ÂPDéHP�?�PQRò]
PQL²PQVZc_aFÛCUWV�<_B�fJ]~L1=/Á�B5<�B@<>?ZPQ<�çQF

? Ü à#à:ß��wÞ � ã ì ä á@� ë÷û ä65BACA �Lþ ñ-ñ�Då ä Ý�E�Ý�<�Ü!Ý`à!F�á ã à�áùß��G�ZÜ � ß`î � î ä á�à:ß`á1Ü Þ�ß`û:�

åeç�E =�RWaSB�IK=�a0dK=M<_c_UT=MR�<SP�?ZYKnDPma1=�VÊ?ua>nm=�VHaOcSIK=�cO=�dHd\Rbou=�V9B5dÊPQ<>=Mc_B@<OB�h5PQ<
=áa_Y\NHa_PQc
BMA�c_IHPO=�<S<>=lo�� a§?ZUWL²PQVHa_UWB@VHa}Û�a_PQP�â·UW[KF�Å(çQFeîgI\P�?ZUWL²PQVHa_UWB@VHagUWV�NH<>=@nSt5PQcSa�UWVK?ZUTnQ=�cSP
cSIHP
aSYHNHa_PmcsB�A�?ZUWL�PQV\a_UWB5VHaJc_BOaDnQ=�V�=@nD<_B@a_a�F

,3,3,
,3,3,
,3,3,
?

,IH&J
,IH&J
,IH&J
E1K*K J H&N�?

,3, ,
HLHMH
JLJMJ
E1KNK J ,�N�?

,IHLJ
OMP&Q
RMSLT
E1K*K ?

[1\j]Ê¦VUÊ¦KÒe�m|~��xb�D�k}~«Q�mwO��¨Z{D|_�m��xz��wO{D�5�m¯§¨M�z{D}D¶

îgIHP�nDB@VKnDPQdHcSa�UbVZcS<_BH?ZYKnDPl?`YHd`c_BucSIHUWaOdKB@UbVZcO=�<SP�a_Y($1n�UbPmVic0A�B5<OYHVK?ÂPQ<_aSc>=�VÊ?ZUWVH[
cSIHPOa>=ML�dHRWP0a>nDUWPQVZc_U! ónOn�B5L�d\YHc>=Mc_UWB5V�a_IHB�fgVuUWVuâ·Ub[ÊF�ËHF�îgIHUWa
nDBH?ZP�cD=�t@PQa
=�a UbV\dHYHc
=
h@P�nDc_B@<�nDB5VZc>=MUWVHUWVH[�cSIHP
aD=�L²dHRWP�?�nDBZB5<D?ZUWVK=�cSPQa3B�A¹=MVæB@N�ÁDP�nDc�=Mc§h5=M<_UWB5Y\asc_UWL²PQa}Û�D ä ûLé
F#î ß�Wsì�D ä û4F�î ß�XZY ã �lì�D ä û4F�î ßG[1Y ã ��çQF��~cJ=�a_aSYHL�Pma�cSIHPsB@N�ÁDP�nDcgfg=�ag=�c�cSIHP3B5<SUb[@UWV�=Mc�cSUbL²P
ähÛCRWUWVHPQa9�IÄ®]ÿ"#"�ç�=MVK?`nDB5L²dHYHc_Pma
cSIHP�=�dHdH<SBléHUbL�=�cSPOh5PQRWBHnDUWc~ouB�A3c_IHP�B5N�Á�P�nDcOA�B5<0P�=5nSI
aD=�L�d\RbPl?OUWVZc_PQ<Sh5=�R1ÛCRWUWVHPQa�"�Ê®]ÿ"#Ä�çmF(�~cgc_IHPQV�=�dHdHRWUWPQag<SP�?ZYKnDcSUWB5V�B@dKPQ<D=�cSB5<_aªc_B�?ZPQc_Pm<_L�UWVHP
cSIHP�B5N�Á�P�nDcI� agL²UbV\UbLOY\L =�VK?�L�=léHUWL
Y\L h5PmRbBHnDUWcSUbPma9ÛCRWUWVHPQa�"@ãl]�Ê5ä�çmFZîgIHUWagdH<_B@[5<D=�L fgUbRWR
aSPQ<_h@P§=�a�=3<SYHVHVHUWVH[3PDéK=ML�dHRWPJc_IH<SB5YH[@IHB5YHc�cSIHPsdK=MdKPm<�F à n�B5L�d\RbPmc_PgRWUWa_c_UWVH[ªUWa�dH<_B�hZUT?ZP�?
UWV à dHdÊPQVK?ZUòé à F

�~VÃ=5?\?ZUWc_UWB5VucSB�c_IHP�=�NÊB�h5POB@dKPQ<D=�cSUbB@VHa�ì�åeç�E nDB5VZcD=�UWVHa
=áVZYHLONKPm<§BMAsPDéHdH<_Pma_a_UWh@P
=MNHa_cS<>=5n�c_UWB5VHa ACB@<�=M<_<>=lo�L1=MVHUWdHYHRT=�cSUWB5VkFÊrsY\P�c_B�a_dÊ=5nDP�RWUWL�UWc>=Mc_UWB5VHalìHfJP�B@VHRWou[5UWh5P�=
NH<SUWPDAÅaSYH<_h@PQo�NKPQRWB�f�ìZNHY\csnDB5L²dHRWPQc_P3UWVZACB@<_L1=Mc_UWB5V0UWa¹=lh5=MUWRµ=MNHRWPgPQRWa_PQfgI\PQ<_P	�6"5êZì~"5ä�
_F

¾]\�^ úlþ�þëø��>ø�/�ýDÿe�Zþ��Dÿ�¼8_gÿ�`ba±åeç#E`IK=�a3aSP�í@YHPQVZc_UT=�RJnDB5VZc_<SB5R1ÈÊB�f =�a�RWB5V\[1=�a�nDB@VZc_<_B@RaSc>=�cSPQL�PmVicSagUWVih@B5RWh5PgB@VHRWoOa>nQ=MRT=�<_aFÛCP@F [ÊFWìÜ ìc���Zå ä î ä ájë7ø�� Þ�æ<ß`Ý8�����6çQFHGJB5VZcS<_B5R�ÈKB�f7nm=�V
=MRbaSBæNÊP�aSdKPlnDU! KP�?`YHaSUWVH[�=M<_<D=loialì�Û�P5F [KFWì öùô�ýBÜ ìc�d��ásá ä6� ë7ø�� Þ�æ<ß`Ý8�����6çQì�a_B�c_IÊ=�c0P�=5nSI
UWVK?ZP�é1UWV�cSIHP�<_Pm[5UWB5V�UWa�[@UWh5PQV�=0nDB5VKn�YH<_<SPQVZc_RWo@]�PDéHP�n�YHc_UWVH[�c_I\<_P�=@?�B�A�nDB5VZc_<SB5R~F

¾]e ¼bÿlÿ�/��j�Zû#a à <_<>=loZa�nQ=MV
NÊPs?ZP�nDRT=M<_P�? c_B3NÊPc_gÿ�ÿ�/5úgf/¼WøQìZnQ=MYHa_UWVH[3nDPQ<_cD=�UWV�?ZUWL�PmVHa_UWB5V\acSB1NÊPO<_PmdHRWUµnm=�c_Pl?áACB5<�=�RWR�UWVK?ZUTnDPQa7Û�P5F [KFWì � ä á�;-�!öùø#ú�úMû	ü ê<ý âã:ä Þ/þ6çQFeîgI\P}ÈKBZBH?áB5dÊPQ<>=®]
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M-Loop
region: R

body: Vel := sqrt(XVel*XVel + YVel*YVel);
Vel := sqrt(XVel*XVel + YVel*YVel);
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M-Loop
region: 	 R

body: 	DeltaT:=SampleT-SampleT@prev;

Receive

region: 	 R

direction: 	prev

array: 	 SampleT

Send

region: 	 R

direction: 	prev

array: 	 SampleT

DeltaT := SampleT-SampleT@prev;

G ¬(H

Broadcast
value: 	 temp

target: 	minvel

Global-
Reduce

region: 	 R

value: 	 temp

operation: 	 min
minvel := min<<Vel;

M-Loop
region: 	R

body: 	 temp := min(temp,Vel);
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