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@?èkDFG`KMY9@BKM]�[LKM>M@?èkDFGWKLYÅIRèkJLVnS�V
GWI�[MIHVX]°G`KMIHGC]OV PHJLV�ãÆg�å·G`S�>LAWVnS�VnKQPk@uPHGW=?KyfOZÎJLVnK:IcVXKM]OGWKLY�@Å]L@BPR@uPröF>\V0S�VaIHIR@BY{V?T{PHJLVsIHVnKM]OVXE
ÿMERIcP0>
@?èkDOI�PRJLV]M@uPR@°G`KQPR=#@°èn=?KQPHGWY?[M=?[MI1_L[	�"VnEs@BKM]-çË=?AWA`=ub�I�PHJLV�è.={K{PRG`Y{[L=?[
I�>M@BPHJ3f2�0K-PRJLV
EHVaè.VnGWî?VXE�IHGC]OV?TOG`PdÿMERIcPdEHVaè.VnGWî?VaI}]M@uPR@GWKQPH=�@/èn=?KQPHGWY?[L={[MI�_L[	�"VnE�@?KM]äPRJLVnK5[LKL>M@{èkDOI�]M@uPR@/GWK{PR=
PHJLVs[MIHVnE�_M[	�\VXERIXfLåpK#PHJLVsERVXIcP�=Bç!PHJLGCI�>M@?>
VXEXTOb�V�EHVnçËVnEdPR=�PHJLGCI�IRèkJLVnS�Vs@?If��ð6%\ð6�)$Çó "nóg�Lð6��ðnf

h i Ý�ÛOákjN$!ÛLácÚY(mln$po>qsr}ÛLß1ÞutwvkÝ�Ü Û'xuqzy6ÜLÝ|{sÝ|o>qyÞ}rY~���r�r�à�xYq2��q
�}=?KMIHGW]LVnE�@�èn@?IHVsIrPR[M]Oö¸GWKFî?={A`îFGWKLYÅPRJLV�PHEk@BK
IrçËVXE�=?ç!S/[LA`PHGW>LA`V9èn=?AW[LS�KMIdGWK5@/Prb�=�]LG`S�VnK
IcGW=?KM@?A
���n� GWKQPHVnY{VnE9@?EHEk@�ö:çËEH={S ={KLVä>LER=FènVXIRI PH=Æ@?KL=BPRJLVnEaf â JLVnERV¸@BERVPrb}=->\={IRIHG`_LAWV:�nVXEH=?ü£èn=?>Fö
IHèkJLVXS�VXIXf â JLV�ÿMEkIrP�={KLV�[MIcVaI�SÅ[MA¯PRG`>LAWV ��^ ãÆø b�ERG¯PRVXIXTL=?KMV >\VnE1EH=ubsf â JLV9IHVXèn=?KM]#=?KMVs[MIcVaI
NFVnKM] <�@uPRJLVnEL*���VXè.VXG`î{V5NOèX@uPHPHVnEaf�Z$V:èn=?S�>M@?EHV°PHJLVaIcV5Prb�=$IRèkJLVnS�VaI/=uî{VnE/PHJLV���ø1g·åÅAC@�ö?VnEaT
b�JLGWèkJ#GWI�@?K°åpKOÿ
KLG��d@?KM]#ø0g�å�>MEH=uîFGC]OVX]ä_Fö¸ã-VXA`AC@BKM=�ú6ê¯ý{ý.í£f â JLV ÿMEkIcPdIRèkJLVnS�V >
=QIrPkI�@ÅAWGCIrPd=Bç



��^0ã6ø b�EHG`PHV�]OVaIHènEHGW>OPR=?EkInf	d·@{èkJ/]OVaIHènEHGW>OPR=?E�b�EHG`PHVaI�=?KLV�èn=?KQPHGWY?[L={[MI!_LAW=FèkDÅG`KVX@{èkJ/ER=ubsf â JLV
IcVaè.=?K
]sIHèkJLVXS�V�>
=QIrPkIyS/[LA`PHGW>LA`VdNFVnK
]Å<�@uPRJLVnE�]OVXIRè.ERGW>OPH={ERI3@?KM] ��Vaè.VXG`î{VnE´NOèX@uPHPHVnE�]OVaIHènEHGW>OPH={ERIXf
d·@?èkJ$]OVXIRè.ERGW>OPH={E0JM@{I �0
#_LAW=FèkDOI0çËER=?S �0
5]OG�\VXEHVXKQP�ER=ub�I�æ;�=
°GCI PHJLV�Sä@uúOGWSÅ[LS KQ[MSÅ_\VnE�=Bç
IcVXY?S�VnKQPRIdIH[L>L>\=?EHPHVa]¸GWK#={KLV ]LVXIRè.ERG`>OPR=?E�G`K#PHJMV�èn[LEREHVXK{Pdî?VXERIHGW=?K¸=?ç´ã-VnAWAWKL=�ú#NO^ e9é�fOZ$V b�GWAWA
JLVnKMènV.çË={EcPRJ-EHVnçËVnE�PR=¸PRJLVXIHVsPrb�=°IHèkJMVnS�VXI0@?I��Rã-[LA`PHG`ü¦Z��°@BKM]��kNL<!�1N��¸G`K-PRJLVÅ>MA`=?PRIXfMåpK-PRJLV
ÿMERIcP�PHVaIrPaT3b}Väèn=?KMIHGW]LVnEs@� þ^�Íþ 
��@ ¸GWKQPHVXY?VnEs@?EHEk@�ö?f â JLV�KF[LSÅ_\VnEs=?ç�èn=?AW[LS�KMI�îu@BERG`VaI çËEH={S
c-PH= � 
 þ cLf â JLV¸PR=BPk@BAdS�VXIRIH@?Y?V°IHG�XV°îu@BERGWVXIsçËER=?S � e �}öQPRVXIÅPH= �Lý � e ��öQPHVaI/@{ènèn=?Ek]OG`KMY?AWö?f
â JLVä_M@BK
]Ob�GW]OPHJ�PHVaIrP9GCIs[MIHVX]ÍçË={E9Vnîu@BAW[M@BPHGW=?K3f3ø0IÅIHJL=ub�KÍGWKùû!G`Y{[LEHV-ý{T¡PHJMV°NL<!�1N�IRèkJLVnS�V
è.=?K
IcGCIrPRVnKQPHAWö¸={[OPH>\VnEHçË=?ERSäI�PHJLV9ã-[MA¯PRG¯ü£Z IRèkJLVXSV{f
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åpK�PHJLV IcVaè.=?K
]PHVXIcPXT{PHJMV1KF[LSÅ_\VnE}=Bç¡_LAW=OèkDFI·îu@BERG`VaI�çËER=?S þ PH=b þ f â JLV�PH=?PR@?AMS�VXIRIH@?Y?V1IHG��nV
b}V�IcPH[M]LG`Va]�GWI1ý � c�e ��öQPHVaInT � �E �e ��öQPHVXIXT?@?KM]:�Oý � e ��öQPHVaInf?û!GWY?[LERV � IHJL=ub�I�PHJMV�_M@BK
]Ob�GW]OPHJ
EHVaIc[LA`PRI´b�G`PHJ�]OG<�"VnERVnKQP�KF[LSÅ_\VnE!=BçM_MA`=OèkDOI´@?KM]Å]LG<�"VnERVnKQP�SVaIHIR@BY{V}IHG�XVXIXfXZÎJMVnK9PRJLVdKF[LSÅ_\VnE!=Bç
_LA`=OèkDOI�GCI�IHS�@?A`A¦TB_\=BPRJ�ãÆ[LA¯PRG¯ü£Z&@BKM]äNL<!�0N�IHèkJLVXS�VXI�>\VnEHçË=?ERS èn=?S�>M@BEk@B_MA`ö{f â JMGWI�GCI�_\VXèX@B[MIHV
PHJLV_LAW=FèkD:IHG�XVÅGCI1ERVnAC@uPRG`î{VnAWö#AC@BERY?V{f â JLV/KLV.Prb�=?ERD#[LPHGWA`G��X@BPHGW=?K6GWK-PRJLVãÆ[LA¯PRG¯ü£Z GCI0IcPHGWAWA´JLGWY?Jyf
ø1I°PHJLVÆKF[LS/_
VXE°=?çÅIcVXY?S�VnKQPRI¸G`KMènEHVa@?IHV-b}V6=?_MIHVnERî?VÆ@÷IHGWY?KLG`ÿ
èn@?KQP¸çÇ@BAWA1GWK _M@?KM]Ob�GC]FPHJÎçË={E
PHJLVsã-[LA`PHG`ü£Z IRèkJLVnS�V b�JLVnERVX@{I}PHJLV�çÇ@?A`A¡GWK#_
@BKM]Ob�GC]FPRJ#GCIdKLVnY{A`GWY?GW_LAWV1çË={EdPHJLV9NL<!�0N#IRèkJLVXSV{f
â JLVnERV�@BERV·Prb�=�EHVa@?IH=?KMIXfaû!GWERIcPXT�PRJLV�KLVnPrb}={EHDs[OPRG`AWG��X@uPRG`={K/_\VXèn=?S�VXI�AW=ub�VnE�b�JLVnK/PHJMV�_LA`=OèkDÅIHG��nV
]OVXènEHVa@?IHVXI�æÇG�f V?f{PHJLV0KF[LSÅ_\VnE�=Bç¡_LAW=OèkDFI·G`K
è.ERVX@?IHVXIké�GWK�PHJLV�ã-[LA`PHG`ü£Z IHèkJLVXS�V?f��1=ub}VXî?VXEXTBGWKäPRJLV
NL<!�1N-IRèkJLVnS�V{TLPHJMVÅSÅ[MA¯PRG`>LAWVÅ_MA`=OèkDOI�GWK-=?KLVIcVXKM]:=?E0EHVaè.VXG`î{V9]OVXIRè.ERG`>LPH=?E0@BERV9è.=?K
IcGC]OVnERVX]-@{I
=?KLV0SVaIHIR@BY{V?f{NOVXè.={KM]¡T{PHJLV1PH=?PR@BA"IcPR@BEHPH[M>°è.=QIrPkI�GWKäPHJLV�ã-[LA`PHG`ü£Z IHèkJLVXS�V1GWKMè.ERVX@{IcVaI�b�G¯PRJ¸PRJLV
G`KMènEHVa@?IHVd=Bç\PHJLV�KF[LS/_
VXE�=Bç"_LAW=FèkDOI�_\VXèX@B[MIHV�VX@{èkJ/_LAW=OèkDÅGCI�PHERVX@BPHVa]/@{I�@BKG`K
]OG`îFGC]O[M@?AMS�VXIRIH@?Y?V
G`K°PHJLV ã-[LA`PHG`ü¦Z)IRèkJLVXSV @BKM]¸JLVnKMènV1PRJLV0IcPR@?EcPR[L>°èn={IcP}GCI}@{IHIH=Oè.GC@uPHVa]�b�G¯PRJ°Va@?èkJ¸_LAW=OèkD"fQûMEH={S
PHJLVaIcVÅPrb}=#V.úL@BS�>LAWVXIXT
G`P èX@BKÆ_\V=?_MIHVnERî?Va]5PHJM@BP1PHJMV�NL<!�0NÆIRèkJLVnS�VÅèX@BKÆ=uî{VnEkè.=?S�V�PRJLVÅPrb�=
]OER@�b�_
@?èkDOI3GWK9PRJLV�ãÆ[LA¯PRG¯ü£Z _FösGWKMè.ERVX@{IcGWKLY�KMV.Prb�=?ERD [LPHGWA`G��X@BPHGW=?K/@?KM]9ERVX]L[Mè.GWKLY0IcPR@?EcPR[L>/èn={IcPRIXf
â JLVXIHV�>\=BPHVXKQPHGC@BAM_\VnKMV.ÿLPkI·S�=BPRG`îu@BPHV1[
I�PH=/]OVXIHG`Y{K¸ãÆg�å�]L@BPR@BPröQ>\V1èn=?S�SÅ[LKMGWèX@uPHGW=?Kä[
IcGWKLYsPRJLV
NL<!�1N5IHèkJMVnS�Vs]OVXIRè.ERG`_\VX]5GWK-]OV.Pk@BGWA¡G`KÆNFVaè�PHGW=?K þ f

� yÍÜLÝ�{sÝ|o>qyÞ}r�~K��r��Er�qyÚ0Þ ~K$!Û'xuq3Ü����Kqyà jVr�à $´ÛFÛ�q3Ü����K{�{1ÜLÝ|$�àQx
åpK÷PHJMGWI�IHVXè�PRG`={Këb�V¸ÿMEkIcP�]OVaIHènEHGW_\V¸PHJMV-NM<!�1N÷IRèkJLVnS�V{f â JMVnKëb�V#]LGWIRè.[MIRI/PHJLV:]OVaIcGWY?Kë@?KM]
G`S�>LAWVnS�VnKQPk@uPHGW=?K:GCIHIH[LVaI�@BKM]°ÿMKM@?A`AWö°AW=F=?D¸@uP1IH=?S�V�=?>LPHGWSG��X@BPHGW=?KMI�PR=PHJLGCI�IRèkJLVnS�V?f

 2,/. OP8"!<HIC9JL5�148
â JLV�_M@{IcGCèdGW]LVX@s_\VnJLGWKM]�PRJLV0NL<!�0NäIHèkJMVnS�V�GWI�PH=9[
IcV�PRJLV1IRèn@BPcPHVXE�*uY{@BPHJLVXE�çËVX@uPR[LERV1@?IRIc=OènGW@BPHVX]
b�G¯PRJ:PHJLVÅIHVnK
]#ERVXènVnGWî?V�S�VXèkJM@?KLGCIcS PH=¸@?èkJMG`VXî?V!�nVXEH=¸èn=?>Fö°è.={S�SÅ[LKLGCèn@BPHGW=?K3f?�1IHG`KLY�PRJLGCI�çËVX@Bü
PH[LERV�b}Väèn@?K$IHVnK
]Q*�ERVXènVnGWî?VÅS/[LA`PHGW>LA`V¸]M@uPR@5_LAW=OèkDOI @{Is@:IcGWKLY?AWV�S�VXIRIH@?Y?VÅ_FöÆ>\={IcPHGWKLY-@:IcVXKM]
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user buffer

receive scatter

Receiver

user buffer
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	 ®��M® ¿�ln�p��~0½¦�{i�l1vXw¡or�Qi�|Qµ�¶�||?~c�QiRqsiaÀ

SENDER RECEIVER

POST_GATHER

POST_SCATTER

DATA (SECOND CONNECTION)

REPLY CTRL MESG + DECISION INFO (PRIMARY CONNECTION)

REQUEST CTRL MESG + LAYOUT (PRIMARY CONNECTION)

� � 	 ®��\® |Qµ�¶�| �3mrvnorvu~kvaÁ À

Y{@uPRJLVnE]OVXIRè.ERGW>OPH={E@BPIH=?[LEkè.V°@?KM]÷@6EHVaè.VnGWî?V#IHèX@uPcPRVnE�]OVXIRè.ERGW>OPH={E/@uPä]OVaIrPRG`KM@BPHGW=?K3f�û!G`Y{[LERV#ì
G`AWA`[
IrPRER@BPHVXI�PHJLGCI1@?>L>LER={@?èkJyf â JLV/NL<!�1NÆIHèkJLVXS�V9èn@BK-J
@BKM]OAWVsKL={KOü£èn=?KQPHGWY?[MG¯Prö#=?K:_
=?PHJ6IHGC]OVXIXf
ø1I�S�VXK{PRG`={KLVX]�GWK#NFVaè�PRG`={K � T �1^0ãÆø ZÍERG`PHV0<�@BPHJLVXE·=?E ��^0ã6ø ��Va@?]¸NOèX@uPcPRVnE}JM@BKM]LA`VaI�KL={KOü
è.=?KQPRG`Y{[LG¯Prö�={KLA`ös={KÅ={KLV�IHGC]OV?f	��VXKMè.V{T�PH=�@?èkJLGWVnî{V��XVnER=Büpè.=?>Fö ]L@uPk@uPröF>
Vdè.={S�SÅ[LKLGCèn@BPHGW=?K/_M@?IHVX]
=?K3��^0ã6ø =?>\VnEk@uPRG`={KMInTQPRJLV9ã-[LA`PHG`ü¦ZÌIRèkJLVnS�V�GCIdKLVnVa]OVX]�ê`ý*@aí£f

 2,+ �91 ! H��Q3 8'3N57J������I1�� 143 : 8': HIU 3 J ! ! ��1 !
`bU!�"�#��3NHIC�8�: H/UQ3�] =	UQ: UFC�U$�&% â JLVäNL<!�1N6IHèkJLVXS�VÅGCI0]OVX>LAW=uö?VX]:GWK ��VnKM]OV��nî{=?[MI1>LEH=?PH=Oè.={A
PH=/PHEk@BKMIcçËVnEdAC@BERY?V0]M@uPR@BPröF>
V S�VXIRIH@?Y?VXIXfFûL=?E�IHSä@BAWA"]M@uPR@BPröF>
V�S�VXIRIH@?Y?VaInT{PHJLV9< VXKLVnERGWè IRèkJLVnS�V
GWI�[MIHVX]3f?ø1I�IHJL=ub�KG`K�û!G`Y{[LERV þ TuPHJMVdIHVnK
]OVnE�ÿMEkIcP·IcVXKM]LI!PHJMV���VnKM]LV6�nî{=?[MI�IcPR@?EcP�S�VXIRIR@BY?V�b�G`PHJ
PHJLV]L@uPk@äAW@�ö{=?[OP0G`KOçË={EHSä@BPHGW=?K-=?[LPXf¡NFVXèn=?KM]¡TMPHJLV/EHVaè.VXG`î{VnE�ERVXènVnGWî?VXI�PHJLV@B_\=uî?VsS�VXIRIR@BY?V9@?KM]
ÿMY?[LERVXI ={[OPsJL=ub PH=:Sä@uPkèkJÆPRJLV¸IcVXKM]OVXE�' I AW@�ö{=?[OP b�G¯PRJ$G`PRI�=ub�KÍAW@�ö{=?[OPaf â JLVnK3T"PRJLV�EHVaè.VXG`î{VnE
IcVXKM]LI´PHJLVdAC@�ö?={[OP!Sä@BPRèkJLGWKLY�]OVXènGWIHG`={K9PR=0PRJLV�IcVXKM]OVXEXfuø�ç PRVnE�ERVXènVnGWîQGWKLY1PHJLVdERVn>LAWö9S�VXIRIH@?Y?V{TnPRJLV
IcVXKM]OVnE�>\={IcPRI·IcVXKM]ÅYQ@uPRJLVnE�]OVaIHènEHGW>OPR=?EkInf�å£P�GCI�>
=QIHIHGW_LA`V�PRJM@uP�PRJLV1IHVnKM]OVXE�Sä@�ö9_LERVX@BDs={KLV�_LAW=OèkD
G`KQPH=°SÅ[LA`PHGW>LAWV9_LAW=FèkDOI�PH=äS�VnVnP1PHJMV9AW@�ö{=?[OP�Sä@BPRèkJLGWKLY¸]OVaè.GCIcGW=?K3f â JLVXEHV9@?EHV�çË={[LE1Sä@BGWKÆ]OVaIcGWY?K
GWIRIc[MVXI �MNFVXèn=?KM]L@?EHö¸èn=?KLKMVXè�PRG`={K3T �y@�ö{=?[OP�VnúOèkJ
@BKLY{V?TOg�={IcPHGWKLY�]OVXIRè.ERG`>LPH=?EkId@BKM]3��VXY?GCIrPRER@BPHGW=?K3f
0F14C@U 3N5�8�=)(�C@U 3�3N14CE:<HIU 3*% â JMV}NL<!�1NsIRèkJLVXSV·KLVnVa]LIy@�IHVXèn=?KM]sèn=?KLKMVXè�PRG`={K�PH=�PRER@?KMIHSG`P3PRJLV
KL=?KOüpè.={KQPHGWY?[L={[MI}]M@uPR@Mf â JLGWI�KLVXVX]5@BERGWIHVXI}_\VXèn@?[MIHV0G`P�GWId>\={IRIcGW_LAWV0GWK#PHJLV�V.úOGCIrPRG`KMYã���ø1g·å����
]OVXIHG`Y{K PH=ù>LERVn>\={IcP°Ic={S�V5ERVXènVnGWî?V-]OVaIHènEHGW>OPH={ERI�={K PHJLV-Sä@BGWKÎè.={KLKLVXè.PHGW=?KÎ@?Iä@�>
@BEHP¸=Bç�G¯PkI
+M=ub èn=?KQPHER=?A�S�VXèkJM@?KLGCIcS:f â JLVaIcVä]OVaIHènEHGW>OPH={ERI�èn=?[LAC]6[MKQb�G`PcPRG`KMY?AWö6Sä@uPkèkJÍb�G`PHJ$PHJMVäY{@uPRJLVnEHü
IHèX@uPcPRVnE�]OVaIHènEHGW>OPH={ERI�@{IHIH=Oè.GC@uPHVa]sb�G`PHJPHJLVdKL={KOüpè.=?KQPRG`Y{[L=?[MIyPHEk@BK
IrçËVXEXf@�0KLVd>\={IRIcGW_LAWV}GCIHIH[LVdb�G`PHJ
PHJLV V.úFPHEk@Åèn=?KLKMVXè�PRG`={K¸GCI�IRèn@?AW@?_LGWA`G`Prö?f{åpK°=?[ME�]OVaIcGWY?KyT?PRJLVnERV @?EHV1KL=/_M[	�\VXERI�*�ERVXIH=?[MERènVXI�çË={E·PRJLV
IcVaè.=?K
]Åè.={KLKLVaè�PHGW=?Kyf â JMV�� ��ø [
Ic[M@?A`AWö9èn@?K/IH[L>L>\=?EHP�@1AC@BERY?V}KQ[MSÅ_\VnE�=Bç
èn=?KLKMVXè�PRG`={KMIXf��1VnKMènV
PHJLVsVnúQPRER@�èn=?KLKLVaè�PRG`={K5]O=FVaIdKL=BP�JF[LEHPdPHJLV9IRèn@?AW@?_LG`AWG`Prö?f
, 8-(QU!�2: 1/.FC�;�8�30� 1!% â JMV�ã6g�å}]M@uPR@BPröF>
V�JM@{Id=?KLAWö¸AW=FèX@BA¡IHVnSä@BKQPHGCènIXf â =VXKM@B_MA`V!�nVXEH=?ü£èn=?>Fö
è.=?S�S/[LKLGCèn@uPRG`={K3Td_
=?PHJÏIcGC]OVaI5IHJL={[LAW] JM@�î?V$@BK×@BY?ERVnVXS�VnKQP#={K JL=ub PR=ÎIcVXKM] @?KM] ERVXènVnGWî?V
]L@uPk@Lf�åpK =?[ME¸]OVXIHG`Y{K3T�PRJLVÆIcVXKM]OVXEäÿMEkIrP¸IHVnKM]LI¸G¯PkIäAW@�ö{=?[OPäGWKOçË=?ERSä@uPRG`={KëPR=�PHJLVÆERVXènVnGWî?VXEGWK
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