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TUVW XYXZ[ Z\Y]^Y_ZW _UZ `^[[Za_ W_Y_^W Yab XZ[cd[e
f Ya`Z dc WZ\Z[Y] g hi Vf X]Zf Za_Y_VdaW [ZjY[bVaj _kd
`UYX_Z[W dc _UZ g hiel WX Z`Vm`Y_Vda n o V[W_ p kZ YaYe
]qrZ p kUZ_UZ[ _UZ XZ[cd[f Ya`Z ^WVaj bqaYf V`Y]]q `[Ze
Y_Zb `dff^aV`Y_d[W VW `df XY[Ys]Z _d _UZ YXX[dY`U
X[ZWZa_Zb Va g hie t ^WVaj Y W_Y_V` `dff^aV`Y_d[ cd[
bVuZ[Za_ g hi ]Vs[Y[VZW n vZ _UZa Z\Y]^Y_Z p kUZ_UZ[
_UZ `dff^aV`Y_Vda XZ[cd[f Ya`Z dc daZeWVbZb `dff^e
aV`Y_Vda da `^[[Za_ f Y`UVaZW p [ZX[ZWZa_W Y sZaZm_ d[
Y bVWYb\Ya_YjZ _d _UZ Zabe^WZ[ `df XY[Zb _d _UZ fd[Z
`da\Za_VdaY] _kdeWVbZb `dff^aV`Y_Vda n

w xyPQz { |SP}z y
TUZ g hiel WXZ`Vm`Y_Vda ~�� Z�_ZabW _UZ g hie t bd `^e
f Za_ ~l� sq _U[ZZ f Y� d[ `UYX_Z[W p WZ\Z[Y] f Vad[ daZW p
Yab Wdf Z `d[[Z`_VdaW�`]Y[Vm`Y_VdaW cd[ g hie t c^a`e
_VdaW n � ]_Ud^jU V_ UYW s ZZa X^s]VWUZb WVa`Z t��� p
`^[[Za_]q da]q _UZ XY[Y]]Z] m ]Zei�� `UYX_Z[ UYW s ZZa
Y``ZX_Zb sq _UZ Zabe^WZ[W n �]ZY[]q _UVW VW _UZ [ZYe
Wda p _UY_ bZWX V_Z dc UY\Vaj f Yaq sZa`Uf Y[�W _ZW_Vaj
g hie t c^a`_VdaY]V_q ~� p t� p tt� p g hiel c^a`_VdaY]V_q
UYW da]q s ZZa Z\Y]^Y_Zb ^X _d adk Va _UVW Y[ZY ~�� n

� WW^f Vaj _UY_ _UZ ^WZ[ [ZY]]q kYa_W _d ^WZ cZY_^[ZW
����� ���� ��� ��������� �� ��� �� ������  �¡� �¢ £¡��¤������¤� ¥�¡���¥� ¡� ��� �£¦§¨©ª¦««£¬ª®¯° ±

dc _UZ g hiel WX Z`Vm`Y_Vda p kZ kd^]b ]V�Z _d Va\ZW_Ve
jY_Z Va _UVW XYXZ[ p kUY_ _UZ X Z[cd[f Ya`Z s ZaZm_W Yab
b[YksY`�W dc bVuZ[Za_ cZY_^[ZW dc g hiel Y[Z n Tkd
²^ZW_VdaW Y[Z dc WXZ`Vm` Va_Z[ZW_ Va _UZ `da_Z�_ dc _U VW
XYXZ[ ³ m [W_ p bd bqaYf V`Y]]q `[ZY_Zb `dff^aV`Y_d[W
duZ[ _UZ WYf Z XdVa_e_deXdVa_ XZ[cd[f Ya`Z da `^[[Za_
VfX]Zf Za_Y_VdaW YW _UZ W_Y_V` g hi ��g g v �´µ¶
YXX[dY`U· �ab WZ`dab p kUY_ VW _UZ Y`UVZ\Ys]Z XZ[e
cd[fYa`Z ^WVaj daZeWVbZb dXZ[Y_VdaW·

¸Va`Z _UZ a^fsZ[ dc Y\YV]Ys]Z g hi VfX]Zf Za_Ye
_VdaW VfX]ZfZa_Vaj WdfZ XY[_W dc _UZ g hiel WX Z`Ve
m`Y_Vda VW f ZYakUV]Z ²^V_Z ]Y[jZ p _UVW XYXZ[ `Ya ad_
jV\Z Y `dfX]Z_Z d\Z[\VZk Ysd^_ Y]] `^[[Za_]q Y\YV]e
Ys]Z g hie]Vs[Y[VZW Yab _UZ cZY_^[ZW _UZq Y[Z X[d\Vbe
Vaj n o^[_UZ[fd[Z p V_ VW ad_ _UZ Va_Za_Vda dc _UVW XYe
XZ[ _d `dfXY[Z X Z[cd[f Ya`Z [ZW^ ]_W s Z_kZZa _UZ f Ye
`UVaZW p s^_ _d `dfXY[Z _UZ a^fsZ[W Y`UVZ\Zb ^WVaj
g hiel c^a`_VdaY]V_q k V_U _UZ XZ[cd[f Ya`Z f ZYW^[Zb
da _UZ \Z[q WYfZ f Y`UVaZ cd[ W_Y_V` g hie t W`ZaY[e
VdW p Yab _UZ[Zcd[Z _d `dff Za_ da _UZ ²^Y]V_q dc _UZ
VfX]Zf Za_Y_Vda dc _UZ g hiel c^a`_VdaY]V_qn � W k V_U
Y]] sZa`Uf Y[� a^fsZ[W p _UZ [ZYbZ[ WUd^ ]b s Z YkY[Z p
_UY_ Y]] [ZW^ ]_W [ZX[ZWZa_ da]q Y WaYXWUd_ n

TUZ W_[^`_^[Z dc _UVW XYXZ[ VW YW cd ]]dk W ³ Va WZ`e
_Vda l kZ X[ZWZa_ s[VZ¹q _UZ _ZW_eW^ V_Z ^WZb _U[d^jUe
d^_ _UZ XYXZ[ n ¸Z`_Vda � X[ZWZa_W _UZ [ZW^]_W Yab
Z�XZ[VZa`ZW k V_U UYab]Vaj bqaYf V` `dff^aV`Y_d[W n
¸Z`_Vda � X[ZWZa_W _UZ X Z[cd[f Ya`Z Y`UVZ\Zb ^WVaj
daZeWVbZb dXZ[Y_VdaW k V_U bVuZ[Za_ g hie]Vs[Y[VZW Yab

t



bVW`^WWZW Wdf Z [Z]Y_Zb VWW^ZW n o VaY]]qp WZ`_Vda � W^f e
f Y[VrZW _UZ [ZW^]_W Y`UVZ\Zb Yab X[ZWZa_W _UZ dajdVaj
kd[� Va _U VW Y[ZY n

� ��� �RP�yS� P�OP�O| }P�
TUVW WZ`_Vda jV\ZW Y s[VZc Va_[db^`_Vda _d _UZ ]Y_Za`q
_ZW_eW^V_Z p kUV`U UYW sZZa ^WZb cd[ _UZ X Z[cd[f Ya`Z
Z\Y]^Y_Vda _U[d^jUd^_ _UVW XYXZ[ n TUZ ]Y_Za`q _ZW_e
W^V_Z VW Y U VW_d[V`Y]]q j[dka `d]]Z`_Vda dc _ZW_W p kUV`U
UYW s ZZa ^WZb _d f ZYW^[Z Y k VbZ \Y[VZ_q dc bVuZ[Za_
X Z[cd[fYa`Z `UY[Y`_Z[VW_V`W ~tl p t�� n ´Z`Za_]qp _UZ
_ZW_eW^V_Z UYW s ZZa [ZeY[[YajZb W^`U _UY_ V_ X[d\VbZW
s^V]bVaj s]d `�W cd[ XdVa_e_deXdVa_ sZa`Uf Y[�W p `[ZY_e
Vaj Ya ZYWV]q Z�_ZabYs]Z s Za`Uf Y[�Vaj Za\V[daf Za_ n
�abe^WZ[W `Ya _U^W `[ZY_Z _UZV[ dka XdVa_e_deXdVa_
s Za`Uf Y[� kUV`U Va`d[Xd[Y_ZW [Z]Z\Ya_ cZY_^[ZW dc
_UZV[ YXX]V`Y_Vda Yab _U^W Z\Y]^Y_Z _UZ X Z[cd[f Ya`Z
dc _UZV[ bY_Y Z�`UYajZ [d^_VaZW n

�fdaj _UZ s^V]bVaj s ]d `�W Y[Z ³
	 \Y[VYs]Z `dff^aV`Y_d[ Y[j^fZa_W p
	 \Y[VYs]Z bY_Y _qX ZW p Va`]^bVaj ^WZ[ bZmaZb bY_Y

_qX ZW p
	 \Y[VYs]Z `dff^aV`Y_Vda XY[_aZ[W p
	 \Y[VYs]Z bY_Y _[YaWcZ[ X[Vf V_V\ZW p `^[[Za_]q [Ze

W_[V`_Zb UdkZ\Z[ _d XVajeXdaj sZa`UfY[�W n
TUZ _ZW_eW^ V_Z ^WZW _kd bVuZ[Za_ f Z_UdbW cd[ bZe

_Z[f VaVaj _UZ aZ�_ f ZWWYjZ WVrZ _d sZ fZYW^[Zb ³ Y
f^]_VX]V`Y_V\Z Va`[ZYWZ cd[ WUd[_ f ZWWYjZ ]Zaj_U p Yab
Ya YbbV_V\Z Va`[ZYWZ dc _UZ f ZWWYjZ WVrZ cd[ ]Y[jZ f ZWe
WYjZW n TUVW ZaYs]ZW Y bZ_YV]Zb YaY]qWVW dc WUd[_ f ZWe
WYjZ s ZUY\Vd[ YW kZ]] YW Y [ZYWdaYs]Z a^fsZ[ dc f ZYe
W^[Zf Za_W cd[ ]Y[jZ f ZWWYjZW n

TUZ ]Y_Za`q _ZW_eW^V_Z [ZXd[_W cd[ ZY`U f ZWWYjZ
WVrZ Ya Y\Z[YjZ p f Y�Vf^f Yab f VaVf^f sYabk Vb_U
Y`U VZ\Zb Yab _UZ Y``d[bVaj Z�Z`^_Vda _Vf Z n o^[_UZ[e
f d[Z p _UZ W_YabY[b bZ\VY_Vda VW [ZXd[_Zb cd[ ZY`U
f ZWWYjZ WVrZ p VabV`Y_Vaj _UZ W_Ys V]V_q dc _UZ f ZYW^[Ze
f Za_ n TUZ d^_X^_ `Ya ZV_UZ[ sZ k[V__Za _d W_YabY[b
d^_X^_ d[ _d Y m ]Z p ^ WVaj ZV_UZ[ W_YabY[b 
� i� m]Z
dX Z[Y_VdaW d[ [Z]q Vaj da g hiei�� n ¸Yf X]Z ja^X]d_
W`[VX_W Y[Z X[d\VbZb cd[ \VW^Y]VrVaj _UZ d^_X^_ YW kZ]]

YW WVfX]Z X[dj[Yf W kUV`U ZaYs]Z `dfXY[Vaj WZ\Z[Y]
fZYW^[Zf Za_W n

od[ ZY`U s^V]bVaj s]d `� p WZ\Z[Y] [ZcZ[Za`Z fdb^]ZW
Y[Z Y\YV]Ys]Z n � W Ya Z�YfX]Z p WZ\Z[Y] `daW_[^`_d[W cd[
bZ[V\Zb bY_Y_qX ZW Y[Z X[d\VbZb YW kZ]] YW bVuZ[Za_
bY_Y _[YaWcZ[ X[Vf V_V\ZW d[ `dff^aV`Y_d[ `daW_[^`e
_d[W n od[ _UZ YaY]qWVW X[ZWZa_Zb Va _UVW XYXZ[ p aZk
`dff^aV`Y_d[ `daW_[^`_d[W ^ WVaj _UZ f Z_UdbW X[de
\VbZb Va _UZ g hiel WX Z`Vm`Y_Vda UY\Z sZZa YbbZb p
YW WUdka Va WZ`_Vda � YW kZ]] YW aZk bY_Y _[YaWcZ[
X[Vf V_V\ZW ^WVaj daZeWVbZb `dff^aV`Y_Vda p YW WUdka
Va WZ`_Vda � n

 ��Q�zQ� RyS� Q�O| �PO � }P� {��
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TUZ g hie t WX Z`Vm`Y_Vda Z�X]V`V_ ]q [ZW_[V`_Zb V_WZ]c da
Y W_Y_V` j[d^X dc X[d `ZWWZW p Y[j^Vaj �YfdajW_ d_Ue
Z[W� p _UY_ da fdW_ X]Y_cd[f W _UZ XZ[cd[f Ya`Z dc g hi
k V]] s Z WVjaVm `Ya_]q s Z__Z[ bZY]Vaj k V_U Y `daW_Ya_
X[d `ZWW j[d^X n TUZ fd_V\Y_Vda sZUVab _UZ Va\ZW_VjYe
_VdaW Va _UVW `UYX_Z[ _UZ[Zcd[Z VW cd `^WZb Y[d^ab _UZ
²^ZW_Vda p kUZ_UZ[ _UVW `dff da YWW^fX_Vda VW � ^ We
_VmZb n gd[Z WX Z`Vm `Y]]qp Y[Z _UZ UVjU XZ[cd[f Ya`Z
aZ_kd[�Vaj bZ\V`ZW ^WZb da fdbZ[a Y[`U V_Z`_^[ZW `Ye
XYs]Z dc bqaYf V`Y]]q ZW_Ys]VWUVaj `daaZ`_VdaW _d aZk
X[d `ZWWZW p d[ Y[Z g hi ]Vs[Y[VZW VfX]Zf Za_Vaj _UVW XY[_
dc _UZ g hiel WXZ`Vm`Y_Vda cY]]Vaj sY`� _d W]dkZ[ bZe
\V`ZW �Z nj n T�h�ih �·

TUZ g hiel bd `^f Za_ jV\ZW _UZ ^WZ[ _U[ZZ XdWWVe
sV]V_VZW da Udk _d `[ZY_Z Y aZk `dff^aV`Y_d[ _UY_
Va`]^bZW X[d `ZWWZW p kUV`U UY\Z ad_ s ZZa XY[_ dc _UZ
X[Z\Vd^W kd[]bej[d^X ³

tn ¸XYka YbbV_VdaY] X[d `ZWWZW ^WVaj g hi �dffe
WXYka n TUZ `UV]b X[d `ZWWZW `Ya [Z_[VZ\Z _UZ

`dff da `dff^aV`Y_d[ sq `Y]]Vaj g hi �dffe
jZ_ XY[Za_ n

l n �daaZ`_ _kd Y][ZYbq [^aaVaj �XY[Y]]Z]� YXX]V`Ye
_VdaW ^WVaj Y Wd `�Z_e]V�Z Va_Z[cY`Z n �aZ YXX]V`Ye
_Vda duZ[W Y �WZ[\V`Z� ^WVaj g hi �dff Y``ZX_ p
kUV]Z Yad_UZ[ YXX]V`Y_Vda ZW_Ys ]VWUZW `daaZ`e
_Vda _d _UZ YXX]V`Y_Vda duZ[Vaj _UZ WZ[\V`Z ^WVaj
g hi �dff `daaZ`_ n

l



� n �daaZ`_ _kd Y][ZYbq [^aaVaj YXX]V`Y_Vda X[de
`ZWWZW p kUV`U UY\Z Y Wd `�Z_ `daaZ`_Vda ZW_Yse
]VWUZb sq ^WVaj g hi �dff �dVa n TUZ [ZW^]_Vaj
`dff^aV`Y_d[ ^WZW _UZ X[ZeZW_Ys]VWUZb Wd `�Z_
`daaZ`_Vda cd[ _UZ bY_Y Z�`UYajZ Yab VW [Ze
W_[V`_Zb _d _UZ X[d `ZWWZW Ud]bVaj _UZ Wd `�Z_e
`daaZ`_Vda n

ia _UZ c[Yf Z dc _UVW XYXZ[ kZ kd^]b ]V�Z
_d cd `^W da _UZ m[W_ _kd f Z_UdbW n TUZ Z�Ze
`^_Zb _ZW_W `df XY[Z _UZ sYabk Vb_U Yab ]Y_Za`q
Y`U VZ\Zb ^WVaj bqaYf V` `dff^aV`Y_d[W `[ZY_Zb sq
g hi �dff WXYka p Ya Va_Z[e`dff^aV`Y_d[ [ZW^]_Vaj
c[df _UZ `d^X]Vaj dc _kd VabZX ZabZa_ YXX]V`Y_VdaW ^We
Vaj g hi �dff `daaZ`_ Yab g hi �dff Y``ZX_ Yab
Y W_Y_V` `dff^aV`Y_d[ _qXV`Y] cd[ g hie tn vZ c^[e
_UZ[fd[Z Va\ZW_VjY_Z _UZ `dW_W cd[ WXYkaVaj X[d `ZWWZW p
WVa`Z fYaq bqaYf V` W`ZaY[VdW kd^]b sZaZm_ c[df Y
¹Z�Vs]Z UYab]Vaj dc `UV]b X[d `ZWWZW n
�d_ Z�Yf VaZb Va _U VW Va\ZW_VjY_Vda VW Udk bVuZ[e

Za_ sY_`UeW`UZb^]Z[W `d^]b UYab]Z YXX]V`Y_VdaW p kUV`U
bqaYf V`Y]]q `UYajZ _UZ a^fsZ[ dc X[d `ZWWZW b^[Vaj
[^a_VfZ n v UV]Z _UVW VW Ya Va_Z[ZW_Vaj Yab VfXd[_Ya_
²^ZW_Vda p V_ VW ad_ Y X[dXZ[_q dc _UZ g hi ]Vs[Y[qp Yab
bZXZabW W_[daj]q da _UZ ]d `Y] Va W_Y]]Y_Vda XY[Yf Z_Z[W
dc _UZ sY_`UeW`UZb^]Z[ da _UZ f Y`UVaZW n

TUZ g hi ]Vs[Y[VZW Z�Yf VaZb Va _UVW WZ`_Vda Y[Z ³
	 ������ ³ ]Vs[Y[q \Z[WVda � n� nl n TZW_W kZ[Z Z�e

Z`^_Zb da Ya ��� ¸� e� `daWVW_Vaj dc � adbZW p
ZY`U UY\Vaj � ��� g�r X[d `ZWWd[W k V_U ��
	
q_ZW dc f YVa f Zf d[q XZ[ adbZ n

	 ���������� ³ ]Vs[Y[q \Z[WVda � n�� n TZW_W kZ[Z
Z�Z`^_Zb da Y � V_Y`U V ¸´���� k V_U t� adbZW p
ZY`U UY\Vaj � l�� g� r X[d`ZWWd[W n �Y`U adbZ
UYW � 	
q_ZW dc f YVa fZf d[qn

	 ������� ³ ]Vs[Y[q \Z[WVda � n TZW_W kZ[Z Z�e
Z`^_Zb da Y ¸
� oV[Z ���� p k V_U l� ��� g� r
¸h�´� iii X[d `ZWWd[W p Yab �� 	
q_ZW dc f YVa
f Zfd[qn

	 ��� ���� ³ ]Vs[Y[q \Z[WVda � n� n� n TZW_W kZ[Z
Z�Z`^_Zb da Y `]^W_Z[ k V_U �l adbZW p ZY`U UY\Vaj
_kd l n� 	� r hZa_V^f � � Zda X[d `ZWWd[W Yab l
	
q_ZW dc fZf d[qn TUZ adbZW Y[Z `daaZ`_Zb sq
	 VjYsV_ � _UZ[aZ_ n

� �� ������� ��� ! "#$%&'
TUZ m[W_ ]Vs[Y[q kUV`U kZ kd^]b ]V�Z _d YaY]qrZ [Ze
jY[bVaj V_W X Z[cd[f Ya`Z Yab ^WYsV]V_q dc _UVW XY[_ dc
_UZ g hiel WX Z`Vm`Y_Vda p VW _UZ VfX]Zf Za_Y_Vda c[df
��� n vZ YaY]qrZb _UZ X Z[cd[fYa`Z dc _UZ ]Vs[Y[q da
Y WVaj]Z adbZ �Va_[YeadbZ `dff^aV`Y_Vda � YW kZ]] YW
sZ_kZZa X[d `ZWWZW da WZXY[Y_Z adbZW ^WVaj _UZ ���
i� ¸ Wk V_`U �Va_Z[eadbZ `dff^aV`Y_Vda � n

¸_Y[_Vaj Ya YXX]V`Y_Vda kUV`U VW jdVaj _d ^WZ
g hi �dff WXYka p _UZ ^WZ[ UYW _d WX Z`Vcq Ya YbbVe
_VdaY] XY[Yf Z_Z[ `Y]]Zb ( )*+,- p kUV`U VabV`Y_ZW _UZ
fY�Vf^f a^fsZ[ dc X[d `ZWWZW ^ WZb k V_UVa _UZ ]VcZe
_Vf Z dc _UZ YXX]V`Y_Vda n od[ Z�YfX]Z p Vc _UZ YXX]V`Ye
_Vda VW W_Y[_Zb d[VjVaY]]q k V_U � X[d `ZWWZW Yab _UZ ^WZ[
]Y_Z[ kYa_W _d WXYka da cd^[ YbbV_VdaY] X[d `ZWWZW p _UZ
`dff Yab ]VaZ kd^]b aZZb _d s Z YW cd ]]dk W ³
(- ./0, 1,- 2 1( )*+,- 3 456(7)--8

v UV]Z _U VW YXX[dY`U VW Z�X]V`V_]q Y]]dkZb sq _UZ g hie
l WX Z`Vm `Y_Vda p V_ Y]Wd `]ZY[]q WZ_W `Z[_YVa ]Vf V_W da _UZ
bqaYf V` sZUY\Vd[ dc _UZ YXX]V`Y_Vda n

v UZa ^WVaj _UZ `daaZ`_�Y``ZX_ YXX[dY`U p _UZ ^WZ[
UYW _d WZ_ Yad_UZ[ ¹Yj cd[ `dfXV]Vaj Yab W_Y[_e
Vaj _UZ YXX]V`Y_Vda n TUZ 9 :- .- ¹Yj W_[daj]q Vae
bV`Y_ZW Y][ZYbqp _UY_ _UZ g hi �dff `daaZ`_ Yab
g hi �dff Y``ZX_ c^a`_VdaW UY\Z s ZZa VfX]ZfZa_Zb
Va g hi�¸� ^WVaj T�h�ihn �a Va_Z[ZW_Vaj ²^ZW_Vda
[ZjY[bVaj _UVW ¹Yj VW p kUZ_UZ[ `dff^aV`Y_Vda Va ZY`U
dc _UZ VabZX ZabZa_ p XY[Y]]Z] YXX]V`Y_VdaW VW Va¹^Za`Zb
sq _UVW ¹Yj p Z nj n kUZ_UZ[ Y]] `dff^aV`Y_Vda VW Z�e
Z`^_Zb ^WVaj T�h�ihp d[ kUZ_UZ[ � ^W_ _UZ `dff^e
aV`Y_Vda sZ_kZZa _UZ _kd YXX]V`Y_VdaW `daaZ`_Zb sq
_UZ bqaYf V`Y]]q `[ZY_Zb Va_Z[e`dff^aV`Y_d[ VW ^WVaj
T�h�ihn

oVj^[Z t WUdk W _UZ f Y�Vf^f sYabk Vb_U Y`UVZ\Zb
k V_U _UZ bVuZ[Za_ `dff^aV`Y_d[W ^WVaj Y X VajeXdaj
sZa`Uf Y[� sZ_kZZa _kd X[d`ZWWZW n �s\Vd^W]qp _UZ
XZ[cd[f Ya`Z Y`U VZ\Zb k V_U Y `dff^aV`Y_d[ `[ZY_Zb
sq g hi �dff WXYka VW VbZa_V`Y] _d _UZ W_Y_V` YXe
X[dY`U n �dkZ\Z[ p ^WVaj _UZ `dff^aV`Y_d[ `[ZY_Zb sq
g hi �dff `daaZ`_�Y``ZX_ YXX[dY`U XZ[cd[f W WVje
aVm `Ya_]q kd[WZ p WVa`Z _UZ T�h�ih XZ[cd[fYa`Z dc
_UZ f Y`UVaZ `Ya ad_ `dfXZ_Z k V_U _UZ sYabk Vb_U
Y`UVZ\Zb _U[d^jU _UZ [Zj^ ]Y[ `dff^aV`Y_Vda bZ\V`Z n

�
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Message Length [MBytes]

Point-to-point performance with various communicators

static-intra
spawn-intra

connect/accept-intra
static-inter

spawn-inter
connect/accept-inter

oVj^[Z t³ hdVa_ _d XdVa_ XZ[cd[f Ya`Z da _UZ ¸� e� cd[
\Y[Vd^W `dff^aV`Y_d[W

o^[_UZ[ Va\ZW_VjY_VdaW WUdkZb p _UY_ _UZ 9 :- .- ¹Yj
bdZW ad_ WZZf _d Va¹^Za`Z _UZ f Y�Vf^f Y`UVZ\e
Ys ]Z sYabk Vb_U k V_UVa ZY`U VabZXZabZa_ YXX]V`Y_Vda n
�dkZ\Z[ p d^[ fZYW^[Zf Za_W WUdkZb p _UY_ _UZ \Y[Ve
Ya`Z kYW W]VjU_]q UVjUZ[ _UYa _UZ _ZW_ `YWZ ad_ ^WVaj
_UZ 9 :- .- ¹Yj n TUZ W_YabY[b bZ\VY_Vda k V_Ud^_ _UZ
9 :- .- ¹Yj kYW ^W^Y]]q s Z]dk t� p kUV]Z ^WVaj _UZ
9 :- .- ¹Yj V_ kYW Va _UZ [YajZ dc �e t�� n TUVW f VjU_
s Z _UZ [ZW^]_ dc d ``YWVdaY] Xd]]Vaj dc T�h�ih Wd `�Z_W n

� �� ������� ��� ! � ����� ��"#$
�W da _UZ X[Z\Vd^W f Y`UVaZ p kZ `dab^`_Zb _kd
WZ_W cd[ ZY`U Z�XZ[Vf Za_ da _UZ � V_Y`UV ¸´���� ³
Y]] _ZW_W kZ[Z Z�Z`^_Zb ^WVaj _kd X[d `ZWWZW da _UZ
WYf Z adbZ p VabV`Y_Zb Va mj^[Z l YW Va_[YeadbZ
`dff^aV`Y_Vda p Yab ^WVaj _kd X[d `ZWWZW da bVuZ[e
Za_ adbZW p [ZcZ[[Zb _d YW Va_Z[eadbZ `dff^aV`Ye
_Vda n � W WUdka Va mj^[Z l _UZ XZ[cd[f Ya`Z Y`UVZ\Zb
k V_U _UZ g hi �dff WXYka Z�YfX]Z Yab k V_U _UZ
g hi �dff `daaZ`_�Y``ZX_ Z�Yf X]Z VW `dfXY[Ys]Z
_d _UZ W_Y_V` YXX[dY`U cd[ _UZ Va_Z[eadbZ _ZW_W n od[
_UZ Va_[YeadbZ _ZW_ `YWZW p Y]] _ZW_W Y[Z Y`UVZ\Vaj _UZ
WYf Z sYabk Vb_U cd[ ]Y[jZ f ZWWYjZW n od[ Wf Y]]Z[ f ZWe
WYjZW p _UZ d\Z[Y]] X Z[cd[f Ya`Z VW X[dsYs]q VbZa_V`Y] YW
kZ]] p Z\Za Vc f Vad[ \Y[VY_VdaW Y[Z dsWZ[\Ys]Z b^Z _d
`Y`UVaj ZuZ`_W n
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Message Length [MBytes]

Point-to-point performance Hitachi SR8000 intra-node

static intra-node
spawn intra-node

connect/accept intra-node
static inter-node

spawn inter-node
connect/accept inter-node

oVj^[Z l ³ hdVa_ _d XdVa_ X Z[cd[f Ya`Z da _UZ � V_Y`UV
¸´���� cd[ \Y[Vd^W `dff^aV`Y_d[W

� �� ������� ��� ! &���"#$
TUZ [ZW^]_W Y`UVZ\Zb k V_U ¸
� eg hi Y[Z X[ZWZa_Zb Va
mj^[Z � n Td W^ff Y[VrZ _UZWZ [ZW^]_W Yab _UZ Z�XZ[Ve
Za`ZW p ad YbbV_VdaY] ¹YjW UYb _d s Z ^WZb _d f Y�Z Yaq
dc _UZ Z�YfX]ZW kd[� p Yab _UZ X Z[cd[f Ya`Z Y`UVZ\Zb
Va Y]] W`ZaY[VdW _ZW_Zb kZ[Z Y]kYqW sYWV`Y]]q VbZa_V`Y]
_d _UZ W_Y_V` g hi ��g g v �´µ¶ W`ZaY[Vd n

� �	 ������� ��� ! 
�"%"#$ � � �	

 WVaj µ�g �g hi \ n� n� n� p Y]] _U[ZZ _ZW_W X[d\VbZb sYe
WV`Y]]q _UZ WYf Z XZ[cd[f Ya`Z p YW WUdka Va mj^[Z � n
vZ `dab^`_Zb YjYVa _kd WZ_W dc _ZW_W p daZ ^WVaj _kd
X[d `ZWWZW da WZXY[Y_Z adbZW �Va_Z[eadbZ _ZW_W� Yab
daZ ^WVaj _kd X[d`ZWWZW da Y WVaj]Z adbZ �Va_[YeadbZ
_ZW_W� n od[ _UZ Va_[YeadbZ _ZW_W p kZ ^WZb _UZ �7��
WUY[Zb f Zfd[q fdb^]Z n

vZ kd^]b ]V�Z _d `dff Za_ UdkZ\Z[ da _UZ s ZUY\Vd[
dc µ�g �g hi kUZa ^WVaj g hi �dff WXYka n v UZa
sdd_Vaj _UZ ]YfeUdW_W p _UZ ^WZ[ UYW _d WX Z`Vcq Va Y
UdW_m ]Z _UZ ]VW_ dc f Y`UVaZW p kUV`U WUd^]b sZ ^WZb
cd[ _UZ XY[Y]]Z] � ds n � µ�g bYZfda VW _UZa W_Y[_Zb
da ZY`U dc _UZWZ f Y`UVaZW n TUZ X[d `ZWWZW dc Y XY[e
Y]]Z] � ds Y[Z W_Y[_Zb Y``d[bVaj _d _UZV[ d[bZ[ Va _UZ
UdW_m ]Z n v UZa `Y]]Vaj g hi �dff WXYka p _UZ aZk
X[d `ZWWZW Y[Z W_Y[_Zb YjYVa ^WVaj _UZ m[W_ f Y`UVaZ
Va _UZ ]VW_ p Vc ad UVa_W Y[Z jV\Za _d _UZ WqW_Zf ^We

�
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Message Length [MBytes]

Point-to-point performance SUN Fire 6800

static
spawn

connect/accept 

oVj^[Z � ³ hdVa_ _d XdVa_ X Z[cd[f Ya`Z da _UZ ¸
� e
o V[Z cd[ \Y[Vd^W `dff^aV`Y_d[W

Vaj _UZ Y``d[bVaj g hi iacd ds� Z`_ n ibZY]]qp _UZ ^WZ[
kd^]b Z�XZ`_ p _UY_ _UZ m[W_ ^a^WZb adbZ �Y_ ]ZYW_
^a^WZb Y``d[bVaj _d _UZ � ds kUV`U WXYkaW _UZ X[de
`ZWWZW� VW `UdWZa p _d bVW_[Vs^_Z _UZ ]dYb YXX[dX[VY_Z]qn
v V_U _UZ `^[[Za_ W`UZf Z p V_ VW X[dsYs]Z _UY_ cd[ `df e
X^_Z Va_ZaWV\Z YXX]V`Y_VdaW _UZ d\Z[Y]] � ds k V]] W]dk
bdka sq WXYkaVaj YbbV_VdaY] X[d `ZWWZW da _UZ adbZW
kUV`U Y[Z Y][ZYbq [^aaVaj Ya g hie� ds n TUZ ^WZ[ UYW
_UZ XdWWVsV]V_q _d `UYajZ _U VW sZUY\Vd[ sq ^WVaj WXZe
`Vm` g hi iacd ds� Z`_W kUZa WXYkaVaj aZk X[d `ZWW n
�)( +�-)�,+�:���+/�0,�+/�� ., Va_[db^`ZW Y [d^abe
[dsVa W`UZb^]Vaj dc X[d `ZWWZW jV\Vaj _UZ YXX]V`Y_Vda
_UZ XdWWVs V]V_q _d WXZ`Vcq _UZ m[W_ UdW_ kUV`U kd^]b
sZ ^WZb n �)( +,�+/��9+,���+�:���0�� Z�`]^bZW _UZ
[dd_ adbZ dc _UZ WXYkae`dff Yab kUZa `[ZY_Vaj aZk
X[d `ZWWZW n TUVW WZ`dab f dbZ VW Va_ZabZb cd[ W^Xe
Xd[_Vaj XY[Y]]Z] YXX ]V`Y_VdaW ^WVaj Y f YaYjZ[ekd[�Z[
XY[YbVjf n

� �� �	��� 	
 "#$ �	�� ��� 
¸dfZ YXX]V`Y_VdaW f VjU_ s ZaZm_ c[df Y c[Z²^Za_]q
`UYajVaj a^fsZ[ dc X[d`ZWWZW p Z nj n Wdf Z g hi YXe
X]V`Y_Vda VfX]Zf Za_Vaj Wdf Z _qXZ dc `dfX^_Y_VdaY]
WZ[\V`Z p \Y[Vd^W f YaYjZ[ekd[�Z[ W`ZaY[VdW d[ WVf^]Ye
_VdaW ^WVaj YbYX_V\Z fZWU [ZmaZf Za_ n TUVW WZ`_Vda
W^ffY[VrZW _UZ `dW_W dc WXYkaVaj daZ _d cd^[ X[de
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Message Length [MBytes]

Point-to-point performance with LAM-7.0.4 using various communicators

static intra-node
spawn intra-node

connect/accept intra-node
static inter-node

spawn inter-node
connect/accept inter-node

oVj^[Z � ³ hdVa_ _d XdVa_ XZ[cd[f Ya`Z k V_U µ�g �g hi
cd[ \Y[Vd^W `dff^aV`Y_d[W

`ZWWZW da ZY`U dc _UZ YaY]qrZb f Y`UVaZW n � ]] dc _UZWZ
_ZW_W UY\Z s ZZa Z�Z`^_Zb sq [^aaVaj _UZ `dbZ Va_Z[Y`e
_V\]qp WVa`Z WXYkaVaj dc X[d `ZWWZW Va Y sY_`U Za\V[dae
fZa_ VW da fdW_ X ]Y_cd[f W ad_ W^XXd[_Zb n �\Za da
fY`UVaZW W^XXd[_Vaj _UVW c^a`_VdaY]V_qp _UZ WXYkaVaj
f VjU_ _UZa Va`]^bZ Ya Y[sV_[Y[q _Vf ZW]V`Z cd[ Y]]d `Y_e
Vaj X[d `ZWWd[W _U[d^jU _UZ W`UZb^]Z[ n

vZ `d^]b dsWZ[\Z da Y]] X ]Y_cd[f W p _UY_ _UZ `dW_W
cd[ WXYkaVaj X[d `ZWWZW kYW Y_ ]ZYW_ Ya d[bZ[ dc f Yje
aV_^bZ UVjUZ[ _UYa _UZ XdVa_e_deXdVa_ ]Y_Za`qn gdW_
ad_Ys]qp _UZ `dW_W cd[ WXYkaVaj X[d `ZWWZW da _UZ ¸^a
oV[Z Y[Z Y[d^ab �� f V]]VWZ`dabW Yab da _UZ � V_Y`UV
¸´���� UVjUZ[ _UYa ��� f V]]VWZ`dabW n vZ Y[Z ad_
bVW_Vaj^VWUVaj UZ[Z s Z_kZZa _UZ Va_Z[e Yab _UZ Va_[Ye
adbZ `YWZ p WVa`Z _UZ fY`UVaZ Y]kYqW WXYkaZb _UZ m[W_
X[d `ZWW da _UZ adbZ kUZ[Z _UZ XY[Za_ X[d `ZWW UYW
sZZa [^aaVaj p Yab _UZ cd]]dkeda X[d `ZWWZW da d_UZ[
adbZW n TU^W p kZ Y]kYqW UYb Y f V�Zb Va_[Ye Yab Va_Z[e
adbZ Za\V[dafZa_ n

od[ g hi�¸� Yab µ�g �g hi p _UZ `dW_W cd[ WXYkae
Vaj Va`[ZYWZW W]VjU_]q k V_U _UZ a^fsZ[ dc aZk X[de
`ZWWZW n �dkZ\Z[ p _UZ d\Z[Y]] `dW_W kZ[Z Va Y ]dk f V]e
]VWZ`dab Y[ZY n

�



�d n dc t l � �
X[d`W WXYkaZb
¸� e� Va_[Y � nt � n� � n� � n�
¸� e� Va_Z[ t� n� t� n� t� n� t� n�
¸´�� ��� � t� �� t �� t
¸
� �� n� �� n� �� n� �� n�
µ�g Va_[Y � n� tn� tn� l n�
µ�g Va_Z[ � n� tn� tn� l n�

TYs]Z t³ ��Z`^_Vda _Vf Z cd[ WXYkaVaj \Y[Vd^W a^fsZ[ dc X[d `ZWWZW Va f V]]VWZ`dabW n

� ��Q�zQ� RyS� z � z y��O}{�{ z��
�QRP}z yO

TUZ `UYX_Z[ Ysd^_ daZeWVbZb `dff^aV`Y_Vda kYW
d[VjVaY]]q X]YaaZb _d s Z _UZ f dW_ b[Yf Y_V` W^XX]Ze
f Za_ _d _UZ g hie t WX Z`Vm`Y_Vda p WVa`Z V_ WX Z`VmZW
Y `dfX]Z_Z]q aZk XY[YbVjf cd[ Z�`UYajVaj bY_Y s Ze
_kZZa X[d `ZWWZW n ia `da_[Y[q _d _UZ _kdeWVbZb `df e
f^aV`Y_Vda dc g hie tp Y WVaj]Z X[d `ZWW `da_[d]W _UZ XYe
[Yf Z_Z[W cd[ Wd^[`Z Yab bZW_VaY_Vda X[d `ZWWZW n �dke
Z\Z[ p WVa`Z _UZ jdY] kYW _d bZWVja Y Xd[_Ys ]Z Va_Z[cY`Z
cd[ daZeWVbZb dXZ[Y_VdaW p _UZ WXZ`Vm`Y_Vda UYW s Z`df Z
[Y_UZ[ `dfX]Z� n i_ `Ya sZ s[VZ¹q W^ff Y[VrZb YW cd]e
]dk W ³

	 Td fd\Z bY_Y c[df _UZ f Zf d[q dc daZ X[d`ZWW
_d _UZ fZf d[q dc Yad_UZ[ X[d `ZWWZW p _U[ZZ dXe
Z[Y_VdaW Y[Z X[d\VbZb ³ g hi 	Z_ p g hi h^_ Yab
g hi �``^f^]Y_Z p _UZ ]Y__Z[ daZ `dfsVaVaj _UZ
bY_Y dc _UZ _Y[jZ_ X[d`ZWWZW Va Y WVf V]Y[ cYWUVda
_d g hi ´Zb^`Z n

	 g hiel bZmaZW c^[_UZ[fd[Z _U[ZZ bVuZ[Za_
f Z_UdbW _d Wqa`U[daVrZ _UZ X[d `ZWWZW Vae
\d]\Zb Va _UZ bY_Y Z�`UYajZ ³ g hi v Va cZa`Z p
g hi v Va W_Y[_�XdW_�kYV_�`df X]Z_Z Yab
g hi v Va ]d `��^a]d `� n TUZ m[W_ _kd fZ_Ue
dbW Y[Z `Y]]Zb ������ ��	
 � � �� ��	���� ��� p
WVa `Z _UZ bZW_VaY_Vda X[d `ZWWZW VW Y]Wd Va\d]\Zb Va
_UZ dXZ[Y_Vda n TUZ ]YW_ f Z_Udb VW `Y]]Zb � ������
��	
 �� �� ��	���� ��� p WVa`Z _UZ _Y[jZ_ X[d`ZWW
VW ad_ XY[_V`VXY_Vaj Va Yaq dc _UZ g hie`Y]]W n

�ad_UZ[ `Y]] c[df _UZ g hiel bd `^f Za_ VW dc XY[e
_V`^]Y[ Va_Z[ZW_ cd[ _UZ daZeWVbZb dXZ[Y_VdaW p aYf Z]q
_UZ XdWWVs V]V_q _d Y]]d `Y_Z Wdf Z �cYW_� fZfd[q ^We
Vaj g hi �]]d ` fZf ~�� n �a WUY[Zb fZfd[q Y[`UVe
_Z`_^[ZW _UVW f VjU_ s Z cd[ Z�YfX]Z Y WUY[Zb f Zfd[q
WZjf Za_ kUV`U `Ya sZ bV[Z`_]q Y``ZWWZb sq Y j[d^X dc
X[d `ZWWZW n TUZ[Zcd[Z p ´g � dXZ[Y_VdaW Yab daZeWVbZb
`dff^aV`Y_Vda f VjU_ s Z cYW_Z[ p Vc f Zfd[q Y[ZYW Y[Z
Va\d]\Zb p kUV`U UY\Z sZZa Y]]d `Y_Zb \VY _UVW c^a`_Vda n

�fdaj _UZ YaY]qrZb g hi ]Vs[Y[VZW Y[Z ³

	 ������ ³ ]Vs[Y[q \Z[WVda � n� nl n TZW_W kZ[Z Z�Ze
`^_Zb da Ya ��� ¸� e� `daWVW_Vaj dc ZVjU_ adbZW
k V_U ZVjU_ ���g� r X[d `ZWWd[W ZY`U n

	 ���������� ³ ]Vs[Y[q \Z[WVda � n�� n TZW_W kZ[Z
Z�Z`^_Zb da _UZ WYf Z f Y`UVaZ ]V�Z Va _UZ X[Z\Ve
d^W WZ`_Vda n

	 ������� ³ XX Z nXdZ \Z[WVda � ntn� n� n TZW_W kZ[Z
Z�Z`^_Zb da Ya i
g X��� p ZY`U adbZ `daWVW_Vaj
dc �l tn�	�r hdkZ[�� X[d`ZWWd[W k V_U tl�	

fZfd[q XZ[ adbZ p �i� \Z[WVda � nl n

	 ������� ³ ]Vs[Y[q \Z[WVda � n TZW_W kZ[Z Z�Ze
`^_Zb da _UZ WYf Z f Y`UVaZ YW bZW`[VsZb X[Z\Ve
d^W]q Va WZ`_Vda � nn

	 ��� ���� ³ ]Vs[Y[q \Z[WVda � n� n� n TZW_W kZ[Z
Z�Z`^_Zb da _UZ WYf Z `]^W_Z[ YW ^WZb cd[ _UZ _ZW_W
Va _UZ X[Z\Vd^W WZ`_Vda n

�



	 �� �� ��� ��� � ! 	 ������� 	� ����
��	 �

�aZeWVbZb dXZ[Y_VdaW Y[Z fZYa_ _d s Z ^WZb Va WV_^e
Y_VdaW p kUZ[Z daZ X[d `ZWW VW Va `da_[d] dc _UZ WZabZ[
Yab [Z`ZV\Z[ WVbZ XY[Yf Z_Z[W p Z nj n _UZ [Z`ZV\Z[ X[d`ZWW
bdZW ad_ �adk _UZ X[Z`VWZ WVrZ d[ _UZ X[Z`VWZ a^fsZ[
dc Va`df Vaj f ZWWYjZW n TqXV`Y] ^WYjZ W`ZaY[VdW f VjU_
Va\d]\Z cd[ Z�Yf X]Z bY_Y Z�`UYajZ sZ_kZZa bVuZ[Za_
bdfYVaW Va YXX]V`Y_VdaW ^WVaj ^aW_[^`_^[Zb fZWUZW n

TUZ sYWV` WZ²^Za`Z dc c^a`_VdaW kUZa ^WVaj Y`_V\Z
_Y[jZ_ Wqa`U[da VrY_Vda VW YW cd]]dk W ³ X[d`ZWWZW `Ya
Y]]dk Y``ZWW _d Y `Z[_YVa Y[ZY Va _UZV[ f Zfd[q _d
d_UZ[ X[d `ZWWZW p Va V_VY_Vaj Y Wde`Y]]Zb Z�XdW^[Z ZXd `U n
� X[d`ZWW f^W_ c^[_UZ[f d[Z dXZa Ya Y``ZWW ZXd `U p
Vc UZ kd^]b ]V�Z _d X^_ bY_Y Va_d d[ jZ_ bY_Y c[df_UZ f Zfd[q dc Yad_UZ[ X[d `ZWW n g hiel bdZW UdkZ\Z[
ad_ j^Y[Ya_ZZ p _UY_ _UZ bY_Y _[YaWcZ[ VW maVWUZb Yce
_Z[ g hi h^_ d[ g hi 	Z_ UY\Z [Z_^[aZb p _UZ [ZW^]_ dc
_UZ bY_Y _[YaWcZ[ f VjU_ da ]q sZ \VWVs ]Z kUZa `]dWVaj
_UZ Y``ZWW Yab Z�XdW^[Z ZXd `U n 
Z`Y^WZ dc _UVW X[dXe
Z[_qp Y `dbZ k V]] _qXV`Y]]q Va V_VY_Z _UZ bY_Y _[YaWcZ[
^WVaj daZeWVbZb dXZ[Y_VdaW Yab `]dWZ _UZ Y``ZWW Yab
Z�XdW^[Z ZXd`U Y_ _UZ XdVa_ p kUZ[Z _UZ bY_Y _[YaWe
cZ[ UYW _d sZ maVWUZb c[df _UZ YXX]V`Y_Vda XdVa_ dc
\VZk n TUVW sZUY\Vd[ VW WVf V]Y[ _d adaes]d`�Vaj _kde
WVbZb `dff^aV`Y_Vda Va g hie tn

� W Y [ZW^]_ dc _UVW X[dXZ[_qp Va ZY`U Y``ZWW Yab Z�e
XdW^[Z ZXd `U Ya YXX]V`Y_Vda k V]] Z�Z`^_Z Y ]Vf V_Zb
a^fsZ[ dc daZeWVbZb dXZ[Y_VdaW sZcd[Z maVWU Vaj Ya
Y``ZWW Yab Z�XdW^[Z ZXd `U Yab ]Y^a`UVaj aZk daZW n
TUZ sYWV` XZ[cd[f Ya`Z `UY[Y`_Z[VW_V`W dc daZeWVbZb
dXZ[Y_VdaW `d^]b _UZ[Zcd[Z s Z fZYW^[Zb Va bZ_Z[f Vae
Vaj _UZ Wqa`U[daVrY_Vda `dW_W p V nZ n _UZ `dW_W _d dXZa
Yab _d `]dWZ Y``ZWW Yab Z�XdW^[Z ZXd `UW p YW kZ]] YW
_UZ Y`UVZ\Ys]Z sYabk Vb_U ^WVaj daZeWVbZb dXZ[Y_VdaW n
TUZWZ _kd XY[Yf Z_Z[W Y[Z _UZ cd`^W dc _UVW XYXZ[ p Yab
k V]] s Z f ZYW^[Zb sq Z�Z`^_Vaj Y X VajeXdaj _ZW_ ^WVaj
daZeWVbZb dXZ[Y_VdaW n

Td VfX]Zf Za_ Y XVajeXdaj sZa`Uf Y[� ^WVaj daZe
WVbZb dXZ[Y_VdaW p ZY`U X[d `ZWW `[ZY_ZW m[W_ Ya Y``ZWW
Yab Z�XdW^[Z ZXd `U Yab X^_W d[ jZ_W bY_Y Va�c[df _UZ
[Zfd_Z fZfd[q ^WVaj Y WVaj]Z g hi dXZ[Y_Vda n � c_Z[
`]dWVaj _UZ Y``ZWW Yab Z�XdW^[Z ZXd `U da sd_U X[de
`ZWWZW Yab _U^W cd[`Vaj Y]] dX Z[Y_VdaW _d maVWU p sd_U
X[d `ZWWZW `[ZY_Z Y WZ`dab Z�XdW^[Z Yab Y``ZWW ZXd `U p

_[YaWcZ[[Vaj _UZ bY_Y sY`� n T Vf Vaj VW bdaZ Va`]^bVaj
_UZ d\Z[Y]] Z�Z`^_Vda _Vf Z cd[ sd_U dXZ[Y_VdaW TUZ
cd]]dk Vaj `dbZ c[Yjf Za_ VW VabV`Y_Vaj _UZ s Za`Uf Y[�
`dbZ cd[ _UZ _ZW_e`YWZ ^WVaj g hi v Va cZa`Z cd[ Wqae
`U[daVrY_Vda n
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v UV]Z Y XVajeXdaj sZa`UfY[� VW ad_ aZ`ZWWY[V]q Y
_qX V`Y] `dff^aV`Y_Vda XY__Z[a kUZa ^WVaj daZeWVbZb
dXZ[Y_VdaW p kZ cd^ab _UY_ V_ W_V]] [Z\ZY]W _UZ [Z]Z\Ya_
`dff^aV`Y_Vda XY[Yf Z_Z[W dc daZeWVbZb dXZ[Y_VdaW n
Td c^[_UZ[ � ^bjZ _UZ g hi VfX]Zf Za_Y_VdaW p kZ `dae
b^`_Zb Wdf Z YbbV_VdaY] _ZW_W ^ WVaj W]VjU_ fdbVm`Ye
_VdaW dc _UZ XVajeXdaj sZa`Uf Y[� bZW`[Vs Zb Ysd\Z ³
	 �aY]qrZb _UZ sZUY\Vd[ dc daZeWVbZb dXZ[Y_VdaW

^WVaj bZ[V\Zb bY_Y_qXZW
	 �aY]qrZb _UZ XZ[cd[f Ya`Z dc daZeWVbZb dXZ[Ye

_VdaW cd[ f^]_VX]Z X^_�jZ_ dX Z[Y_VdaW s Z_kZZa
_UZ WYf Z XYV[ dc X[d `ZWWZW

	 �aY]qrZb kUZ_UZ[ _UZ X[d `ZWWZW ad_ Y`_V\Z]q Vae
\d]\Zb Va _UZ daZeWVbZb dXZ[Y_Vda `Ya Z�Z`^_Z
`Y]`^]Y_VdaW p k V_Ud^_ YuZ`_Vaj _UZ X Z[cd[f Ya`Z
dc _UZ bY_Y _[YaWcZ[ n

�



¸Zab�´Z`\ v Va cZa`Z v Va cZa`Z � W_Y[_�XdW_ W_Y[_�XdW_ �
g hi � ]]d ` f Zf g hi �]]d` f Zf

¸� e� Va_[Y � n� �l nl �� n� l� n� �� n�
¸� e� Va_Z[ � n� �l nl �� n� l� n� �� n�
¸´�� Va_[Y ttnl �� n� e t�l n� e
¸´�� Va_Z[ ll n� tt� n� e l�� n� e
¸
� l n� �� n� � n� l� n� � n�
i
g Va_[Y � n� �� n� e �� nl e
i
g Va_Z[ ttn� t�� n� e �� n� e
µ�g Va_[Y t� n� t�� n� e �� nt e
µ�g Va_Z[ �� n� l�� n� e tl� nl e

TYs]Z l ³ ��Z`^_Vda _Vf Z cd[ _[YaWcZ[[Vaj Y cd^[esq_Z f ZWWYjZ ^WVaj bVuZ[Za_ `dff^aV`Y_Vda f Z_UdbW Va � W n

g hiel Y]]dk W dX_Vf VrY_VdaW dc daZeWVbZb dXZ[Y_VdaW
da Y j[d^X ]Z\Z] p kUV`U kd^]b [Z²^V[Z YbbV_VdaY] XYe
[Yf Z_Z[W _d `UY[Y`_Z[VrZ _UZf n TUZ YaY]qWVW dc _UZ
s ZUY\Vd[ dc daZeWVbZb dXZ[Y_VdaW da Y j[d^X ]Z\Z] VW
`^[[Za_]q dajdVaj kd[� Yab d^_WVbZ dc _UZ W`dXZ dc
_U VW XYXZ[ n

TUZ g hiel WX Z`Vm `Y_Vda jV\ZW ^WZ[W XdWWVsV]V_ VZW _d
dX_Vf VrZ daZeWVbZb dXZ[Y_VdaW sq XYWWVaj UVa_W _d _UZ
g hi ]Vs[Y[qp kUV`U bZW`[Vs Z `Z[_YVa dX_VdaW da Udk
_UZ k Vabdk W Y[Z ^WZb n ¸df Z UVa_W `Ya sZ XYWWZb YW
Ya g hi iacd ds� Z`_ kUZa `[ZY_Vaj _UZ k Vabdk p kUV]Z
d_UZ[W `Ya ^WZ _UZ )���/9 Y[j^f Za_W _d _UZ Wqa`U[de
aVrY_Vda [d^_VaZW n ia _UZ cd]]dk Vaj _ZW_W p _UZ bZcY^]_
\Y]^ZW g hi i�o� �
µµ Yab )���/9�� UY\Z sZZa
^WZb n �a Va\ZW_VjY_Vda Va_d _UZ ZuZ`_W p dc ZY`U dc
_UZWZ XY[Yf Z_Z[W da _UZ bVuZ[Za_ WqW_Zf W kd^]b sZ
\Z[q Va_Z[ZW_Vaj p V_ Z�`ZZbW UdkZ\Z[ _UZ W`dX Z dc _UVW
XYXZ[ n �bbV_VdaY]]qp _UZ ^WYjZ dc _UZWZ Y[j^f Za_W
f VjU_ dX_Vf VrZ _UZ `dff^aV`Y_Vda XZ[cd[f Ya`Z da
daZ X]Y_cd[f p kUV]Z bZj[YbVaj _UZ XZ[cd[f Ya`Z da
Yad_UZ[ n

 WVaj XYWWV\Z _Y[jZ_ Wqa`U[daVrY_Vda p _UZ XYe

[Yf Z_Z[W `UY[Y`_Z[VrVaj _UZ XZ[cd[f Ya`Z dc _UZ
dXZ[Y_Vda Y[Z bVuZ[Za_ _UYa _UZ daZW bZW`[Vs Zb
Ysd\Z n Td fZYW^[Z _UZ Y`UVZ\Ys]Z sYabk Vb_U ^WVaj
g hi v Va ]d `��^a]d `� p Y W_[ZYf Vaj sZa`Uf Y[� `d^]b
s Z ^WZb n od[ X[db^`Vaj `dfXY[Ys]Z [ZW^]_W k V_U [Ze
WXZ`_ _d _UZ X[Z\Vd^W WZ`_Vda p kZ df V__Zb _UZ XYWWV\Z
_Y[jZ_ Wqa`U[da VrY_Vda Va _UZ cd]]dk Vaj _ZW_W Yab cde
`^WZb da dXZ[Y_VdaW ^WVaj Y`_V\Z _Y[jZ_ Wqa`U[da VrYe

_Vda da]qn

	 �� &� ���	 �����	 �	���
Td bZ_Z[f VaZ _UZ `dW_W dc _UZ Wqa`U[daVrY_Vda dXZ[Ye
_Vda p _UZ Z�Z`^_Vda _Vf Z dc Y WVaj]Z cd^[esq_Z g hi h^_
dXZ[Y_Vda VW YaY]qrZb n ¸Va`Z _UZ [ZW^]_W Y`U VZ\Zb k V_U
g hi 	Z_ Y[Z VbZa_V`Y] p _UZq UY\Z sZZa df V__Zb Va _Ye
s]Z l cd[ _UZ WY�Z dc `]Y[V_qn TYs]Z l W^ff Y[VrZW _UZ
Z�Z`^_Vda _Vf Z cd[ Y]] YaY]qrZb g hi ]Vs[Y[VZW Yab X[de
\VbZW cd[ `dfXY[VWda _UZ _Vf Z _d _[YaWcZ[ Y cd^[esq_Z
fZWWYjZ ^WVaj g hi ¸Zab Yab g hi ´Z`\ n � ]] _Vf e
VajW Y[Z jV\Za Va � W n � f Va^W Va _UZ _Ys ]Z VabV`Y_ZW p
_UY_ _UZ ^WYjZ dc g hi �]]d ` f Zf bVb ad_ UY\Z Yaq
Va¹^Za`Z da _UZ XZ[cd[f Ya`Z cd[ _U VW f ZWWYjZ WVrZ n

TUZ _d_Y] Z�Z`^_Vda _Vf Z dc _UZ cd^[esq_Z _[YaWcZ[
dX Z[Y_Vda ^WVaj g hi h^_ VW cd[ Y]] YaY]qrZb g hi ]Ve
s[Y[VZW WVja Vm`Ya_]q UVjUZ[ _UYa _UZ Z�Z`^_Vda _Vf Z
_d WZab cd^[ sq_ZW c[df daZ X[d `ZWW _d Yad_UZ[ ^We
Vaj _kdeWVbZb `dff^aV`Y_Vda n ¸Va`Z V_ VW \Z[q ^ae
]V�Z]qp _UY_ _UZ bY_Y _[YaWcZ[ `dW_W cd[ _UZ cd^[ sq_ZW
Y[Z _UZ `Y^WZ dc _UZ UVjU Z�Z`^_Vda _Vf Z cd[ _UZ daZe
WVbZb dXZ[Y_Vda p kZ `da`]^bZ p _UY_ _UZ bdf VaY_Vaj
XY[_ Va _UZWZ _ZW_W Y[Z _UZ `dW_W dc Wqa`U[daVrY_Vda dXe
Z[Y_Vda p [ZWXZ`_V\Z]q _UZ X[d_d `d] ^WZb _d VfX]Zf Za_
_UZ Wqa`U[daVrY_Vda n �a]q ¸
� eg hi ^WVaj f Zfd[q
Y]]d `Y_Zb sq g hi �]]d ` f Zf Y`UVZ\Zb Y [ZYWdaYs]Z
Wf Y]]ef ZWWYjZ X Z[cd[f Ya`Z `]dWZ _d WZab�[Z`\ `df e
f^aV`Y_Vda XZ[cd[fYa`Z n
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oVj^[Z � ³ hZ[cd[f Ya`Z dc daZeWVbZb dXZ[Y_VdaW cd[ Va_[Y adbZ �]Zc_� Yab Va_Z[ adbZ �[VjU_ � `dff^aV`Y_Vda da
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	 �� ��� ����� �� � ����
TUVW WZ`_Vda X[ZWZa_W _UZ sYabk Vb_U Y`UVZ\Zb k V_U
daZeWVbZb dXZ[Y_VdaW da Y]] YaY]qrZb X]Y_cd[f W n

� �� �� ���	
� 	���� ������
TUZ XZ[cd[f Ya`Z dc daZeWVbZb dXZ[Y_VdaW k V_U
g hi�¸� kV_Ud^_ ^WVaj WXZ`VY] f Zf d[q Y]]d `Y_Zb
sq g hi � ]]d ` f Zf VW ]dkZ[ _UYa [Zj^]Y[ XdVa_e_de
XdVa_ XZ[cd[f Ya`Z Y`U VZ\Zb ^WVaj g hi ¸Zab Yab
g hi ´Z`\ n TUZ YXX]V`Y_Vda `Ya W_V]] Y`U VZ\Z _UZ WYf Z
f Y�Vf^f sYabk Vb_U k V_U daZeWVbZb dXZ[Y_VdaW YW Va
_UZ g hie t W`ZaY[Vd p UdkZ\Z[ _UZ f ZWWYjZ WVrZ UYW _d
s Z WVjaVm`Ya_]q ]Y[jZ[ _UYa cd[ _kdeWVbZb `dff^aV`Ye
_Vda n TUVW VW f YVa]q b^Z _d _UZ UVjUZ[ Wqa`U[da VrYe
_Vda `dW_W YW WUdka Va _UZ X[Z\Vd^W W^sWZ`_Vda n

 WVaj g hi �]]d ` f Zf _d Y]]d `Y_Z _UZ f Zfd[q WZje

f Za_W kUV`U Y[Z _UZa ^WZb Va _UZ daZeWVbZb dXZ[Ye
_VdaW p _UZ ^WZ[ `Ya Vf X[d\Z _UZ X Z[cd[f Ya`Z dc daZe
WVbZb dXZ[Y_VdaW cd[ sd_U _UZ g hi v Va cZa`Z Yab
_UZ g hi v Va ¸_Y[_�hdW_ _ZW_W n v UV]Z Va _UZ X[Ze
\Vd^W _ZW_ k V_Ud^_ _UZ ^WYjZ dc g hi �]]d ` f Zf p
_UZ g hi v Va ¸_Y[_�hdW_ f Z`UYaVWf kYW Y`UVZ\Vaj Y
W]VjU_]q s Z__Z[ X Z[cd[f Ya`Z _UYa _UZ g hi v Va cZa`Z
f Z`UYaVWf p _UZ bVuZ[Za`Z VW Va`[ZYWVaj WVjaVm`Ya_]q
kUZa ^WVaj �cYW_� f Zfd[qn

� �� � ���	
� 	���� ����������
TUZ [ZW^]_W cd[ _UZ � V_Y`UV Y[Z WUdka Va mj^[Z � n od[
f ZWWYjZW ^X_d tn� gsq_ZW Va ]Zaj_U p _UZ daZeWVbZb dXe
Z[Y_VdaW Y[Z ^X _d l� � W]dkZ[ _UYa _kdeWVbZb `dff^e
aV`Y_Vda n od[ f ZWWYjZW Z�`ZZbVaj _UVW fZWWYjZ WVrZ p
_UZ sYabk Vb_U Y`U VZ\Zb ^WVaj daZeWVbZb dXZ[Y_VdaW
VW W]dk ]q `da\Z[jVaj _dkY[bW _UZ sYabk Vb_U dc _UZ
WZab�[Z`\ _ZW_e`YWZ n TUZ[Z VW ad [ZY] bVuZ[Za`Z Va _UZ
X Z[cd[fYa`Z kUZ_UZ[ g hi h^_ d[ g hi 	Z_ VW ^WZb n
�dkZ\Z[ p _UZ XZ[cd[f Ya`Z VW ^W^Y]]q W]VjU_]q s Z__Z[
kUZa ^WVaj g hi v Va cZa`Z cd[ Wqa`U[daVrVaj _UZ XY[e
_V`VXY_Vaj X[d `ZWWZW _UYa _UZ XZ[cd[f Ya`Z kUZa ^WVaj
g hi v Va ¸_Y[_�hdW_ cd[ Wqa`U[daVrY_Vda n

TUZ WV_^Y_Vda VW WVf V]Y[ cd[ _UZ Va_Z[eadbZ
`YWZ n TUZ Vf X]Zf Za_Y_Vda dc _UZ _ZW_eW^ V_Z ^WVaj
g hi v Va cZa`Z cd[ Wqa`U[da VrY_Vda Y`UVZ\ZW Y Wdf Ze
kUY_ s Z__Z[ X Z[cd[f Ya`Z _UYa _UZ _ZW_e`YWZ ^WVaj
g hi v Va ¸_Y[_� hdW_ n od[ Y]] _ZW_W p _UZ ^WYjZ dc

g hi � ]]d ` f Zf bVb ad_ WUdk Yaq ZuZ`_ da _UZ XZ[e
cd[fYa`Z n

� �� �� ���	
� 	���� �������
TUZ [ZW^]_W Y`UVZ\Zb da Ya i
g X��� ^WVaj Ya ZY[]q
\Z[WVda dc i
g �W g hi ]Vs[Y[q cd[ _UZ aZk � VjU hZ[cd[e
f Ya`Z ¸k V_`U Y[Z X[ZWZa_Zb Va mj^[Z � n ¸Vf V]Y[]q _d
d_UZ[ g hi VfX]Zf Za_Y_VdaW p _UZ `dW_ dc _UZ Wqa`U[de
aVrY_Vda dXZ[Y_Vda bZ`[ZYWZ _UZ XZ[cd[f Ya`Z dc daZe
WVbZb dXZ[Y_VdaW k V_U i
geg hi cd[ Va_[YeadbZ `df e
f^aV`Y_Vda kUZa XYWWVaj WUd[_ f ZWWYjZW n od[ ]Y[jZ[
fZWWYjZ WVrZW _UZ fY�Vf^f sYabk Vb_U Y`U VZ\Zb k V_U
daZ Yab _kd WVbZb `dff^aV`Y_Vda sZ`df Z WVf V]Y[ n
TUZ ^aZ\Za sZUY\Vd[ cd[ ]Y[jZ f ZWWYjZ WVrZW VW [ZX[de
b^`Vs]Z Yab f VjU_ s Z Y [ZW^ ]_ dc Udk Y]] _UZ f ZWWYjZW
m_ �d[ ad_� Va_d _UZ WUY[Zb �tlg
 _UV[b ]Z\Z] `Y`UZ
da ZY`U adbZ b^[Vaj _UZ _ZW_W n

i
geg hi Y`UVZ\ZW _UZ WYf Z Va_Z[eadbZ XZ[cd[e
f Ya`Z cd[ daZ Yab _kdeWVbZb `dff^aV`Y_Vda n ia _UZ
_ZW_W X[ZWZa_Zb Va mj^[Z � ad ]Y[jZ XYjZW UY\Z s ZZa
`damj^[Zb da _UZ i
g p kUV`U `d^]b Va`[ZYWZ _UZ XZ[e
cd[fYa`Z s Z_kZZa _UZ adbZW cd[ ZV_UZ[ f Z_Udb n

� �� �� ���	
� 	���� �������
TUZ [ZW^]_W Y`UVZ\Zb k V_U ¸
� eg hi Y[Z X[ZWZa_Zb
Va mj^[Z � n Tkd f Y� d[ ZuZ`_W `Ya sZ dsWZ[\Zb n
oV[W_ p _UZ ^WYjZ dc g hi � ]]d ` f Zf `Ya b[Yf Y_Ve
`Y]]q VfX[d\Z _UZ X Z[cd[f Ya`Z dc daZeWVbZb dXZ[Ye
_VdaW n ic f Zfd[q VW Y]]d `Y_Zb ^WVaj _UVW c^a`_Vda p
_UZ X Z[cd[f Ya`Z Y`UVZ\Zb k V_U daZeWVbZb dXZ[Y_VdaW
d^_XZ[cd[f W _UZ XdVa_e_deXdVa_ X Z[cd[fYa`Z ^WVaj
WZab�[Z`\ dXZ[Y_VdaW n v V_Ud^_ _UVW dX_Vf VrY_Vda p _UZ
Y`UVZ\Ys ]Z sYabk Vb_U VW [d^jU]q UY]c dc _UZ sYabe
k Vb_U Y`UVZ\Zb cd[ _kdeWVbZb `dff^aV`Y_Vda n

TUZ[Z VW ad [ZY] X Z[cd[f Ya`Z bVuZ[Za`Z s Z_kZZa
_UZ _kd Wqa`U[daVrY_Vda fZ`UYaVWf W YaY]qrZb n �dke
Z\Z[ p Vc f Zfd[q VW ad_ Y]]d `Y_Zb ^WVaj _UZ X[d\VbZb
g hiec^a`_Vda p _UZ XZ[cd[f Ya`Z ^WVaj g hi 	Z_ kYW
W]VjU_]q sZ__Z[ _UYa _UY_ Y`U VZ\Zb k V_U g hi h^_ n

t�
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Two-sided vs. One-sided performance SUN Fire 6800 using MPI_Alloc_mem
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oVj^[Z t� ³ hZ[cd[f Ya`Z dc daZeWVbZb dXZ[Y_VdaW s Z_kZZa X[d `ZWWZW da _UZ WYf Z adbZ �]Zc_ � Yab da bVuZ[Za_
adbZW �[VjU_ � kV_U µ�g e� n� n�

tt



� �� �� ���	
� 	���� ��� ���� � �� ��
TUZ XZ[cd[f Ya`Z [ZW^]_W Y`UVZ\Zb k V_U µ�g Y[Z X[Ze
WZa_Zb Va mj^[Z t� n od[ sd_U b[V\Z[W YaY]qrZb p _UZ
sYabk Vb_U Y`UVZ\Zb k V_U daZeWVbZb `dff^aV`Y_Vda VW
`dfXY[Ys]Z _d _UZ WZab�[Z`\ XZ[cd[f Ya`Z n TUZ da]q
bVuZ[Za`Z VW p _UY_ _UZ X ZY� dsWZ[\Zb Va sd_U X[d_d`d]W
s Z_kZZa �l Yab �� � V]dsq_Z f ZWWYjZW p VW Wdf ZkUY_
]dkZ[ p kUV`U VW X[dsYs]q _UZ [ZW^]_ dc `Y`U Vaj ZuZ`_W n
TUZ ^WYjZ dc g hi �]]d ` f Zf bdZW ad_ ZuZ`_ _UZ X Z[e
cd[f Ya`Z dc daZeWVbZb dXZ[Y_VdaW ^WVaj _UZWZ _kd bZe
\V`ZW p Y]_Ud^jU Y``d[bVaj _d _UZ bd`^f Za_Y_Vda _UZ
^WZ[ f VjU_ X[dm_ c[df _UVW c^a`_Vda cd[ `Z[_YVa d_UZ[
bZ\V`ZW n

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

g hiel Y]]dk W _UZ ^WYjZ dc Wde`Y]]Zb Xd[_Ys]Z bZe
[V\Zb bY_Y_qX ZW Va daZeWVbZb dXZ[Y_VdaW n hd[_Ys]Z
bY_Y_qX ZW Y[Z bZmaZb _d `daWVW_ dc Y WVaj]Z sYWV`
bY_Y_qX Z p kUZ[Z _UZ bVWX]Y`Zf Za_ s Z_kZZa ZY`U s]d`�
`Ya sZ Z�X[ZWWZb YW Y f^]_VX ]Z dc _UZ Z�_Za_ dc _UZ sYe
WV` bY_Y_qX Z n

¸Va`Z Y WVaj]Z X[d `ZWW VW bZW`[VsVaj _UZ bY_Y_qX Z XYe
[Yf Z_Z[ cd[ _UZ Wd^[`Z Yab bZW_VaY_Vda X[d `ZWW p ^ WZ[
bZmaZb bY_Y_qXZW c^[_UZ[ Va`[ZYWZ _UZ `dfX]Z�V_q dc
_UZ VfX]Zf Za_Y_Vda dc daZeWVbZb dXZ[Y_VdaW p WVa`Z _UZ
g hi ]Vs[Y[q UYW _d mab Y `df XY`_ bZW`[VX_Vda cd[ bZe
[V\Zb bY_Y_qX ZW p kUV`U `Ya sZ WZa_ Yab X[d `ZWWZb Va
_UZ _Y[jZ_ k Vabdk n

v V_U _UZ Z�`ZX_Vda dc µ�g �g hi p Y]] YaY]qrZb Vf e
X]Zf Za_Y_VdaW c^ ]]q W^XXd[_Zb Xd[_Ys]Z bY_Y_qXZW da
_UZ YaY]qrZb f Y`UVaZW n �daZ dc _UZ VfX]Zf Za_Ye
_VdaW bVW_Vaj^VWU s Z_kZZa Xd[_Ys]Z Yab adaeXd[_Ys]Z
bY_Y_qX ZW p kUV`U VW ad_ Ya VWW^Z YW ]daj YW _UZ ]Ve
s[Y[q VW ^WZb da]q Va Y Udf djZaZd^W Za\V[daf Za_ n
TUZ XZ[cd[f Ya`Z dc daZeWVbZb dXZ[Y_VdaW ^WVaj bZe
[V\Zb bY_Y_qX ZW kYW da fdW_ X]Y_cd[f W `dfXY[Ys]Z
_d _UZ XZ[cd[f Ya`Z dc XdVa_e_deXdVa_ dXZ[Y_VdaW ^We
Vaj _UZ WYfZ bY_Y_qXZW n µ�g �g hi da]q W^XXd[_W
`da_Vj^d^W bZ[V\Zb bY_Y_qX ZW n TUVW cY`_ VW Y]Wd f Zae
_VdaZb Va _UZ bd `^f Za_Y_Vda Yab `dam[f Zb sq d^[
Z�XZ[Vf Za_W n

	 �� "����� �� ���%!�� 	� �����	 �
ia `da_[Y[q _d _kdeWVbZb XdVa_e_deXdVa_ dX Z[Y_VdaW p
_UZ Va_Z[cY`Z bZWVjaZb cd[ daZeWVbZb `dff^aV`Y_Vda
kd^]b Y]]dk cd[ WZ\Z[Y] Va_Z[ef ZWWYjZ dX_Vf VrY_VdaW n
¸Va`Z _UZ bY_Y _[YaWcZ[ dX Z[Y_VdaW � ^W_ UY\Z _d s Z mae
VWUZb Yc_Z[ `]dWVaj _UZ Y``ZWW Yab Z�XdW^[Z k Vabdk W p
Ya VfX]ZfZa_Y_Vda `d^ ]b _Y�Z Yb\Ya_YjZ dc _UZ cY`_ p
_UY_ V_ UYW _UZ `dfX]Z_Z W`UZb^]Z dc Y]] dajdVaj dXZ[e
Y_VdaW n TUVW kd^]b ZaYs]Z cd[ Z�YfX]Z dX_Vf VrY_VdaW
da _UZ j[d^X ]Z\Z] YW kZ]] YW s Z_kZZa ZY`U XYV[ dc
X[d `ZWWZW n

ia _UVW W^sWZ`_Vda kZ kd^]b ]V�Z _d Z\Y]^Y_Z Udk
_UZ VfX]Zf Za_Y_VdaW UYab]Z _UZ ]Y__Z[ W`ZaY[Vd n 
q
_[YaWcZ[[Vaj Y WVaj]Z s^uZ[ Va � h^_�	Z_ dX Z[Y_VdaW p
kZ `dfXY[Z _UZ Z�Z`^_Vda _Vf Z dc _UVW `dff^aV`Ye
_Vda W`UZb^]Z _d _UZ `YWZ p kUZ[Z _UZ WYf Z Yfd^a_ dc
bY_Y VW _[YaWcZ[Zb k V_U Y WVaj]Z h^_�	Z_ dXZ[Y_Vda n
� �Wf Y[_� Vf X]Zf Za_Y_Vda f VjU_ [Z`djaVrZ p _UY_ _UZ
dXZ[Y_VdaW `Ya sZ fZ[jZb Va_d Y WVaj]Z daZ p WVa`Z
_UZ _[YaWcZ[Zb bY_Y cd[f W Y `da_Vj^d^W s^uZ[ da _UZ
Wd^[`Z YW kZ]] YW da _UZ bZW_VaY_Vda X[d `ZWW n
�daZ dc _UZ YaY]qrZb g hi ]Vs[Y[VZW W^XXd[_Zb _UZ

dX_Vf VrY_Vda bZW`[Vs Zb Va _UZ X[Z\Vd^W XY[Yj[YXU n
TUZ _qXV`Y] sZUY\Vd[ dc f dW_ g hi ]Vs[Y[VZW VW WVf V]Y[
_d _UZ [ZW^]_ WUdka ^WVaj g hi h^_ Yab _UZ W_Y[_�XdW_
Wqa`U[da VrY_Vda k V_UVa Y WVaj]Z adbZ da _UZ ��� ¸� e
� Va mj^[Z ttn TUZ `dff^aV`Y_Vda YXXZY[W _d UY\Z
Y X[d_d `d] Wk V_`U Y_ `Z[_YVa f ZWWYjZ ]Zaj_UW p kUV`U
]ZYbW _d Y _ZfXd[Y[q b[dX Va _UZ Y\YV]Ys ]Z sYabe
k Vb_U bV[Z`_]q Y_ _UZ Wk V_`UVaj XdVa_ n od[ _UZ f^]e
_VX ]Z f ZWWYjZ W`ZaY[Vd YaY]qrZb Va _UVW W^sWZ`_Vda p
_UVW Wk V_`U Vaj XdVa_ VW WU Vc_Zb _dkY[bW Y ]Y[jZ[ d\Z[Y]]
bY_Y _[YaWcZ[ WVrZ k V_U Va`[ZYWVaj a^fsZ[ dc _[YaWcZ[
dX Z[Y_VdaW n TUVW `Ya ]ZYb _d X Z[cd[fYa`Z VfX[d\Ze
fZa_W cd[ WUd[_ h^_�	Z_ dXZ[Y_VdaW p s^_ Y]Wd UYW _UZ
ZuZ`_ p _UY_ _UZ d\Z[Y]] Yfd^a_ dc bY_Y p kUV`U UYW _d
sZ _[YaWcZ[[Zb _d [ZY`U _UZ f Y�Vf^f sYabk Vb_U dc
_UZ WqW_Zf p UYW _d Va`[ZYWZ n

	 �� ���� ���� � ! 	 ������� 	� �����	 �
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TUVW W^sWZ`_Vda Z\Y]^Y_ZW p Udk W_[daj]q _UZ XYWWV\Z
WVbZ dc Y daZeWVbZb dXZ[Y_Vda VW Va\d]\Zb Va _UZ bY_Y
_[YaWcZ[ n TUZ _ZW_ kUV`U kZ `dab^`_Zb VW WVf V]Y[ _d

tl
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Multi-segmented MPI_Put using MPI_Win_Start/Post

1 segment
2 segments
4 segments
8 segments

16 segments

oVj^[Z tt³ g^]_VX]Z h^_ dXZ[Y_VdaW ^WVaj W_Y[_�XdW_
cd[ Wqa`U[daVrY_Vda da _UZ ��� ¸� e�

n

_UZ d\Z[]YX _ZW_ Va _UZ f XX_ZW_ ~�� _ZW_W^ V_Z n TUZ
sZa`Uf Y[� f ZYW^[ZW m[W_ _UZ _Vf Z [Z²^ V[Zb cd[ _UZ
bY_Y _[YaWcZ[ dc Y jV\Za f ZWWYjZ ]Zaj_U n ia _UZ aZ�_
W_ZX p V_ bZ_Z[f VaZW cd[ Y `Z[_YVa `Y]`^]Y_Vda _UZ X[dse
]Zf WVrZ p kUV`U _Y�ZW _UZ WYf Z Yfd^a_ dc _Vf Z YW
_UZ bY_Y _[YaWcZ[ n TUZ maY] s Za`Uf Y[� Z�Z`^_ZW _UZ
bY_Y _[YaWcZ[ Yab _UZ `dfX^_Y_Vda cd[ _UZ bZ_Z[f VaZb
X[ds]Zf WVrZ WVf^]_YaZd^W]qn ic Ya g hi VfX]Zf Zae
_Y_Vda `Ya ad_ d\Z[]YX _UZ `dff^aV`Y_Vda Yab _UZ
`dfX^_Y_Vda p _UZ Z�Z`^_Vda _Vf Z WUd^]b sZ YXX[d� Ve
f Y_Z]q _k V`Z YW UVjU YW _UZ X^[Z bY_Y _[YaWcZ[ p kUV]Z
Ya g hi ]Vs[Y[q `YXYs]Z dc [ZY] d\Z[]YX k V]] Z�Z`^_Z
_U VW sZa`Uf Y[� [d^jU]q Va _UZ WYf Z _Vf Z YW _UZ X^[Z
bY_Y _[YaWcZ[ n
��Z`^_Vaj _UVW _ZW_ k V_U daZeWVbZb dXZ[Y_VdaW kYW

bdaZ sq Va_[db^`Vaj Y `df X^_Y_Vda Va _UZ XYWWV\Z WVbZ
dc _UZ X VajeXdaj n ic Y ]Vs[Y[q XZ[cd[f W kZ]] Va _UVW
_ZW_ p V_ `Ya sZ b^Z _d _kd [ZYWdaW ³
	 ia `YWZ _UZ daZeWVbZb dXZ[Y_VdaW Y[Z fdbZ]Zb da

_dX dc _kdeWVbZb XdVa_e_deXdVa_ `dff^aV`Y_Vda p
_UZ ]Vs[Y[q VW `YXYs]Z dc bdVaj X[dj[ZWW d^_WVbZ
dc g hi c^a`_VdaW �Z nj n ^ WVaj Y X[dj[ZWW _U[ZYb � n

	 TUZ ]Vs[Y[q VW _Y�Vaj Yb\Ya_YjZ dc aY_V\Z W^XXd[_
cd[ h^_�	Z_ dXZ[Y_VdaW da Y X]Y_cd[f n

o[df _UZ g hi ]Vs[Y[VZW YaY]qrZb p da ]q i
geg hi

UYab]ZW _UZ d\Z[]YXX Vaj dc `dff^aV`Y_Vda Yab `df e
X^_Y_Vda Z� `VZa_]qp cd[ sd_U Va_[Ye Yab Va_Z[eadbZ
W`ZaY[VdW n TUVW [ZW^]_ VW WUdka Va _UZ ^XXZ[ XY[_
dc mj^[Z tl n g hi�¸� p ¸
� eg hi p µ�g �g hi Yab
� V_Y`U Veg hi Y]] Va_[db^`Zb Y WVjaVm`Ya_ d\Z[UZYb
kUZa d\Z[]YXXVaj `dff^aV`Y_Vda Yab `dfX^_Y_Vda n
� W Y [ZX[ZWZa_Y_V\Z dc _UZWZ g hi ]Vs[Y[VZW p _UZ [Ze
W^]_ dc µ�g �g hi Va _UZ Va_Z[eadbZ `dff^aV`Y_Vda
VW WUdka Va _UZ ]dkZ[ XY[_ dc mj^[Z tl n

 0

 0.5

 1

 1.5

 2

 0  0.5  1  1.5  2

E
xe

cu
tio

n 
tim

e 
[m

se
c]

Message Length [MBytes]

Overlapping communication and computation on the IBM p690

Get winfence inter
Get overlap winfence inter

Get winfence intra
Get overlap winfence intra
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Overlapping communication and computation with LAM/MPI

Get winfence inter
Get overlap winfence inter

oVj^[Z tl ³ �\Z[]YXX Vaj `dfX^_Y_Vda Yab daZe
WVbZb `dff^aV`Y_Vda k V_U i
g g hi �^XXZ[� Yab
µ�g �g hi �]dkZ[� n

t�
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ia _U VW XYXZ[ kZ X[ZWZa_Zb d^[ Z�XZ[VZa`ZW Yab _UZ
X Z[cd[fYa`Z dc \Y[Vd^W g hi ]Vs[Y[VZW p k V_U [ZWX Z`_
_d _UZ UYab]Vaj dc bqaYf V`Y]]q `[ZY_Zb `dff^aV`Ye
_d[W Yab daZeWVbZb `dff^aV`Y_Vda dXZ[Y_VdaW n �Yae
b]Vaj dc bqaYf V` X[d `ZWW f YaYjZfZa_ VW W_V]] daZ dc
_UZ `UYX_Z[W dc _UZ g hiel WX Z`Vm `Y_Vda p kUV`U VW Vf e
X]Zf Za_Zb sq cZk g hi ]Vs[Y[VZW Wd cY[ n TUZ [ZW^ ]_W
Y`U VZ\Zb Va d^[ YaY]qWVW WUdk UdkZ\Z[ p _UY_ _UZ ^We
YjZ dc _UZWZ c^a`_VdaW Y[Z ad_ Vf XdWVaj Yaq XZ[cd[e
f Ya`Z X ZaY]_VZW _d _UZ Zabe^WZ[ X Z[ WZ n ic X[ds]Zf W
Y[Z Y[VWVaj k V_U [ZWX Z`_ _d bqaYf V` X[d `ZWW f YaYjZe
f Za_ p _UZa Y``d[bVaj _d d^[ Z�XZ[VZa`Z _UZq Y[Z ad_
[Z]Y_Zb _d _UZV[ VfX]ZfZa_Y_Vda Va g hi n h[ds]Zf W Y[Z
^W^Y]]q `Y^WZb sq _UZ [^a_Vf Z Za\V[dafZa_ Yab�d[
sY_`U ²^Z^Z WqW_Zf W Yab _UZV[ [ZW_[V`_V\Z UYab]Vaj dc
bqaYf V`Y]]q `[ZY_Zb X[d `ZWWZW n

TUZ WZ`_Vda `d\Z[Vaj daZeWVbZb `dff^aV`Y_Vda VW
W^XXd[_Zb sq f Yaq g hi Vf X]Zf Za_Y_VdaW n TUZ YaY]e
qWVW dc _UZV[ X Z[cd[f Ya`Z [Z\ZY]W p _UY_ _UZ Wqa`U[de
aVrY_Vda `dW_W dc daZeWVbZb dXZ[Y_VdaW Y[Z da Y]] `^[e
[Za_ VfX]ZfZa_Y_VdaW cYV[]q UVjU n TUVW ]ZYbW _d _UZ
`da`]^WVda p _UY_ daZeWVbZb dXZ[Y_VdaW WUd^]b ad_ s Z
^WZb p Vc _UZ d\Z[Y]] Yf d^a_ dc bY_Y _[YaWcZ[[Zb sZe
_kZZa _kd X[d `ZWWZW VW Wf Y]] n TUZ Y`UVZ\Ys]Z sYabe
k Vb_U k V_U daZeWVbZb dXZ[Y_VdaW VW da Y]] YaY]qrZb
X]Y_cd[f W `]dWZ _d _UZ sYabk Vb_U Y`UVZ\Zb k V_U _kde
WVbZb `dff^aV`Y_Vda n TUZ da]q WV_^Y_Vda kUZ[Z Y
X Z[cd[fYa`Z sZaZm_ dc daZeWVbZb `dff^aV`Y_Vda d\Z[
_kdeWVbZb `dff^aV`Y_Vda `d^]b sZ dsWZ[\Zb kYW p Vc
_UZ f Zfd[q ^WZb Va _UZ bY_Y _[YaWcZ[ UYb sZZa Y]e
]d `Y_Zb _U[d^jU Y WXZ`VY] g hi c^a`_Vda n TUVW c^a`e
_VdaY]V_q dc X[d\VbVaj �cYW_� f Zfd[q VW UdkZ\Z[ ad_
k VbZ]q W^XXd[_Zb sq `^[[Za_ g hi ]Vs[Y[VZW n TUZ d\Z[e
Y]] `da`]^WVda dc _UVW YaY]qWVW _UZ[Zcd[Z UYW _d sZ p _UY_
^WZ[W WUd^]b ad_ Wk V_`U c[df _kdeWVbZb `dff^aV`Ye
_Vda _d daZeWVbZb cd[ XZ[cd[f Ya`Z [ZYWdaW p s^_ da]q
Va `YWZW kUZ[Z V_ f Y_`UZW _UZ `dff^aV`Y_Vda XY__Z[a
dc _UZV[ YXX]V`Y_Vda sZ__Z[ _UYa _kdeWVbZb dXZ[Y_VdaW n

TUZ Va_Z[X[Z_Y_Vda dc _UZ [ZW^ ]_W X[ZWZa_Zb Y[Z _kde
cd]b ³ da daZ UYab p kZ WZZ Y W_[daj \Y[VYa`Z k V_U [Ze
WXZ`_ _d _UZ X Z[cd[f Ya`Z dc f Yaq g hiel c^a`_VdaW p
kUV`U `Ya `dac^WZ _UZ YXX]V`Y_Vda bZ\Z]dX Z[ Yab Vae
¹^Za`Z _UZV[ bZ`VWVda kUZ_UZ[ _d ^WZ g hiel c^a`e
_VdaY]V_q d[ ad_ n �a _UZ d_UZ[ UYab p _UZ jdY] dc

g hie]Vs[Y[VZW `Yaad_ s Z _d f Y�Z Z\Z[q_UVaj �Z²^Y]]q
W]dk � p s^_ _d _Y�Z Yb\Ya_YjZ dc YW f Yaq dX_Vf VrY_Vda
XdWWVs V]V_ VZW YW XdWWVs]Z n �bbV_VdaY]]qp daZ WUd^]b Y`e
�adk ]ZbjZ p _UY_ _UZ ]Vs[Y[q bZ\Z]dXZ[W Va\ZW_Zb U^jZ
Zud[_W _d dX_Vf VrZ g hie t c^a`_VdaY]V_qp Zud[_W p kUV`U
f VjU_ sZ Va\ZW_Zb Va g hiel c^a`_VdaW YW Wdda YW _UZWZ
WZ`_VdaW Y[Z fd[Z k VbZ]q ^WZb n

M S�yz� ��{����yPO

TUZ Y^_Ud[W kd^]b ]V�Z _d _UYa� _UZ 
aV\Z[WV_q dc
TZaaZWWZZ �ad�\V]]Z p _UZ � VjU hZ[cd[f Ya`Z �df e
X^_Vaj �Za_Z[ ¸_^__jY[_ ��µ´¸� p _UZ 
aV\Z[WV_q dc

 ]f Yab _UZ od[W`U^ajWrZa_[^f �^Z]V`U cd[ X[d\Vbe
Vaj _UZV[ f Y`UVaZW ^WZb Va d^[ _ZW_W n o^[_UZ[fd[Z p
kZ kd^]b ]V�Z _d Y`�adk ]ZbjZ _UZ W^XXd[_ dc �d]jZ[

Z[jZ[ c[df ��� �^[dXZ n

� ���Q�yS�O

~t� v n 	 [dXX p � n µ^W� p � n ¶dWW p � n ¸�� Z]]^f ³ �
��	� 
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_UZ �^[dehY[ l��� p XX n tl��e tl�� p ¸X[VajZ[ p l��� n
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