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Original Code Ported Code

In function main()

/* for getpagesize() */
#include <unistd.h>
#include "tcb.h"        
#define SBT_BARRIER  Global−>start
#define SBT_THREADID MyNum
#include "sbt_barrier.h"

unsigned int starttime; 
unsigned int rf; 
unsigned int rs; 
unsigned int done;

struct timeval starttime;
struct timeval rf;
struct timeval int rs;
struct timeval done;

void SlaveSort();
/* parameter is thread id */
void SlaveSort(void*);

unsigned int start; struct timeval start;
int PAGE_SIZE = getpagesize();
tcb_t* tcb;

MAIN_INITENV(,150000000)
/* initialize tcb to use P processors */
MAIN_INITENV( tcb, P );

BARINIT(Global−>start);
LOCKINIT(Global−>idlock);
Global−>id = 0;
for (i=1; i<P; i++) {
    CREATE(SlaveStart);
}

BARINIT(Global−>start, P);
/* TCB handles thread id’s; no need to */
/* use Global−>idlock                  */

CREATE(tcb, SlaveStart);

SlaveStart(MyNum);
WAIT_FOR_END(P−1)

SlaveStart((void*)tcb);
WAIT_FOR_END(tcb);

/* timings calculated as difference */
/* between unsigned int’s           */

/* timings calculated as difference */
/* between struct timeval’s         */

In function SlaveStart()

LOCK(Global−>idlock)
MyNum = Global−>id;
Global−>id ++;
UNLOCK(Global−>idlock)

/* TCB handles thread id’s; no need to */
/* use Global−>idlock                  */
MyNum = ((tcb_t*)id)−>id;

In function OneSolve()

unsigned int myrs;
unsigned int myrf;
unsigned int mydone;

struct timeval myrs; 
struct timeval myrf; 
struct timeval mydone;

/* SBT’s BARRIER macros are used   */
/* instead of the original BARRIER */
/* macro                           */

In function lu()

unsigned int t1, t2, t3, t4, t11, t22; struct timeval t1, t2, t3, t4, t11, t22;

/* SBT’s BARRIER macros are used   */
/* instead of the original BARRIER */
/* macro                           */
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(a) Non-contiguous block allocation

(b) Contiguous block allocation

Block belongs to process 0

Block belongs to process 1

Block belongs to process 2

Block belongs to process 3

A1,0 A1,2 A1,4 A1,6

A3,0 A3,2 A3,4 A3,6

A5,0 A5,2 A5,4 A5,6

A7,0 A7,2 A7,4 A7,6

A1,0 A1,2 A1,4 A1,6 A3,0 A3,2 A3,4 A3,6 A5,0 A5,2 A5,4 A5,6 A7,0 A7,2 A7,4 A7,6
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Compute intra-molecular force
and mass acting on each atom.

Estimate initial accelerations by
computing inter-molecular forces.

Compute and output potential energy of the system.

Molecular
dynamics

loop

Loop ini-
tialization

Phase 1

Phase 2

Phase 3

Phase 4

Phase 5

Phase 6

BARRIER 1

BARRIER 2

BARRIER 7: Finished time-step

BARRIER 5

BARRIER 4

BARRIER 3

SEQUENTIAL: Process 0 initializes some shared variables.

Predict displacements and derivatives for
Gear’s 6th order predictor-corrector method.

Compute intra-molecular forces.

Compute inter-molecular forces.

Correct predicted values based
on computed forces.

Put molecules back inside the box
if they were displaced outside.

Compute kinetic energy of the system.

required

BARRIER 6

Yes

No

(every 3 time-steps)

Update local variables.
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h�d dgf_`i`�a�� t v\dgfr`ijkh-o d [ dQ`�^�h�dg[ t a t v\dQf_`im t jk`�y�]_j h�^ ���}arh�mz[ y�o j t}t u � js[ka_`�o � . dQf_^ t ]_{-f*)�! � � � j o t
ogf t � a:[ka:dgfr` �\[k{�]_^Q`wh�^g`~dgf_`wd t dQh�jpa}]_mwq `�^ t v t y�y2]r^g^Q`�ary�`�o t v `�h�y�f t v dgf_`zd � t `�c-`�a.dQo v t ^ dgfr`

y t mnu_js`�dg` `2�T`�y2]TdQ[ t a �xjk[ka_`�o )-* dQf_^ t ]_{�f )
, � � � jsdgf t ]_{�fzqrh�^Q^Q[s`�^KdQ[smn`�o &�u_f h�og` dQ[smn`�o &�dQf_^g`�h,�w[sa.dQ`�^ $
h�^Q^Q[sc�h�jKdg[kmn`�o &Rh�a��|qrh�^g^Q[k`�^ dQ[smn` � h�^ga_[ka_{.o frh�c�`~q `�`�a'^Q`�m t c-` ��vx^ t m dgf_[ o �\[k{�]_^Q`,&MdQf_`'�|y�h�a:qM`

og`�`�a [ka*�\[k{�]_^Q` �T� ! � �

� f_` t ]Tdgu_]_d [sa �\[k{�]_^Q`"�T� ��� y�h�a q `i] o�`�� d t u_^ t �T]ry2`e{-^Qh�u_fro og]ry�f|h�o dQf t og`e[sa �\[k{�]_^Q`�o �_� �
.
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 � y �Ty�js`�oi[ka��T[ y�h�dQ`�owh

u_^ t qrh�q_[kjs[sd ��dgf h�dbdQf_`eu_^ t y�`�oQo�`�o � t a t db`2�T`�y�]Tdg` dQf_`~oQh�mn`ey t �T`�� �_]_^gdgfr`�^Qm t ^g`�&}dgf_`ea}]_mwq `�^Qo t v

mn[kogu_^Q` �T[ y,dQ` �wq_^�h�ary�fw[saro�dg^Q]ry2dg[ t aro t a �T[��M`�^g`�a.d\u_^ t y2`�ogog`�o\u_^Q`�og`�a.d o�[kmn[sj h�^ �T[��M`�^g`�ary2`�o'# u_^ t y�`�oQo�`�o
� h�a�� ! ^g`��.]_[s^Q` vx` � `�^by �Ty�js`�o h�a���[sary�]_^ vx` � `�^ mn[ o�ur^g`��T[ky2dg[ t aro dQfrh�a u_^ t y2`�oQog`�o � h�a�� . � � f_[ o [ko
dg^Q]_` v t ^ q t dgf dQh-o��To��

� a v h�y2d &rvx]_ary,dQ[ t aro ���2,�����_ � !ih�a/� �c^-,������ � !efrh�c-`io�`�c�`�^�h�j8ar`�o�dg` � j t}t urob{�]rh�^ �T`�� � [sdgf�y t a.$
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dgfr`+�T[��R`�^Q`�ary�`�o [sa dgf_` a}]_m~qM`�^�o t vK`�c�`�a.d�o y t ]_a.dg`���v t ^ u_^ t y2`�oQog`�o � h�a/� . h�^g` h�j o t `2�Tu_j h�[ka_` ��q �
dgfr`wogurh�a t vpdQf_`~j t}t uroEfru_^ t y2`�ogo . [ko h�j � h��To ^Q`�ogu t aro�[kq_jk` v t ^ jkh�^g{-`�^ a}]_m~qM`�^�o t v [ dQ`�^�h�dg[ t a o dgfrh�a
u_^ t y2`�oQo � �
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dgfr` t ^Q[s{-[sa h�jWy t �T`-� � f_`~y t o d t vpdgf_`i[karo�dg^Q]_mn`�a.dQh�dg[ t a � [D� `�� &r[sdQo u_^ t q `~` �R`�y,d � m�h�� qM`i`2�_y�`�oQo�[kc�`�&
h�a/� ^Q`�og]_j d [ka�og��` � `�� mn`�h-o�]_^Q`�mn`�a-d�o�� �_]r^�dQf_`�^Qm t ^Q`,&.dgf_`eh�m t ]_a.d t vKdQ^Qh-y2` �rh�dQhw{�`�a_`�^�h�dQ` � mnh��

qM`bm t ^Q` dgfrh�azar`�y2`�ogoQh�^ �,&�js`�h�c.[ka_{ dgfr`b]rog`�^ � [sdgf h j h�^Q{�` h�m t ]_a.d t vR[saTv t ^gm�h�dg[ t azdgfrh�dldQh���`�opdg[kmn`

d t � jsdg`�^ h�a/� u_^ t y2`�ogo��
�\[sa h�jkj���&�[ d\[ko\a t d\h�j � h��}oKu t ogog[kq_js` d t frh�c�` h�y�y�`�oQo8d t dgfr` ^Q[s{-f.dKd t}t jko��"! t o dpo�uM`�y�[kh�js[���`��"�T`�q_]_{,$

{�`�^Qo h�a��wu_^ t � jk`�^�o h�^Q` a t dl�}a t � a~v t ^ dgfr`�[k^ u t ^�d�h�q_[kjs[sd �,&�v t ^pdQf_`'�w{�`�ar`�^�h�jkj��eu_^ t �T]ry�` [saTv t ^gm�h�dg[ t a
t a o�uM`�y�[ � y u_j h�dgv t ^Qm�o�� � j o t &}dgfr`'� h�^Q` t v dg`�a�]_a h�u_uM`�h�js[ka_{wd t dgf_` t uM`�a.$Vo t ]_^�y2` y t mzmw]_a_[sd � � [ dQf

dgfr`�[k^bu_^Q[ky�` d�h�{.o h�a�� [sa h�y�y�`�oQo�[kq_jk`eo t ]_^Qy�` y t �T`��

� ah,�.�T[sdg[ t a$d t �_`�q_]_{-{�`�^Qo h�a/�'u_^ t � js`�^Qo &W[sdi[ko �T`�o�[k^�h�q_jk`zd t u_^ t c.[ �T`zdgfr`zur^ t {�^�h�mnmn`�^ � [ dQf

hwd t}t jWdgfrh�d � � [sdgf|jk[ dgdgjk`eu_^ t q ` ` �M`�y,d � {�`�ar`�^�h�dg`�o����}arh�mn[ yeh�a�� t a�$Vjk[sa_` uM`�^gv t ^Qm�h�ary�` �rh�dQh�&T[ko

`�h-o%� d t ]rog`,&Wh�a��|[ o u t ^�d�h�q_jk`�� ����� [ o h jk[sqr^Qh�^ � u t oQo�`�ogog[sar{�og]ry�f'y�frh�^Qh-y,dg`�^g[ o�dg[ y�o &rdQfrh�dey�h�a'qM`

]rog` ��d t �T`�q_]_{�h�a/��ur^ t � js`eogfrh�^Q` � mn`�m t ^ � urh�^Qh�jsjk`�j8u_^ t {-^Qh�m�o [ka � 
#! � o d �}jk`��

$ $
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� � dQh��}[ka_{ h��Tc�h�a.dQh�{�` t v~qrh�^g^Q[s`�^�y�h�jkjko dgfrh�d h�^g`�h�jk^g`�h,��� u_^Q`�og`�a.d�[ka dQf_`$y t �T`,& ����� [sa o�`�^�d�o

[karo dQ^g]rmz`�a.dQh�dQ[ t a�d t ur^ t �T]ry�` �_`�q_]_{-{�[ka_{h�a��=u_^ t � jk[sa_{$[kaTv t ^Qm�h�dg[ t aK� � og[sar{ �.� � qrh�^Q^Q[s`�^Qo & h

� 
 ! � urh�^�h�jkjk`�jpu_^ t {�^�h�m {-`�a_`�^Qh�dg`�o h�j t � $Va t [ og`~dQ^Qh-y2` t v [sdQo `��}`�y2]TdQ[ t a$h�de^g]_a.dQ[smn`�� � f_`zd t}t j

y�h�a|q `~]ro�`�� `�[sdgf_`�^ [ka.dg`�^�h�y2dg[kc�`�j���&Td t y t a � ^gm dgfrh�dbdgfr`~u_^ t {-^Qh�m h,�Tc�h�ary2`�o dgf_^ t ]r{�f dgf_`wu_frh-o�`�o

t ^ d t �.]_[ky��}j ��[ �T`�a-dQ[ v � dQf_`zm t o d y t mzur]TdQh�dg[ t arh�jsj � $6[ka.dg`�a o�[kc�`iurfrh�og` � t ^ t � $6jk[ka_`,&Md t h�arh�j��2��`idgfr`
u_^ t �T]ry2`�� [kaTv t ^gm�h�dQ[ t a�[ka m t ^Q` �_`2dQh�[sj6�

� f_` y t o�d t vbdgfr`�[karog`�^gdg` ��[saro�dg^Q]_mn`�a.d�h�dg[ t a=[koza_`�{�jk[s{-[sq_jk`�� �$` t qro�`�^gc-` � t c-`�^Qf_`�h��_oe[ka�dgfr`

^�h�a_{-` t v !�� d t ! � � t vKd t dQh�j8`2�T`�y�]Tdg[ t a�dg[kmn`�� � a h,�.�_[ dQ[ t a-&_hza t a�$V[karo dQ^g]rmz`�a.dg` � c�`�^Qog[ t a t vKdgfr`
jk[sq_^�h�^ � y�h�a qM`eq_]_[kj d dQf_^ t ]_{�f y t a��T[sdg[ t arh�j8y t mnu_[kj h�dg[ t a�&_h�a�� ]ro�`�� v t ^ u_^ t �_]ry,dQ[ t a ^Q]_aro�� � a dQf_[ko
y�h-o�`�& ����� qrh�^g^Q[k`�^�o h�^g` [kmnu_js`�mn`�a.dg`�� h-o �T[k^g`�y,dby�h�jsj o d t h�a�]_a/�T`�^Qj��}[ka_{nqrh�^Q^Q[s`�^ ur^g[kmn[ dQ[sc-`��

� � [ �T` og`�jk`�y2dg[ t a t vW]ro�`�^%$ y t a � {-]_^Qh�q_jk` t uTdg[ t a o h�jkj t � opdgf_` u_^ t {�^�h�mnmn`�^pd t v t y2] oldQf_` �T`�q_]_{,$

{�[ka_{ h�a��'m t a_[sd t ^Q[ka_{ t a'h�oguM`�y2[ � ywurh�^gd t vldgfr`wu_^ t {-^Qh�m � �Of_[kjs`�h�jsj\qrh�^Q^Q[s`�^Qo y�h�a�q ` � h�dQy�fr` �

�T]_^Q[ka_{|`2�T`�y�]Tdg[ t a�&Ku_^ t {-^Qh�mzmn`�^Qo y�h�ah�jko t �T[k^g`�y,d ����� d t u_^ t �T]ry2`n[kaTv t ^Qm�h�dQ[ t a�v t ^ih|o�uM`�y�[ � y
qrh�^g^Q[s`�^�� � t u_^ t c}[ �T`ih��.�T[sdg[ t arh�j�
r`��T[sq_[kjk[ d ��& �.� � t uTdg[ t aro y�h�a|q `zo�`�d h�o `�a}c}[s^ t armz`�a.dbc�h�^g[ h�qrjs`�o

t ^ y t mnm�h�a/� $6jk[ka_` t u_dg[ t aro�� �r]_^gdgf_`�^gm t ^Q`,& ����� u_^ t �_]ry2`�o a_`�h�dgj �~v t ^gm�h�d�dg`�� t ]TdQu_]Td dgfrh�d [ ol`�h-o%�

d t [ �T`�a.dQ[ v � h�a���[ka-dQ`�^Qu_^Q`2d��

����� y�h�aim t a_[sd t ^ u h�^�h�jkjs`�j � 
 ! � u_^ t {�^�h�m�oRdQfrh�dp]rog` 
 9 � � ��dQf_^g`�h,�_o t ^ � ^g[s� 4J(�*�%61�o'& � f_[ y�f
m�h��-`�o [ dbu t ^gdQh�q_jk` d t o�`�c�`�^Qh�jMurjkh�d�v t ^Qm�o�� � f_` v h-y,d dgf h�db[sdb[ko y�h�urh�q_js` t v\[ka.dg`�^gv h�y�[sar{ � [sdgf dgfr^g`�`

�T[��M`�^g`�a.dwfrh�^ � � h�^Q` y t ]_a.dg`�^wjk[sqr^Qh�^g[k`�oih��.�_o~d t [ d�o�
 `2�T[sqr[sjk[ d �)h�a��)u t ^gdQh�qr[sjk[ d �-� ����� frh-o~qM`�`�a

og]ry�y�`�oQo vx]_jkj ��]rog` ��]_a��T`�^id � t u_j h�d�v t ^gm�o #	� ^Q[s�$]rog[ka_{ 
ldgf_^Q`�h��_oih�a/�)48(m*�%61�o'&ph�a�� �K[sa}]T�]rog[sar{


 dQf_^Q`�h,�ro��

� ^Qh-y2`�o {�`�a_`�^�h�dQ` �wq � ����� f_`�jsuzu_^ t {-^Qh�mzmn`�^Qo j t y�h�dg` � f_`�^g` dgfr`�[k^ o�f h�^Q` �imn`�m t ^ �eur^ t {�^�h�m�o

h�^Q` o�uM`�a/�T[sar{edgf_`�[s^ldg[kmz`	� t ^ h�^Q` f.]ra_{ �T]_` d t h �T`�h��Tj t y�� � &�h�a��nur^ t c}[ �T` [sarog[k{�f.d h�opd t � f �idgfr`�^Q`

m�h��=qM`:uM`�^gv t ^Qmnh�ary2`|ur^ t q_js`�m�o�� � f_`:qM`�{-[sa_ar[sa_{�h�a�� `�a/� t ve`�h-y�f y t mnu_]Td�h�dQ[ t arh�jburfrh�og`|[ko

y t a}c�`�ar[s`�a-dQj��)j h�qM`�jkjk` � h�a�� h�]_d t m�h�dg[ y�h�jkj �)mz`�h�og]_^Q` �8� �Of_`�a �T`�h,�Tj t y��To t y�y2]_^�& [sd [ko�y�js`�h�^�[ka

� f_[ y�f urfrh�og` dgf_` � h�^Q` j t y�h�dg`��8� �Of_`�a q t d�dQjs`�a_`�y��To t y�y�]_^�&ldgfr` ur^ t {�^�h�mnmn`�^ny�h�a � h�dQy�f dgfr`

^Q`�jk`�c�h�a.d qrh�^Q^Q[s`�^ d t {-h�dQf_`�^ m t ^g` u `�^�v t ^gm�h�ary2` [kaTv t ^Qm�h�dg[ t aK�

� mnu t ^�d�h�a.d mn`2dQ^g[ y�o &Ro�]ry�f�h�oburfrh�og`edg[kmn`,&Rqrh�^g^Q[s`�^ dg[kmn`,&8h�a/� dgf_^Q`�h�� [sa.dQ`�^ $Vh�^g^Q[sc�h�jRdg[kmz`nh�d h
qrh�^g^Q[s`�^ h�^g` h�]Td t m�h�dQ[ky�h�jkj��z{-h�dgf_`�^g`���q � �.� � � �VvWdQf_` mz`�dg^Q[ky�o h�^g` t ]Td�o�[ �T` t v h�a `2�TuM`�y,dQ` � ^Qh�a_{�`�&
� h�^Qa_[sar{-o\h�^Q` {-`�a_`�^Qh�dg` �~h�a��~dgf_` u_^ t {-^Qh�mnmz`�^K[ o\mnh��T` h � h�^g` t vMh u t oQo�[kq_jk` u_^ t qrjs`�m � ! t ^g` t c�`�^�&
]rog`�^�o y�h�a {.h�[ka�m t ^g` [sarog[k{�f.d [ka.d t [ oQo�]_`�o og]ry�f h-olj t h,�nq h�j h�ary�[sa_{wh�a����rh�dQh~j t y�h�jk[ d �zq � �_[s^Q`�y2dg[ka_{

����� d t {�`�a_`�^�h�dQ` frh�^ � � h�^g` u `�^�v t ^gm�h�ary2` y t ]_a.dg`�^ [kaTv t ^gm�h�dQ[ t aW�

� a�og]_mnm�h�^ �,& ����� [ o h~u t ^�d�h�q_jk`,&}jk[s{-f.d � `�[s{-f-d�&.h�a�� `�h�o �zd t ] o�` js[kq_^�h�^ �zdgfrh�d y�h�a qM` ]_dg[kjs[���`��

v t ^ t a�$Vjs[ka_` �T`�qr]_{�{-[sa_{ h�a/�~u_^ t � js[ka_{ � 
#! � u_^ t {�^�h�m�o����Vdl{-h�dgf_`�^Qo �_h�dQh d t [kaTv t ^Qm dgfr` ur^ t {�^�h�m $

mn`�^lh�q t ]Td dgf_` ^Q]_a.dg[kmn` q `�frh�c}[ t ^ t v8h ur^ t {�^�h�m*#8j t y�h�dg[ t a t v �T`�h,�Tj t y��}o &�m t o�dly t mzur]TdQh�dg[ t arh�jsj � $

[ka-dQ`�arog[kc�` u_frh-o�`�&Tq t d�dgjk`�ar`�y��To'& h�a���j t h,��[smwqrh�j h�a y2`��

$��
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� o�h�jk[s{-f-d � `�[k{�f.d �T`�q_]r{�{�[ka_{$h�a�� m t a_[sd t ^g[ka_{:d t}t j�& ����� ogf t ]rj �=a t d�{�^ t � [sa y t mnu_js`��T[ d �)[ka

og]ry�f�h � h��zdgf h�d [ d �T`�{-`�a_`�^Qh�dg`�ol[ka-d t hwy t o dQj���[karo�dg^Q]_mn`�a.dQh�dg[ t a h�a�� u_^ t �T]ry�`�o h�a ]_ara_`�y�`�oQogh�^g[kj��

j h�^Q{�`ih�m t ]_a.d t v�_h�dQhr� � f_`i[ka_[ dQ[kh�j �_`�og[s{-a|{ t h�jW[ obd t �T`�c-`�j t u:hnd t}t jWdQfrh�d �.]_[ky��}j ��ur^ t c}[ �T`�o [sdQo

]rog`�^�o � [sdgf ] o�`�vx]_j [kaTv t ^gm�h�dQ[ t aW� � og`�^�o ogf t ]_j �nqM` h�qrjs` d t h-y�y2`�ogo dgf_[ o [kaTv t ^gm�h�dQ[ t a � [ dQf t ]_d j h�^Q{�`

m t �T[ � y�h�dQ[ t aro d t dgf_`�[s^zy t �T`-� � `�c�`�^�dQf_`�jk`�oQo & o t mn`�vx`�h�dg]_^Q`�o~y�h�aqM` h,���T` � � [sdgf t ]Td~qM`2dQ^Qh��}[ka_{

dgfr` t ^Q[s{-[sarh�jR{ t h�jD�

� a dgf_`lvx]Tdg]_^Q`,& ����� � [sjkj�qM`l`��.dQ`�a��_` � d t og]_u_u t ^gd��T[ o dQ^g[kq_]TdQ` � mn`�m t ^ � `�a}c}[s^ t a_mn`�a-d�oMdgf_^ t ]r{�f

dgfr` ] o�` t v\o d�h�a��_h�^ � mn`�oQogh�{�` $Vurh-ogog[sar{ijs[kq_^�h�^Q[s`�o'&}og]ry�f h-o dgf_`�!|`�ogoQh�{-` $ 
 h�oQo�[ka_{ � a.dg`�^�v h-y2` � ! 
�� �
� � ! �V� � f_`�^g`�[ oih j h�^Q{�`�y t mnm~]_a_[sd � t v urh�^�h�jkjs`�j u_^ t {�^�h�mnmn`�^�o � ^g[sdg[ka_{:y t �T` dgfrh�di]ro�`�o ! 
�� d t
y t mnm~]_a_[ y�h�dg` qM`2d � `�`�a)u_^ t y�`�oQo�`�o�� � j o t &py2jk]ro dQ`�^�o t v � t ^Q�To d�h�dQ[ t aroeh�^Q`�q `�y t mz[ka_{'h'y t mnm t a.$
u_j h�y�` urjkh�d�v t ^Qm v t ^ dgf_` �T`�c�`�j t u_mn`�a.d t vpurh�^�h�jkjs`�j8h�u_u_jk[ y�h�dQ[ t aro��

� a=og[ dQ]rh�dQ[ t arow[sa � fr[ky�f=h�y t ary2`�uTdg]rh�j u_f h�og` t v h�a=h�jk{ t ^g[sdgfrm [ o	�_[sc}[ �T` �)[ka.d t o�]_q.$6u_f h�og`�o &

[sd � t ]rj �=q ` qM`�a_` � y2[ h�j d t qM`|h�q_jk` d t dg`�jkj ����� � fr`�^Q` dQf_` u_frh�og` o d�h�^gdQonh�a�� � f_`�^Q` [ d�`�a/�_o��

�O[sdgf�]rog`�^ $ �_` � a_`��no d�h�^gd h�a��z`�a��nq h�^Q^g[k`�^�o v t ^lh u_frh-o�`�& ����� y t ]_j �no�dQh�^�d h-y�y2]rm~]_j h�dQ[sa_{ �_h�dQh v t ^

dgf h�d u_frh-o�` h�d dgfr` o�dQh�^�d qrh�^g^Q[s`�^�� �ba.dQ[sj8dQf_` `�a���qrh�^g^Q[s`�^ [ o ^g`�h�y�f_`��(& ����� � t ]_j � h-y�y�]_m~]_j h�dQ` h�jsj

{-h�dgf_`�^g`��:[kaTv t ^Qm�h�dQ[ t a-&8^g`�{-h�^ �Tjk`�oQo t vldgfr`zur^g`�o�`�ary2` t v t dgfr`�^ qrh�^Q^Q[s`�^Qo [sarog[ �T`zdgf_`nu_frh-o�`-� �Of_`�a

dgfr` u_^ t {-^Qh�m ^Q`�h�y�fr`�opdQf_` `�a�� qrh�^g^Q[k`�^�&�h�{-{�^Q`�{-h�dg`��	�_h�dQhiv t ^ldQf_` � f t jk` y t ary2`�uTdg] h�jrurfrh�og` � t ]_j �

qM` t ]TdQu_]Td��
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