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defg hijfklm nmgkifomg jem kpqjmrjs nmgftqs hqn imkmqj nmumlpvwmqj px jem yz{z|}
xpi |l~gjmig �y�|� vip�mkj� �j ehg ommq nmumlpvmn fq jem xihwm�pi� px �mlx�znhvjfqt�~wmifkhl �pxj�him ��z��� gfqkm �m omlfmum g~ke hq hvviphke khq nmlfumi jem kpq�
umqfmqkm hqn mhgm px ~gm px mrfgjfqt gm�~mqjfhl mqufipqwmqjg o~qnlmn �fje jem vp�mi
hqn umighjflfj� px eftel��j~qmn vhihllml kpnmg jehj mrmk~jm pq kl~gjmig� zkkpwvlfge�fqt jefg jhg� fg xhi xipw jifufhl hg �m hit~m fq jem vhvmi o� vimgmqjfqt vmijfqmqj
khgm gj~nfmg hqn vpggfolm ~ghtm gkmqhifpg�

T:> �?;P<� efte vmixpiwhqkm kpwv~jfqts yz{z|}s lfqmhi hltmoihs {�yz�s
�khyz{z|}s q~wmifkhl vhihllml lfoihifmgs gmlx hnhvjfqt gpxj�him
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Matrix order

Shared Memory, Threaded Matrix-Matrix Multiply: PIII, 933MHz dual
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Matrix order

Serial vs. Parallel Matrix-Matrix Multiply: p<=8 PIII, 933MHz dual processors
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Matrix size

Performance of MKL’s DGEMM on Itanium
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Matrix size

Performance of MKL’s DGEMM on Itanium with 2 threads
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Matrix size

ATLAS 3.2.1

ESSL 3.3.0.0
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ScaLAPACK application routine PGESV: 64 processors, block size=80

pgesv(w):1x64
pgesv(w):2x32
pgesv(w):4x16

pgesv(w):8x8
pgesv(c):1x64
pgesv(c):2x32
pgesv(c):4x16

pgesv(c):8x8

�ft� 	��hll klpk� ��� hqn |{� ��� jfwmg him imvpijmn xpi gplufqt h g�gjmw px lfqmhi
m�~hjfpqg �fje �khyz{z|} ip~jfqm ������� pq �
 �qjml �� �ÃÂ��d�� 
�	����
n~hl vipkmggpig hqn xpi h vim�nmjmiwfqmn olpk� gf�m� {ipolmw gf�mg ~v jp ��� him
imvpijmn� Ãhke tifn jpvplpt� gvmqng m�mkjfuml� jem ghwm hwp~qj px jfwm fq jem|{� kpwv~jfqt �lfqmg � vpfqjg� o~j klmhil� jem �hll jfwm �vpfqjg pql�� xpi mhke
jpvplpt� fg nihwhjfkhll� nf�mimqj fq jem omgj �	 	 ��� hqn �pigj �� 	�	� khgmg�
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�ft� �� dfwfqt img~ljg xpi gplufqt h lfqmhi g�gjmw px pinmi ��� �fje omgj hqn �pigj
vpggfolm vipkmggpi tifn gehvmg imvpijmn�
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Parameter Study: Performance of PGESV on the ORANGE(boba) cluster

PGESV: 2x10
PGESV: 1x20
PGESV: 4x5
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Parameter Study: Performance of PGESV on the ORANGE(boba) cluster

PGESV: 4x5
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�ft� �� Âihklm nhjh jh�mq xipw h nmnfkhjmn g�gjmw �fje h gmj q~womi px vipkmggpig�
dem vhihllml hvvlfkhjfpq ip~jfqm fg {�Ã��s jem �y�� lfqmhi g�gjmw gplumi xipw
�khyz{z|}� �pi h ~gmi �pi�fqt pq hq pvmq kl~gjmi jefg w~ljf�vhihwmjmi gvhkm fghlgp kehqtfqt fq jfwm�
�	� ���� ����������

��� �ª£ª ��ª¨¥¤£©  §�� §�§¬¡�¤�¡  ¡¥ §ªª�ª¡ ¡¢£ �ª£© �� ¬©¥�¦£­ ª¥¦¤���± ²¢£
��� ©¥�¡��£ ª¡§©¡ª ¯�¡¢ §ªª£ªª��� ��«¥©­§¡�¥� ¡¢§¡ �ª ¨¥�¡���§¦¦  �£��� §ªª£­°
�¦£� §�¥�¡ ¡¢£ ª¡§¡£ ¥« ¡¢£ ¨¦�ª¡£© §�� ¡¢£ ª¡§¡£ª ¥« ¡¢£ ¨¥­¬¥�£�¡ª ¥« ¡¢£
¨¦�ª¡£©± ³²¢£ ª£©¤�¨£ �ª ª�­�¦§© ¡¥ ¡¢§¡ ¬©¥¤��£� �  ¡¢£ �£¡¯¥©» �£§¡¢£© �£©°
¤�¨£ ·
 º̧® ���® ª£�ª¥©ª �� �©�� ¨¥­¬�¡��� £�¤�©¥�­£�¡ª±´ ²¢£ «¥¦¦¥¯��� ª¡£¬ª§©£ ©£¬£§¡£� �  ¡¢£ ��«¥©­§¡�¥� �§¡¢£©��� �§£­¥� ¬©¥¨£ªª� § ¬©¥¨£ªª¥© ��ª¨¥¤°
£©  ©¥�¡��£ �ª ��¤¥»£� ¡¢§¡ §¨¨¥��¡ª «¥© ¡¢£ £¼�ª¡£�¨£ ¥« ¨§����§¡£ ©£ª¥�©¨£ª®¡¢£ §¤§�¦§�¦£ ¬¢ ª�¨§¦ ­£­¥©  ¬£© ¬©¥¨£ªª¥© �ª §ªª£ªª£�® ¡¢£ ¡�­£°§¤£©§�£�
�	� ¦¥§� ¥« £§¨¢ ¬©¥¨£ªª¥© �� § �¥�£ �ª §ªª£ªª£�® ©£§��¯©�¡£ ¡�­£ª ¬£© ¬©¥¨£ª°
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Network File System
Sun’s NFS (RPC/UDP)

Remote memory server,
e.g. IBP(TCP)

x Gbit Switch,
(fully connected)

y Mbit Switch,
(fully connected)

100 Mbit

Users, etc.

�ft� �� �mim h j�vfkhl kl~gjmi gmjjfqt fg nmvfkjmn� dem kl~gjmi fg imthinmn hg x~ll�
kpqqmkjmn lpkhll� hqn gmmg h qmj�pi� nfg� jehj gmiumg ~gmig� �gmig him hgg~wmn jpom lpttmn fqjp h kpwv~jm qpnm px jem jhitmj kl~gjmi pq fqup�fqt jem y�| gpxj�him�
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�� ���® ©£�§©�¦£ªª ¥« ¡¢£ §¬¬¦�¨§¡�¥�® ¡¢£ ª§­£ �§¡§ ª¡©�¨¡�©£ª §©£ §ªª�­£�±²¢£ �ª£© �§¡§ �ª §ªª�­£� ¡¥ �£ �� ¨¥©£ ¥© ¥� § ��ª» §¨¨£ªª��¦£ «©¥­ ¡¢£ ¨¦�ª°
¡£© �� £�¡¢£© ©¥¯ ¥© ¨¥¦�­� ­§�¥© ª¡¥©§�£± �« ¡¢£ ¬©¥�¦£­ �ª ¡¥ �£ ¬¥©¡£� ¡¥
¡¢£ ¬§©§¦¦£¦ £�¤�©¥�­£�¡® ¡¢£ ¡¯¥ ��­£�ª�¥�§¦ �¦¥¨» ¨ ¨¦�¨§¦ �£¨¥­¬¥ª�¡�¥� �ª§¬¬¦�£� �� £§¨¢ ¨§ª£± ²¢§¡ �ª® ¯¢£¡¢£© ¡¢£ �ª£© ¯§�¡ª ¡¥ ª¥¦¤£ § ª ª¡£­ ¥«
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Sample of Cache Discovery Test Results

cache test

1024
4096

16384
65536

262144
1.04858e+06

4.1943e+06
1.67772e+07

6.71089e+07
2.68435e+08

Size(B)

1
32

1024
32768

1.04858e+06
3.35544e+07

1.07374e+09

Stride(B)

20
40
60
80

100
120
140
160
180
200
220

Time(ns): r+w

�ft� �� dem vlpj fg px jem wmhqg px jfwmg thjemimn xpi lphnfqt hqn gjpifqt hq mlmwmqj
xipw h olpk� px ������� o�jmg �fje h qpq�~qfxpiw gjifnm px gf�m ��������� o�jmg�
�pq�~qfxpiw wmwpi� hkkmgg gj~nfmg him omfqt gj~nfmn hg h wmhqg xpi pojhfqfqt
hvvlfkhjfpq gvmkf�k gftqhj~img px wmwpi� hkkmgg vhjjmiqg ��

�

¦��£§© £��§¡�¥�ª ¥© §� £��£�¤§¦�£ ¬©¥�¦£­® ¢£©�¢�ª �§¡§ ª£¡ �ª ­§¬¬£� ¥�¡¥
¡¢£ ¬©¥¨£ªª¥©ª §¦¦¥¨§¡£� §ª ¡¢£ ¯¥©»��� �©¥�¬ ¯�¡¢ ¡¢£ ª§­£ �§¡§ ©¥�¡��£ª §��
§¨¨¥©���� ¡¥ ¡¢£ ª§­£ ©�¦£ª± ²¢£ �£¨¥­¬¥ª�¡�¥� �ª »�¥¯� ¡¥  �£¦� �¥¥� ¬£©°«¥©­§�¨£ §�� ª¨§¦§��¦�¡  �� ³¦¥¨§¦´ ��ª¡©���¡£� ¨¥­¬�¡��� ª£¡¡���ª £­¬¦¥ ���
­£ªª§�£ ¬§ªª��� ·
¾�

º±

��¨£ § �£¨�ª�¥� ¢§ª �££� ­§�£ ¡¥ ª¥¦¤£ ¡¢£ �ª£©¶ª ¬©¥�¦£­ �� ¬§©§¦¦£¦ ¥� ¡¢£
¨¦�ª¡£©® ¡¢£ �ª£© �§¡§ ¢§ª ¡¥ �£ ­§¬¬£� ¥�¡¥ § ª¬£¨��¨ ª��ª£¡ ¥« ¡¢£ ¬©¥¨£ªª¥©ª§�� �� § ª¬£¨��¨ ³¦¥��¨§¦´ ©£¨¡§���¦§© �©�� ¡¥¬¥¦¥� ± �¡ �ª �¥¡£� ¡¢§¡ ¡¢£ ��­�£©
¥« ¬©¥¨£ªª¥©ª® ¯¢�¨¢ ¬©¥¨£ªª¥©ª® §�� ¯¢§¡ ¡¥¬¥¦¥�  §©£ �¥¡ »�¥¯� �� §�¤§�¨£±½ª ª�¨¢® ¡¢£ ­§¬¬��� ¢§ª ¡¥ �£ �£�£©§¦± ½«¡£© ¡¢£ £¼£¨�¡�¥� ¥« ¡¢£ ¬§©§¦¦£¦
§¬¬¦�¨§¡�¥�® ¡¢£ �§¡§ ¢§ª ¡¥ �£ ©£¤£©ª£ ­§¬¬£� «©¥­ ¡¢£ ¬§©§¦¦£¦ £�¤�©¥�­£�¡
�§¨» ¡¥ ¡¢£ �ª£©¶ª ¥©����§¦ �§¡§ ª¡©�¨¡�©£ §�� ¦¥¨§¡�¥�±

²¢£ ��­£�ª�¥�ª �	� ¥« ¡¢£ ­§¡©�¼ 
® ¡¢£ ³¦¥��¨§¦´ ©£¨¡§���¦§© ¬©¥¨£ªª¥© �©����­£�ª�¥�ª �	� ³¬©¥¨£ªª ©¥¯ª §�� ¨¥¦�­�ª® ©£ª¬£¨¡�¤£¦ � � � � � 

 ¯¢£©£


 �ª ¡¢£ ¡¥¡§¦ ��­�£© ¥« ¬©¥¨£ªª¥©ª ��¤¥¦¤£� �� ¡¢£ �£¨¥­¬¥ª�¡�¥�´® §�� ¡¢£�¦¥¨» ��­£�ª�¥�ª��®�� ¯¢£©£ ³¸ ��� ��´	 ³¸ � �� � �´ §©£ ¡¢£ ¬§©§­£¡£©ª
¯¢�¨¢ �£��£ ¡¢£ ¹� �¦¥¨» ¨ ¨¦�¨ ­§¬¬���± ²¢£ ¤§¦�£ª � §�� � §©£ ª£¡ �  ¡¢£
�ª£©® ¢¥¯£¤£© ¡¢£ ©£­§����� ¬§©§­£¡£©ª §©£ ���¡�§¦��£� �§ª£� �¬¥� §� §�§¦ ª�ª¥« ¡¢£ ¨¦�ª¡£© §�� § »�¥¯¦£��£ ¥« ¡¢£ ª���§¡�©£ª ©£¦£¤§�¡ ¡¥ ¡¢£ ¬§©¡�¨�¦§©
§¬¬¦�¨§¡�¥�± ��¨£ ¡¢£ ��­�£© ¥« ¬©¥¨£ªª¥©ª® ¦¥��¨§¦ ¬©¥¨£ªª �©�� ��­£�ª�¥�ª®
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§�� ¡¢£ �¦¥¨» ª��£ª «¥© ¡¢£ �£¨¥­¬¥ª�¡�¥� §©£ �£¨��£�® ¡¢£ ¦¥¨§¦ ­£­¥©  ¬£©§¦¦¥¨§¡£� ¬©¥¨£ªª¥© �ª �£¡£©­��£�± ²¢£ ��­�£© ¥« ©¥¯ª «©¥­ ¡¢£ �¦¥�§¦ �r�
­§¡©�¼ 
 ¡¢§¡ ¬©¥¨£ªª¥©ª �� ¦¥��¨§¦ ¬©¥¨£ªª ©¥¯ �� ³� � �� � �´ ¥¯� �ª �£��£�
�  ��� ± ²¢£ ��­�£© ¥« ¨¥¦�­�ª «©¥­ 
 ¡¢§¡ ¬©¥¨£ªª¥©ª �� ¦¥��¨§¦ ¬©¥¨£ªª
¨¥¦�­� �� ¥¯� �ª �£��£� �  ��� ± �¥© ¬©¥¨£ªª¥© ³��	 ��´ «©¥­ ¡¢£ ¦¥��¨§¦ ¬©¥¨£ªª
�©��® ¡¢£ �¥¨§¦ ¯¥©» §©©§  
�� ��� ¢§ª ��­£�ª�¥�ª ��� ©¥¯ª �  ��� ¨¥¦�­�ª §��
� � ���Ä���	 ��� 	� � ���Ä���	 ��� ¯¢£©£ ��� 	��� §©£ ¨§¦�¦§¡£� §ª «¥¦¦¥¯ª�
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³�� ����� � � ¸´�� 	 �� ³³� � ��´ ­¥� �´ � ³����� ­¥� �´
�� ����� ��� �� ­¥� �� 	 �� ³³� � ��´ ­¥� �´ � ³����� ­¥� �´

�� ����� ��� 	 �� ³³� � ��´ ­¥� �´ � ³����� ­¥� �´
	

��� �


������
�����


³�� ����� � � ¸´�� 	 �� ³³� � ��´ ­¥� �´ � ³����� ­¥� �´
�� ����� ��� � � ­¥� �� 	 �� ³³� � ��´ ­¥� �´ � ³����� ­¥� �´

�� ����� ��� 	 �� ³³� � ��´ ­¥� �´ � ³����� ­¥� �´ �
³�¡ �ª �¥¡£� ¡¢§¡ ¬©¥¨£ªª¥© ³��	 ��´ � ³�	�´ ¥¯�ª ¡¢£ £¦£­£�¡ �	�	 �� ¡¢£ ¬©£°
ª£�¡§¡�¥� ¢£©£± ´
�� �¦¥�§¦ ¡¥ ¦¥¨§¦ ¹� �¦¥¨» ¨ ¨¦�¨ ���£¼ ­§¬¬���ª �� ¯¢�¨¢ �§¡�©§¦ �§¡§ �ª
¡©§�ª«¥©­£� ��¡¥ ¹� �¦¥¨» ¨ ¨¦�¨§¦¦  ­§¬¬£� �§¡§® ¡¢£ ¤§¦�£ª ³�	� ´ «©¥­ 
³�	� ´
§©£ ��¤£�± �£¼¡® ¡¢£ �©�� ��­£�ª�¥�ª ³��	 ��´ ¥« ¡¢£ ¬©¥¨£ªª¥© ¡¢§¡ ¥¯�ª ¡¢£
ª¬£¨��¨ £¦£­£�¡ §©£ ��£�¡��£� §�� ���¡�§¦��£� §ª �� � � ���� ­¥� � §�� �� �� ���� ­¥� � ± ²¢£ ¦¥¨§¦ ����¨£ª ¥« ¡¢£ ¯¥©» §©©§  ¥� ¬©¥¨£ªª¥© ³��	 ��´ ¨§� �£
¦§�£¦¦£� ³��� 	���´ ¯¢£©£ � � ��� � ��� ® � � ��� � ��� ± ²¢£ §ªª���­£�¡ �ª
��� � �� ����� � ��� � ³� ­¥� ��´ §�� ��� � ��  ���� � ��� � ³� ­¥� ��´±
�� § ¬§©�¨�¦§© ¬©¥¨£ªª¥© ³��	 ��´® ��¤£� ¡¢£ ����¨£ª ³��� 	���´ ¥« ¡¢£ ¦¥¨§¦ ¯¥©»
§©©§  
�� ��� ³̄ ¢£©£ � � ��� � ��� 	� � ��� � ���´® ¡¢£ �¦¥¨» ��­£�ª�¥�ª ³��	��´®§�� ¡¢£ ¬©¥¨£ªª �©�� ��­£�ª�¥�ª ³�	�´ ¡¢£� ¡¢£ ����¨£ª ³�	� ´ ¥« ¡¢£ �¦¥�§¦
­§¡©�¼ £¦£­£�¡ 
³�	� ´ §©£ §ªª���£� §ª «¥¦¦¥¯ª� � � �� � �� � ���!��� � � � �� �
³��� ­¥� ��´ §�� � � �� ��� � ���"�� � � � ��� � ³��� ­¥� ��´± ²¢�ª �ª ¡¢£ ©£¤£©ª£¹� �¦¥¨» ¨ ¨¦�¨ ­§¬ �� ¯¢�¨¢ ¡¢£ ­§¬¬£� �§¡§ �ª ¡©§�ª«¥©­£� ��¡¥ �§¡�©§¦
�§¡§±
�� ¡¢£ ¬©¥¨£ªª ¥« ­§¬¬��� ¡¢£ �ª£©¶ª �§¡§ «©¥­ ¡¢£ ª£©�§¦ £�¤�©¥�­£�¡ ¡¥ ¡¢£
¬§©§¦¦£¦ ¬©¥¨£ªª �©¥�¬ ª£¦£¨¡£� �  ¡¢£ ��� ª¨¢£��¦£©® ��©£¨¡ �¦¥�§¦ ¡¥ ¦¥¨§¦ ��°�£¼ ­§¬¬���ª §©£ �¥¡ �ª£�± ²¢£ ©£§ª¥� �ª ¡¢§¡® ¨¦£§©¦ ® ­¥¤��� § ª���¦£ ­§¡©�¼£¦£­£�¡ §¡ § ¡�­£ �ª £¼¡©£­£¦  ��£�¨�£�¡± ²¢£ �§­£ �ª ¡¥ �£¡ ¡¢£ �ª£©¶ª �§¡§
§¨¨�©§¡£¦  ­§¬¬£� ¥�¡¥ ¡¢£ ¬§©§¦¦£¦ ¬©¥¨£ªª �©�� §ª ���¨»¦  §ª ¬¥ªª��¦£± �£©�§¦
©£§�ª §�� ¯©�¡£ª ¡¥ ¦¥¨§¦ §�� �£¡¯¥©» �§ª£� ��ª»ª® ¬§©§¦¦£¦ ©£§�ª «©¥­ § ª���¦£
�¦£ ª¡¥©£� ¥� § ¨¥­­¥�® ª���¦£ �£¡¯¥©» ��ª»® ¬§©§¦¦£¦ ©£§�ª §�� ¯©�¡£ª «©¥­�¡¥
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­�¦¡�¬¦£ �¦£ª ¥� § ³̈ ¥­­¥�´ ª���¦£ �£¡¯¥©» ��ª»® §�� ¬§©§¦¦£¦ ©£§�ª §�� ¯©�¡£ª«©¥­ ­�¦¡�¬¦£ �¦£ª ¥� ­�¦¡�¬¦£ �����£ �£¡¯¥©» ��ª»ª §©£ §¦¦ ���£©£�¡ ¬¥ªª��¦£
¥¬£©§¡�¥�ª ¡¢§¡ ­§  �£ ��¤¥»£� �� ¡¢£ ¬©¥¨£ªª ¥« ¢§��¦��� ¡¢£ �ª£©¶ª �§¡§
ª£¡± �ª�§¦¦ ® ¢¥¯£¤£©® �¡ �ª «¥��� ¡¢§¡ ª¥­£ ¨¥­���§¡�¥� ¥« ¡¢£ª£ ¥¬£©§¡�¥�ª �ª¬©£«£©©£� ¡¥ �£¡ ¡¢£ �§¡§ �� ¬¦§¨£ ¥� ¡¢£ ¨¦�ª¡£© �� ¡¢£ ¨¥©©£¨¡ �¦¥¨» ¨ ¨¦�¨§¦
­§¬¬���± ��©¡¢£©­¥©£® �¡ �ª �¥¡£� ¡¢§¡ ¡¢£ ­§¬¬��� �¡ª£¦« ­§  ¥¨¨�© §¡ ¡¢£
¡�­£ ¥« ¡¢£ ¯©�¡£ ¯¢�¨¢ ­§  ©£ª�¦¡ �� ­�¦¡�¬¦£ �¦£ª �� ���
����� «¥©­ ¥© §
ª���¦£ �¦£ ©£�£¨¡��� ¡¢£ ­§¬¬£� ª¡©�¨¡�©£® §¡ ¡¢£ ¡�­£ ¥« § ©£§� ³£±�± ©§��¥­
§¨¨£ªª ©£§�ª ��¡¥ § �¦£® ¥© ¬¥ªª��¦  ­�¦¡�¬¦£ �¦£ª® ¨¥�¡§����� ¡¢£ ��­§¬¬£��§¡§´® ¯¢£� ¡¢£ �§¡§ �ª ¨¥­­���¨§¡£� ��©��� ­£ªª§�£ ¬§ªª��� ¥� ¡¢£ ¨¦�ª¡£©®¥© ¬§©ª£� ¦¥¨§¦¦  �� ­£­¥©  ¥� £§¨¢ ¬©¥¨£ªª¥© §«¡£© �¦¥¨»ª ¥« ��­§¬¬£� �§¡§
§©£ ©£§� ��¡¥ ­£­¥©  £�¡¢£© �� ¬§©§¦¦£¦ ¥© �  § ª��ª£¡ ¥« ¦£§� ¬©¥¨£ªª¥©ª §��
��ª¡©���¡£� ¡¢©¥��¢ ­£ªª§�£ ¬§ªª��� �� § ­§��£© ©£�£¨¡�¤£ ¥« ¡¢£ ¹� �¦¥¨»
¨ ¨¦�¨ ­§¬¬���±

�¡ �ª �¥¡£� ¡¢§¡ ª¬§¨£ ¨¥­¬¦£¼�¡  �ªª�£ª ­§  §¦ª¥ �£ §��©£ªª£� ¥� ¡¢£ �ª£©ª
�£¢§¦« �  ��¡£©«§¨��� ª¬£¨�§¦ �¡�¦�¡  ©¥�¡��£ª± ²¢£ ��£§ ¢£©£ �ª ¡¢§¡ ¡¢£ �ª£©
¯�ª¢£ª ¡¥ ª¡§¡£ §�� ª¥¦¤£ § ¬©¥�¦£­ ¡¢§¡ �ª ¡¥¥ ¦§©�£ ¡¥ �£ §��©£ªª£� ¥� §� 
ª���¦£ �¥�£ ¥« ¡¢£ ¨¦�ª¡£©± ²¢£ �¡�¦�¡  §ªª�ª¡ª �� ¡¢£ �£�£©§¡�¥� ¥« ¡¢£ ¦§©�£
�§¡§ ª£¡ ¥� § ª��ª£¡ ¥« ¡¢£ ¨¦�ª¡£© ¬©£ª�­��� ¡¢£©£ �ª §­¬¦£ ¡¥¡§¦ ­£­¥©  ¡¥
§¨¨¥­­¥�§¡£ ¡¢£ ¬©¥�¦£­ ¥� ¡¢£ §¦¦¥¨§¡£� ª ª¡£­ª±

	©£��¨¡��� ¡¢£ ¡�­£ ¡¥ ­¥¤£ ¦§©�£ �§¡§ ª£¡ª �� §� ¥¬£� �£¡¯¥©» �ª §� §¨¡�¤£
§©£§ ¥« ©£ª£§©¨¢± �� ª¥­£ ª£�ª£® ¡¢£ ¦�­�¡§¡�¥�ª §©£ ¯£¦¦ �£��£� �  ¡¢£ �	 «§­�¦ ¥« ¬©¥¡¥¨¥¦ª §�� ¡¢£ ��ª» §¨¨£ªª ¡�­£ª± ²¢£©£ �ª �¥ �£ª¡ ­£§�ª «¥© ¢§��¦���
¡¢£ �ª£©¶ª �§¡§± ²¢£ ­§�� ¨¥�ª¡©§��¡ �ª ¡¢§¡ ¡¢£ ��¡£�©�¡  ¥« ¡¢£ �ª£©¶ª �§¡§
ª£¡ �ª ¬©£ª£©¤£�± ²¢£ ¢¥¬£ �ª ¡¢§¡ ¡¢�ª ª¡§�£ ¨§� �£ ¬£©«¥©­£� �� § ¡�­£¦ 
­§��£© ª¥ §ª ¡¥ ©£§¬ ¡¢£ �£�£�¡ª ¥« ¡¢£ ¬§©§¦¦£¦ §¬¬¦�¨§¡�¥�± ��� ©£ª£§©¨¢£©ª
§©£ ��¡£©£ª¡£� �� ­�¦¡�¬¦£ �£¡¯¥©» ��ª» ©£ª¥�©¨£ª ¡¢§¡ ¨§� �£ �ª£� ª¬£¨��¨§¦¦ 
«¥© §ªª�ª¡��� �� ¡¢£ ­§�§�£­£�¡ ¥« �§¡§ ª£¡ª «©¥­ ¦��£§© §¦�£�©§± ��¨¢ ª¡���£ª
§©£ ©£¦£¤§�¡ ¡¥ �©�� ª£¡¡���ª §ª ¯£¦¦ §ª ¦¥¨§¦ ¨¦�ª¡£©ª± ²¢£ ¯¥©» �ª �¥¡ ��ª¨�ªª£�
«�©¡¢£© ¢£©£±

�	� ������������

�� ¡¢£ ª£��£�¡�§¦ £�¤�©¥�­£�¡® § ª¡§��°§¦¥�£ ¤§©�§�¡ ¥« ¡¢£ ©£¦£¤§�¡ �½	½�
©¥�¡��£ª «¥©­ ¡¢£ �§¨»�¥�£ ¥« ¡¢£ ª£©�§¦ §¬¬¦�¨§¡�¥�ª �� ���± ½¨¢�£¤��� ¢��¢
¬£©«¥©­§�¨£ �� § ª£��£�¡�§¦ £�¤�©¥�­£�¡ ­��¢¡ ª££­ ¡©�¤�§¦ «¥© £¼¬£©¡ �ª£©ª±
²¢�ª® ¯£ ¬©¥¤��£ ¦��»£© ¢¥¥»ª ¡¥ £�§�¦£ ª�¨¢ �ª£©ª ¡¥ �ª£ ¡¢£�© «§¤¥©�¡£ ��½�¦��©§© ± �¥¯£¤£©® ¦£ªª £¼¬£©�£�¨£� �ª£©ª ¨¥�¦� ¬¥ªª��¦  ¢§¤£ ¬©¥�¦£­ª ¯¢�¦£
�£§¦��� ¯�¡¢ ¦��»£© �£¬£��£�¨�£ª± �¥© ª�¨¢ �ª£©ª® ¯£ ¬©¥¤��£ §� £¼£¨�¡§�¦£
���§©  ¡¢§¡ �ª ¨¥©©£¨¡¦  ���¦¡ §�� ¨§¬§�¦£ ¥« ª¥¦¤��� § ¦��£§© ª ª¡£­ �� § ¨¢�¦�
¬©¥¨£ªª ¯�¡¢ �§¡§ ª��­�¡¡£� ¡¢©¥��¢ § ª ª¡£­ ¬�¬£± ²¯¥ ¥¤£©¢£§�ª ©£ª�¦¡
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{mixpiwhqkm vhihwmjmig px �khyz{z|}� zll kpgjg mqjifmg kpiimgvpqn jp h gfqtlm
iftej�ehqn gfnm� y�s yy� hqn �� kpiimgvpqn jp ������s ������s hqn ������ ip~�
jfqmgs imgvmkjfuml��

«©¥­ ª�¨¢ §� §¬¬©¥§¨¢� ¡¢£ ¡�­£ ª¬£�¡ �� 	
���
� §�� ������� ª ª¡£­ ¨§¦¦ª
§�� ¨¥¬ ��� ¡¢£ �§¡§ �£¡¯££� ª£¬§©§¡£ ¬©¥¨£ªª¶ §��©£ªª ª¬§¨£ª± ��¡��¡�¤£¦ ®�¥¡¢ ¥¤£©¢£§�ª ¯�¦¦ ¢§¤£ § ¦£ªª£© �­¬§¨¡ ¯�¡¢ ��¨©£§ª��� ��­£�ª�¥� ¥« ¡¢£
­§¡©�¼ ³¡¢£ ª ª¡£­ ¨§¦¦ª® �§¡§ ¨¥¬ ��� §�� ¦��£§© ª¥¦¤£© ¢§¤£ ¨¥­¬�¡§¡�¥�§¦
¨¥­¬¦£¼�¡�£ª �³¸´® �³�
´® §�� �³�	´ ©£ª¬£¨¡�¤£¦ ´± ²¥ �£¡£©­��£ ¢¥¯ ¡¢�ª
¡¢£¥©£¡�¨§¦ ©£ª�¦¡ ¡©§�ª¦§¡£ª ��¡¥ ©£§¦ ¯¥©¦� ¬£©«¥©­§�¨£® ¯£ ©§� ª¥­£ ¡£ª¡ª
§�� ����©£ 	 ª¢¥¯ª ¡¢£ ©£ª�¦¡ª± µ§¡©�¨£ª ¥« ��­£�ª�¥� §ª ª­§¦¦ §ª ��� ª££
¥�¦  ¸�
 ¥« ¬£©«¥©­§�¨£ �©¥¬ §�� ¡¢£ ���£©£�¨£ �£¨©£§ª£ª ¡¥ §�¥�¡ ¸
 «¥©
��­£�ª�¥� ¹���±�£ �£¦�£¤£ ¡¢§¡ «¥© ­§�  �ª£©ª ¡¢�ª �ª § ¬©�¨£ ¯¥©¡¢ ¬§ ���
«¥© ¨¥�¤£��£�¨£ §�� ¨£©¡§��¡ ±
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Matrix size

Linear solve after fork() and exec()

Linear solve (no additional overheads)

�ft� �� {mixpiwhqkm kpwvhifgpq omj�mmq jem gjhqnhin yz{z|}�g lfqmhi gplum ip~�
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Ó�ÓÍ��� g�gjmw khllg �whjifr nhjh him gmqj jeip~te h g�gjmw vfvm�� dem jmgjmn
whkefqm ehn h �qjml �� {mqjf~w ��� ��� ��� vipkmggpi�
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vipkmggmg imgvmkjfuml�� dem i~qg �mim kpqn~kjmn pq h kl~gjmi px mftej �qjml ��
{mqjf~w ���s ��� ��� n~hl vipkmggpigs kpqqmkjmn �fje h ��� �o�g g�fjke� �q mhke
i~q jem nhjh �hg hgg~wmn jp gjhij pq nfg� hqn �hg �ifjjmq ohk� jp nfg� hxjmi
jem xhkjpif�hjfpq� �q jem vhihllml mqufipqwmqj opje jem pihklm hqn y�| ~jflf�mn
jem �Â��Â 
� olpk� k�klfkhl gkhjjmi ip~jfqm�g� jp lphn�gjpim jem nhjh hqn jem
�khyz{z|} ip~jfqm ������ xpi jem hvvlfkhjfpq kpnm�
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gkemn~lfqt pq ~qfxpiw vipkmggpigÅ ~gfqt jem n~hl hvviphkes ��z� �p~iqhl px|pwv~jfqt �� ������ ��������

���
 �� ymqgjihs Á� �ewp�gs Ã� dhinpgs zvviprfwhjfpq hltpifjewg xpi gkemn~lfqt
~qimlhjmn vhihllml whkefqmgs �hjemwhjfkhl {iptihwwfqt 	� ������ 
���
���

���
 �� �mitpus zvviprfwhjfpq hltpifjewg xpi n�qhwfk gjpihtm hllpkhjfpqs fqÅ
{ipkmmnfqtg px jem 	je zqq~hl Ã~ipvmhq ��wvpgf~w pq zltpifjewgs �vifqtmi�
�milhts ����s vv� �
���s lmkj~im �pjmg fq |pwv~jmi �kfmqkm �����

��

 Ã� zwhlnfs �� }hqqs Âq jem hvviprfwhoflfj� px wfqfwf�fqt qpq�mip uhifholmg
pi ~qghjfg�mn imlhjfpqg fq lfqmhi g�gjmwgs dempimjfkhl |pwv~jmi �kfmqkm 
��
������ 
��

�

���

���
 �� }hqqs �jipqt lp�mi op~qng pq jem hvviprfwhoflfj� px gpwm qvp vo�kpwvlmjm
whrfwf�hjfpq vipolmwgs fqÅ {ipkmmnfqtg px jem 
�je �qjmiqhjfpqhl ��wvpgf~w
pq �hjemwhjfkhl �p~qnhjfpqg px |pwv~jmi �kfmqkms �vifqtmi��milhts ����s vv�


�

�

��s lmkj~im �pjmg fq |pwv~jmi �kfmqkm ����

��	
 �� �jihggmqs �h~ggfhq mlfwfqhjfpq fg qpj pvjfwhls �~wmifkhl �hjemwhjfkg ��
������ ��	

�
����

���
 Á� |pvvmigwfjes �� �fqptihns �hjifr w~ljfvlfkhjfpq ufh hifjewmjfk
viptimggfpqgs �� ��woplfk |pwv~jhjfpq � ������ 
��

�

���

���
 �� �� Ámwwmls zvvlfmn �~wmifkhl yfqmhi zltmoihs �pkfmj� xpi �qn~gjifhl hqn
zvvlfmn �hjemwhjfkgs {eflhnmlvefhs �����

���
 �� �� Ápqthiihs �� �� Á~�s Á� |� �pimqgmqs�� z� uhq nmi �pigjs �~wmifkhl yfqmhi
zltmoih xpi �fte�{mixpiwhqkm |pwv~jmigs �pkfmj� xpi �qn~gjifhl hqn zvvlfmn
�hjemwhjfkgs {eflhnmlvefhs �����

���
 �� �� �~gjhugpqs �mk~igfpq lmhng jp h~jpwhjfk uhifholm olpk�fqt xpi nmqgm
lfqmhi�hltmoih hltpifjewg�s ��� �p~iqhl px �mgmhike hqn Ámumlpvwmqj 	� ���
������ ���

�
����

���
 �� dplmnps ypkhlfj� px imxmimqkm fq y� nmkpwvpgfjfpq �fje vhijfhl vfupjfqts
��z� �� �hjifr zqhl� zvvl� �� �	� ������ ����������

�
�
 �� zwwpqgs d� �hlls �� �� yhi~gs Ãrvlpfjfqt ehin�him vmixpiwhqkm kp~qjmig
�fje �p� hqn kpqjmrj gmqgfjfum vip�lfqts fqÅ {ipkmmnfqtg px z|� ���{yz����|pqxmimqkm pq {iptihwwfqt yhqt~htm Ámgftq hqn �wvlmwmqjhjfpqs yhg �mthgs
�muhnhs ��zs �����

�
�
 d� �hlls �� �� yhi~gs Ã�kfmqj vhje vip�lfqts fqÅ {ipkmmnfqtg px ��|�Â ���s
{hifgs �ihqkms �����

�


 {� {� |ehqts �� z� �hel�ms �� �� ��~s �gfqt vip�lm fqxipwhjfpq jp hggfgj
klhggfk kpnm pvjfwf�hjfpqs �pxj�him {ihkjfkm hqn Ãrvmifmqkm 
� ��
� ������
����

�
��
��
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�
 �� �� �fkms Âq jem kpqgji~kjfpq px vpl��hltpifjewg xpi h~jpwhjfk q~wmifkhlhqhl�gfgs fqÅ�� }lmimis ���mfqxmlng �Ãng��s �qjmihkjfum ��gjmwg xpi Ãrvmifwmqjhl
zvvlfmn �hjemwhjfkgs zkhnmwfk {imggs ����s vv� �������

�
	
 �� |� �ehlm�s z� {mjfjmjs �� �� Ápqthiihs z~jpwhjmn mwvfifkhl pvjfwf�hjfpqg
px gpxj�him hqn jem zdyz� vip�mkjs {hihllml |pwv~jfqt 
� ���
� �
���� �����

�
�
 �� �� Ápqthiihs |� �� �ehlm�s z~jpwhjfkhll� j~qmn lfqmhi hltmoih gpxj�him
�zdyz��s fqÅ {ipkmmnfqtg px �|��� |pqxmimqkms �ÃÃÃs �����

�
�
 �� �� Ápqthiihs �� Á� |ip�s �� �� Á~�s �� �hwwhilfqts zltpifjew ���Å z gmj px
ymuml � �hgfk yfqmhi zltmoih �~oviptihwgsz|�dihqghkjfpqg pq�hjemwhjfkhl
�pxj�him �� ������ �����

�
�
 �� �� Ápqthiihs �� Á� |ip�s �� �� Á~�s �� �hwwhilfqts z gmj px ymuml � �hgfk
yfqmhi zltmoih �~oviptihwgs z|� dihqghkjfpqg pq �hjemwhjfkhl �pxj�him ��
������ ��

�

��

�
�
 �� �� Ápqthiihs �� Á� |ip�s �� �hwwhilfqts �� �hqgpqs zq mrjmqnmn gmj
px �Â�d�z� �hgfk yfqmhi zltmoih �~oviptihwgs z|� dihqghkjfpqg pq
�hjemwhjfkhl �pxj�him �	 ������ �����

�
�
 �� �� Ápqthiihs �� Á� |ip�s �� �hwwhilfqts �� �hqgpqs zltpifjew ���Å
zq mrjmqnmn gmj px �Â�d�z� �hgfk yfqmhi zltmoih �~oviptihwgs z|�
dihqghkjfpqg pq �hjemwhjfkhl �pxj�him �	 ������ ����
�

���
 Ã� zqnmigpqs �� �hfs |� �fgkepxs �� y� �lhk�xpins ���� Ámwwmls �� �� Ápqthiihs
�� Á� |ip�s z� �immqoh~ws �� �hwwhilfqts z� �k}mqqm�s Á� |� �pimqgmqs
yz{z|} �gmi�g �~fnms defin Ãnfjfpqs �pkfmj� xpi �qn~gjifhl hqn zvvlfmn
�hjemwhjfkgs {eflhnmlvefhs �����

���
 �� �flwmgs mj hls Âvjfwf�fqt whjifr w~ljfvl� ~gfqt {�f{z|Å h vpijholms efte�
vmixpiwhqkms z��� | kpnfqt wmjepnplpt�s fqÅ {ipkmmnfqtg px �qjmiqhjfpqhl|pqxmimqkm pq �~vmikpwv~jfqts z|� ���z�|s �fmqqhs z~gjifhs �����
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 ���mfggs �� �hmxqmis�� �kepmqh~mis y���Ây �y��mhi �Âyumi� � Ámgkifvjfpqhqn �gmi�g �~fnm xpi jem {hihllmlf�mn �migfpqs �qfumigfj� px }hilgi~em|pwv~jfqt |mqjmi �������
���
 �� �hiimjjs �� �mii�s �� Ápqthiihs �� Ãf��ep~js |� �pwfqms zltpifjewfkopwohinwmqj xpi jem fjmihjfum gpl~jfpq px lfqmhi g�gjmwgÅ z vpl��fjmihjfumhvviphkes �p~iqhl px |pwv~jhjfpqhl hqn zvvlfmn �hjemwhjfkg �	 ���
� ������
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�
����

��	
 �� zthi�hls �� �~gjhugpqs �� �~ohfis z efte�vmixpiwhkqm hltpifjew ~gfqt
vimvipkmggfqt xpi jem gvhigm whjifr�umkjpi w~ljfvlfkhjfpqs fqÅ {ipkmmnfqtg px
�qjmiqhjfpqhl |pqxmimqkm pq �~vmikpwv~jfqts ���
�

���
 Ã���� �ws }� �mlfk�s Âvjfwf�fqt gvhigm whjifr�umkjpi w~ljfvlfkhjfpq pq ��{gsfqÅ �fqje ��z� |pqxmimqkm pq {hihllml {ipkmggfqt xpi �kfmqjf�k |pwv~jfqts
�hq zqjpqfps dmrhgs �����
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���
 Ã���� �ws z~jpwhjfk pvjfwf�hjfpq px gvhigm whjifr�umkjpi w~ljfvlfkhjfpqs {e�Á�
jemgfgs �qfumigfj� px |hlfxpiqfhs �mi�mlm�s |hlfxpiqfh �
�����

���
 �� dplmnps �wvipufqt jem wmwpi��g�gjmw vmixpiwhqkm px gvhigm whjifr�umkjpi
w~ljfvlfkhjfpqs ��� �p~iqhl px �mgmhike hqn Ámumlpvwmqj 	� ����

���
 z� {fqhis �� d� �mhjes �wvipufqt vmixpiwhqkm px gvhigm whjifr�umkjpi
w~ljfvlfkhjfpqs fqÅ {ipkmnnfqtg px �|���s �����

���
 z� �f�s ���f�gep�s znuhqkmn kpwvflmi pvjfwf�hjfpqg xpi gvhigm kpwv~jhjfpqgs
�p~iqhl px {hihllml hqn Áfgjifo~jfqt |pwv~jfqt �� ������ �	�
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 �� Âgjmithhins Âvjfw�� � z gpxj�him vhk�htm jp kimhjm qmhi�pvjfwhl gplumig xpigvhigm g�gjmwg px lfqmhi m�~hjfpqgs �ÑÑ� ���ÇÎÑÓÈ�Ó�Æ ÏÆÒ���ÊÒÇ
���Ñ	�����
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 �� �hnef�his �� �htts �� �� Ápqthiihs {mixpiwhqkm wpnmlfqt xpi gmlx hnhvjfqt

kpllmkjfum kpww~qfkhjfpqg xpi �{�s fqÅ ypg zlhwpg |pwv~jmi �kfmqkm �qgjfj~jm
��wvpgf~w �yz|�� 
����s �hqjm �ms �m� �mrfkps 
����
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 �� �� Ápqthiihs {� y~g�k�m�s z� {mjfjmjs dem y��{z|} omqkewhi�Å {hgjs
vimgmqjs hqn x~j~ims |pqk~iimqk� hqn |pwv~jhjfpqÅ {ihkjfkm hqn Ãrvmifmqkm
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���� �
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���

�	�
 �� �iftps �� �� �peqgpqs ��d�Å zq hnhvjfum gpxj�him hikefjmkj~im xpi jem
��ds fqÅ {ipkmmnfqtg �qjmiqhjfpqhl |pqxmimqkm pq zkp~gjfkgs �vmmkes hqn �ftqhl
{ipkmggfqts �mhjjlms�hgefqtjpqs ��zs �����
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 �� �iftps z xhgj �p~ifmi jihqgxpiw kpwvflmis fqÅ {ipkmmnfqtg px z|� ���{yz�|pqxmimqkm pq {iptihwwfqt yhqt~htm Ámgftq hqn �wvlmwmqjhjfpqs zjlhqjhs
�mpitfhs ��zs �����

�	�
 Á� �fi�pufks �� y� �peqggpqs z~jpwhjfk vmixpiwhqkm j~qfqt fq jem ����d
lfoihi�s fqÅ 
��� �qjmiqhjfpqhl |pqxmimqkm pq |pwv~jhjfpqhl �kfmqkms �hq
�ihqkfgkps |hlfxpiqfhs ��zs 
����

�	�
 �� �pgjmis |� }mggmlwhqs dem �ifnÅ �l~mvifqj xpi h �m� |pwv~jfqt
�qxihgji~kj~ims �pithq }h~xwhqqs �hq �ihqkfgkps �����

�	�
 �� �miwhqs dem �izÁ� vip�mkjÅ �pxj�him g~vvpij xpi efte lmuml
tifn hvvlfkhjfpq nmumlpvwmqjs �qjmiqhjfpqhl �p~iqhl px �fte {mixpiwhqkm|pwv~jfqt zvvlfkhjfpqg �� �
���� �
���		�

�	�
 z� {mjfjmjs mj hls �~wmifkhl lfoihifmg hqn jem tifns �qjmiqhjfpqhl �p~iqhl px �fte
{mixpiwhqkm |pwv~jfqt zvvlfkhjfpqg �� �
���� ������	�

�	�
 d� z� �hqjm~�mls znhvjfum vipkmn~im xpi mgjfwhjfqt vhihwmjmig xpi jem
qpqg�wwmjifk jkemo�gemu fjmihjfpqs �~wmi� �hje� �� ������ ����
���

���
 d� z� �hqjm~�mls dem jkemo�gemu fjmihjfpq xpi qpqg�wwmjifk lfqmhi g�gjmwgs�~wmi� �hje� 
� ������ �����
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���
 Ã� �� }hhggkefmjmis z vihkjfkhl jmiwfqhjfpq kifjmifpq xpi jem |pq�~thjm �ihnfmqj

wmjepns ��d 
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 �� Ãf��ep~js |pwv~jhjfpqhl uhifhqjg px jem |�� hqn �f|��dz� wmjepngs
dmke� �mv� |���	�
	�s |pwv~jmi �kfmqkm Ámvhijwmqjs dem �qfumigfj� px
dmqqmggmm }qprufllms �zlgp yz{z|} �pi�fqt �pjm �p� ��� �z~t~gj ���	��

���
 �� |epfs z vipvpghl xpi h gmj px vhihllml ohgfk lfqmhi hltmoih g~oviptihwgs dmke�
imv�s �qfumigfj� px dmqqmggmm }qprufllms lz{z|} �pi�fqt �pjm ��� �������
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 Ã� Ãlwipjes ���� �~gjhugpqs �m� gmifhl hqn vhihllml imk~igfum �� xhkjpif�hjfpq
hltpifjewg xpi ��{ g�gjmwgs fqÅ {ipkmmnfqtg px {z�z ����s �����

���
 Á� �ipq�s �� dplmnps |pww~qfkhjfpq�m�kfmqj vhihllml nmqgm y� ~gfqt h ��
nfwmqgfpqhl hvviphkes fqÅ {ipkmmnfqtg px jem ��je ��z� |pqxmimqkm pq {hihllml
{ipkmggfqt xpi �kfmqjf�k |pwv~jfqts �pixpl�s �fitfqfhs ��zs 
����

���
 �� {� �� �pi~ws�{�Å z �mgghtm�{hggfqt �qjmixhkm �jhqnhins dem �qjmiqhjfpqhl
�p~iqhl px �~vmikpwv~jmi zvvlfkhjfpqg hqn �fte {mixpiwhqkm |pwv~jfqt ��

���
 �� {� �� �pi~ws �{�Å z �mgghtm�{hggfqt �qjmixhkm �jhqnhin �umigfpq ����s
huhflholm hjÅ �ÑÑ� ������ Ï��	��ÇËÐ� ÏÇËÉ� �������
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 �� {� �� �pi~ws �{��
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 yz���{� vhihllml kpwv~jfqts �ÑÑ� ������ Ï��	ÏÈÆ ÏÓÆÐ��Ê���
���
 �� �plg�fs mj hl�s dem qmj�pi� �mhjemi gmiufkmÅ z nfgjifo~jmn imgp~ikm

vmixpiwhqkm xpimkhgjfqt gmiufkm xpi wmjhkpwv~jfqts �~j~im �mqmihjfpq|pwv~jfqt ��gjmwg �	�
��

 z� �qhuml�s mj hls z xihwm�pi� xpi vmixpiwhqkm wpnmlfqt hqn vimnfkjfpqs fqÅ

{ipkmmnfqtg px �~vmikpwv~jfqt 
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���
 �� {� �pi~ws �fte vmixpiwhqkm xpijihq lhqt~htm gvmkf�khjfpqs dmke� �mv�|�{|�d��


�s |mqjmi �pi �mgmhike pq {hihllml |pwv~jfqts �fkm �qfumigfj�s

�p~gjpqs dr ��h� ������
��	
 z� {mjfjmjs zltpifjewfk imnfgjifo~jfpq wmjepng xpi olpk� k�klfk nmkpwvpgfjfpqgs

{e�Á� jemgfgs �qfumigfj� px dmqqmggmms }qprufllms dmqqmggmm �������
���
 Â� �mh~wpqjs mj hls Ámqgm lfqmhi hltmoih �miqmlg pq emjmiptmqmp~g vlhjxpiwgÅ

�mnfgjifo~jfpq fgg~mgs {hihllml |pwv~jfqt 
� �
� �
��
� ��������
���
 �� yfkejmqgjmfqs �� �peqgpqs �lpk��k�klfk nmqgm lfqmhi hltmoihs ��z� �p~iqhl

pq �kfmqjf�k hqn �jhjfgjfkhl |pwv~jfqt �	 ������ �
����
���
���
 y� �� �lhk�xpins �� |epfs z� |lmhi�s Ã� �� Á�z�mumnps �� �� Ámwwmls �� ��

Áefllpqs �� �� Ápqthiihs ���hwwhilfqts���mqi�s z� {mjfjmjs }� �jhqlm�s Á���
�hl�mis �� |� �ehlm�s �khyz{z|} �gmig� �~fnms �pkfmj� xpi �qn~gjifhl hqn
zvvlfmn �hjemwhjfkgs {eflhnmlvefhs �����

���
 �� |epfs �� �� Ápqthiihs �� Âgjip~kepus z� {mjfjmjs Á����hl�mis �� |��ehlm�s
dem nmgftq hqn fwvlmwmqjhjfpq px jem �khyz{z|} y�s ��s hqn |eplmg��
xhkjpif�hjfpq ip~jfqmgs �kfmqjf�k {iptihwwfqt � ������ ������	�
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