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高並列化のための重要点
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単体性能向上のための重要点
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単体性能向上に向けての 
チューニング手順
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�Seism3D / Earth Science 
9 Strong ground motions caused by large earthquakes 

are evaluated based on numerical simulation of 
seismic-wave propagation in heterogeneous 
structure 

9 Solving a coupled model of seismic wave, ground 
deformation and tunamis by the tsunami-coupled 
equation of motion 

9 Calculated by using the finite-difference 
method(FDM) 

9 To reduce the amount of communications and to 
make the computational load balance, two-
dimensional domain decomposition is adopted 

 
 
 
 
 
 

The K computer provides huge computation resource. While focusing on six applications 
which are expected to achieve distinguished results from various scientific fields such as 
earth science, material science, engineering and physics. We have improved the 
performance of these codes in collaboration with researchers. 

�FrontFlow/blue / Engineering 
9 General purpose computational fluid dynamics 

code based on the Large Eddy Simulation for 
incompressible unsteady flow 

9 Based on Finite Element Method and having 2nd 
order accuracy for time and space 

9 Able to analysis for turbomachinery, acoustics and 
cavitation 

9 Optimized for massively parallel 
9 “Research  and Development of Innovative 

Simulation  Software”  project  in  Japan 
 
 
 
 
 

�PHASE / Material Science 
9 First-principles molecular dynamics simulator for 

nanomaterials 
9 Analysis of structures and properties of matters 

based on the quantum theory of the electron 
9 Plane-wave basis set 
9 First-principles pseudopotential method. 
9 The self consistent field loop. 
9 Orthogonalization, diagonalization and FFT in the 

convergence calculations of the steepest descent 
method and conjugate gradient method 
 
 
 

�NICAM / Earth Science 
9 XXX 

 
 

�LatticeQCD / Physics 
9 XXX 

 
 

�RSDFT / Material Science 
9 Clarifying and predicting the properties of 

materials 
9 First-principles electronic structure calculation 

based on density functional theory 
9 Solve an eigenvalue equation called the Kohn-

Sham equation 
9 Real space method; adopting difference method 

for three-dimensional grids 
9 Subspace iteration method; adopting self-

consistent field calculation 
 

 

Fig.4 Snapshots of seismic wave and tsunami wave propagation simulation 
Fig.6 Wave function of conduction band minimum in silicon nanowire 
with 40,000 atoms 

Fig.2 Several  analysis results of FlontFlow/blue Fig.1 

Fig.5 

Courtesy of  
Earthquake Reserach Institute,  
The University of Tokyo 

Courtesy of  
The University of Tokyo 

Fig.3 The charge distribution around the SiC screw dislocation / side view 

Courtesy of  
National Institute for Material Science 
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10%程度(詳細な見積り方法は後ほど)
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いろいろで目安は云えない
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ǕǚǆŎĞĤ

ǕǚǆŎ ǕǚǆŎ
ǕǚǆŎĞĤ

(4)5¶ƆáŨE�ưƩƯǐǚǔǘƨ

ŊŔėŎĮĤğĤģģė
ŢíÑĤė
ŢíÑĥė
ŋœŊėŊŔ

íÑ�ć íÑ�ć

5¶ŭáŨ

5¶ŭsŨ
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(5)¯ÑHƆ�5,¼

	ÑƂ2Ñƚǥ�A�ƅíÑ?ß

( 1 Ţ+ Ţ1 ) × ǥ  = 8 

1ƫƜƆǃǚƧrßǩ8¯Ñ×2GHz =16G¯Ñ/Ç 

ųƆ��ƅ 
ùŨÊĖ5¶
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è£B/F Ƃ
rßƆĈ�
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è£ŷƗıĢĵŭ`ŴŨƜǆǔƩǚƮǒǘƅſŨƀė
Ǚ<¹ÀƅƥǏƶƮǐƆ�5,¼ŭ?ßė
ǙƎŸƹǚƳƚƣǘƥǏƶƮǐƅŷƗƫǚƹƝǘƨ
ǩěĦĜŭĂèė
!
Ǚſůƅĥ�ƥǏƶƮǐƆǓƞǘ�ƆƹǚƳƚ�5
ƅ,¼ŷƗƫǚƹƝǘƨǩěĥĜŭĂèė
ǙźƘŭZ·ƁŮŻ�ƁěħĜěĨĜŭĂè

ĖŨrßƚmƗŻƑƆèÕƂ 
è£B/F ƆĈ�
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ƥǏƶƮǐǅǗƶƧĭė
Ţœ�ƆƹǚƳƚƥǏƶƮǐƅÛŨƀƹǚƳƆė
Ţ�ŨIŵƅƔƖœƆĥ	IƆíÑƚŷƗ



è£ŷƗıĢĵŭSŮŨƜǆǔƩǚƮǒǘƅſŨƀė
ǙǍǎǔǀǘƻeƚ�Ũ)Ɨ�ŭS�ė
Ǚ�¾ĂèƄƆƇěĤĜěĥĜė
ŢěĤĜěĥĜŭũƎŰäžƀƄŨƂ�kƄrß37ŭôųžƀ
ŨƗŤƎƂƒƄ´uƅŷƗųƂŭĂèŤė
!
Ǚ�ƅƁŮƗżűƣǘƥǏƶƮǐŷƗěĦĜŭĂèė
ǙųƘƕěĤĜěĥĜěĦĜŭ®ŻŴƘíÑƅoèƄƹǚƳ
ŭ¯ÑHƅ�ØŴƘŻ´uƁţźƘƕƆƹǚƳ
ƚ8(�ŪƗÊgƅěħĜƆưƩƯǐǚǔǘƨŭƁ
ŮƀţŴƕƅěĨĜƆ¯ÑHŭ�5ƅ©¼ƁŮƗ´
uƁŧƗ�ŭoèė

ĖŨrßƚmƗŻƑƆèÕƂ 
è£B/F ƆĈ�

rß
Ǚė
Ƶǐǚƽǘƨx¥ė

!
ěè£ıĢĵ ŭė

ĖŨíÑƅſŨƀĜ
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ǈǚưƂƄƗrß 

Ǎǎǔ

!
!
!
!
!
!
!
!
!

Ƶƶǆ

#¼ǲǣƥǏƶƮǐŢǧǳǭǠǢǣǵǬǶ

ŢƫƜŢŢŢŢŢŢŢŢŢŢŢŢ

ǲǢƥǏƶƮǐǤǣǱǠǣǵǬǶ

ǴǰǳǮ¯ÑH ×ǨƫƜ

Ţǭǯ¡ǪǡǟǦ(Z5 :0.36)

ǭǯ¡Ǫǥ(¹ò )

Ţǭǯ¡Ǫǣ(¹ò )

ǖƞƸǘƮǜÃ_ ǝ

Ǣǡ

Ǣǡǡ

Ǣ

16GFLOPS

ǀǘƻeǜǭǯ¡ǝ
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}~�Pf�qj�bgml�
�

 do J = 1, NY 
       do I = 1, NX 
          do K = 3, NZ-1 
             DZV (k,I,J) = (V(k,I,J)  -V(k-1,I,J))*R40 & 
                         - (V(k+1,I,J)-V(k-2,I,J))*R41 
          end do 
       end do 
    end do

ǍǎǔǩǗǚƻǢǞưƺƜǢ

ǍǎǔǩǗǚƻǢ

ęĺĤǩǗǚƻĥ

ęĺĤǩǗǚƻĤ
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}~�Pf�qj�bgml���
reg

mem

$L

 do J = 1, NY 
       do I = 1, NX 
          do K = 3, NZ-1 
             DZV (k,I,J) = (V(k,I,J)  -V(k-1,I,J))*R40 & 
                         - (V(k+1,I,J)-V(k-2,I,J))*R41 
          end do 
       end do 
    end do

ƹǚƳÉ6�ćƆ¡ƚéƗƂǍǎǔƁlûŴƘƗė
şŢǍǎǔƜƧƱưQ�ƆƏƁÝvŷƘƈáŨŤ

����� ���� � �*(
�����

���)$"#�
(����

� �*(
�����

���)$"#�
(����

�� 
 � 

�
�

������.�

	������

�
 ����

������.�


�
������

� 
 � 
����.� ����
 
�

����.�

����
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 do J = 1, NY 
       do I = 1, NX 
          do K = 3, NZ-1 
             DZV (k,I,J) = (V(k,I,J)  -V(k-1,I,J))*R40 & 
                         - (V(k+1,I,J)-V(k-2,I,J))*R41 
          end do 
       end do 
    end do

"  £�í(Kí)@Ô� 

" 1lt�7|OITÝT3ÌåU$L1SæL
N>\»«�OA]6

%&flop: 

 "%%�����)0(/��������

%&��� ���������


§¼±ã 	���������	�
�

�ãÖ 	�
��

%&Byte�'!: 

1store,2loadPº=] 

4x3 = 12byte

§¼�Õ\
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 do J = 1, NY 
       do I = 1, NX  
          do K = 1, NZ  
             DXV (k,I,J) = (V(k,I,J)  -V(k,I-1,J))*R40& 
                         - (V(k,I+1,J)-V(k,I-2,J))*R41 
          end do 
       end do 
    end do 

%&flop: 

 "%%�����)0(/��������

%&��� ���������


§¼±ã 	���������	�
�

�ãÖ 	�
��

%&Byte�'!: 

P12Z\5}~�iltKC`ºçH]6 

1sore,2loadPº=] 

4x3 = 12byte

" ª2í(Ií)@Ô�ė

" 1lt�7|OITÝT3ÌåU
$L1or$L2SæLN>\»«�OA]ė

" ÙLNǢ�!Áŭd(ƆǁƳǚǘƂA
ŶrßƅƄƗ

Å�ì���©T°¾"�#���¹µ�TÔ��

" 14.0%SÇîH^V13.5%UÉ;Ö 

" ��f�qj�ÈéT³�SZ\}~
\x�uØ@�@LJÆ¼§�¥Á
½T¨Ñ�

" �ãÖ@13.5%PÂGÍ; 

" �ãGJ}~�x�uØU42.9GB/sec 

" ETÖO§¼±ã`H]P14.0%PR]
!39

  do J = 1, NY 
       do I = 1, NX 
          do K = 1, NZ 
             DYV (k,I,J) = (V(k,I,J)  -V(k,I,J-1))*R40 & 
                         - (V(k,I,J+1)-V(k,I,J-2))*R41 
          end do 
       end do 
    end do

%&Byte�'!: 

 1store/5loadZ\  

(5+1) * 4byte = 24 

4

"  ª3í@Ô� →4»«�§RG

%&flop: 

 "%%�����)0(/��������
%&��� �
�����
��

§¼±ã 	��������	�	��

�ãÖ 	�	��

Å�ì� �©T°¾"�#���¹µ�TÔ��

!40



!$OMP DO SCHEDULE(static,1),PRIVATE(I,J,K)  
 do J = 1, NY 
       do I = 1, NX 
          do K = 1, NZ 
             DYV (k,I,J) = (V(k,I,J)  -V(k,I,J-1))*R40 & 
                         - (V(k,I,J+1)-V(k,I,J-2))*R41 
          end do 
       end do 
    end do

%&flop: 

 "%%�����)0(/��������

"  ª3í`cyclic�¿ →41lt�7|
O3Ìå@L2SÎ](Ò�¹è) 

" §¼@:âSR]

%&��� ���������


§¼±ã 	���������	�
�

�ãÖ 	�
��

%&Byte�'!: 

1sore,2loadPº=] 

4x3 = 12byte

Å�ì� �©T°¾"�#��
��¹µ�`$1$('$Ol�quÚå��

ƥǏƶƮǐƅ÷ŹƗ

!41

(cyclic(0ưǖƶƻ�*Ɔñ�)

ǆǗƨǓǌ�
Do j=1,jmax 
  do i=1,imax 
    do k=1,kmax 
       a(k,i,j)=ǙǙǙc0*v(k,i,j-1)+c1* v(k,i,j)+c2* v(k,i,j+1)ǙǙǙ 
     end do 
  end do 
end do

1 ǙǙǙ                        ǙǙǙǙ 
kmax

ǙǙǙǙǙǙǙǙǙ 1 ǙǙǙ                        ǙǙǙǙ 
kmax

1 ǙǙǙ                         ǙǙǙǙ 
kmax

ǙǙǙǙǙǙǙǙǙ
1 ǙǙǙ                         ǙǙǙǙ kma

1 ǙǙǙ                        ǙǙǙǙ 
kmax

ǙǙǙǙǙǙǙǙǙ
1 ǙǙǙ                       ǙǙǙǙ kmax

i=1 i=2 i=imax

j

j-1

j+1

ǩưǖƶƻn+1Ɓ=±ŷƗƹǚƳ
ǩưǖƶƻnƁ=±ŷƗƹǚƳ
ǩưǖƶƻn−1Ɓ=±ŷƗƹǚƳ

ưǖƶƻn−1ƆCL

ƥǏƶƮǐǓƞǘ(CL)

ưǖƶƻn+1ƆCL
!42



!$OMP DO SCHEDULE(static,1) 
    do J = 1, NY 
       do I = 1, NX 
          do K = 3, NZ-1 
             DZV (k,I,J) = (V(k,I,J)  -V(k-1,I,J))*R42 & 
                         - (V(k+1,I,J)-V(k-2,I,J))*R43 
             DXV (k,I,J) = (V(k,I,J)  -V(k,I-1,J))*R40& 
                         - (V(k,I+1,J)-V(k,I-2,J))*R41 
             DYV (k,I,J) = (V(k,I,J)  -V(k,I,J-1))*R40 & 
                         - (V(k,I,J+1)-V(k,I,J-2))*R41 
          end do 
       end do 
    end do

%&flop: 

 "%%�����)0(/�������
�

" K,I,JíÔ�T�7z`�H]
EPSZ\5V(K,I,J)T�7u`
À��OA5z�h�|T¦¸
B/FÇ`�D]6

%&��� ������������

§¼±ã 	����
������	�
�

�ãÖ 	�
��

%&Byte�'!: 

Store 3 +4 load Pº=]P5 

(3+4)*4 = 28byte

Å�ì� �©T°¾"�#��
�!� �7z�$1$('$l�quÚå�

è£B/F ƚ�ŲƗ 
ƥǏƶƮǐƅ÷ŹƗ
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%&��� �������	�

§¼±ã 	����
������	���
�ãÖ 	��	

×���Õ�T°¾�&�

ƣǔƯƼǕƫǚƻƆ×�
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The Next-Generation Supercomputer
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The “K computer” Ĳı
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!
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The “K computer” Ĺ�ĴĳĨ
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演算ルーチン
同一傾向

最外のスレッド並列化が必要

MGでは不要
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The Next-Generation Supercomputer
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✓ ¡¢§�¨���
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ĻŋŒŔŖŜǙĲŇŉōŋ

ǍǎǔưǕǚǆƶƺŞ
ěĶıĢŗŋŉĜ

ĺĥơǘƯǘŞ
ưǕǚǆƶƺŞ
ěĶıĢŗŋŉĜ

ĺĥėưǕǚǆƶƺŞ
ěĶıĢŗŋŉĜ

ǍǎǔǂƯǚ¶ ĺĥơǘƯǘǂƯǚ¶ ĺĤơǘƯǘǂƯǚ¶

Ţ Ţ Ţ

ĦġĦĪė ĤĨġĪĩė ĤĤġĤĪė

ĨīĚ ĪģĚ

ħħĚ

ĦġĦħė ĤĨġĪĤė ĤĤġĤīė ħħĚ

ĦġĦħė ĤĨġĪĥė ĤĤġĤĩė ħħĚ

ĦġĦĨė ĤĨġĩĬė ĤĤġĤħė ħħĚ

ĦġĦĨė ĤĨġĩĩė ĤĤġģĬė ħħĚ

ĦġĦĦė ĤĨġĪĥė ĤĤġĤīė ħħĚ

ĦġĦĪė ĤĨġīģė ĤĤġĥĥė ħħĚ

ĦġĦĨė ĤĨġĪĦė ĤĤġĤĪė ħħĚ

ĥĩġĪīė ĤĥĨġĪģė īĬġĥĦė ħħĚ
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ĺĤĳėǋưė
ōŚŕŌė¶Ş
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ĺĤĳėǋưė
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ěĢĺĤĳėǋư
�Ĝ

ĺĥėǋư¶Ş
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✓ ���«��
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ėŊŔėėŏĦĮĥğŒĦŏĠĤė
ėėėėėėėėėŎĦėĮėĥĝŏĦĠŊĦė
ĲėėėėėėėėŎĦėĮėĥĝŏĦĠĤė
ėėėėėėėėėŊŔėėŏĥĮĥğŒĥŏĠĤė
ėėėėėėėėėėėėŎĥėĮėĥĝŏĥĠŊĥė
ĲėėėėėėėėėėėŎĥėĮėĥĝŏĥĠĤė!
ėėėėėėėėėėėėŊŔėŏĤĮĥğŒĤŏė
ėėėėėėėėėėėėėėŎĤėĮėĥĝŏĤĠŊĤė
ĲėėėėėėėėėėėėėŎĤėĮėĥĝŏĤĠĤė
ėėėėėėėėėėėėėėśĤěŎĤĠĤĜėĮėŖěŎĤĠĤğŎĥĠĤğŎĦėėĜėĞėŖěŎĤĠĤğŎĥĞĤğŎĦėėĜė
ėėėėėįėėėėėėėėėėėėėėėėėĞėŖěŎĤĠĤğŎĥğėėŎĦĠĤĜėĞėŖěŎĤĠĤğŎĥğėėŎĦĞĤĜė
ėėėėėėėėėėėėėėŜĤěŎĤĠĤĜėĮėŖěŎĤĠĤğŎĥĠĤğŎĦĠĤĜėĞėŖěŎĤĠĤğŎĥĠĤğŎĦĞĤĜė
ėėėėėįėėėėėėėėėėėėėėėėėĞėŖěŎĤĠĤğŎĥĞĤğŎĦĠĤĜėĞėŖěŎĤĠĤğŎĥĞĤğŎĦĞĤĜė
ėėėėėėėėėėėėŋœŊŊŔė!
ėėėėėėėėėėėėŊŔėėŏĤĮĥğŒĤŏĠĤė
ėėėėėėėėėėėėėėŎĤėĮėĥĝŏĤĠŊĤė
ĲėėėėėėėėėėėėėŎĤėĮėĥĝŏĤĠĤė
ėėėėėėėėėėėėėėŜĥėĮėŖěŎĤğėėŎĥĠĤğŎĦĠĤĜėĞėŖěŎĤğėėŎĥĠĤğŎĦĞĤĜė
ėėėėėįėėėėėėėėėėėĞėŖěŎĤğėėŎĥĞĤğŎĦĠĤĜėĞėŖěŎĤğėėŎĥĞĤğŎĦĞĤĜė
ėėėėėėėėėėėėėėśĥėĮėŖěŎĤğėėŎĥĠĤğŎĦėėĜėĞėŖěŎĤğėėŎĥĞĤğŎĦėėĜė
ėėėėėįėėėėėėėėėėėĞėŖěŎĤğėėŎĥğėėŎĦĠĤĜėĞėŖěŎĤğėėŎĥğėėŎĦĞĤĜė
ėėėėėėėėėėėėėėŗěŏĤğŏĥğŏĦĜėĮė
ėėėėėįėėėėėėėėėėėėėėėģġĨĳģėĝėŖěŎĤğŎĥğŎĦĜė
ėėėėėįėėėėėėėėėėėėėĞėģġĥĨĳģėĝėěėŖěŎĤĠĤğŎĥğŎĦĜėĞėŖěŎĤĞĤğŎĥğŎĦĜėĞėśĥĜė
ėėėėėįėėėėėėėėėėėėėĞėģġĤĥĨĳģėĝėěėśĤěŎĤĠĤĜėĞėśĤěŎĤĞĤĜėĞėŜĥĜė
ėėėėėįėėėėėėėėėėėėėĞėģġģĩĥĨĳģėĝėěėŜĤěŎĤĠĤĜėĞėŜĤěŎĤĞĤĜėĜė
ėėėėėėėėėėėėŋœŊŊŔė!
ėėėėėėėėėŋœŊŊŔė
ėėėėėėŋœŊŊŔ

ĘęĽĻľėľİŀİĺĺĴĺėĳĽėľŀĸńİłĴěśŜĤğŜĥğśĥğŎĦğŎĥğŎĤĜė
ėėėėėėŊŔėėŏĦĮĥğŒĦŏĠĤė
ėėėėėėėėėŎĦėĮėĥĝŏĦĠŊĦė
ėėėėėėėėėŊŔėėŏĥĮĥğŒĥŏĠĤė
ėėėėėėėėėėėėŎĥėĮėĥĝŏĥĠŊĥė
ėėėėėėėėėėėėŊŔėėŏĤĮĥğŒĤŏĠĤė
ėėėėėėėėėėėėėėŎĤėĮėĥĝŏĤĠŊĤė
ĲėėėėėėėėėėėėėŎĤėĮėĥĝŏĤĠĤė
ėėėėėėėėėėėėėėśŜĤĤŒėĮėŖěŎĤĠĤğŎĥĠĤğŎĦėėĜėĞėŖěŎĤĠĤğŎĥĞĤğŎĦėėĜė
ėėėėėįėėėėėėėėėėėėėėėėėĞėŖěŎĤĠĤğŎĥğėėŎĦĠĤĜėĞėŖěŎĤĠĤğŎĥğėėŎĦĞĤĜė
ėėėėėėėėėėėėėėśŜĤĤŕėĮėŖěŎĤĞĤğŎĥĠĤğŎĦėėĜėĞėŖěŎĤĞĤğŎĥĞĤğŎĦėėĜė
ėėėėėįėėėėėėėėėėėėėėėėėĞėŖěŎĤĞĤğŎĥğėėŎĦĠĤĜėĞėŖěŎĤĞĤğŎĥğėėŎĦĞĤĜė
ėėėėėėėėėėėėėėśŜĤĥŒėĮėŖěŎĤĠĤğŎĥĠĤğŎĦĠĤĜėĞėŖěŎĤĠĤğŎĥĠĤğŎĦĞĤĜė
ėėėėėįėėėėėėėėėėėėėėėėėĞėŖěŎĤĠĤğŎĥĞĤğŎĦĠĤĜėĞėŖěŎĤĠĤğŎĥĞĤğŎĦĞĤĜė
ėėėėėėėėėėėėėėśŜĤĥŕėĮėŖěŎĤĞĤğŎĥĠĤğŎĦĠĤĜėĞėŖěŎĤĞĤğŎĥĠĤğŎĦĞĤĜė
ėėėėėįėėėėėėėėėėėėėėėėėĞėŖěŎĤĞĤğŎĥĞĤğŎĦĠĤĜėĞėŖěŎĤĞĤğŎĥĞĤğŎĦĞĤĜė
ėėėėėėėėėėėėėėŜĥėĮėŖěŎĤğėėŎĥĠĤğŎĦĠĤĜėĞėŖěŎĤğėėŎĥĠĤğŎĦĞĤĜė
ėėėėėįėėėėėėėėėėėĞėŖěŎĤğėėŎĥĞĤğŎĦĠĤĜėĞėŖěŎĤğėėŎĥĞĤğŎĦĞĤĜė
ėėėėėėėėėėėėėėśĥėĮėŖěŎĤğėėŎĥĠĤğŎĦėėĜėĞėŖěŎĤğėėŎĥĞĤğŎĦėėĜė
ėėėėėįėėėėėėėėėėėĞėŖěŎĤğėėŎĥğėėŎĦĠĤĜėĞėŖěŎĤğėėŎĥğėėŎĦĞĤĜė
ėėėėėėėėėėėėėėŗěŏĤğŏĥğŏĦĜėĮė
ėėėėėįėėėėėėėėėėėėėėėģġĨĳģėĝėŖěŎĤğŎĥğŎĦĜė
ėėėėėįėėėėėėėėėėėėėĞėģġĥĨĳģėĝėěėŖěŎĤĠĤğŎĥğŎĦĜėĞėŖěŎĤĞĤğŎĥğŎĦĜėĞėśĥĜė
ėėėėėįėėėėėėėėėėėėėĞėģġĤĥĨĳģėĝėěėśŜĤĤŒėĞėśŜĤĤŕėĞėŜĥĜė
ėėėėėįėėėėėėėėėėėėėĞėģġģĩĥĨĳģėĝėěėśŜĤĥŒėĞėśŜĤĥŕėĜė
ėėėėėėėėėėėėŋœŊŊŔė!
ėėėėėėėėėŋœŊŊŔė
ėėėėėėŋœŊŊŔ
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ėŊŔėėŏĦĮĥğŒĦŏĠĤė
ėėėėėėėėėŎĦėĮėĥĝŏĦĠŊĦė
ĲėėėėėėėėŎĦėĮėĥĝŏĦĠĤė
ėėėėėėėėėŊŔėėŏĥĮĥğŒĥŏĠĤė
ėėėėėėėėėėėėŎĥėĮėĥĝŏĥĠŊĥė
ĲėėėėėėėėėėėŎĥėĮėĥĝŏĥĠĤė!
ėėėėėėėėėėėėŊŔėŏĤĮĥğŒĤŏė
ėėėėėėėėėėėėėėŎĤėĮėĥĝŏĤĠŊĤė
ĲėėėėėėėėėėėėėŎĤėĮėĥĝŏĤĠĤė
ėėėėėėėėėėėėėėśĤěŎĤĠĤĜėĮėŖěŎĤĠĤğŎĥĠĤğŎĦėėĜėĞėŖěŎĤĠĤğŎĥĞĤğŎĦėėĜė
ėėėėėįėėėėėėėėėėėėėėėėėĞėŖěŎĤĠĤğŎĥğėėŎĦĠĤĜėĞėŖěŎĤĠĤğŎĥğėėŎĦĞĤĜė
ėėėėėėėėėėėėėėŜĤěŎĤĠĤĜėĮėŖěŎĤĠĤğŎĥĠĤğŎĦĠĤĜėĞėŖěŎĤĠĤğŎĥĠĤğŎĦĞĤĜė
ėėėėėįėėėėėėėėėėėėėėėėėĞėŖěŎĤĠĤğŎĥĞĤğŎĦĠĤĜėĞėŖěŎĤĠĤğŎĥĞĤğŎĦĞĤĜė
ėėėėėėėėėėėėŋœŊŊŔė!
ėėėėėėėėėėėėŊŔėėŏĤĮĥğŒĤŏĠĤė
ėėėėėėėėėėėėėėŎĤėĮėĥĝŏĤĠŊĤė
ĲėėėėėėėėėėėėėŎĤėĮėĥĝŏĤĠĤė
ėėėėėėėėėėėėėėŜĥėĮėŖěŎĤğėėŎĥĠĤğŎĦĠĤĜėĞėŖěŎĤğėėŎĥĠĤğŎĦĞĤĜė
ėėėėėįėėėėėėėėėėėĞėŖěŎĤğėėŎĥĞĤğŎĦĠĤĜėĞėŖěŎĤğėėŎĥĞĤğŎĦĞĤĜė
ėėėėėėėėėėėėėėśĥėĮėŖěŎĤğėėŎĥĠĤğŎĦėėĜėĞėŖěŎĤğėėŎĥĞĤğŎĦėėĜė
ėėėėėįėėėėėėėėėėėĞėŖěŎĤğėėŎĥğėėŎĦĠĤĜėĞėŖěŎĤğėėŎĥğėėŎĦĞĤĜė
ėėėėėėėėėėėėėėŗěŏĤğŏĥğŏĦĜėĮė
ėėėėėįėėėėėėėėėėėėėėėģġĨĳģėĝėŖěŎĤğŎĥğŎĦĜė
ėėėėėįėėėėėėėėėėėėėĞėģġĥĨĳģėĝėěėŖěŎĤĠĤğŎĥğŎĦĜėĞėŖěŎĤĞĤğŎĥğŎĦĜėĞėśĥĜė
ėėėėėįėėėėėėėėėėėėėĞėģġĤĥĨĳģėĝėěėśĤěŎĤĠĤĜėĞėśĤěŎĤĞĤĜėĞėŜĥĜė
ėėėėėįėėėėėėėėėėėėėĞėģġģĩĥĨĳģėĝėěėŜĤěŎĤĠĤĜėĞėŜĤěŎĤĞĤĜėĜė
ėėėėėėėėėėėėŋœŊŊŔė!
ėėėėėėėėėŋœŊŊŔė
ėėėėėėŋœŊŊŔ
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ėėėėėėŊŔėėŏĦĮĥğŒĦŏĠĤė
ėėėėėėėėėŎĦėĮėĥĝŏĦĠŊĦė
ėėėėėėėėėŊŔėėŏĥĮĥğŒĥŏĠĤė
ėėėėėėėėėėėėŎĥėĮėĥĝŏĥĠŊĥė
ėėėėėėėėėėėėŊŔėėŏĤĮĥğŒĤŏĠĤė
ėėėėėėėėėėėėėėŎĤėĮėĥĝŏĤĠŊĤė
ĲėėėėėėėėėėėėėŎĤėĮėĥĝŏĤĠĤė
ėėėėėėėėėėėėėėśŜĤĤŒėĮėŖěŎĤĠĤğŎĥĠĤğŎĦėėĜėĞėŖěŎĤĠĤğŎĥĞĤğŎĦėėĜė
ėėėėėįėėėėėėėėėėėėėėėėėĞėŖěŎĤĠĤğŎĥğėėŎĦĠĤĜėĞėŖěŎĤĠĤğŎĥğėėŎĦĞĤĜė
ėėėėėėėėėėėėėėśŜĤĤŕėĮėŖěŎĤĞĤğŎĥĠĤğŎĦėėĜėĞėŖěŎĤĞĤğŎĥĞĤğŎĦėėĜė
ėėėėėįėėėėėėėėėėėėėėėėėĞėŖěŎĤĞĤğŎĥğėėŎĦĠĤĜėĞėŖěŎĤĞĤğŎĥğėėŎĦĞĤĜė
ėėėėėėėėėėėėėėśŜĤĥŒėĮėŖěŎĤĠĤğŎĥĠĤğŎĦĠĤĜėĞėŖěŎĤĠĤğŎĥĠĤğŎĦĞĤĜė
ėėėėėįėėėėėėėėėėėėėėėėėĞėŖěŎĤĠĤğŎĥĞĤğŎĦĠĤĜėĞėŖěŎĤĠĤğŎĥĞĤğŎĦĞĤĜė
ėėėėėėėėėėėėėėśŜĤĥŕėĮėŖěŎĤĞĤğŎĥĠĤğŎĦĠĤĜėĞėŖěŎĤĞĤğŎĥĠĤğŎĦĞĤĜė
ėėėėėįėėėėėėėėėėėėėėėėėĞėŖěŎĤĞĤğŎĥĞĤğŎĦĠĤĜėĞėŖěŎĤĞĤğŎĥĞĤğŎĦĞĤĜė
ėėėėėėėėėėėėėėŜĥėĮėŖěŎĤğėėŎĥĠĤğŎĦĠĤĜėĞėŖěŎĤğėėŎĥĠĤğŎĦĞĤĜė
ėėėėėįėėėėėėėėėėėĞėŖěŎĤğėėŎĥĞĤğŎĦĠĤĜėĞėŖěŎĤğėėŎĥĞĤğŎĦĞĤĜė
ėėėėėėėėėėėėėėśĥėĮėŖěŎĤğėėŎĥĠĤğŎĦėėĜėĞėŖěŎĤğėėŎĥĞĤğŎĦėėĜė
ėėėėėįėėėėėėėėėėėĞėŖěŎĤğėėŎĥğėėŎĦĠĤĜėĞėŖěŎĤğėėŎĥğėėŎĦĞĤĜė
ėėėėėėėėėėėėėėŗěŏĤğŏĥğŏĦĜėĮė
ėėėėėįėėėėėėėėėėėėėėėģġĨĳģėĝėŖěŎĤğŎĥğŎĦĜė
ėėėėėįėėėėėėėėėėėėėĞėģġĥĨĳģėĝėěėŖěŎĤĠĤğŎĥğŎĦĜėĞėŖěŎĤĞĤğŎĥğŎĦĜėĞėśĥĜė
ėėėėėįėėėėėėėėėėėėėĞėģġĤĥĨĳģėĝėěėśŜĤĤŒėĞėśŜĤĤŕėĞėŜĥĜė
ėėėėėįėėėėėėėėėėėėėĞėģġģĩĥĨĳģėĝėěėśŜĤĥŒėĞėśŜĤĥŕėĜė
ėėėėėėėėėėėėŋœŊŊŔė!
ėėėėėėėėėŋœŊŊŔė
ėėėėėėŋœŊŊŔ
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