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2.1 %'&)(+*-,/.1032-465-798;:=<
prq9ets�aiuVv>x�yNz�{N|�}Q~ \ VERA {Q|i}d~r¡¢ VSI ¿?>��A@CB@º ²XÓCD PC-VSI §��V�l£³|bctu�¥]¦¨ 1 EGF�fr�¶��� ®�¯ �Q�tÝ�Ï�÷ � ®i¯ �?H)I ±b² PC-

VSI ßKJ���^1_ML+õON¶�CPbj ¬r­ v9x]yNz�Õd�bÝ+k»mo ( Q 1 R;S ) �]���;TVU TMW U>�Q}b�r^¶� W É ®5¯ �ü>o °Nã�² v9xwyNzbf ì?X ÿ û ¨ \ �d�YT�U TMW U>�
PC-VSI �APdj ¬r° ðiñQy5ziÕQÝbÏVÞ�m�oV�b�5�«f��wvxXyiz \ ÉVðGZV[G\iÕ�]dj�knm ­ Î+º ²?^�_ ÉA`b¨�ÎVaoAbYT¶�r�����l�b� \;c+T ��� PC dfe�g¶Ü9õ�eV¦i�
N�fV� ã ¢»m °r±¶² b XYh v1xVy�zdÕ�Ý�ÏiÞNmöo�� WÉN¨Gi¶� PC f \Cj oiÉC`>�w�1���XÕk� ã ¢µm�v9xwyz�Õ¶¨���Ý+k³m¤o��mlont� PC fNv9xwydz�ÕfpfI ¬5°±¶² ÃNÄ9� Ó¶[ � PC d�� ãQ­¶� �tfNv1xVyNz�ÃNÄ T¬V­ qd©]¦çª�dGq�r9knm�oV�dp]qleXsra]utv¶x¸y�zb{Q|}d~ \ VERA v¶xtÇ�� ±VsQRöT]¬w­;tMu kµm ­ ·�o °ã5²
X ÿ û Ïwv�x \ �QÝ�� Å5Æ FX v¶xXÇ T¸Ñ]ÒYWVybT

ÏbÐ ­ ·�ow� °Cz�¬]² p]qle�swaruVfiyiziÕQ�QÝ9kµm1o°iãM{ �)|�swaru�§i�~}��Qf�§G�tÕV���iÐ ­ · ° TGU��
FFT U ² vlxN¿w>mFd��ÏY�tÕ�ßwàr¨G� _ f9Úio����N�f��N� tMul¬w­ ·bor{N|�}N~N�~vkx���� 1 ¨m�G��ü�ow�

Q 1 � 5 TQv>x�y5z�ÉQ� R Ç S À
� 1: prq9ets]aiuwv>x�ÇVvVx

v>x�y5z�T�U 5 T ( �5z û ¨ \C� TNf ì ý�þ )

v>x�y5z�[�\ prq9etsraiu FX � ( ß��tv¶x / v��Nv¶x )

v>x�y5zVFN� 5 TQv>x�y5z�É5¨5ÎQ· ­ 0.5 � 1.0 E�F��Q�
v>xXýbþ]�¶�����V\ VERA

²
K5/VSI

²
GALAXY

²
K5/VSSP

²
MARK-V

v>xN¿~>C�V\ CODA �V\ ² FITS �V\
ð�����U / ¿�>CFN� 256 � 65536 �Q� /1 � 100Hz �Q�
N>¦�� / �k> ���6��õrc (20U)/ �V� 4kW



2.2 PC 4 5 �
PC-VSI � tMu¶® ½wLi^$eµ� c9T � \�� j�� PC ���� ��PdjQü�oN� T ¨¶¹�º ² VLBI {N|r}N~d���	��¨ S Àü�o�� T f���o]� � � °Qã VSI

M�
 � PC dGB/º
���
�Vf \ NICT f tGu k»m °�� jb� { � |Qs5aru��Vhbjübo«Õ ²tÓ�D PC ¨~B�º��Y�»m ° ����� \�� jd���ö£¸|cVub¥]¦w§i¨M�G�lkµm ²�� õ�e��t��c���� \�� j���¦V�
N���hNj ¬]²��N¬V­ v¶xXy�zb¨ \ PC §5�V^¶_AL1õ N���APNjQü�ow�d�V� °5ã5²�{ �)|israwui����� twu �tâ��T�ì
�	� ¨ ù�� þQ����� � Õ! � ü�m#" ²r� m�¢��APQjüboQ� T ¨�¹bºn{Q|r}Q~�b ø ��¹bº ù�� þQÏ ì �]¨5übo� T Õl¿%$¶oV�Q�V� PC-VSI {5|r}Q~ \�twukt'& É�¨ \
1Gbps ���b�Q���m� � þ T U�( Mbps fN�Xv¶x¸yrz � þf���Ð ° Õ ²%) ��¡�� S À+*!,b�A����� ì �5¨�-�.�.Nüoi� T ¨b¹�º ² �i�5f \ 4Gbps /Q§i�¸�b�Q�K�m� � þ T� jrv�xXÇ5fd�do ÅQÆ FX v�x«Ç�� � þN��0!1�o 2Gbps

/d§Vf��Vv�xXyrz � þN��2�¨�3rmloN� T Õdf¶Ú�oQ¹�÷µ¨ÏbÐ ° ( Q 2
²

3 RVS ) �N�5�³f ² R54Y�¸fd¨ VERA j¶pqle�s]awutv¶x¸yizb{5|r}Q~N� S ÀNübo PC ����� � �
� 2 ¨C��6dübow�N�V�r{N|r}Q~wf \ N��87l�:9�� ËrÌ>ûù �dÏ'��� � �Vh5j ¬t­Q\ ·�o³Õ ² PC1
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Disk area from beginning [Gbps]Q 2 � � j��¤£t|�cVu�¥i¦r�thdj ¬�°�@ Ú'�	A � þ
Correlation Performance
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Q 3 � �i�VT�U T�W U�� PC �Vhdj ¬�° v>x�y5z � þ
� 2: PC-VSI �V�N��� S À�TVU

CPU Intel Xeon X5355 × 2

Mother Board Super Micro X7DBE

Raid Card High Point RR2340

Hard Disk IBM/Hitachi Desk Star 7K500 ×16

Memory FB-DIMM DDR2 533 1GB × 4

Case T-Win RMC3E2-PI-XPSS

3 � �����XWZY\[^]`_
3.1 acbcdfehgjilknmcoqpsr
ÅQÆ

FX v�x¸Ç T p]qle�s]awutv¶x¸Ç5fiyiz5ÃiÄ�¨~�ÚtÏ�t j ÕbÏ5·V¡)��÷ ¡d��ØQÙNübo °iã ¨ ²MWVÓrYQø ÕÈ�É5Êr¨'u�º �m�9kµm ­ ·doX�5 Q}��t^5¡�¢��5�r���N��Qqd©]¦³ª�d ®r¯ � ¬r²¸ÅQÆ FX v¶xXyiz�¨�vw1 °�ì �T
WGy�x�y	z �%v�1 ­ pVq�e¸sta¸uXv�x³y�z��«�iÝ ¬V° �

{�| � ËiÌ � °5ãrÅNÆ FX �]Ã5Ä¶� CODA �G\�¡ö¢�pqleXsra]u�v�xXyizNfGPQj>kµm9oV�}T>qw~X�rê¶õde d ÓD	� . ¬�°V±b²�W;y y5z�prqlegf	�����tÝ�Ï�Ð ° �;Q 4\tYiø
3C345 ¨�ÎGado��+� - ��� Xmh �tv�x��w� ² SNR

²
� x�y+T ��� - 3�$ - ��������cr_r��`��:�Qv��5v��A���¬r°�ì �tfb��o»Õ ²VÑ]ÒQÓrÔ�¬r° ÃiÄ�Õ Ö ¢gm ­ ·�oN�T Õ5ÞN¡�oV�d�i�¸f \ ÃiÄb� Ó T ¬ ¡M��� ¬V­ ·rÏN·�ÕÑ]Ò b XGh ��Îi· ­YW x�Ï]Ã�Ä5Õ Ö ¢gm ° ���5�³f ² �� � Ë�Ì fihdj>kµm ° �Q� J5Kb\ � 3 ¨C�	6�ü�ow�

� 3: �5� J5K
�Q�VT VERA4 T�Q�s�¸É 2003/328 01:34:00-02:40:00

�Q�w���)| VERA-1(A-beam:256Msps/2bit W1ch
²

B-beam:256Msps/2bitW1ch )

�Q� YNø 3C345/NRAO512 (2 ÜN��~	��� | )



Q 4 ��prq9etsia�uwy�zNÃ5Ä TµÅNÆ FX �]y5zNÃ5Ä
3.2 ���cehg i 46%'&)(+*nk mco>psrL�� �w���i�b�d�]�thNj ¬r° v�x¸yiziÃiÄ�� Ë]Ì f \{5|r}Q~����b�
	��Nf
�Q¡NÏ ����z �����¶oV�i¨ \��¶¬­ ·5Ï�·i� � �³fVpMbb¨ ÓrÔ übo«���d�w�wv�x¸yiz�� )
�r¡�� x	y	z �
��� ¬�­ v�xXyiz���ÝdÏ5· � �]ÃrÄ�� ËÌ1¬Q° ���r� ËQÌ � °Nã � 3 f;�+k»m ° �!�kT¶�5}��^¶� DIR2000 � 2

[ hbj ¬r­ A
²

B
²

C
²

D � 4 �¶����>¬]° ��� °5² p]qle�s]a]utv¶xXy�zdjN¨ \ q�©w¦³ª´�k³m ° �>���t¡¤¢ ”cp”
® êb½)|¸f W x�¨ A

²
B
²

C
²

D � 4 l>� ���9¬5° �]� � ��vlxtydz�f \ 4 T��Mb ­¨QÎN· ­ �!��T�¨NÎ�a�o 3C345 � xwy!z ��v51 ² k�¢¨���T��¶¨m� 4 f��ökçm�o�ð z a x#y �����+k³m °
�� f�Î��]Ï�Ð ° ���w��� ��� °�ã A-B
XVh f Ö ¢nm�o� x#ywz>\

−0.1nsec × 256Msps = −0.0256[sample]T Ï¤º ² A-D
XVh f Ö ¢�m1o � x�y	z�\ 66 ðb�dÊ�¨M�

−0.1psec× 3960× 256Msps = −0.1[sample] � � ´ zT ÏbÐ ­ ��m ­ æ³ot�¸� � �Vv¶xXyizQf Ö ¢gm ° � x	yz ��ÃQÄ9�YQ 5 ¨���6�ü>or� � xwy ��!�" z$T�¬r­�\ÑrÒNÓ�Ô9¬w­ ·�o¸Õ ²]ÅQÆ FX �]v>xty5zNÃQÄ \�x!y�²¥V�9e»��vw1 ° ·'�rm ì ÕNä�#�$ö¢³·wf�·�ot�N�µm \ pq1etsia�u]v>xty5z�f \ ��T&%5Â 'N�5Õ (�U!T 24 )lõe + *VU!T 8 )>õ�e³�,+ � �VU;��f�%QÂ+k»m�o�� T ¨

è ¬w­N²XÅNÆ FX Õ�(�U�T 11 )>õ�e + *VU�T 7 )>õdef�yiz9k�m�oQ� T ¨�¹]o °iãCzlT 4�1l¢gm1oV�Q�V�VÃiÄ¡1¢-#�Ïöæ Tiì prqleXsVa]utv¶x¸yizb� x	y�.�/	� þ \ÅQÆ
FX v¶xXÇ���0�Ú}.#1�ow�r¨�1Qð�Ï � þd�
2lÐ ­ ·od� T Õ���kçm ° �

Q 5 � §kQXÕ A-B
XVh � � x�y�zb² 3 QXÕ A-D

XGh �� x�y�z ����ü��
4 h ¨5ÏbÐ ­ ·do?[iÕ�pwqletsrawuVvxXyizb� � x�y f���º ² $ö¢«·wf�·bo�[ \VÅQÆ FX � �x�y f���oV�

� 4: v>x�y5z�Éi����� x�yNJ5K
��� �¶����5 ��� ¬�°�x�y ��� ¬�°�¬�° ¥t��e

[nsec] [psec/sec]

A 0.0 0.0

B -0.1 0.0

C 0.0 +0.1

D 0.0 -0.1
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VLBI ������������� �"!$#�%'&)(�!�*�+ �,)-�.�/ �1032 VERA
�

2 4�576 . ( 8:9�0 2 -<;>=
�"?�@BA'CEDGFGH��3�EI$�J(K8L9'MEN��GO7P�Q:R�2TS)UV � !�#�% &)�XW$Y)Z�[�\X�7��������0$]3^ =$_a`�b
4�5J6$�Jc$d�e�Z�Y �a? @7AfCGD�F7Ha���G�X� ��g�hi�j 5 ` A�kGl `Xm7n ��W)Y�ZGo�p)�GqJrXs��B?>�3�E�
� g�h i$j 5 ` A�kGl ` �Bt ; e�ZBu 3

�"v)w �BcJd)s
�GA�k>l ` M�x)ya�GzG{�s$�"?�8 � A�k"l ` ( $Station 2
$Source 2 $Stream 2 $Process |�} m�~ Q�9 �>? $Station

�)( v)wJ�'� 5���2 vJw)�X� 2 � %K&72"zJ� A$��5 _ �
C�0J�)�'QL9���?$878 . �)��QL9�ZXY�� VERA-01 (G��B� �KA$kBl ` ���)YGZ QX}1�a���������"�B�)�$21�7�� 4 � C�2 bK� �B� ` S�2"��5$� � 4 � C �7¡7¢J0)�)�
Q1Z�Y���? $Source �J(�!)# � ; J2000 £ -). � %K&JM
�)��s���? $Stream �J(B���)¤>¥�A�kGl ` �)� ,a¦f;T=
�7§>¨ ` 2E!J# � 2 vJwJ©�ª S�2 b F��a� `)«7¬ 2 FFT

S32a� ��¤B¥��X� [Hz] M>����s��G? ���3� VLBI �)�. ( b3� �a� `�­ � v)w)©)ª SX® FFT S)¢�M � �3e"�

�B�X� ( b3� �J� ` S�£K¯�°�[X\���� 8 =7± � � �7c
e�ZX2)@GA'C>D"FGH��3�E��� . ( $Stream . �J�'Q�9�²
S�£ � ���G�X��0³[X\X�$� 8 =7± 9<�a? 8�8 .$´fµ �
$Stream �Bc�e>Za¶���!)# � M�zG·�s"9X¸J¹�S � !X#7%
&a�Gc3e"Za���E���703[7\��"º)»'Q�9³��? t ; e"Z�+�¼
² g7h i�j 5 `$. ( b$� �a� ` -00 ( 3C345

� %K& .�½¾ ea2 bK� �a� ` -01 ( NRAO512
� %K& .a¿JÀ)½ ¾ 0

» =�± 9��B?)ÁB²J2a[)Â b�� �G� `X«7¬ �Gc3e�Za¹7S �
!)#J%K&JME�)��s���8 ; ��ÃKÄ�2>Å7Æ�Ç7�BÅ70'È"² É15Ê 5E!J#7¢ � ��� .�ËT,�Ì � � �E��� . cJd70�]�^ ;1=
��? $Process ��(7�'�B�X�3Í7Î�\BÏ ; �)�'\$ÐJ2B!�#� ; ���T�7���BÑ7Ò�s�� v7w7��� 5��"M>�)�Xs���? �)��7Ó �"� ` 4)5G6 � VLBI

vJw . (�878 . !J# � ME�J�
ea2 _�`�b 4X576 �"Ô�Õ ( 8)8 . ( ”multi beam” ; z
·$s��)8 ;Ö. 2 $Stream » . zG·³Q�93²"!)# � . � � �
�7�J0JºJ»'Q�9×�"?X8J8 . ( vJw ÑJÒ � ; e>Z 4

� M>�
��eG2 $Stream SKM 2 ; e�ZXY��10K2Eº�Ø � @GA'CEDGF
H7+ . ( É:ÙÚ� ��Û sXÜfÄÝU V �"Þ MEßXà . á 2�âJº'ã= VLBI

v7w . ßXà3QL9������1��� ��ä ;Lå�æ ��cJd�0
]�^ .�/ ��?

� � gJh iKj 5 ` A�k7l ` � , t
—- 8)81|f} —-

$Station A MIZNAO20 -3857241.8226 +3108784.8097 +4003900.5431 VERA-01

$Station B ISHIGAKI -3263994.7258 +4808056.2881 +2619949.2188 VERA-01

$Station C IRIKI -3521719.5860 +4132174.6744 +3336994.2244 VERA-01

$Station D OGASA20 -4491068.8117 +3481544.7906 +2887399.5669 VERA-01

$Source 3C345 16h42m58.809967 +39d48’36.99406

$Source NRAO512 16h40m29.63246 +39d46’46.0298

$Stream Stream-01 3C345 22220000000 0 1024 100

$Stream Stream-02 NRAO512 22220000000 1 1024 100

$Process 2003/328 01:34:00 3960 multi_beam -A-B-C-D-

—- 8)87Á . —-

5 çéè
8)8 . ÍGO eGZ�Y�� VERA à�@aA�C"DJF�H"���>I�(

3 ê$ë�ì .Jí�î }�9KZ��ïÄ ðXê��K($ñ � 2 ê�ò ;"= �G?

ó ê)� �"ô =BõJö (�÷)ø FX ;:ù�úJû)üJ.$/ È>²�0�2>ý
ê)�$�7(B� ��þ à)��ÿ�°���� � M���� ; ea²7Í"O õ7ö M
��� ; eBZ íKî Z ÓXg
	 6�M�� ~ Q:R���
X� .�/ ��?


