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 X Vm&K��� "!PgG 80��� 90��BÆ0?}
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2001� 9 ~P�Æ Science �P?KF#E
5ge�Bxz��K� [1] ! Brumfiel g 2002� 11 ~P�Æ Nature �P?KF#E
s3PP�&#���P [2] �/^ew��&K���?K�R �[�� ADS PwEwT�
 virtual observatory ��)#y���er 300�K�I{�I)�8��e 700 ;���= Padovani ">?K�&K���Æ A&A �P�K��,g��&K�k�?jF 31 e��<n%���m�<D�0��$ [3] �l_Z McGlynn ">�b}�Æ ApJ �P?K�K�.���&K����*�HB0[d+�;O8�K���8℄ ClassX :I+�� ROSAT '&� WGACAT �vN3 [4] ��0
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2 �~F��)N�?f!hs:���1:y#�}E��&K�>equFw?�E 16 e��djb}��&K� (NVO) �W}��&K� (AstroGrid) ��F��&K� (EURO-VO ��#YEy#Fa#�&$V5��&K� AVO) ��}��&K� (GAVO) �B}��&K� (OV-France) �=}��&K� (China-VO) ��#���&K� (ESA-VO) �A=��&K� (JVO) �+�8+��&K� (Aus-VO) �K}���&K� (CVO) �K�8��&K� (DRACO) �V5��&K� (VO-India) ��}��&K� (KVO) �<Y���&K� (RVO) ��*8��&K�
(HVO) �+b�+��&K� (ArVO) �fqu>�q<F}E��&K�>e1
Hu&�fXhx
?}�,g�)�^C)�R/fNEklg
�3g��3gJ8j"{5X�X℄
�.!klg.�?aI�HX
s0KH_j!?}�,g�,"Cg��
�KS
N��fg.Q��,�b��&K�syje~
W�e�&?���=klgfNE\vN_ (Resource Registry) ���t� (Data Modeling) �0?�~Cn� (Unified

Content Description) ���*�a (Data Access Layer) �VO hU (VO Event) �VO K (VO

Table) �VO e%m/ (VO Query Language) �HX
K�_vUH (Standards & Documents

Acceptance Process) ��d
�;VW (Grid & Web Services) !�3gNE VO �X℄ (VO

Applications) ����5�
y5 (Data Preservation and Curation)�VO�5X (VO Theory)
=?g5-�dX��&K,|g (GGF Astro-RG) �
3 ���)N�!�"{J��&K�"pFfA\v�9D��\v�BÆ\v��}\v�NYfA\vTS3o&B��? �x℄�"p�H*�&n
�m,|��
�%�R/���&K�sy"{FR/���yH��7�HaDf [6] �

(1) a0&����.�:;O8;x5;^8�&K�������H,|lG��x5as
R�aas� AGN V5
2 �$KlE5�a�N)�H��H#�R,|�x`Z�#Q�
(2) ^Qn
5wn���,|R/^Qn�����H?j?�Fv+F �&Kj{�Dm��� GRBs �	jv�F�"�:g5w���Rd�HYv�	�
"ye~&Z� �.�;x5NY+fLtd`LHB?j��j{�DS=3z�?j�a?AHB1e_>��g
4l��i����!)
��8.0���l�HB�
(3) ℄e�+I-3��&$+�j{�?j&K�HiwN�h+��j_B?j?�℄e�+I-3��&$ (9Da�C3�$� II �3�$� T &�") +�j{��=8/5X�R9?�
=N�,| SDSS 
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2MASS ���H?j T &���&�
a�C3�$�=,|a�C3�$�℄0��lG
���*4�u�

(4) ����2t�kx`���:?H#g�}
BÆ\v�6A=R�_j�?W�j�fL��&K��H_j�
(5) ;O8&K��0B&K�
[d���?�;O8�����&K�=�e0B�E;O8&K�,|"pF������9DR�a;O85w���B��H��&	nRd:R�a�as�gq
2 �,|�: DPOSS
 2MASS 5w��℄	U
1Mn
td���HeLg�a
�a7�+���D���*�E0B&K�
��:�",g�������"pF�E8�q5���:�℄ W���-?���k{1M�"5��H�{R/z������5P�NT+*�R�v|7=Q�Xg�Zq�MACHO sy=?jF 10?���F���=�?�����Z��V509�

4 �.i��)N�!��.}u{
(1) AGN �5O8x`8�2 .��V*O8� X VmO8n
;O8�[d+���H,| AGN �;O8!�8�2 �gfO8�D!�NGV
a0Xg"�Zq�Rd�85d��0���~X�'*~X�: AGN n
5l��e�E,| AGN �	q�2 
x`�<""p=;�7=��=�H,| AGN �2 �{�D�gL9x"�
(2) R�a�#Qas58℄nw�'&\H (D����Sz�r�<O8�'&
�Eg<�x�<�V*O8�'&) �Hl{���"$�n%���	qV (SFR) "�KG5w
���_
�"$�5�RGn#Q5w�E,|�a�as�/=�
	q"pC8�\H
A��
(3) ���a7lE���x5as2 ��$�H℄�ai5� X Vm� S–Z ~X"HB���a7�N��fAHB���~X���=;��a77=0��lG�
�x5as�2 �

5 ���)N�!a|Æ��?j.k�NECA�℄��j�
j{�?j�℄��j�Dn:X�D^=��uoe (Brane World) �7�"!j{�?jD*V<�3�$�GRBs �lGDO9xUV��6a<
��t�lG"�x`�H	n5X�?��w5�H8{5X�/^C!f1�H<5X�S��fLg��&K��H��v�Z�#Q�N ;O8��B��&B�5dY��&$V5j{e^8.Y���^��
�2t���?}�H�7x`P�?j�?jf	n5X�?��/^5XfC�03�x`�(e�u$"P℄?����?j.k�?�Z�#Q�Ce+Cw~�>dxfhV�ojjZ��r6j;����℄j;



� 192 �������'�L� �o��������� 24 ���O80xf"k&�7��?j�D�B�N e��&�~℄E O(N2) ����?j����:&�Z O(N2) Æl��&K�,|Nn��je�'&\H (D
�0_ SDSS �
2MASS � DPOSS �\H) ���?�C8?j�F+_F")���&K��{jTE�H�7�?j�a{R,���&K��H:0_;AD!���n
:?,|��=b,g�����.D,|����qE���b��,|jKE8!X℄��HB,|B�f3�� (D;O8�;x5�;^����) ��Hh\4b℄?3���R��e�M2�K%F���?j��=!8℄;O8�^�:vn
0B+�!.�:?�m�.k+�4l��� (�" R > 25) ���&K��H�hCw���,|�:;����Ce+42~*�?���?j��9���&K��_z�xR4e"���HR8YIDf�

(1) "a��8℄V��?Bxz+D!r6����H<R/�,|!�hR/��,sy^;�CYb℄!
(2) ��(����H0?�Hd��5+l����b℄!
(3) "aHXN�Xja?<���h��b��j�&E��VW!
(4) ��&��\l�K%k����&��K��8VW�>aNkKk��&n>!
(5) "aBÆ0��[���)�
�}?}�Hj$��M0"2
NYj;���
�^!
(6) ℄��FUk�n
��:���ZE�S�K=�&$��<!
(7) "a�X��&l+#Qsy�X;�q,�i�X��~V�i_ fe�sy���h{�"a
=N��x`B�!
(8) _j#_��kt����:?�E��pB���t����V509"pC+!
(9) &K�HR��;��=E�fL��&K�k�,|x`Z�#Q���0n!
(10) "p,|
?��1/!�X℄q5���/^�/nw���?� (D IT �0B����&") �O<���&K�:�ej{G���
W&~N�
(1) e~&EqE"p��VW��7℄��a��HfRn/���P=�&K�H�`�3�a=\
Ze=+�=j'�!1�H�=��`f!
(2) P=�X�"a�?Æ��H
�\.��>���Hk{?Q���,|kl�9(FZk&K�,|�8$�
(3) [d����n	n���&K��lK�+������:/7���;=P�[dq��HC+� IT/CS e!
(4) ℄p
qE℄p�&K�j\SqEZk IT/CS ℄p��-��o��℄p�PM���&K�TX�~C�&5NTP#jW&Nn"feal1EqE"pFaT#9�0o�℄=/.���&K�7_�HqE?�
~VI�!����u�7��?j����,kl�.���Hj;�j��jKE8&�h��,|�
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6 ���)N�m	��&K��$aasD5 1 �e [7] �5=�WK��NLE� DIS(Data Inventory

Service ���oySVW) � OASIS(Organization for the Advancement of Structured Infor-

mation Standards �as��^HX"a�g/) � OAI(Open Archives Initiative �ÆI�K�B�) � SOAP(Simple Object Access Protocol �R��:{*��O) � ADS(Astrophysics

Data System �&$V5��a0) � UCD(Unified Content Descriptors �0?�~Cn�) �
XML(Extensible Markup Language ��-��HDm/) �DC Registry(Dublin Core Registry,1,J	N_) � METS(Metadata Encoding and Transmission Standard �s��D\
�wHX) �SIAP(Simple Image Access Protocol�R��5w*��O) �SSAP(Simple Spectrum

Access Protocol�R��z�*��O) �SRB(Storage Resource Broker ��}\vwG>) �
OGSA(the Open Grid Services Architecture �ÆI��dVWNs) ��= VOTable jlx��&K�X℄���dd� conVOT j?AY ASCII + FITS dd���Q$E VOTable dd�k��6g VOPlot � OpenSkyQuery � Aladin � Mirage � Topcat Y�fln��5 1�-���&K��%a���&�=Qa�fAVW��fAk��9�.�

6 1 ���'L� %bbt
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k�k℄�n�����&K��(e$aas=�Rd�H�{fAk�j�C8gqVN�fAVWjY���k�
℄�>a 0�
��Æ?�k�z;z=;�℄�b℄X&zHEz�s���&K�k��Æ?
?�.kj$Hfs���H�Yl�
!��H�
y�\=!��Hk��&K�e~&6q!�ÆI�Ns!��H:5O8��\l!�℄��H_>Du!��e�-���flgT?�?^C8�qy���&K�k��
(1) ��&k���&K��i%aasj��&�g&K���e#QJ8�|���H�℄���&���;#Qe%�n��y#f��&K�sy�b℄���&3�e�DB2 �Oracle�

Sybase �Postgres �MySQL � SAADA j?e&K��&_/\qk� [8] �8℄ SAADA �&K�H�H�CJ&�X_>���& (5w�z���K") �t��&b�X��&��u_/ �[k��n�3, Java �\�\q���P��_/��;el�_
?�����\l!&��H"pW	e%�R��5w*�VW���&K�e%m/�;VW��mr����e%D5!�b℄[k��&K�H�H�CJX<DS.Q�nw�_�b��&Ze��~C����H.��;el+~5�u*��.�X℄u�el� SAADA�H)���&K�HXk<V���&�\l�:�Hn
v�?�,Ul9�e%�
(2) ��B�k�
(�k�
VizieR jB}�!/�6��=�Æ?���B�k� [9] ��"pFy#F?K���fAe%Hd�)?W�O8+v�3�e%�)wTae% (l!�q�H#"�^) �)�Kqe%�A�e%�5w+z�e%�taw��e%�k℄��Ke%!:�ev)J8nH+�qe%"�:�e�Ke%�℄��H_����Z��O<�:"pFR��[d+�n��℄��HP�KUk`�3��K[d+��
Aladin jB}�!/�6��=�Æ?���(�k� [10] ���/&�o &#?Æ?VN5w�N�k&K�K+℄�P�KU-K��/?oj=#�-K0_ SIMBAD �

NED � VizieR +���K�F-v� Aladin b��&$�;O8[d+��x`X;
���6�<D$9"Hlhe{_z����H.�KAHd*��R��q2� Java u�el� Java �0X℄�y#Fw?�� 3.026 0=�Nk�;��&K�Æ?�k� (D
VOPlot � Cross-match ") 6q�b�n�j%��℄ 0jE8�

(3) [d+�k�
OpenSkyQuery jb}��&K�Æ?�[d+�k� [11] �℄��H.�%��e%m/0_j�K�[d+���H_>��[d��K�:�HP�KUk�.��K[d+���VW;l"pFfA��&�[d+�ÆB�t0�℄�3�"�℄�4�Z��oKU� ℄t0�����v��H[d+�F�O<�OpenSkyQuery:g�e��&�fAe%1�H_j�y#g�[5
�("sQ�[a0l9e%�
�R�m� 5000 �
TOPCAT j?e�H�/&Y�K��5	 �o2!
D5! [12] �tyXB�z?j~5&K����:�℄g~5J&K�����H~5�&K��J8ddE FITS 


VOTable �:�HÆK���dd��"pFfAo2
NY��K�HB�3,o2	����K�s�^
I�r���H8�5k��0BBÆ�R/�K�ÆB�℄%��



� 3 � �3d#���'L��� �l�9Y^ 195��-�� Java m/E,|�KÆd�HX<�I�:�H��
�^6℄H3<NY�K=���
r���HD5��\��~C�HHfA	dw{�K 1 h{FfA[d+�k��?�U*� r 1 �x$�t"y�rp 1> V� 9/ kT�2 A<}v� 14 kTGmz VO

VizieR $ tz U T k kM k
OpenSkyQuery 1.16 tz$ U T k kM k
Aladin 3.026 tz Java k k kM k
TOPCAT 1.5 tz$ Java k T kM k
AstroGrid $ $ U
X-Corr/Federation t�

(4) ��NY�:�
�o k�
R j?e%�={G�jLFU"y [13] ��"pF0?�M)�Du"y�℄g��NY�X℄���0BBÆ
l5�Rw��Y�1/�0BFU�℄��H0_.�5	elw C m/sP?7k R �\l�	�FU3,fA0BBÆ3�N3��3�48��NY�[w�["�l�fA��� R el"pFkfAm/�dd��O�_%�D� C �

Fortran �Java �Python �Perl � XLip �BUGS "m/!H#� XML ! I/O KUas�
ASCII �gzip �Oracle �SAS �S-Plus �>n9"!�;dd� cgi �HTML �Netcape �
SOAP !0B3� GRASS �Matlab(emulator) �XGobi !*^��K� Excel �Gnumeric !5K� Grace �Gtk �OpenGL �Tcl/Tk !��&� MySQL �SQL �SQLite !�� / ��&�
GSL �Isoda � LAPACK !N
~5� PVM !K=~5� LaTeX !�[�_� sockets �
DCOM �CORBA �

Mirage j,g Java Æ?���NY
�o k� [14] ��H℄Kd�0H5�L)5��
nH�5K��	as"	d�$G+aG#Q=he��)�v3��)+n
as���)�2Z5��b�l5�s/N3+_/N3�0x�5Ke%jE8�℄RD�dm��m
��HNY
�o ���jE_z�j�"pF5K\l0,|/3&$+hU�R/|�Q��xnw��H8R/a��NY.Q�ex>a�� F>0td`LgP�&B�=)Æ?jlx��&K�����&K��H0_,℄�N�k���k�6q�b�n�jK=N�K 2 I{F R 
 Mirage �?�U*�r 2 R } Miragerp 1> V� 9/ kT�2 A<}v� 14 kTGmz VO On
R 2.1.0 tz U k T$ kM T �.�1CGV4

Mirage 0.3+ Beta Java k T kM k �9 VOTable/Registry FITS V
VOStat j&K�
0B�[d���l�q� [15] ��j��&K�)NfÆ?�lx(e&Ke�,gP=-`�0Bs�k��Jg-��NTd�,g�;�)Nsq��H.�Æv�!�7 GUI *��y#�e℄g�3
48���`�;NGV K G��n��#3,?��0�HBDJNDNY
��NY"�



� 196 �������'�L� �o��������� 24 ��&K[w�[sy (Astroneural) j�F��&K�syf|�?esy [16] �J8yHj��[w�[
��a<FBÆk��ie���X℄�℄O2
JO2�HB����;Z���6="2�^�3,&K�
J&K�X℄��X℄6=��5wNb
yH"2��� / �aN3�JO2�3�^Q�INY�`z�C�t���NY�Bxz$9�X℄gB����%N38��X℄�&K[w�[s�j,g Matlab Æ?��i��0=8\E C m/�
Grist j,g�d���:�sy [17] ��b&K�H
����H�qE�8℄�d?}jCJ&n
��,|��y�j;℄�Fd�&K�Nn=lxVW�Ns�l℄�b℄�y`�db�j TeraGrid �HEkb}��&K��l�XHBÆE,|��;VW&!�X
:�;O8�B�5w��K
z��r6�&K5w��.k�R/^Q
R/O8X_/?&0�;Ax`\H�B����NYeLg:lG=�V5�ue?e0?�5l��`
5d!℄��:��HBa0&�`Jv�	v�Fv
a�C3�$"!:�H℄ TeraGrid \v�� SDSS �3�$z���=`��0<D�
ClassXsyjb}��&K�Æ?�?es�a0 [18] ��b℄��$ �"p(_�,|w7�H�/(ea0�qn�[s��_F&K,|�(e�u�"{Q#�x`5+�n
x`�NY
~5a��kLX:?�EFX+��D9���&K�=��
��[sy6=v=v�,|"#�8℄;O8��X<
X℄N3!�F-� X Vmv(A��N3!�q`I-v�3��+{`�3�vn
,|��=KZ:a�&$V5�5d�
VisIVO j?e�H,wKG&K��NY
�o �k� [19] �8℄gn��o ?}he{KG���5	�b℄=ebEk��℄��He~&:��$9
NY�[k�IUk��&K�VW(��k��&K�VWn>�*2
~5fAdd����D VOTabledd� FITS + ASCII dd����.�fAHd (L)5�<$5�"il") �o �
VOPlot jV5��&K�Æ?� Java u� [20] ��H�R/3��5	 (L)5�0H5��Xg�5) ���ddE VOTable ��H:?Æ�Kl5�℄��H:s��Kk�9DÆKI+n
?�R���Æ\q�I�=)5�HH eps dd5��VOPlot eCA0=�Yl0=
�;0=��;0=6q� VizieR �KVW=�Yl0=�H.�V5��&K���*��
XmdvTool j?elxqrNn�FU3 [21] ���/��o &℄g�`;GFD�����H�
�fA��P (UNIX/LINUX/MAC 
 Window ��) �,w	Ahe��HB�L)5 (Scatterplots) ��UW+ (Star Glyphs) ��
nH (Parallel Coordinates) �aG-K (Dimensional Stacking) !:,wfA�/td
k��3,I�
�|�K)�F	?'����x"!#,w�FDhe�5	a��U5�)5�℄��Hi�_>��.j\5	
���1M�W}��&K�syFY XmdvTool k�(����&K�=�qE��&K�0= Xmdv-lite[22] �℄ Java Y�QS�b�Eg(S��H.�W}��&K�!�7,℄�
GGobi ℄H�o aG����o FU [23] ���Ha5�/�l^�/�&,|��!�HlfAf7�;FD5D)5�L)5�25�$U5�0H5��
nH5�L)5%"!�H_j��.Q�m�I�
�|�K)!��#�H�KG#Q=�Q!�Hs



� 3 � �3d#���'L��� �l�9Y^ 197�/&$9nH�G�
��ZD!��).Q�m�H�_�ÆK�C/!#�H℄ R 0n
0BNY�O<X℄bU�H:�n�n?U-��#e�;�o k�D;FD�o a0 Xgobi[24] �Æv��o ���`! [25] ��o ���:�
��&,|a0 [26] ��m��^�o "y& [27] "�"6R�??���`�3�4!�Z�nw���gT�
(5) z�nwk�
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Science, Tools and Applications of the Virtual Observatory

ZHANG Yan-xia, ZHAO Yong-heng

(National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China)

Abstract: The scientific aims, possible projects based on the Virtual Observatory, the functions

and significance of the Virtual Observatory are reviewed. The present various tools developed

by different Virtual Observatory projects as well as their applications are essentially introduced.

With the development, integration and application of various tools, the functions of the Virtual

Observatory will be more perfect. The successful scientific cases again show the advantages of the

Virtual Observatory. All of these indicate that the Virtual Observatory is turning from “concept”

into “operation”, from “technology” into “science”, and going ahead with the main rhythm of

science. The Virtual Observatory will be an indispensable part of astronomers to do research

activities.
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