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Abstract

Various astronomical resources exist in the astronomy community, e.g. tele-
scopes, �lms, analysis software, digital images, astronomy catalogs, spectrums
and simulation data. Especially, the observation and calculation data are the
basic resources for astronomy research. Huge data come with the operations of
huge amount of astronomy instruments and techniques; astronomy is entering the
full-band observation and data explosion era. We have to collect di�erent kinds
of data to study an object’s real physical speci�cation. The plenty multi-band
data will lead astronomers to a new level to understand the universe. But how to
�nd the same object’s information in di�erent catalogs or other data sets becomes
a tough problem with huge data amount. More and more tools and techniques
which utilize new technologies also come with the big data. Astronomers spend
lots of time to learn the related knowledge to use these tools and services. How
to reduce the barrier among the tools and astronomers, to join the astronomical
resources and make them seamless accessible becomes an important issue. This
dissertation studies several key techniques to integrate astronomical resources
and get some new bene�ts.

Crossmatching is a useful technique to combine di�erent data sets. Based on
the very fast Zones Algorithm Crossmatching method, this dissertation presents
a novel method to directly involve catalogs’ sky coverage information during the
crossmatching processes, which use uniform indices. The new method especially
works well when two catalogs only have small common sky coverage area. With
the bene�t of the sky coverage information, we can do a simpleDIFFERENCEop-
eration between two data sets to detect the reason why some objects do not have
counterparts in other catalog: they are not in the other catalog’s sky coverage,
or they are too faint to be detected by the telescope. This new method will be
applied to the new crossmatch engine of Virtual Astronomical Observatory of
United states.

Data integration urgently needs the technique to crossmatch di�erent wave-
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bands of data. But in radio catalogs, some objects e.g. quasar has a radio core
in center and two radio lobes far away from the core. When crossmatching these
objects, we also have to consider these two lobes to �nd their full information.
This dissertation uses a geometry straight line model with di�erent combination
of the radio detections to simulate the core and lobes, and applies the Bayesian
inferences method to �nd the best radio counterparts for an optical detection.
Other geometry or other kinds of model could be utilized in this method to �nd
the objects which �t the speci�ed structure. We have done some experiments to
check the e�ectiveness of this method; the result is closed to the crossmatching
result by human eyes from Australian Radio Astronomers. It could be a choice
to integrate huge optical catalogs and radio catalogs which might come from the
SKA telescope.

This dissertation also tries to �nd new ways to integrate resources and makes
the usage mode simpler. With techniques from Virtual Observatory and based
on the maintenance of local FITS �les, we have tried to join the local data
and software with the data and services on the internet to make them seamless
accessible. The more important aspect is to help astronomers to easily utilize
the tools, and focus on the scienti�c research but not the technical details of the
services. On the implementation, we use the Eclipse RCP framework to construct
the software which is cross-platform and pluginable. The plug-in structure would
encourage the astronomy community to contribute their implementation of data
usage or other functions, and eventually make this tool to be a platform which
integrates astronomy resources besides software. Some astronomy services are
already usable in this platform and easy to use.

At the end of this dissertation, we discuss issues about the management of
the videos of astronomy academic reports. Academic reports are also valuable
resources for astronomy learning and research. But they usually go unnoticed.
Sometimes, the reason is that people do not have the ability to solve the related
problems. This dissertation proposes a low-cost scheme, which only needs a
simple DV for family, to provide video web broadcasting and Video-On-Demand
service. With the accumulation of reports, videos and related documents, we
will be able to join these information to the scienti�c data sets and bene�t the
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astronomers.
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1.1: Ȃ

Ҍ ̆ Ȃ ֲ Ҍ ̆
ꜚ ̆ ҩ Ȃ

ѿ ̆ ҩ Ḡ
Ȃ Ҍ ȁ ̆ ҉

⌠ Ȃ ҩ ѿ ѿ ̆
ȁᵞ Ȃ

1.1

ᵬҹ ҉ ѿҩ ̆1990 ̆ף
῍ ₮ԅ ̂Virtual Observatory̆VÕ Ȃ≠ Ḥ

̆ ῃҕ ȁ ̆ҹ
ѿҩ Ȃ ꜛ ᵬ ‖

‼ ӊ҉ └̆ ᶏ ԍVO ῍֣ ᵬ ֟
ҹ Ȃ

ѿ ԅ ῍ ῏ ̆ 19ҩ
ꜚԅ VO Ȃ2002 6 ̆ ̂National
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Virtual Observatory̆NVÕ ᵣ ̂European Astro-
physical Virtual Observatory̆ EURO-VÕҍ ̂UK
AstroGrid Virtual Observatory̆AstroGrid̃῍ ԅ
̂International Virtual Observatory AlliancĕIVOA Ȃ̃2002 10 ̆Ҭ

̂China-VÕ Ӟⱴ῀ԅIVOAȂ

ᴋⱵ Ḇ ΐȁ ҍ
ҍ ᵬ̆ ҹѿҩ ԑ ᵬ
4Ȃ IVOA Ғ ԍ ‰ ̆ ꞉ ֓ ᶏץ
Ҭ׆ Ȃ ╠IVOA 8ҩ ᵬ ̆└ ԅѿ ↓ Ⱶ

5[7]̆ ⌠ ҩ Ҭ ⱬ Ȃ ᵬ

� ̂Applciations̃ ᵬ ȂҒ ԍҹ ᶫ VO
Ⱶ ᴆ ΐȂ└ Ḥ ̂Simple

Application Messaging Protocol̆ SAMP̃[8]̆ VO ᴆ
ԑ ᵬ ᵬ Ȃ

� ̂Data Access Layer̃ ᵬ ȂῒᴋⱵ └ ҍ VO
Ȃ Ⱶ ֓ ‰

Ⱶ̆ ↕ ץ ‰ Ⱶ̆⁞ ԅ ᶏ ᶏ Ȃ
╠ └ ‰ Ⱶ ‰̂Simple Cone Search̆

ConeSearch̃ [9][10]ȁ Ἕ ̂Simple Image Access Protocol̆
SIÃ[11]ȁ ̂Table Access Protocol̆ TAP̃[12]ȁ
ᾣ ̂Simple Spectral Access Protocol̆ SSAP̃ [13]ȁ ᾣ

̂Simple Line Access Protocol̆ SLÃ[14]Ȃ ҹԅ Ḃ
̆Ғ └ ԅѿҩ ̂Astronomical Data

Query Languagĕ ADQL̃[15]̆ ץ Ȃ

� ̂Data Modeling̃ ᵬ ȂҒ ԍ ҍ ᾝ
῏ ̆ ȁ ȁ

̆ ᶫѿҩ ֓ Ȃ ╠ ᾣ
̂Photometry Data Model̃ [16]ȁᾣ ̂Spectral Data Model̃

4 IVOA ׃ http://www.ivoa.net/about/what-is-ivoa.html
5 IVOA http://www.ivoa.net/documents/

http://www.ivoa.net/about/what-is-ivoa.html
http://www.ivoa.net/documents/
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[17]ȁ ̂Simple Spectral Lines Data Model̃ [18]ȁ
̂Simulation Data Model̃ [19] Ȃ

� ҍ Ⱶ̂Grid & Web Services̃ ᵬ Ȃῒ ҍ
ӈVO Ҋ ҍ Ⱶ ‰Ȃ└ ԅ

└̂Single-Sign-On Pro�le: Authentication Mechanisms̃ [20]ȁ
ӈ ̂Parameter Description Languagẽ [21]ȁ ԍREST
ᴆ Ữ ⱵVOSpacê VOSpace speci�catioñ [22] Ȃ

� ӈ̂Semantics̃ ᵬ Ȃ῏ ȁ ȁ
ӈҍ Ȃ└ ᵣ ȁ ȁ ȁԊᴆ ῒז

‰ ̆ ȁ ȁ ȁ
Ȃ ӈԅVOҬ ᶏ ᵝ̂Units in the VÕ [23]ȁ ῖ

̂Vocabularies in the Virtual Observatorỹ ̂Simple
Knowledge Organization System̃ [24]ȁץ ѿ [25][26][27]

Ȃ

� VOԊᴆ̂VOEvent̃ ᵬ Ȃ ҹ Ҭ Ԋᴆ ȁᴰ ȁ
ҍ └ ץ̆‰ ѿ ῒῤ ҍ ӈȂҹ ѿ

└ ԅ Ԋᴆ ᾝ ̂Sky Event Reporting Metadatã [28]Ȃ

� Ύ̂Resource Registrỹ ᵬ ȂIVOA Ύ̂IVOA Registrỹ
ҹ ᶫ VO ᵝ ȁ ȁᶏ Ḥ Ȃ
ᵬ Һ ӈIVOA Registry ῏ ‰̆ IVOA ѿ
̂IVOA Identi�ers ̃[29]ȁ IVOA Registry ̂IVOA Registry

Interfaces̃ [30]ȁ ᾝ ӈ̂Resource Metadata for the Virtual
Observatorỹ [31] Ȃ

� VO ̂VOTablẽ ᵬ Ȃ└ XML VO ֜
̔VOTable[32]Ȃ

֓ ᵬҍ ‰῍ ԅIVOA ̆ 1.26 ̆ᵖ ֓ ԍ Ḥ
Ҍ ԅ ̆ Ғҙ Ⱶ ֲ ⌠
6 IVOA http://www.ivoa.net/documents/Notes/IVOAArchitecture/20101123/

IVOAArchitecture-1.0-20101123.pdf

http://www.ivoa.net/documents/Notes/IVOAArchitecture/20101123/IVOAArchitecture-1.0-20101123.pdf
http://www.ivoa.net/documents/Notes/IVOAArchitecture/20101123/IVOAArchitecture-1.0-20101123.pdf
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1.2: IVOA Ȃ

ᵬ҉Ȃ ἝADQL ̆ ꜛԍῒ
⌠ Ȃᵖ Ӟ Ҍ ӟ ̆ ץ Ⱶֲ ᶫѿ֓

ꜛȂ

Ḥ [34] Ғҙֲ ῍ ꜜⱬҊ̆
ԑ ҉ ԅᴧ ⱵȂῒҬ

Ҭ ̂Strasbourg Astronomical Data Center̆ ΏCDS̃ 7

̂US Virtual Astronomical Observatory, VAO8͡͡╠ National Virtual
Observatory, NVO9̃ ҹ ̆ ҍ ⱬ ̆ ₮ԅ
ѿ ↓ Ⱶҍ ‰̆ ҹῃ ᶏ Ȃ

7CDS http://cds.u-strasbg.fr/
8VAO http://www.usvao.org/
9NVO http://www.us-vo.org/old_index.html

http://cds.u-strasbg.fr/
http://www.usvao.org/
http://www.us-vo.org/old_index.html
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Ҭ ҹ Ⱶ ᶏ ᵣ
Ⱶ̂Set of Identi�cations, Measurements and Bibliography for

Astronomical Dată Simbad̃ 10̆ ץ ᵣ ѿҩ ᵣ ῒ
ז ȁ ȁ Ḥ Ȃῒ Ⱶ̂VizieR̃11 ╠ ᶫԅ11052ҩ

Ⱶ̆ ⱬ Ȃ ̆CDS ֜ԑ ᴆAladin12ȁ ֜
Ⱶ̂X-Match̃13ȁ Ⱶ̂CDS Bibliographic Servicẽ 14 ѿ

↓ ȁ ⱵȂ

ԍ ᾢ ת ȁ ⱬ
ᴆ ҙ ̆ Ύҍ Ҭ ̂NVO

Directorỹ15ȁ ΐ̂DataScopẽ 16ȁ ֜ ΐ
̂Open SkyQuerỹ 17ȁ Ⱶ̂Footprint Servicẽ 18[35][37]ȁᾣ

№ Ⱶ̂Spectrum Servicẽ 19 Ⱶҍ ΐȂ ̆
ⱬ ᵣ ̂SAO/NASA Astrophysics Data System̆

ADS̃Ӟ ҍ ӊ↓Ȃ

Ҭ [36] ⱬ ̆ᵖᶭ ԍҹ ͡͡
ᾣ ᾣ ̂Large Sky Area Multi-Object Fibre

Spectroscopy TelescopĕLAMOST̃͡ ͡ ̂Chinese Small
Telescope ARray̆ CSTAR̃ ᶫ Ⱶ̆ Һ
῏ ̆Ӟ ₮ԅѿ Ȃ ҹ Ҭ

ӊѿȂ ̆China-VO ԅ ᵣḤ
ΐSkyMouse20[38]ȁ ΐ̂Virtual Observatory Data Access
Servicĕ VO-DAS̃21[39][40][41][42]ȁFITS ῀ ̂FITS Header Archiving
System̆ FitHAS ȁ̃ ᵬӊѿ ѿ ̔

10 Simbad http://simbad.u-strasbg.fr/simbad/
11 VizieR http://vizier.u-strasbg.fr/viz-bin/VizieR
12 Aladin http://aladin.u-strasbg.fr/aladin.gml
13 X-Match http://cdsxmatch.u-strasbg.fr/xmatch
14 CDS Bibliographyic Service http://cdsbib.u-strasbg.fr/cgi-bin/cdsbib
15 NVO Directory http://nvo.stsci.edu/vor10/index.aspx
16 DataScope http://heasarc.gsfc.nasa.gov/cgi-bin/vo/datascope/init.pl
17 Open SkyQueryhttp://openskyquery.net/Sky/skysite/
18 Footprint Service http://voservices.net/footprint
19 Spectrum Service http://voservices.net/spectrum
20 SkyMouse http://skymouse.china-vo.org/
21 VO-DAS http://www.china-vo.org/vodas.html

http://simbad.u-strasbg.fr/simbad/
http://vizier.u-strasbg.fr/viz-bin/VizieR
http://aladin.u-strasbg.fr/aladin.gml
http://cdsxmatch.u-strasbg.fr/xmatch
http://cdsbib.u-strasbg.fr/cgi-bin/cdsbib
http://nvo.stsci.edu/vor10/index.aspx
http://heasarc.gsfc.nasa.gov/cgi-bin/vo/datascope/init.pl
http://openskyquery.net/Sky/skysite/
http://voservices.net/footprint
http://voservices.net/spectrum
http://skymouse.china-vo.org/
http://www.china-vo.org/vodas.html


ѿ 7

1.3:Ҭ Ҭ Ȃ

̂Astronomical Resource Manager̆ ARM̃ ΐȂ ̆China-VO
ԅҬ Ҭ 22̆ 1.3̆ ҹ

ȁBATC ȁCSTAR Ҭ ӊ ᾣ ȁ
2.16 ᶫ ȁ Ⱶ̆ ҹ ҩҕ ȁ

ᶫ ἝȂ China-VO ῤ ȁ ᵬ҉
ꜜⱬ̆ҹ ῤ ᶫ ⱵȂ

1.2 ֢֢֢

ᴋⱵӊѿȂ ѿ ↓ ᵣḤ
22Ҭ Ҭ http://casdc.china-vo.org/

http://casdc.china-vo.org/
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̆ ױ ҹ ῍ ȁ ȁ Ȃ
ױ Ȃ ԅ ᵣḤ ̆ 2

ῃ ̂Two Micron All Sky Survey̆ 2MASS̃ ԅ470,992,970ҩ
ᵣ̕ ´ B1.0 ̂United States Naval Observatory B1.0 Cataloğ
USNO B1.0̃ 1,042,618,261ҩ ᵣ̕2012 8

9 ̂Sloan Digital Sky Survey Data Release 9̆SDSS DR9̃ ῒ
ԅ1,231,051,050ҩ ᵣ[43][44]Ȃ ѿ ̆

ᶫ Ȃ ᶭ ԍ ֓ Ȃ ֓
ӊѿ̆Ḃ ץ ꜚ ҩ ӈ

ΐ[45]Ȃ ΐ ᶏ ֜ ̂crossmatch̃
ҩ Ȃ 2010 ⅞[46] Ҭ ֜
ҹ ľ̔֜ ѿҩ Ḥ ȁ

̆ ֓ Ҍ Ҍ ӊ҉ȂĿ֜ Ҭ ѿ Һ
̆ᶭ ҉ ᵝ ∞ ңҩ

ѿ ᵣȂ ׅ ѿ֓ ̆ ₮ ץ ֲҹ
̆ᵖ ׅҌ ҹѿ ᶏ Ȃ ֜

Һ Ҭ ₃ҩ ̆ῒҬѿ֓ ‰
[47][48]̕ῒז Һ ‗ [49][50][51]Ȃ ֓ꜜⱬҍ ׆
҉ ԅ ױ ̆ ҹҊѿף № ΐ Ⱶ ԅ
Ȃ

ῤ ֜ Ӟ ѿ֓ Ȃ Ҹ[52][53][54] ԅ ԍ
№ ҈ ̂Hierarchical Triangular Mesh̆ HTM̃ № ҍkd-tree

֜ ̕ [55][56][57] Ҹ ᵬ ҉ ₮ԅ
ԍMapReduce № ֜ ̆ ԅҌ Ȃ

ᵖ Ҍ ῤ ̆
῀ ֜ ҬȂ ױ ῃ ֓Ḥ ̆ Ԋ ῒ

ῤȂ ֓ Ḥ ̆ ֓ ҹῒ֦
⌠ ̆֞ ѿ ῤȂѿ֓

╠ HTM HEALPix [49] ץ ῤ ̆ᵖ ױ ᶏ ԅҍ֜
Ҍ ץ ̆

֜ Ȃ
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ԅѿ ̆ └ ῀⌠֜ Ҭ̆
֜ ӊ╠ ῏ ̆ ᶏ ҍ֜ ѿ
Ȃ ӊ╠ ̆ ғ ҹץ ᾣ №

ᶫ Ḥ └Ȃ

Ḥ ⌠֜ Ҭӊ╠̆ ᾢ ‗
ᵥ ֓Ḥ Ȃ ץ ѿҩ Ҭ ֓ ̆ᵖ ׅ
‗ ᵥ ѿ ѿ ױ ₮ ȁ ץ ⌠֜

Ҭ Ȃ ‗ ᶏ ΐ ̂Spherical Toolkit̃ ̆
╠ ΐ C#ȁMicrosoft SQL ServerȁJava ֲ C + + Ȃ
Spherical ToolkitҺ ԅ ₱ ̂Spherical Librarỹ №
҈ Ȃ Ҭ̆ ᶏ Spherical Library ҉

̆ ֜ ȁ ̆ Ȃ

Ữ Ҭ̆ ᶏ ץ̆
Ḃ Ȃ֜ Ҭ ̆ ᾧԍ

ȁ ̆ ᵬ Ȃ Jim Gray ̂Zones
Algorithm̃ [50]Ḃ ֜ Ҭ ᶌᶌ Ȃ
⅞№̆ ԇ ҩ ѿҩ ̂ZoneID̃ ̆ᶏ ZoneID ̂right

ascension̆ R.A.̃ ̆ ץ Ӟ ҉
̆ ԅ Ȃ ̆ ȁ ҍ

└ ῏ ̆ᶏ ңҩ ᵣ └
ѿҩ ῤȂ ҩ֜ ̆Һ

ṿ ̆ Ȃ ֜ Ⱶ̂Open
SkyQuerỹ ῒ ҹԅ ֜ [58]Ȃ Ӟ

̆ Ḥ ῀֜ ̆ ѿ Ȃ ԍ
ᵬҍ ῏ ̆ ᾢ ҈ Ḃץ̆
Ҭᶏ ȁ Ȃ

1.3 ᾩᾩᾩ ғғғ ֢֢֢

ԍ ԅ ̆ᵖ ׅҺ ᾣ
֜ Ȃ ̆
ѿҩ ᵣ ԅ Ȃҹ ̆ ѿ
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ԅᾣ ҍ ֜ Ȃ

ѿҩ ᵣ ҩ №̆ ᵣ Ҭ ңᶷ
̆ Ҭ ҈ №≢ ҈ҩ №Ȃ ᾣ ѿҩ ᵣ
ѿҩ ̆ ᵣ Ҭ №Ȃ ҈ҩ

ҍᾣ ҹ ѿ ᵣȂ

ѿ № ᵬ ҹ ѿҩ ץ̆ ῒ₃ᵥ ῒז
ȂῬ ҩᾣ Ạ Ẋ ץ
Ҭ ҩ №Ȃ ԍ ѿҩ ᴪ ҩṜ ̆ ׆

ҬẠ₮ Ȃ Һ ԍTam�as Budav�ariҍAlex Szalay̓͂ ԍ֜
Ȃױז Һ ԍ Ẋ [47]̆

ԓ Ҭ ׃ Ȃױז ѿ ԍ Ԋᴆ ֜
[59]̆ Ȃ

1.4 ҅̔̔

֜ Ȃ ╠ Ⱶ
̆Ҍᵖᶏ ̆ ΐӞ ӊ ԅȂץ №

ΐ IRAFȁMIDASȁ IDL Һ Ӟ ΐ ̆
ץ [60]Ȃᵖ ԅ̆ Ӟ ԅȂ ֓ ΐᶏ

̆ ᶏ ԅ Ҍ ȁ ̆ᶏ ΐ
ᶏ Ȃ IVOAҬ ҒҙITֲ ̆ ᶏ Ⱶ
ȁ ΐȁ Ữ ̆ᵖ ֓ Ҍ ῐ Ȃ

ῐ ᵬ ̆ Ҍ ΐȂ ΐ
ӟ҉ ױז̆ ᶏ Ȃ ԅѿ֓

ΐ Ⱶ̆ Ҍ ҹ ӏԍᶏ Ȃ Ⱶ ԍ
ᶏ ̆ ̆ ᶫ ȁ Ȃ

Έ Ҭ ױ ѿ ѿҩ ̆ ҍ
̆ ѿҩ Ȃ ѿ

ҩ ῤ ҍ Ⱶȁ Ҋ Ԑ ȁԐ
Ữ ̆ ԅ └Ȃ ֓ꜜⱬ

ѿҩ ȁ ᴆ ᴆ̔ ̂Astronomical
Resource Manager̆ ARM Ȃ̃
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1.5 ғғғ

ῃ ̆ ԍ Ữ Ȃᵖ
̆Ӟ ̆ ԍ ȁ

ȁᴰ Ȃ ץ̆ ȁ ₮ ԍ Ҍ⌠ᵝ̆
ֲ ₮ ⱴȂ ̆ ҹ
ץ ֲᴰ Ȃ Ḥ ̆ ҹץ ԊȂ

ѿ ץ̆ Ἕ ̆ Ғҙֲ ᵬȂ
Ἕ ̆ DV ̆ ᵥ Ҍ Ȃ ⌠

ᴪ ̆ ץ ‗Ȃ ҉ ⱳ ᶛ̆
̂Space Telescope Science InstitutĕSTScĨ

̂STScI Webcasting̃ 23Ȃױז ӯҒҙ ȁ℗
Ғҙ ꜛ ΐ ҍ Ȃᵖ ̆ ῤ
̆ ҹ ȁ ԍ Ȃ ҂ ₮ѿҩ ȁ
̆ ᶏ DV ῤᵞ ̆ ȁ

̆ ҍ ῏ Ḥ Ȃҹ ᵬ ᶫ ӟȁ
Ḃ≠Ȃ

1.6

ѿ ̆ ᵬ Ȃ ֲ ҳ
׃̆ ѿ ҍḤ ֟ ץ̆ Ҭ

̆ ȁ Ⱶ Ȃ

ԋ ׃̆ ΐ ңҩ №̔ ₱
№ ҈ Ȃ ₱ ץ̆

№ ҈ ⅞№ Ȃ ₱ Ҭ
⌠̆Ӟ ᵬ Ȃ

҈ ̆ ׃ Jim Gray ԍ ⅞№ ֜
͡͡ ͡͡ ȁ ῒ Ҭ Ȃ

Ȃ

̆ ֲ ѿ ֜ Ȃ
Ḥ ῀֜ Ҭ̆ ץ ңҩ ̆

23 STScI Webcasting https://webcast.stsci.edu/webcast/

https://webcast.stsci.edu/webcast/
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҉ ѿ ԅ֜ Ȃ ̆ ԍ Ḥ ⱴ῀̆
ץ Ȃ

ԓ ̆ ₮ѿ ԍ ᾣ ҍ ֜
Ȃᶏ ̆ ̆№
≢ Ȃ ᶏ C# ҍ ≠֒

ֲ ֜ Ȃ

Έ ̆ ԅѿҩ ᴆ͡͡
Ȃ ᴆ ҩ ᵬ ̆ ᴆ Ȃ

ҩ ᴆ ԅ ҩ № ᴆ ⱵȂ ᶫ ҩ
Ӟ≠ԍ ⱬ ⱴ῀̆ץ ῒⱳ Ҍ Ȃ

҂ ׃̆ ԅ ȁ ѿ ̔ ҍ
Ȃ№ ԅ ᴆҍ ᴆ ̆

ԅ ȁ ̆ Widows Media Service ԅΐ
ᵣ Ȃ



ԑԑԑ ΊΊΊ

ᵬ ̆ ↕ ≠ Ȃ 1609
ᵍ≠ ⇔ ԍ ץ ̆ ѿ ѿ
Ҭ ̆ Ҋԅѿᴍ ѿᴍ ̆ Ȃ

̆ ӊᵩ̆ ҩ € ₮ ̔ ԅ ֓
̙Ӟ ̆ѿҩ ֓ ̙ ҩḤ ҹ

̂Sky Coveragẽ̆ ̂Footprint Ȃ̃ ץ Ḃ
̆ ֓ ԅȂ

ῒ ̆ ≠ԍ└ ⅞Ȃ ҬӞ ̆
₃Ӎ Ҭ̆ ᾣ ₱ ȁ ̆ Ḥ
ᵀ ᴇṿȂ

ԍ ̆FITS [61] ᴆҬ Ḥ ̆ ҕ
̂World Coordinate System̆ WCS̃ ץ Ȃᵖ ԍᶏ
ԅҌ ҩ ̆ ῒ ̆

Ȃ ℗ ѿҩ ΐ ȁ Ḃ ױ ȁ
ᵬȂ

ΐ ̂Spherical Toolkit̃ 1 ԅ ѿ
Ȃ ѿҩ ᴆ ̆ ҉ ₃ᵥ

ȂSpherical Tookit ̂Johns Hopkins Universitỹ
Alex Szalay Tam�as Budav�arĭGy�orgy Fekete ֲ [62]Ȃ
╠ C#ȁMicrosoft SQL ServerȁJavaȁC++ ҩ ҩ
ȂῒҬC# SQL[63] Tam�as Budav�ari ֲ ̆Java Deoyani

Nandrekar-Heinis ̆C++ ֲ ȂSQL
̂Sloan Digital Sky Survey̆ SDSS̃ 2 ̂SkyServer̃ 3[64] ҉
⌠ԅ Ȃ ֜ ΐ̂Open SkyQuerỹ 4ȁ

1Spherical Toolkit http://voservices.net/spherical/Default.aspx
2SDSShttp://www.sdss.org/
3SkyServer http://skyserver.org/
4Open SkyQuery http://www.openskyquery.net/Sky/skysite/

http://voservices.net/spherical/Default.aspx
http://www.sdss.org/
http://skyserver.org/
http://www.openskyquery.net/Sky/skysite/
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Ⱶ̂Footprint Servicẽ 5 ⱵӞᶏ ⌠ԅ ᵬ Ȃ
҉̆C++ Ӟ ӈ₱ MySQL₱ ̆ᶏ
MySQLӞ ᶏץ Spherical Toolkit ᵬȂ Ạ

ץ Ҭ ᵬ̆ ᾢ ׆
Ҋ Ҋ Ῥ Ώ Ȃ ԍSQL ӈ₱ ↕ ץ ᾧ

ԅ ҉ ̆ ԅ ᵬ Ȃ

2.1 ⃰⃰⃰

₱ ̂Spherical Librarỹ Spherical Toolkit №̆
ҍ Ȃᴋ Ἕ ѿ ꜚ

̆ ₮ ױ Ȃ Ӟ ᶏץ
Ȃ

ҹԅḂԍ Spherical Library ̆ ᾢ ԅ ῒҬ
ѿ֓ ȂҺ ᶏ ȁ ȁ ῒ
Ȃ

2.1.1

Spherical Library ԍңҩ ̆ѿ (Right Ascension,
Declination)͡͡ ҹ(�; � )͡͡ԋ ̆ῒҬ ṿ ҹ[0� ; 360� ]̕

ṿ ҹ[� 90� ; 90� ]Ȃ Ӟ ץ ԍ
Ȃԋ ץ ҹ ̂Ӟ ҹ ̃ (x; y; z)҈

̂Cartesian Coordinate System̃̆ פ ҹ1̆ ᵝҹ1̆
׆ ҉ᴋѿ ҹ ᵝ x2 + y2 + z2 = 1Ȃῒ

ҬJ2000 № ҹ(1; 0; 0)̆ (90� ; 0� ) ҹ(0; 1; 0)̆
ҹ(0; 0; 1)̆ ҹ(0; 0; � 1)Ȃ (�; � ) ҍ(x; y; z)ң

5Footprint Service http://voservices.net/footprint/

http://voservices.net/footprint/
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ץ Ὲ 2.1� 2.5 ԑ Ȃ

x = cos � cos� (2.1)

y = cos � sin � (2.2)

z = sin � (2.3)

� = arctan
y
x

(2.4)

� = arcsin z (2.5)

2.1.2

̂Halfspacẽ ҉ ѿ №Ȃ ѿҩ ℗◓ ̆
ѿ № Ȃ 2.1 6 ̆ Ҭѿ

℗◓̆ ҉̆↕ Ҭ № ҹ
Ȃ ץ ѿҩ ҉ Ẓ ӈȂ ̆

(0,0,1)̆ ҉ Ẓ ҹ0.85̕ ҹ(0,0,1)ץ ѿ
ҩ ҍ ҹ0.85Ȃ ▼Ҋ ѿ №̆ Ҋ ѿҩ

̆ ҹ(0,0,-1)̆ ғ Ẓ
-0.85 ᵝȂ ṿ ҍ ꜚȂ Ҍ ̆ ױ

ᵌӍ ѿ ȂẒ D ṿ ҹ[� 1; 1]̆ ’ D = � 1↕
ҍ ℗ ⌠ ҩ ̕ D = 1↕ Ӟҍ ℗̆ᵖ ⌠
ҹ Ȃ

2.1.3 ₲₲₲

€ ̂Convex̃ ᴋ ҩ ֜ Ȃ₃Ӎ €
̆ ̆ Ȃ€ ѿ ↓ ӈ̔C = f H1 \ H2 \

� � � \ HngȂ

⌠ ҉ 2.2 ҩ ҹaȁbȁcȁd ѿҩ ̆
ᶏ ҩ №≢ľ Ŀ₮ ҩ Ȃ abȁbcȁcdȁdaҬ
№≢ ԍ1ȁ2ȁ3ȁ4 ҩ ѿ ̆ ҩ ῤ № ҉
№̆Ҍ ԍ Ȃ ̆1ȁ2ȁ3ȁ4 ҩ ױ ѿ № ₮
ԅ ̆ᵖ ҩ ֜ Ҍ ҩ ̆ ҩ

6 ℗◓ http://www.skyserver.org/htm/HtmPrimer/tut_primer.html

http://www.skyserver.org/htm/HtmPrimer/tut_primer.html
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2.1: Halfspace ℗◓ ⌠Ȃ Ҭѿ ℗◓̆
҉̆↕ Ҭ № ҹ Ȃ

№Ӟ ԍ ҩ ֜ ̆ Ҭ ᾟ № ҩ
€ Ȃ Ṝ̆ Ῥ ⱴѿҩ ץ ғҌҍ ᶷ №

ҍ Ạ֜ ̆ ₮ Ȃ ⱴ
5 ̆ҍῒ ҩ Ҍ ̆5 ῤ №
Ȃ ᶏ € ѿҩ Ȃ

2.1.4

̂Regioñ ҉ ᴋ Ȃ ץ ҩȁѿҩ ҩ
₃ᵥ ȂҹԅḠ ҉ ѿ ̆ѿҩ ѿҩ

̆ ҹ Ȃ ̆ѿҩ ҹ ̂ Ȃ̃ѿҩ
ץ ҉ ᴋ Ȃ ѿҩ ҉ ῤᶷ №Ȃ

ᶛ ȁ ̆ ѿҩ Ȃ

̆ѿҩ 0ҩ ҩ€ ̔R = f C1 [ C2 [ � � � [
CngȂ

ӊ╠ ӈ ̆ѿҩ ֜ ̆
€ Ȃѿҩ€ Ӟ ̆ ѿҩ€ Ӟ ѿҩ Ȃ ̆ѿҩ

Ӟ ̆Ӟ ӈ Ȃ Spherical LibraryҬ
₱ ᵬ Ȃΐᵣ € ѿ֓

Ȃ
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a

b
c

d

1 4

2 3

5

2.2: ҩ ̂1ȁ2ȁ3ȁ4̃ ֜ Ҭ
ᶷ ᾟ Ȃҹԅ Ҭ ̂ῒ ҩ №≢ҹaȁbȁcȁ

d̃ ₮ ̆ Ῥ ⱴѿҩ ԅ Ҍҍ ᶷ
̂ 5̃ҍ ҩ Ạ֜ Ȃ

2.1.5 ӎӎӎ

Spherical LibraryҬ HalfspaceȁConvexȁRegion ץ ҉
Ȃᵖ ̆ ֓ ҍ ҉҈ ȁ ȁ ȁ

ׅ Ȃҹԅ Ḃ ᶏ ̆
Spherical Library ԅѿҩľ ӈ Ŀ̆ ѿҩ
ҩ ȂSpherical Library ץ Ḥ

̆ Region ̆ ⁞ ԅ₱ ᶏ
Ȃ ̆ ֜ ȁ Ӟ ץ
₮Ȃ ᶏ Ӟ ԅ ₱ ῤ ₃ᵥ ̆ ᵞԅ

ᶏ Ȃ

ӈ 2.1 ̔

ѿҩҬ ᵝԍ(44:2� ; 33:1� )ȁ ҹ5 № ӈҹ̔
REGION CIRCLE J2000 44.2 33.1 5
ᶛף 2.3Ҭ C++ Ȃ
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2.1: Spherical Library ӈ
f� � � g * 0ҩ ҩ ῤ
f� � � g 2 2ҩ ῤ
f� � � g 3+ 3ҩ ῤ
null ұ
R ̆ ᵝҹ №
D ԍ-1ҍ1ӊ׃

ԍ ׆ (ra,dec) (x,y,z) Ẓ
ra ̆ ᵝҹ
dec ̆ ᵝҹ
x y z ᵝ ҉ ᵝ

regionSpec := REGIONf areaSpecg � j areaSpec
areaSpec := circleSpec jrectSpec jpolySpecjhullSpec j convexSpec
convexSpec := CONVEX J2000f ra dec Dg *

j CONVEX CARTESIANf x y z Dg *
j CONVEXf x y z Dg *
j null

rectSpec := RECT J2000f ra decg 2
j RECT CARTESIANf x y zg 2

circleSpec := CIRCLE J2000 ra dec R
j CIRCLE CARTESIAN x y z R

polySpec := POLY J2000f ra decg 3+
j POLY CARTESIANf x y zg 3+

hullSpec := CHULL J2000f ra decg 3+
j CHULL CARTESIANf x y zg 3+
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#include "./SphericalLib/global.h"
#include "./SphericalLib/Region.h"
#include "./SphericalHTM/Parser.h"

int main(int argn, char * argv[])
{

std::string spec = "REGION CIRCLE J2000 44.2 33.1 5";
boost::shared_ptr<Region> reg = Parser::compile(spec);
reg->Simplify();
std::cout<<"Area of this region"<<reg->getArea()<<std::endl;
std::cout<<reg->ToString();
return 0;

}

2.3: ľ ӈ Ŀ ѿҩҬ (44:2� ; 33:1� )ȁ ҹ5 №
Ȃ

2.2 ⅎⅎⅎ ҎҎҎ

№ ҈ ῃ ҹHierarchical Triangular Mesĥ HTM ̃̆
҈ ⅞№ȂHTM ᾢ Kunszt ֲ ₮[65] [66]̆

⌠HTM2 [67]ȂHTM ԍShperical Libraryӊ҉̆ Spherical Library
Ȃ 2.47 Ȃ ѿҩῇ׆ ᵣ ̆ Ӟ 0 Ȃ ῇ

ᵣ ⌠ ᵝ ҉̆ ֟ 8ҩ ҈ ̆4ҩ ̆4ҩ Ȃ
4ҩ ҈ ῍ Ȃ ԅ Ȃ ץ

ѿҩῇ ᵣ ⌠ ᵣҬ̆ῒң ҹ ң ̆ ῒז ↕
№ ҉Ȃ ↕ ῇ ᵣ ҉ Ȃ

8ҩ ҈ ̆ №≢ ҹN0 N3 S0 S3Ȃ ױ ױ
ҹ0 ҈ ᾝ ̂Trixel Ȃ̃ ѿҩ҈ ᾝ № ҩ ҈ ᾝ Ȃ

2.5 Ȃῒ№ ҹ̆ ҈ Ҭ ̆
҈ Ȃ ԅ ҩ ҈ ҍ

Ȃ ץ ѿҩ҈ ᾝ ℗№ ҈
ᾝ Ȃ

⅞№ ᶫԅѿ ҈ ᾝ Ȃ ѿҩ҈
ᾝ ҈ҩ №≢ ҹ0ȁ1 2Ȃῒ ҉ Ҭ ҹ0Ľȁ

7 ῏ԍHTM http://www.skyserver.org/htm/index.html

http://www.skyserver.org/htm/index.html
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2.4:ῇ ᵣ ῒ ҈ҩ Ȃ

1Ľҍ2ĽȂ ℗№₮ ҈ ᾝ ױ ҈ ⱴ0ȁ
1ȁ2ȁ3 Ȃҍ ҈ ῍֣ ѿҩ ̆ ⱴ ҈ Ҭ

̂ ҈ ҍ ҈ ῍֣ ҹ0̆↕ῒ ҹ ҈
+0̃̆ ▼Ҋ Ҭ ҈ ↕ ⱴ3Ȃ ѿ ̆ ҈
̆ ῒ Ӟ ԅῒ ⅞№ ȂӞ ⅞№ Ҭ ױ
ѿҩᾢ 1 bitȁ0 [0ŀ7] ῒ ⅞№ [0ŀ3] Ȃ Ӟ ҈

ᾝ ῒҬ ԇԅѿҩ64bit ѿ ̆ ױ ҹHtmIDȂ

HtmID 8Ȃ ⅞№ Ҋ ̆ᵖ
64bit ᴪ 31 ⅞№ № Ȃ 25 ⅞№ ҉
̆ ҉ 0.6 ᵝ ҉ 0.02 Ȃ
̆ └ Ҍ ῃ ̆Ӟ Ҍ
ѿҩ HtmIDȂ

ѿҩ ҩ҈ ᾝ ̆ ғ ױ Ҍ ԍ ѿ⅞№
Ȃ ҩ ῤ ῃ ԅ ѿҩ҈ ᾝ ̆↕ ҈

ᾝ Ῥ ⅞№Ȃ ⅞№₮ ҈ ᾝ ȂҹԅḂ
ԍ ҩҌ HtmID̆ ױ ץ ѿᶏ ѿҩ ̂
̃ ҈ ҈ ᾝ ⅞№⌠ ѿ Ȃ׆

₮ ̆ ױ ῒ ҹ20 Ȃ ̆ ᵞԍ20 ҈ ᾝ ̆
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2.5: HTM Ȃ

2.6: ѿҩ ҈ҩҌ ⅞№Ȃ

ѿ ↓ 20 ҈ ᾝ HtmID Ȃ ֓HtmID ѿұ Ȃ
2.6 ̆ѿҩ3 HtmID ҹ2012Ȃ⌠ԅ 5 ̆
⅞№ԅң ̆ῒ 5 ҈ HtmID 16368׆ 16383Ȃ ⌠ԅ20 ̆

ῒHtmID 17575006175232͠ 17592186044415Ȃ

ᵥ ᵝ ҍHtmID ̙ 2.7 ף ̆ ѿҩ⅞№
≢12̆ ⌠ѿҩ ԅ ҈ ᾝ HtmIDȂ ѿ ̆ HtmID

҈ ᾝ ҈ҩ №≢ ῒ҈ҩ Ȃ

҈ ⅞№₮ ᵝ Ḥ ̆HTM ץ ‗ ̔ ҩ ԅ
֓ ҈ ̂ 2.8̃ ̆ ѿ ₮ ֓ ᵣ Ҭ̆ ң
HtmID ̕∞ ҩ ᵣ ҩ Ҭ̕ ҩ ᵣ ֓
ᵣ̆ ҍ ῏ Ȃ ֓ ⱬ ҹ ̆
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#include "./SphericalLib/global.h"
#include "./SphericalLib/cartesian.h"
#include "./SphericalHTM/global.h"
#include "./SphericalHTM/Trixel.h"
using namespace Spherical::Htm;
using namespace Spherical;

int main(int argn, char * argv[])
{

long long htmid=Trixel::CartesianToHid (1, 0, 0, 12);
std::cout<<htmid<<std::endl;//htmid=260046848
Cartesian_PTR a,b,c;
Trixel::ToTriangle(htmid, a, b, c);
std::cout<<a->ToString()<<std::endl;
std::cout<<b->ToString()<<std::endl;
std::cout<<c->ToString()<<std::endl;
return 0;

}

2.7: J2000 № 12 ҈ ᾝ HtmID ҈ ᾝ ҈ҩ
Ȃ

№ ȁ Ҭ ᵝ Ȃ SDSS ַ
Ҭ̆ҍ SQL HTM

₮ԅ ⱬȂᵖ ╠ SQL ԍMicrosoft SQL Server̆
ѿҩ Ȃ ᶏ ᾧ MySQL Postgre SQL

̆ ױ ╠ׅ ԍHTM ⱬȂC++
Spherical Toolkit HTM ⌠ᾧ Ȃ
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#include "./SphericalLib/global.h"
#include "./SphericalLib/Region.h"
#include "./SphericalHTM/global.h"
#include "./SphericalHTM/Parser.h"
#include "./SphericalHTM/Cover.h"
#include "./SphericalHTM/HidRanges.h"
using namespace Spherical::Htm;
using namespace Spherical;

int main(int argn, char * argv[])
{

Region_PTR reg = Parser::compile("REGION CIRCLE J2000 44.2 33.1 5");
reg->Simplify();

std::vector<Int64Pair> table = Cover::HidRange(reg);
std::vector<Int64Pair>::iterator it = table.begin();
for(;it!=table.end();it++)
{

std::cout<<(*it).lo<<", "<<(*it).hi<<std::endl;
}
return 0;

}

2.8: �44:2)ץ ; 33:1� )ҹҬ ȁ ҹ5 № ῤ ҈
Ȃ

2.3

̆ ᵬ ΐ ̂Spherical
Toolkit̃ Ȃῒ № ₱ ̂Spherical Librarỹ
ѿҩ ȁ ₱ ̆ ҉ľ Ŀ₮ ̆

֜ ȁ ȁ ᵬȂ ῒ ԍ
Ȃ № ȁ ҬӞ

ȂSpherical Toolkit ѿҩ ̔҈ № ̂HTM̃
ԍSpherical Libraryӊ҉̆ ⱳ ԍSDSS Ⱶ

҉Ȃ ԅ ȁ ȁ ᵣ Ӟ
ⱳ Ȃ ╠Spherical Toolkit Microsoft SQL Sever Ȃᵖ ֲ

C++ ץ ԍ MySQL Postgre SQL ₱ ̆ᶏ
ᶏ ң Ӟ ԍSpherical Toolkit ⱬȂ
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̂Zones Algorithm̃ [68][69] Jim Gray1 ₮ ѿҩ
֜ ̆ Ҭ ҹᴨ Ȃҍ№ ҈ ⅞№ Ҍ ̆

Zones Algorithm ѿ ⅞№ ѿҩҩ ̂ ̃̆
3.1Ȃ ѿ Ḥ ҹῒ [DecMin; DecMax) Ȃ ԇ
ѿ ѿҩ ̂ZoneID̃̆ Ὲ 3.1 ̆ῒҬ �
Ҭ ѿ ̆ �פ = (DecMin+ DecMax)

2 Ȃ פ ҩ ҹh̆↕ ҩ
⅞№ҹd180

h eҩ ̆
h
0; b180� h=2

h c
i
Ȃѿҩ ᵣ

ץ Ὲ 3.1 ₮̆ Ӟ ңҩ ᵣ ZoneID ∞
ԍ ҬȂ

ZoneID=
�

� + 90�

h

�
(3.1)

1Jim Gray http://research.microsoft.com/en-us/um/people/gray/

3.1: Zones Algorithm ⅞№ ԅѿ ғ ԑ
̂ Ȃ̃

http://research.microsoft.com/en-us/um/people/gray/
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3.1

Zones Algorithm Ạ ȁ Ạ ׆̆
Ȃ ѿҩ ץ ᵣ (�; � )ҹҬ ̆֜ ҳ ṿ� 2Ṑ
ҹ ῤ Ȃ ₄ ץ ᵣҹҬ ̆ ҹ�
ῤ ᵣ̆↕ ҹ ױ ѿ ᵣȂ

҉ № ̆ ҉
̆ (� � �; � + � )Ȃᵖ ̆ Ạѿ ⁞ ⱴ

ׅ ԍ ԅȂZones Algorithm ԅ ҹ Ⱳ ̆ᾢ ҩ
ᵣ ZoneID Ȃ ңҩ ᵣ ZoneID ѿ ṿ̆↕ ױ Ҍ

̆ Ạѿ Ȃ ѿ ̆ZoneID ѿҩ
ṿ̆ ץ ҳ ZoneIDẠ ѿҩ ZoneZone ῤ ҬȂ

ѿ ZoneID ₮ Ҭ̆↕ңҩ ᵣҌᴪ Ȃ

�ץ = 7 :000 � 0:00194�̆ h = 7 :100 � 0:00197�ҹᶛȂ ѿ
ᵣX ҹ� = 44:1�̆↕ῒZoneID = b 44:1

0:00197c = 22385Ȃ
҉ ҹ(44:1 � 0:00194; 44:1 + 0:00194) = (44:09806; 44:10194)Ȃ

Ҋ 44.09806 ZoneID = b44:09806
0:00197 c = 22384̆ ҉ 44.10194

ZoneID= b44:10194
0:00197 c = 22386̆ Ӟ ҍ ᵣX ῒז ᵣ ₮ X

d�
h e = d7:0

7:1e = 1ҩ ῤ̆Ӟ [22385� 1; 22385 + 1] = [22384; 22386]Ȃ
ZoneZoneҬ̆ Ḡ 3.1 ҈ҩ Ȃ ZoneID =

22385ῤ ῒז ᵣӞ ̆ ᴋᵥ ᵣҍ ZoneID= 22385ῤ
ᵣ ̆ ῒ ZoneIDҌ Ҭ ↓₮ f 22384; 22385; 22386g

҈ҩ ṿῤ̆↕ ױ ѿ Ȃ ̆ � > h ̆
Ҍ 3ҩ̆ Ὲ d�

h e Ȃ

3.1: ԍ� = 7 :000ȁh = 7 :100 ’̆ ҬḠ ҍZoneID=
22385 ῏ ҈

ZoneID1 ZoneID2
22385 22384
22385 22385
22385 22386
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ԍ ҩ ῤ ҩ ᵣ̆ ̆ ZoneZone ῤ ZoneID
ᵣ Ȃᵖ ZoneID

ѿ ̆ ԍ Ṝ ᵣȂ ׅ ∞
Ҭ ᵣ (� � �; � + � ) ῤȂ ѿ ᵣ

X ᵣ Ҭ̆ ṜẠң ᴇף ᵞ
ԅ̆Ӟ ṿ Ȃ

3.2

҉ ӊ ̆ ץ̆
ῤҍ ᵣ ҉ � ᵣȂᵖ ҍ Ҍ ̆ №
Ҍ Ȃ Ҍ ҉̆ Ҍ

Ȃ ֜ ᵣ ᶏ ∞ Ȃ ̆
ᵣ̆ ᾢ ₮Ҍ ҉ѿ

AlphaȂAlpha Ὲ 3.2 ̆ ҍ� � ῏ ̆ Ҍ
҉ Ҍ Ȃ ̆ ѿҩ ᶏ ѿҩAlphaṿ̆

� ṿȂ ̆ ̂ ̃ ̆ j� j > 89̆
ῤ̆ ᴪ Ҥ ̆ ҩ360 Ȃ

Ṝ ץ Alphaפ = 180Ȃӊ ץ 180 Ҍ 360̆ ҹ
ῒ ᵣҍ X � (� � Alpha; � + Alpha) ῤ̆

Alphaפ = 180 ԅX ҉ ᵣȂ

Alpha =

�����
arctan

 
sin �

p
cos (� � � ) cos (� + � )

! �����
(3.2)

ZoneID ̆ Ҋԅץ� ңṐҹ
Ȃ ҩ ץ 3.2 Ȃ҈ҩ ZoneID
̆ῤᶷ Ȃ Ҭ

ῤ ᵣ ҹҍ ᵣ Ȃ ῤ ᵣ
ҍXױ Ȃ ԍ ᶏ (�; � )

ȂZones Algorithmᶏ ԅ2.1.1Ҭ ⌠ ҈ Ȃ
(�; � )ᾢ ҹ(x; y; z)҈ ̆Ῥ ңҩ ᵣ ҈ Ȃ

ṿ� ̆ ҉ Ҭ � = 7 :000Ȃ
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3.2: � < h ̆ ѿҩ ҉ ҈ҩҌ ᵝ ᵣ Ȃ҈ҩ
ZoneID ̆ῤᶷ
Ȃ Ҭ ῤ ᵣ ҹҍ ᵣ Ȃ

ҹ҈ dist Ȃ Ὲ 3.3 Ȃ ̆ ҹ
Ҭ ᵣ ̆(�; � )⌠(x; y; z) ֜ ‰

ץ̆ ᾧ Ȃ

dist =

s

4 sin2
�

�
2

�
(3.3)

3.3

� ṿ ҹ[0� ; 360� ]̆ ԍ ѿҩ ̆ 0�֞
360�Ȃᵖ ̆ ṿ҉0ҍ360 ṿȂ � = 0 �

ᵣ̆ ױ Ȃᵖ ѿ
ᵣaȁb̆ 3.3̆ a � = 0 � ѿ ̆ � a = 359:99999�̕ b � = 0 �

ѿ ̆ � b = 0 :00001�Ȃ ױ ҹ ѿ ᵣ̆ Ṝ
ҹbҌ (0:00001� � Alpha; 0:00001� + Alpha) ῤ ԅȂ

� = 0 � ₮ ’̆ ң ‗ Ȃѿ
ᴆ̔ ԅ� a 2 (� b � Alpha; � b + Alpha)ӊ ̆ � a � 360 2

(� b � Alpha; � b + Alpha) � a + 360 2 (� b � Alpha; � b + Alpha)̆↕aҌ b
̕ԋ � a + Alpha > 360 ̆ Ҭ ⱴѿ ҍa

̆ᵖ ḱ ҹ� a � 360Ȃ ѿ ⱷל ⱴԅ ̆ᵖ
Ȃ ԋ ⱴ ᵞ ץ̆

Ȃ ̆ ҹAlphaṿ ҍ ṿ� ῏ ̆ � ̆ ’
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360

0

ba

3.3: � = 0 � ₮ ԅ ̆ ᶷ a ̆ ᶷ
b ῤȂ

Ҋ̆ Ạѿ � � 360ӊ ⱴ⌠ ҉̆
ԅ50%ȂҌ ̆ Ḡ ᶏ ѿҩ �̆ � = 7 :000̆ ↕

0:2% Ȃ

ѿҩ ̆ ᵝԍ� = 0 � ᶷ ңҩ ᵣ̂ ӊ
ҹcȁd̃ ᴪ ң Ȃ ҹc � c (� d � Alpha,
� d + Alpha) ̆ḱ � c � 360Ӟ d Ҭ � d � 360

(� d � 360� Alpha, � d � 360 + Alpha) Ȃҹԅ ᾧ ’̆ ץ ⱴ
ѿҩ∞ ̔ � c � d ҹ ̆↕Ҍ Ȃ ҹ ∞
̆ ԋ ׅ ѿ Ȃ

3.4

ԍ ҩ ṿ ̆Ҍ ҈ ₱ ̆Ӟ ≢
̆Zones Algorithm Ҭ ̆ ғҍ

ᶭ Ȃ ῏ ץ ᶏ ‰SQL Zones
Algorithm֜ ̆ Ạ⌠ԅ ȂZones Algorithm
ῒ ῏ ҹ ≠№ᾟץ └Ȃ Zones
AlgorithmҬ₃Ӎ ᶏ ԅ (ZoneID; � )̆ ZoneIDᴨץ
ᾢ ̆ ZoneID ↕ � Ȃ ԍ

‗ ԅ Ữ̆ ̆ ҉ ỮӞ
ZoneIDᴨᾢ ↓̆ ῤ Ῥ � ↓Ȃ

ᵣӞ Ḡ Ữ ҉Ȃ ᶏ Ҍ ҉ ̆Ӟ
ᶭ � ↓ Ȃ ֜ ֓ZoneID ץ �
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IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N’dbo.ZoneDef’) AND type in (N’U’))
DROP TABLE dbo.ZoneDef

GO

CREATE TABLE dbo.ZoneDef (
ZoneID INT NOT NULL,
DecMin FLOAT NOT NULL,
DecMax FLOAT NOT NULL,
Alpha FLOAT NOT NULL,
PRIMARKEY(ZoneID)

)
GO

3.4: ӈ ZoneDefҺ Ḡ ῒ ȁ ҉Ҋ ҍAlphaṿȂ

Ȃ ̆Zones Algorithm ԅ IO ̆ѿ ҉⁞
ԅ ᴆҬ ҹ ᴆ Ȃ

SQL Zones Algorithm ѿ֓Ҭ ꜛḤ Ḡ ⌠
ҬȂ Һױ ӈ ̂ZoneDef̃̆ ̂ZoneZonẽ̆ңҩ

ҩ ̂XXXIndex̃ Ȃ

3.4.1 ӎӎӎ

ӈ ̂ZoneDef̃ ӈ 3.4 ȂZoneDefҺ Ḡ
ҩ ⅞№ ’̆ ⅞№ҹ ҩ ̆ ҩ ҉ȁҊ ṿ

̆ Ҭ AlphaṿȂ ᾟZoneDef Ӟ ̆ 3.5 Ȃ
׆ ṿ� 90 ̆ ѿҩ h̆

h = 7 :100= 7 :1=3600:0�̆ ⌠⌠ ↨↨ ȂAlphaṿ
ѿ֓̆ ҹ ̆ ѿҩҒ ₱ Ȃ

3.6 ԅѿҩ₱ ZonefAlphă ᶏ UPDATE ҩZoneDef Ҭ
AlphaṿȂ

3.4.2

ңҩ̆ ҍ֜ ңҩ XȁY̆ ױ
№≢ ҹҹ XIndex YIndexȂ ԍ ѿҩ

̆Ҍ ῒҬῬ ⱴѿҩ (ZoneID; � ) Ȃ 3.7 ץ
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DECLARE @zoneHeight FLOAT, @maxZone BIGINT, @minZone BIGINT, @zoneDec FLOAT
SET @zoneHeight = 7.1/3600.0
SET @minZone = 0
SET @maxZone = FLOOR(180.0/@zoneHeight)

WHILE @minZone <= @maxZone
BEGIN

SET @zoneDec = @minZone * @zoneHeight - 90;
INSERT dbo.ZoneDef VALUES (@minZone, @zoneDec, @zoneDec+@zoneHeight, -1)
SET @minZone = @minZone + 1

END

UPDATE dbo.ZoneDef SET DecMax=90.0 WHERE DecMax>90

3.5:ҹZoneDef Ώ῀ ҩ ⅞№Ḥ Ȃ

ῬҒ ѿҩ ̆Ḡ ᵣ �; � ̆ ᵣ Ҭ ѿ
ObjIDץ ᵝ ҉ ҈ (x; y; z)̆ ῒ ᵣ

ZoneIDȂ

ᾟ ̆ ׆ ⌠ ѿ Ȃ
3.8 ̆ ῀ Ḥ ҈ (x; y; z) Ὲ 2.1� 2.3
₮ ̆ ץ Ὲ 3.1 ₮ ZoneIDȂӊ ץ ף Ҭ ѿ
҉ⱴ WITH (TABLOCK)̆ ҹԅ ᵬ ̆Ӟ ҹԅ ῒ

ז Ӟ ҩ ẠΏ῀ ᵬ̆Ḡ Ӟ ץ ѿ
Ȃ

ᾟ ӊ ̆ ‗� = 0 �

Ȃ 3.3 Ҭ ѿ̆↕ Ạ Ȃᵖ
ԋ̆ ̆ ӊ ⱴ῀ ΌᵩḤ Ȃ

3.9 ̆ ѿҩ ᵣ � ҍ ҉ Alphaṿ ⱴ
ԍ360� ᴪ 0� ᵣ Ȃ ѿ
῀⌠XIndex Ҭ̆ ҍ ᵣ ̆

ҹ� � AlphaȂ ԍ ṿ ̆ ⱴ Ҍᴪ Ȃ SDSS
DR6Һ 2.3ַ ̆ ⱴ Όᵩ 321 Ȃ

3.4.3

̂ZoneZonẽ ԍ ѿҩ ҉ ҍ
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IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N’dbo.ZonefAlpha’)
AND type in (N’FN’, N’IF’, N’TF’, N’FS’, N’FT’))
DROP FUNCTION dbo.ZonefAlpha

GO

CREATE FUNCTION dbo.ZonefAlpha(@theta float, @dec float)
RETURNS FLOAT AS
BEGIN

IF ABS(@dec)+@theta > 89.9 RETURN 180
RETURN(DEGREES(ABS(ATAN(

SIN(RADIANS(@theta))
/ SQRT(ABS(

COS(RADIANS(@dec-@theta)) * COS(RADIANS(@dec+@theta))
))

))))
END

DECLARE @zoneHeight FLOAT, @theta FLOAT,
SET @theta = 7.0/3600.0
SET @zoneHeight = 7.1/3600.0

UPDATE dbo.ZoneDef
SET alpha = CASE WHEN ABS(DecMax) < ABS(DecMin)

THEN dbo.ZonefAlpha(@theta, DecMin - @zoneHeight / 100)
ELSE dbo.ZonefAlpha(@theta, DecMax + @zoneHeight / 100)

END

3.6: Alpha ₱ ̆ ZoneDef ҬAlphaṿ Ȃ

₃ҩ ҉ Ȃ ᶏ (� � �; � + � )̆
Ӟ ⌠ ᵣ̆ᵖ Ҍ ≢
҉ ̆ ҩ ˻ ᶏ ZoneZone

̆Ῥ≠ ҉ ZoneIDҹҺץ ̆
ץ ⌠̆ ғ Ҭ ҉Ȃ 3.10 ̆ZoneZone

Ữңҩ Ȃҹԅ ᾧ ֜
Ҭ ZoneDef Alphaṿ̆ ᾟZoneZone ҬӞ AlphaӞḠ ԅѿ
ᴍ̆ ԍ ԋҩ Ҭ Ȃ
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IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N’dbo.XIndex’) AND type in (N’U’))
DROP TABLE dbo.XIndex

GO

CREATE TABLE dbo.XIndex (
ZoneID INT NOT NULL,
ObjID BIGINT NOT NULL,
RA FLOAT NOT NULL,
Dec FLOAT NOT NULL,
Cx FLOAT NOT NULL,
Cy FLOAT NOT NULL,
Cz FLOAT NOT NULL,
PRIMARY KEY(ZoneID, RA, ObjID)

)
GO

3.7: Ữԅ ᵣ Ҭ ѿ ObjIDȁ (RA, Dec)ȁ
ᵝ ҈ (x; y; z) ץ ᵣ ZoenIDȂ

DECLARE @zoneHeight FLOAT
SET @zoneHeight=7.1/3600.0

INSERT dbo.XIndex WITH (TABLOCK)
SELECT CONVERT(INT,FLOOR(([DEC]+90.0)/@zoneHeight)) ZoneID,
ObjID, RA, DEC,

COS(RADIANS(DEC))*COS(RADIANS(RA)) Cx,
COS(RADIANS(DEC))*SIN(RADIANS(RA)) Cy,
SIN(RADIANS(DEC)) Cz

FROM CatalogX
ORDER BY ZoneID, RA, ObjID

׆:3.8 Ḥ ᵣ ̆▼Ҋ Ḥ
₮ Ȃ

INSERT dbo.XIndex WITH (TABLOCK)
SELECT t.ZoneID, ObjID, RA-360, Dec, Cx,Cy,Cz
FROM dbo.XIndex t

JOIN dbo.ZoneDef d on d.ZoneID = t.ZoneID
WHERE RA + d.Alpha > 360

3.9: � = 0 � ԋҩ ‗ ̆ Ҭⱴ῀Όᵩ
ץ̆ Ȃ
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IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N’dbo.ZoneZone’) AND type in (N’U’))
DROP TABLE dbo.ZoneZone

GO

DECLARE @n INT
SET @n=CEILING(7.0/7.1)

CREATE TABLE dbo.ZoneZone (
ZoneID1 INT NOT NULL,
ZoneID2 INT NOT NULL,
Alpha2 FLOAT NOT NULL,
PRIMARY KEY(ZoneID1, ZoneID2)

)
GO

INSERT dbo.ZoneZone WITH (TABLOCK)
SELECT Z1.zoneid, Z2.zoneid, d2.alpha
FROM (SELECT DISTINCT ZoneID FROM dbo.ZoneTable1) z1

JOIN (SELECT DISTINCT ZoneID FROM dbo.ZoneTable2) z2
ON Z2.zoneid between Z1.zoneid - @n and Z1.zoneid + @n

JOIN dbo.ZoneDef d2 ON d2.ZoneID = Z2.ZoneID
ORDER BY 1, 2

3.10: ZoneZone Ḡ ңҩ ZoneID ױ ῏ ̆ Ḡ
ѿᴍAlphaṿץ Ḃ Ȃ

3.4.4 ֢֢֢

‰ ԅ XIndexȁYIndex̆ ZoneZonĕ ₮
Alpha ṿӊ Ȃ ֜ ץ ԅȂ 3.11

̆ ҩ ֜ ׆ ѿҩ ₮ ̆ᾢ⌠ZoneZone
⌠ ԋҩ ֓ ҉ ̆ ѿ ZoneID Ȃ ԋ

ԅ ѿ ῤȂ
҈ ↕ ╠ң ῤ̆ Ҍֽֽ

ῤȂ ԅ ԋ ̆ ∞ ңҩ
Όᵩ ֜͡͡ Ҍ Όᵩ ῤ ץ̆ ᾧ Ȃ

⌠ԅץ ṿңṐ ҹ ῤ
̆ ѿ ֓ ץ ѿҩ ᵣҹ ̆ ṿ
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IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N’dbo.ZoneMatch’) AND type in (N’U’))
DROP TABLE dbo.ZoneMatch

GO

DECLARE @dist2 FLOAT = 4 * POWER(SIN(RADIANS(7.0/60.0/60.0/2.0)), 2);

SELECT t1.objid as ObjID1,
t2.objid as ObjID2

INTO dbo.ZoneMatch
FROM dbo.XIndex t1

INNER LOOP JOIN dbo.ZoneZone zz on zz.zoneid1 = t1.zoneid
INNER LOOP JOIN dbo.YIndex t2 on zz.zoneid2 = t2.zoneid

and t2.ra between t1.ra - zz.Alpha2 and t1.ra + zz.Alpha2
and t2.dec between t1.dec - @theta and t1.dec + @theta
and ( t1.RA >= 0 or t2.RA >= 0 )

WHERE (t1.cx-t2.cx) * (t1.cx-t2.cx)
+ (t1.cy-t2.cy) * (t1.cy-t2.cy)
+ (t1.cz-t2.cz) * (t1.cz-t2.cz) < @dist2

3.11:֜ ≠ ᾢ‰ ȁ ҍ
ṿ ῤ Ṝ ̆Ῥ ץ ῒ

Ȃ

ҹ ῤ Ȃ ѿ ̆@dist2 ץ
� ҹ ṿ Ȃ

Ӟ ̆ ңҩ Ȃ

ף Ҭ LOOP JOIN ῏ ̆Ҍ ῏ ҹ
Ҍ Ȃ῏ ҈ ̆LOOP JOINȁMERGE JOINHASH JOINȂ

3.2 ̆ ץ ⌠҈ Ҋ ֜ Ȃ
ᶏ JOIN̆ ̆

ԍHASH JOINȂӊ Ҍץ HASH JOIN ҹ
̆ ῬẠѿ ӈȂMERGE JOIN ԍѿ ѿ
̆ ֜ ȁ ̆ӞҌ Ȃ ҹ
ᵞ ң LOOP JOIN ҍ֜ Ȃ
̆LOOP JOIN ֜ ̆ Ҍ
ѿ Ȃ ̆ ף ԇץ ₮ ѿ ̆ └ ᶏ
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3.2: SQL Server Ҭ Zones Algorithm֜ Ҭ

KEYWORD PERFORMANCE
LOOP JOIN 449s

MERGE JOIN 310650s
HASH JOIN 25599s

JOIN 26111s

LOOP JOIN ᵬȂ Ӟ ԅ ̆ױ Ӈ
ᴨⱷ̆῏ ᶏ Ȃ

̆ᵖ Ӟ ⌠ ̆ Ṝ
Ȃ

3.5

Zones Algorithm ѿҩ ֜ Ȃ ᾟ№≠
῏ └̆ Ȃ ῒ ҈

Ạ ṿ ̆ ̆ ῒ ԅ
Ȃ ѿҩ ῤ Ȃ

ץ ῃ SQL ̆ ₃Ӎ ῏ ̆
ԅ Ȃ
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̂Zones Algorithm̃ ѿ ֜ ̆Ӟ
֜ ⱵOpen SkyQuery Ȃᵖ ҍῒ ֜

ѿ ̆ ױ Ḥ ῤȂῖ 4.11

5 ̂Sloan Digital Sky Survey’s 5th Data ReleasĕSDSS
DR5̃ GALEX 2 ̂Galaxy Evolution Explorer’s 2nd
Public Releasĕ GALEX GR2̃ ̆ῒҬҺ

ҹGALEX GR2 Ȃ Ḥ Ӟ Ḥ
№̆ ⱴ≠ Ӟ ѿ ᴨ ֜ ȂẊ ѿҩ ̆

A ҍ B Ạ֜ ̆ᵖ ҉ ױ ѿ №
̆ 4.2 ᶛȂ ’Ҋ̆ ֜
Ȃᵖ ̆₃Ӎ ֜ Ҍ ᴪ ֓Ḥ ̆ ׅױ
‰ ̆ ҩ Ȃ ᵥ Ḥ ῀⌠Zones
Algorithm ֜ ҬȂ ⌠ ̆ HTM ץ
⌠ ῤ ᵣ̆Open SkyQueryḂ ≠ ԅ ῤ
֜ Ȃᵖ ≠ HtmID̆ ҍZones Algorithm ҹҌ ̆ ԍ

ѿҩ ѿҩ ̆ Ȃ
ᶏ ZoneIDҹ ̆ҍZones Algorithm Ȃ ῏

ᴪ ℮ ̂Publications of Astronomical Society of the
Paci�c, PASP̃҉[70]Ȃ

1SDSS DR5 GALEX GR2 http://voservices.net/footprint/

http://voservices.net/footprint/
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4.1: SDSS DR5 Һ GALEX GR2
Ȃ

4.2:ңҩ № ᶛȂ
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4.1 ᶕᶕᶕ

Zones AlgorithmҬᶏ Ḥ ̆ ѿ ᵥ
ҍ Ȃ ᶏ Ȃ ҹ
ҩ ⅞№ ԅ̆ ҉̆
Ӟ ℗◓Ȃ ⌠ ҍ ֜ №̆ Ҋ

ѿ № Ḥ Ȃ 4.3̆ ᶏ ѿҩ ̆
ҩ ᵟԅȂ ץ ⌠ῃ

ԅѿ֓̆ᵖ ҹ ̆ 7:100̆

ҍ Ȃ ҉ҍ ҉ᶏ Ἕ
ᵌ̆ № ̆ ҍ ’ Ȃ ѿ ̆ѿҩ
№ ԅ ҩ ̆ ֓ Ḥ ̆ ҈ҩ ̔

ZoneIDȁ ṿRAMin ṿRAMaxȂ ѿҩ
̆ ᶏץ ZoneID RAMin ̆ҍZones Algorithmѿ
̆Ḡ ԅ ῏ Ӟ Ữ Ȃ

ᶏ ҉ ѿҩ ̆ Һ ᴨ ԅ Ȃ
ҹ ҈ҩ ̆Ҍ Ạ֜ ̆ ᾢ

ױ Ҍ ѿҩ ҉̆ ZoneID ̕ Ῥ ṿ ∞
֜ ̆ Ҍ

Ȃ ԍ ῒ ̆ ҹ ₃ᵥ
̆ ױ ֜ ̆ ̆ ғ ᶏ
ңҩ ῏ ᵬҬ̆ ᵞ Ȃ Ӟ ӊ╠ ֜ Ҍ

Ḥ Ȃᶏ Ӟ ץ Ḃ ⱴ
Ȃ ⱴ Ḥ ̆ ᶏץ ѿ ̆
⌠ Ҭ Ȃ ңҩ ֜ Ӟ ץ ױ

֜ ̆ңҩ ֜ ᵞԍңҩ
₃ᵥ ֜ Ȃ Ṝ̆ңҩ ץ Ṝ

̆ Ҍ Ȃ ῏ ̆ ҩ
̆ Ṝ ῏ ңҩ ̆ ҩ ץ

ᶏ Ȃ Ḃ ̆Ӟ ѿ
ᵬ̆ ңҩ ₃ᵥ ԅȂ
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4.3:ᶏ ҉ ѿҩ Ȃ

4.2 ɻɻɻ֢֢֢

⌠ѿ ̆ ױ ңҩ ᴆ̔
ѿ ѿҩ ҉̆ ѿҩZoneID̕ ԋ ѿҩ ̂

̃ ѿҩ ῤȂ 4.4Ҭ ᶷ № ױ
ѿ ̆ ᶷ № Ḡ ῒ Ȃ ѿҩ

̆↕ ҩ Ȃ ԅѿ ̆ ѿҩ
ץ ̂ ̃ ̆ ̂ ̃ ̆

ԅ ҩ Ȃ

̆ ѿ ⌠ ѿҩ ̂ ѿҩ
̃INTERVALSҬ̆ ZoneIDȁRAMinȁRAMax Ȃ ̆
ץ ѿ RAMin׆ ⌠ ↓Ȃ Ṝѿҩ

̂ ̃ ̆ ҩ Ҍ ԍᴋᵥ ӊῤ̕
̆ ̂ ̃ ̆ ҩ Ҍ ᴋᵥ ӊ

ῤȂ 4.5̆ ҹ ץ ҩ ṿ ȁ ̆ ṿ
Ȃ ԍ ѿҩ ṿ̆ ѿ ҉ ѿҩ

̆ Ḃױ Ȃ

ҍ ̆֜ Ȃ ңҩ Ҭ ѿҩ
҉ ѿѿ ̆ ѿҩ ῀ ѿҩ



֜ ҍ 41

RAmin RAmax

RAmin RAmax

4.4: ᶷ № ױ ̆ ׅḠ Ȃ

merge all segments to one set #INTERVALS

sort the #INTERVALS by ZoneID, RAMin, RAMax

SELECT ZoneID, RAMin
INTO #LEFTBOUNDARY
FROM #INTERVALS o1
WHERE NOT EXISTS(

SELECT RAMin FROM #INTERVALS O2
WHERE o1.ID<>o2.ID AND o1.ZoneID=o2.ZoneID AND

o1.RAMin > o2.RAMin AND o1.RAMin<=o2.RAMax )

remove duplicate rows from #LEFTBOUNDARY

SELECT ZoneID, RAMax
INTO #RIGHTBOUNDARY
FROM #INTERVALS o1
WHERE NOT EXISTS(

SELECT RAMin FROM #INTERVALS o2
WHERE o1.ID<>o2.ID AND

o1.ZoneID=o2.ZoneID AND
o1.RAMax >= o2.RAMin AND o1.RAMax<o2.RAMax )

remove duplicate rows from #RIGHTBOUNDARY

INSERT MERGERESULT(ZoneID, RAMin, RAMax)
SELECT o1.ZoneID, o1.RAMin, Min(o2.RAMax) RAMax
FROM #LEFTBOUNDARY o1

JOIN #RIGHTBOUDNARY o2 ON o1.ZoneID=o2.ZoneID AND o2.RAMax>RAMin
GROUP BY o1.ZoneID, o1.RAMin

4.5: Ȃῒ ᾢ ⌠ ̆Ῥ ⌠
̆ ңҩ ⌠ѿҩ Ҭ Ȃ
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INSERT INTERSECTION
SELECT o1.ZoneID ZoneID,

CASE WHEN o1.RAMin>o2.RaMin THEN o1.RAMin
ELSE o2.RAMin END RaMin,

CASE WHEN o1.RAMax>o2.RaMax THEN o2.RAMax
ELSE o1.RAMax END RaMax

FROM INTERVALS1 o1
JOIN INTERVALS2 o2 ON o1.ZoneID=o2.ZoneID
AND (o1.RAMin BETWEEN o2.RAMin AND o2.RAMax

OR o2.RAMin BETWEEN o1.RAMin AND o1.RAMax)

4.6: ֜ Ȃ ѿѿ ңҩ ̆ ֜ ↕
Ȃ

ῤ̆↕ Ҋ ֜ ңҩ RAMinṿ̆
RAMax̕ ↕ Ȃ ⌠ ңҩ ֜ Ȃ
4.6 Ȃ

4.3 ḪḪḪ ғғғ֢֢֢

ԍ ֜ ױ Ҭ ̆
⌠ ֜ Ӟ ѿ֓ ̂FOOTPRINTINTERSECT̃̆ ῒ 4.7
ȂFOOTPRINTINTERSECTԍ └Zones Algorithm ѿҩ
̆ ֓ᵝԍңҩ ῤ ᵣȂ ֓ ᵣ
ױ ԋҩ Ҭ Ṝ ᵣȂFOOTPRINTINTERSECTӞ ץ ԍ

̂ZoneZonẽ ̆ Ӟ ԅ ZoneIDḤ Ȃ
ғ̆ ZoneZone ѿ֓̆ ҹ ԅ

Ḥ Ȃ ѿҩ ↓₮ Ȃ
̆ FOOTPRINTINTERSECTԍZones Algorithm֜ ̆Ӟ
� = 0 � ̆ ↕ Zones AlgorithmҬ ⱴ � < 0�

Ȃ

Ḥ ⱴ῀̆ ԅѿҩ ̔ ץ ԍ
Ȃ ԍ Ҍ ̆ ᾣҌ ̆ңҩ

ԅ ѿҩ ̆ᵖ ⌠ ᵣ Ҍ Ȃ AҬ ѿ ᵣc
B ⌠̆ BҬ ѿ ᵣd A ⌠Ȃ Ṝ̆ B
ԍA ԅc̆ A ԍB ԅdȂ ץ A Ҭ ᵣҹָӇ
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4.7:ᶏ ңҩ Ȃ

SELECT c.ObjID
FROM FOOTPRINTINTERSECT AS o

JOIN CatalogB AS c ON o.ZoneID = c.ZoneID
AND c.RA BETWEEN o.RAMin AND o.RAMax

EXCEPT
SELECT ObjID2 FROM MatchedObjects

4.8: ԍA ῤ A ᵣȂ

B Ҭ₮ ͡͡ ҹ B ῤ ̆ ҹB ԅᵖ
⌠͡͡ ѿᴆ ԊȂ ↕ ҹ Ḥ ⱴ῀
ҽȂῒ ̆ 4.8 ̆ ⌠A B Ҭ
ᵣ̆ ᾢ ⌠B ңҩ Ҭ ᵣ̆ A

ᵣ ⌠ѿҩ ᵣ Ȃ Ҭ ᵣ ԍA ῤ̆
A ⌠̆ ױ ԅAҬ ѿ֓ Ȃ ҩ

Ȃ
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4.9:ѿҩ ҍ ֜ ῖ ̆ ҩ №
ῤ̆ Ҭ № ῤ̆ғ ױ � = 0 � №◓Ȃ

4.4

ԍ ȁZones Algoirthmף ȁ Ḥ Ҭ̆
Ӟ ԅ Ȃ Spherical

Library ̆ 4.1Ҭ GALEX GR2 ҩΈ ̆ ѿҩ
Έ ѿ ̆ ѿҩ Ҭ ѿ

Spherical Library Ȃңҩ ץ
֜ ̆ᵖ ҩ № ̆ғ₃ᵥ

̆ ңҩ Ҭ ӞҌ Ȃ Ⱳ ᾢ
⌠Zones AlgorithmҬ ҉Ȃ ҉ ᾢ ԅ
ҍ ֜ Ȃ

4.4.1

҉ Spherical Library ̆
҉ѿҩ ѿ №Ȃ ԍѿҩ ̆ ҩ ҍῒ ֜

ῖ 4.9 Ȃ ҩ № ῒ ῤ̆Ӟ
Ҭ № ῤ̆ғ ױ � = 0 �№◓ ₮ Zones AlgorithmҬ

Ȃ ץ ⌠̆ ҍ ֜ № ȁ ңҩ׆ץ
֜ ̆ ֜ ṿ ҹ ̆֜ ṿ ҹ Ȃ

Spherical LibraryҬ fGetOutlineArcs ₱ ԍ ֓֜ Ȃᵖ
Ӟ ԅңҩ Ȃ
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4.10: ṿҹ ̆ ṿҹ ᵬ
� = 0 � Ȃ

ѿ̆ѿҩ ԅ � = 0 �Ȃ Ṝ̆ӊ╠ ֜
ṿҹ ̆ ֜ ṿҹ ҌῬ Ȃ 4.10

̆(330� ; 360� )
S

(0� ; 30� ) (30� ; 330� ) ṿ ҹ30�̆ ṿ
ҹ330�Ȃ Ȃ ℗
№ҹң №̆ѿ №ҹ[0� ; 180� ] ̆ ѿ №ҹ[180� ; 360� ]Ȃ ̆ѿҩ
ᶷ Ҍᴪ ׆360�̆ ‗ԅ Ȃ ᵬ ֜

Ṑ̆ᵖ ҹ ѿ ᵬ ѿ ̆ ⌠ ᴋ
ᶏ ̆ ׅ Ȃ

ԋ̆ 4.11 ̆ ѿҩ Ҭ€₮ ̆ Ṝ ֜
ᶏ€₮ № Ȃ ’ ᴆ ̆

҉̆ Ṝ ẠѿҩҒ ̆ €₮ ’₮ ᶷ ̆
⁞ ̆ Alphaṿ̆ ҍ ң֜ Ạ
̆ ṿȂ €₮ ’₮ ᶷ ̆ ⱴ҉
Alphaṿ̆ ҍ ң֜ Ạ ̆ ṿȂΐᵣ∞ €₮ ’

ᴺף 4.12 ̆ῒҬRA ̆RA1ҍRA2 ѿҩ ҉ ң
ҩ ṿ̆ңҩ ↓Ȃ

4.4.1.1 ӎӎӎ ҩҩҩүүү ⅎⅎⅎ

ҍ ֜ ӊ╠̆ ᾢ ‗ ѿҩ
ᵥᶏ Spherical Library ᶫץ̆ ҍ Ȃ 4.13
ӈԅѿҩSQL₱ fRegionZoneҒ ԍ Ȃῒ ᾢ
ѿҩ ׆ ⌠ ҉ dmax ̆ ѿҩ׆
⌠ Ҋ dmin ̆ң ֜ ѿҩ Ȃᵖ ҹԅ ‗ѿ



46 ῏

arc bulge

4.11: ԍ Ҭ ̆ᴪ₮ ң ֜
̆ ≢ Ȃ

If RA1>RA and RA1-RA<180,
RA1 is at the right side of RA.
Choose the max(RA1, RA2, RA+Alpha);

else if RA1<RA and RA-RA1>180),
RA1 is at the right side of RA,
and 0<=RA1<180, 180<RA<=360.
Choose the max(RA1, RA2, RA1+Alpha-360);

else if RA1>RA and RA1-RA>180,
RA1 is at the left side of RA,
and 180<RA1<=360, 0<=RA<180.
Choose the min(RA1, RA2, RA-Alpha+360);

else RA1 is the left side of RA.
Choose the min(RA1, RA2, RA-Alpha).

4.12:∞ €₮ ’ ᴺף Ȃѿҩ ҍ ң
֜ ̆ᵖ €₮ Ȃ

ҩ � = 0 � ̆ ҍқ Ạ֜ ׆̆ №≢
[0� ; 180� ] [180� ; 360� ] Ȃ ң Ḥ Ḡ ῀Zones

Algorithm Ҭ ӈ ZoneDefҬ̆ҌῬ ҩ Ȃ

4.4.1.2 ҏҏҏ

ѿҩῖ SDSS DR6 4.14 ̆ ץ ⌠ ѿҩ
Ȃ ҹҌ ̆ ≢ Ҍ ᵞ

̆ Ṝ̆ ֓ ҍ ҩ Ạ֜ ץ
ԅѿҩ Ȃ Ⱳ ҍ ᵬ₃ᵥ֜
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CREATE FUNCTION fRegionZone(@dmin FLOAT,
@dmax FLOAT, @b0to180 INT)

RETURNS VARBINARY(MAX)
AS
BEGIN

DECLARE @bins VARBINARY(MAX), @binn VARBINARY(MAX)
, @bin2 VARBINARY(MAX),@bin3 VARBINARY(MAX)
--
SET @bin1 = dbo.fConvexAddHalfspace(null,

0, 0,0,+1, SIN(RADIANS(@dmin)));
--
SET @bin1 = dbo.fConvexAddHalfspace(@bin1,

0, 0,0,-1, -SIN(RADIANS(@dmax)));
SET @bin1 = dbo.fSimplifyBinary(@bin1);

IF(@b0to180=1)
-- ҡ
SET @bin2 = dbo.fConvexAddHalfspace(null,

0, 0, +1,0, 0)
ELSE

--
SET @bin2 = dbo.fConvexAddHalfspace(null,

0, 0, -1,0, 0)
SET @bin2 = dbo.fSimplifyBinary(@bin2);
SET @bin3 = dbo.fIntersect(@bin1, @bin2);
RETURN @bin3;

END

4.13:֟ қ ң № ₱ ̆ ѿ № ҈ҩľ Ŀ ֜ Ȃ

̆ᵖ ҉ ⅞Ҍ Ȃ ҹ h = 7 :100̆ ҩ №◓
ԅd180� 60� 60

7:1 e = 91268ҩ Ȃ ҩ Ӈ Ȃ
Spherical Library ѿҩfGetPatches₱ ץ ѿ ҉ ꜛ ‗
ҩ ̆ ҩ ℗ Ȃ ̆ ץ └ ҩ ℗

ῤȂ Ӟ Ҍ ѿҩ ֲפ ׅ̆ №
Ȃᵖ ̆ ╠ ҩ ‗ ԅȂ 4.15 ԅᶏ

fGetPatches ῏ ҉Ҋ Ḥ ̆ ֜ Ȃ ԍ
№ ԅқ ң №̆ѿҩ ҍ ѿҩ Ạң Ȃ Ӟ

ⱴԅ ̆ ѿ Ҭ ԇᴨ Ȃ
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4.14:ѿҩῖ SDSS DR6 Ȃ

Ạ ֜ ӊ ̆ ҩ ҉ ̆Ӟ ҩ
ȁ Ȃ ҉ Ҭ ԅ̆Һ €₮ Ȃ

╠ ‗€₮ Ώ῀ԅѿҩ ᵬfGetOutlineExt SQL₱
Ҭ̆ 4.16Ȃ ԍ №◓ԅң №̆ №

ң №№≢ Ȃ ̆ ҩ №
Ӟ Ȃ ѿ֓ ץ ̆ ╠

ҩ Ȃ
Ḡ ѿҩFASDSSDR6PrimaryҬ̆ ȁ ȁ

(ZoneID; RAMin; RAMax) ץ̆ ῏ Ữ
ῤȂ

SDSS DR6 ҍ Ӟ ԍῒז
Ȃ Ạ֜ ̆ ֜ Ȃ

ѿ ₮ ҩ ̆ ѿ
Ȃ⁞ Ӟ ⁞ Ȃ

4.4.2 ֢֢֢ ZoneZone

⌠ԅ ӊ ̆ Ῥ
ԅ̆ӊ ῏ ᵬ ץ ֓ ҉Ȃңҩ

֜ Ӟ ץ ױ Ҭ ԅȂ ╠ ңҩ ֜
̆ ңҩ Ҭ ѿ ҉ ѿѿ ̆

Ȃ ҹ ҩ ԅ
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-- Ḧ ҅ ⅎ Ḫ Ầ֢
ҏҐ

INSERT F_SDSSDR6 WITH(TABLOCKX) (RegionBinary, DecMin, DecMax)
SELECT t.RegionBinary RegionBinary,

f.dec-f.radius/60.0 DecMin, f.dec+f.radius/60.0 DecMax
FROM #F_SDSSDR6_Temp t

CROSS APPLY sph.fGetPatches(t.RegionBinary) f

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N’[dbo].[FZ_SDSSDR6Primary]’) AND type in (N’U’))
DROP TABLE [dbo].[FZ_SDSSDR6Primary]

GO

CREATE TABLE FZ_SDSSDR6Primary(
id BIGINT IDENTITY (1,1)NOT NULL,
ZoneId INT,
Intersect1 VARBINARY(MAX),
Intersect2 VARBINARY(MAX),
PRIMARY KEY(id, zoneid)

)
GO
-- ҅ ⅎғῚ ῗ Ầ֢
INSERT FZ_SDSSDR6Primary WITH(TABLOCKX) (ZoneId, Intersect1, Intersect2)
SELECT z.ZoneId ZoneId,

sph.fIntersect(g.RegionBinary, z.RegionBinary1) Intersect1,
sph.fIntersect(g.RegionBinary, z.RegionBinary2) Intersect2

FROM dbo.F_SDSSDR6 g
JOIN dbo.Z_ZoneDef z ON

z.DecMin BETWEEN g.DecMin AND g.DecMax
OR z.DecMax BETWEEN g.DecMin AND g.DecMax

GO
-- ∩
DELETE FROM FZ_SDSSDR6Primary where Intersect1 IS NULL AND Intersect2 IS NULL

4.15: ᶏ fGetPatches ҉Ҋ Ḥ ̆ ҍ
῏ ֜
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̆ ңҩ ֜ №Ҍ Ῥ֟ ̆Ӟ Ῥ ֜
Ȃ ҩ ̆ ץ ₃ ῤ Ȃҍ ₃ᵥ

ꜚ ₃ҩ ̆ ̆ ץ ṜῬ Ȃ
̆ҹԅҍZones AlgorithmҬ ‗ Ḡ ѿ ̆

Ӟ ⱴѿ֓Όᵩ Ȃ ѿҩ ⱴ҉
Alphaӊ ̆ ṿ ԍ360̆ ↕ ⱴѿҩ Ȃ 4.17̆
Ḡ ZoneIDṿѿ ̆ᵖRAMinȁRAMax№≢⁞ 360Ȃ

֜ Ӟׅ ѿҩ ̆ῒҬ ԅ(ZoneID; RAMin; RAMax)
Ḥ Ȃ ῒ ZoneIDḤ ̆ ץ ԍZones Algorithm Ҭ
̂ZoneZonẽ Ȃ 4.18̆ ԍ ֽ̆ ԅ
֜ Ȃ ᴨל ԍ ַ ̆
ⱴ Ȃғ Ҭ̆ ₮ ңҩ Ҭ ZoneID̆

҉ңҩ ֜ Ȃ ZoneZone Ҭ
Ḥ ̆ ⱴԅ Ҭ Ȃ ↕ ⁞ ԅ

ѿ ’̆ ⁞⌠ԅ ң ῤȂ

4.4.3 ֢֢֢

֜ Һ ⱴ῀ԅ ̆ 4.19 ̆
Һ ꜚ ң FI SDSSDR6PrimaryGALEXGR3AIS-
Primary ↓ FROM̓͂ ӊ ̆ └ ѿҩ ̆ῒז №

Ҍ Ȃӊ ץ FROM̓͂ ̆ ҹ ѿҩ
̆ ҹ Ȃ ҩ Ḥ ץ └ ̆
Ҍ Ȃף Ҭ ѿҩJOIN Ἕῒז ѿҩLOOP
└̆Ӟ ҹԅ ̆ ̆
LOOP Ҍ ₃ Ȃ

₮ңҩ ֜ ӊ ̆ Ȃ
4.20̆ ᾢ ⌠ CXSDSSDR6Primaryңҩ Ҭ ᵣ̆

ᵣ̆ ⌠ GALEXGR3AISPrimary ԅ
⌠ ᵣȂ ֽֽ ңҩ SELECT EXCEPT ᵬ̆
Ȃ
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IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N’dbo.FN_SDSSDR6Primary’) AND type in (N’U’))
DROP TABLE dbo.FN_SDSSDR6Primary;

GO

CREATE TABLE FN_SDSSDR6Primary(
id INT IDENTITY(1,1),
ZoneId INT NOT NULL,
RaMin FLOAT NOT NULL,
RaMax FLOAT NOT NULL,
PRIMARY KEY (id, ZoneId, RaMin, RaMax)

)
GO

INSERT FN_SDSSDR6Primary WITH(TABLOCKX) (ZoneId, RaMin, RaMax)
SELECT r.ZoneId ZoneId, MIN(f.ra1) RaMin, MAX(f.ra1) RaMax
FROM FZ_SDSSDR6Primary r

JOIN dbo.Z_ZoneDef z ON r.ZoneId=z.ZoneId
CROSS APPLY dbo.fGetOutlineExt(r.Intersect1, z.DecMin, z.DecMax, 0) f

WHERE r.intersect1 IS NOT NULL
GROUP BY r.id, r.zoneid

INSERT FN_SDSSDR6Primary WITH(TABLOCKX) (ZoneId, RaMin, RaMax)
SELECT r.ZoneId ZoneId,MIN(f.ra1) RaMin, MAX(f.ra1) RaMax
FROM FZ_SDSSDR6Primary r

JOIN dbo.Z_ZoneDef z ON r.ZoneId=z.ZoneId
CROSS APPLY dbo.fGetOutlineExt(r.Intersect2, z.DecMin, z.DecMax, 1) f

WHERE r.intersect2 IS NOT NULL
GROUP BY r.id, r.zoneid;

4.16: ҉ҍ Ȃ

INSERT FI_GALEXGR3AISPrimary_SDSSDR6Primary WITH(TABLOCKX)
SELECT a.ZoneId, a.RAMin-360, a.RAMax-360
FROM FI_GALEXGR3AISPrimary_SDSSDR6Primary a

JOIN Z_ZoneDef z ON a.ZoneId=z.ZoneId AND a.RAMax+z.Alpha>360

4.17: ֜ Ӟ ̆ ⱴ №Όᵩ Ȃ
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IF EXISTS (
SELECT *
FROM sys.objects
WHERE object_id = OBJECT_ID(N’dbo.ZZ_GALEXGR3AISPrimary_SDSSDR6Primary’)

AND type in (N’U’)
)
DROP TABLE dbo.ZZ_GALEXGR3AISPrimary_SDSSDR6Primary

GO

CREATE TABLE dbo.ZZ_GALEXGR3AISPrimary_SDSSDR6Primary(
ZoneID1 INT NOT NULL,
ZoneID2 INT NOT NULL,
Alpha2 FLOAT NOT NULL

)
GO

ALTER TABLE dbo.ZZ_GALEXGR3AISPrimary_SDSSDR6Primary
ADD CONSTRAINT PK_ZZ_GALEXGR3AISPrimary_SDSSDR6Primary
PRIMARY KEY ( ZoneID1, ZoneID2 )
GO

INSERT dbo.ZZ_GALEXGR3AISPrimary_SDSSDR6Primary WITH (TABLOCKX)
SELECT Z1.zoneid, Z2.zoneid, d2.alpha
FROM (

SELECT DISTINCT ZoneID
FROM dbo.FI_GALEXGR3AISPrimary_SDSSDR6Primary
) z1
JOIN (
SELECT DISTINCT ZoneID
FROM dbo.FI_GALEXGR3AISPrimary_SDSSDR6Primary
) z2
ON Z2.zoneid BETWEEN Z1.zoneid - 1 AND Z1.zoneid + 1

JOIN dbo.Z_ZoneDef d2 ON d2.ZoneID = Z2.ZoneID
ORDER BY 1, 2

4.18: ᶏ ֜
ZoneZonĕ ̆ῤ Ȃ
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IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N’dbo.M_GALEXGR3AISPrimary_SDSSDR6Primary’)
AND type in (N’U’))
DROP TABLE dbo.M_GALEXGR3AISPrimary_SDSSDR6Primary
GO

DECLARE @theta float, @dist2 float;
SELECT @theta = 7.0/3600.0;
set @dist2 = 4 * power(sin(radians(@theta/2)), 2);

SELECT t1.objid as objid1,
t2.objid as objid2,
60*120*degrees(asin(sqrt(

(t1.cx-t2.cx) * (t1.cx-t2.cx)
+ (t1.cy-t2.cy) * (t1.cy-t2.cy)
+ (t1.cz-t2.cz) * (t1.cz-t2.cz)

)/2)) Sep
INTO dbo.M_GALEXGR3AISPrimary_SDSSDR6Primary
FROM dbo.FI_GALEXGR3AISPrimary_SDSSDR6Primary as ol1

JOIN dbo.CX_GR3AISPrimary as t1
on (t1.zoneid=ol1.ZoneID and t1.ra between ol1.ramin and ol1.ramax)

INNER LOOP JOIN dbo.ZZ_GALEXGR3AISPrimary_SDSSDR6Primary zz
on zz.zoneid1 = t1.zoneid

INNER LOOP JOIN dbo.CX_SDSSDR6Primary t2 on zz.zoneid2 = t2.zoneid
and t2.ra between t1.ra - zz.Alpha2 and t1.ra + zz.Alpha2
and t2.dec between t1.dec - @theta and t1.dec + @theta
and ( t1.RA >= 0 or t2.RA >= 0 )

WHERE (t1.cx-t2.cx) * (t1.cx-t2.cx)
+ (t1.cy-t2.cy) * (t1.cy-t2.cy)
+ (t1.cz-t2.cz) * (t1.cz-t2.cz) < @dist2

4.19: ֜ ̆ ԅѿҩ ң Ḥ ̆
ץ └ ѿҩ Ȃ

SELECT objid
INTO GR3AISDropoutFromDR6
FROM CX_SDSSDR6Primary s
JOIN FI_GALEXGR3AISPrimary_SDSSDR6Primary o
ON s.zoneid=o.zoneid AND s.ra BETWEEN o.ramin AND o.ramax
EXCEPT
SELECT DISTINCT objid2
FROM M_GALEXGR3AISPrimary_SDSSDR6Primary m

4.20: ֽ ңҩ SELECT ѿҩEXCEPTᵬȂ
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4.5

ҹԅҍ ╠ Zones Algorithmᵬ ̆ ᶏױ GALEX [71][72] GR3ῃ
Һ ҍSDSS DR6[73]Һ ֜ Ȃ ױ ׆

Footprint Service23 ȂGALEX GR3 5 5 ҆ ̆
SDSS DR6Һ 2.3ַ ̆ ױ ҹ3689
Ȃ ңҩ ᵣ ҹ700Ȃ ѿ ҹIntel Xeon

E5430 CPÛ2.66GHzȁ CPU῍8 ȁ̃24GBῤ Ⱶ ҉ Ȃ Ⱶ
ᶏ ᵬ ҹ64β Windows Server 2008̆ ҹMicrosoft SQL Sever

2005-9.00.5057.00 Ȃ

ⱴ῀ ╠ Zones Algorithm № ׆ץ
4.1 ⌠ȂῒҬᶏ № ԅ ̆ῒҺ

₃ᵥ ̂ ̃̆ ȂGALEX
GR3 15721ҩ ̆Һᵣ Έ ̕SDSS DR6

43ҩ ̆ ̆ᵖ ̆ҍ
֜Ȃ ҩ ℗ ԅ91270ҩ ̆ ҩ Ῥ № ң №↕ѿ῍
182540ҩ №Ȃᵖ ѿ № ѿ ̆

ӊ ̆ ֓ ף ԍ
ῒזҍ ῏ Ȃ ҉ ᶏ ԅ ̆Ӟ
ῒז ᶏ ̆ ҩ ץ Ȃ

2GALEX GR3 AIS http://voservices.net/footprint/details_group.aspx?id=169
3SDSS DR6 http://voservices.net/footprint/details_group.aspx?id=197

4.1: Zones Algorithmⱴ῀ ╠

Zones Algorithm ⱴ῀
ZoneDef 00:02:081 common proc.

N/A 05:48:27
00:30:44 common proc.

֜ N/A 00:00:06
ZoneZone 00:01:01 00:00:03
֜ 00:06:48 00:05:25

1 ҹľ :№: Ŀ

http://voservices.net/footprint/details_group.aspx?id=169
http://voservices.net/footprint/details_group.aspx?id=197
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ӈ ZoneDefҍ № ң ⌠ ̆
ҹľcommon proc.ĿȂ ֜ №̆Zones Algorithm ԅ6№48 ̆
ⱴ῀ Ḥ ӊ ⁞ ҹ5№25 ̆ ԅ 20% Ȃ ⌠
҉ ỮӞ ̆ ҩ ֲפ Ȃ֜ №ӊ
ңҩ ֜ ҹ6 Ȃ ZoneZone ֽ 3
̆ Zones Algorithm 1№01 Ȃ ѿ №̆ ֜
Ӟ ῃ ễԅ̆ ғ ԅ50 Ȃ

ҹԅ ҍ ῏ ̆ ҹֲױ
└⌠ѿ ̂cutting on R.A.̃ ̂cutting on Dec.̃ ץ̆

⁞ ȂῬ └ ῤ ֜ ̆ ⌠ԅ 4.21Ȃ ̆
⁞ Ṝ̆֜ Ӟ ӊ⁞ ̆ ҩ ҉ ⁞
Ȃל Ҭ ҹ500 №̆ SDSS DR6
Ȃ ⁞ ԅ̆ᵖ ҹ ⁞ Ȃ
ᵣ Ҋ ̆ ⁞ Ҍ Ȃ

֜ ӊ ֽ̆ Ȃ 29
̆ ױ ⌠ԅѿҩ ̔GALEX GR3Ҭ 420̓ ҩ ᵣ ԍSDSS

DR6 Ҭ SDSS DR6 ⌠Ȃҍ֜ №
̆ңҩ Ӟ ℗◓ ԍ ̆ ⌠ԅ

4.22Ȃ Ӟ ңҩ ⁞ ⁞ ץ̆
⌠ԅ ҹ0 ̆ ҹ0Ȃ

҉ץ ╠ ᶏ ԅDBCC DROP CLEANBUFFERS̆ץ
Ȃᵖ ᵬ ᴆ ׅ Ḡ ԅѿ № ῤ Ҭ̆

ץ Ҭ₮ ԅ № ԍ ל Ҋץ Ȃ
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4.21: ⁞ ̆֜ Ӟ ӊҊ ̆
⁞ Ȃל
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4.22: Ӟ ⁞ ⁞ Ȃ
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4.6

ץ ⌠ Ḥ ⱴ῀̆ ⌠ԅ ѿ ⱴ Ȃ
ғ ԅ ̆ ץ ̆ҹ № ᶫԅ
Ḥ Ȃ ̆ᵖ ѿ
ѿ ̆ ̆ Ȃ ץ

ѿ № Ȃ ᶏ ᵬ ̆⁞ Ȃ

Ҭ Ӟ ԍ ҉ ᴋ ̆ ץ
ᴋ ῤ ֜ Ȃ ᴋ ҹң

̆ ῒ ⌠ ֜ Ҭ̆ ҩ
Ȃ Ạץ ѿҩWeb Service Ⱶᶫ ̆ Ạ ѿҩ
ᶏ ̆ ץ ῐ ҬẠ ֜ Ȃ

⌠ ֜ ⱵOpen SkyQuery4

֜ Ҭ̆ ԍҬ ₮ ᵌ ⱵӞ ѿҩ
Ȃ

̆ ԍ Ҭᶏ ԅSpherical Library̆ ╠ Windows
Microsoft SQL ServerҬᶏ Ȃᵖ ҹ ԅC++ Spherical

Toolkit̆ MySQL Postgre SQLҬӞᶏ ᵌ Ȃ

4Open SkyQuery http://www.openskyquery.net/Sky/skysite/

http://www.openskyquery.net/Sky/skysite/


֒֒֒ ԓԓԓ ₉₉₉ᵫᵫᵫ ֢֢֢

╠ ֜ ̆Һ ԍ ѿҩ ѿ
Ҭѿҩ ᵣ ѿҩ ̆ ᾣ ֜ Ȃᵖ ̆
֓ ᵣ ֓ Ҭ ҩ Ȃѿ֓ ᵣ

ԅ ӊ ̆ ⌠ԅ ̆ Ȃ ̆ѿҩ
ᵣ Ҭ Ҍ ңҩ ȂӞ ѿҩᾣ

ҩ ̆Ӟ ң ҈ Ȃ Ṝ ҍᾣ
Ҭ Ҍ ̆ ң Ȃ׆ ҉ ̆

ңᶷ ѿ ҍҬ ѿ ̆ ѿҩ Ȃ ᶏ
₃ᵥ ̂ῒҬ ֓ ᵣ ̃ҍᾣ

֜ ̆ ҍ ≠֒ ֜ Ȃ

Ὲ ↓̂Square Kilometre Array̆ SKÃ1

̂ ↓̃ ῀ᶏ ̆֟ ₮ Ȃ ֜
̆ ԍᵞ Ȃ ѿ ҉ ԍ
ҍᾣ ꜚ֜ Ȃ

֜ ᶭ ԍ ̆Һ ῀
₃ᵥ№ № ̆ Ẋ ᵀ

Ȃ ԅ ₃ᵥ Ḥ Ṝ Ḥ ̆ ᴨ ӊ
ԍ ץ ⱴ῀ ῒז ̆ ȁᾣ №
Ȃ ֓Ḥ ⱴ῀̆֜ ᴪ ‰ Ȃ

5.1

ѿ ↓ ̆ ᴪױ ױ Ҍ ₮ ѿ ᵣȂ ֓
№ ⌠ ҩ ҉ ̆ Ҍ ѿ ᵣȂᵖ

ױ ̆ ױ ץ ױ Ȃᵖ ̆ ľ
Ŀ ̙

ᾢ̆ ױ ľ Ŀ ѿ Ȃ ᵝ ‰
1SKA http://www.skatelescope.org/

http://www.skatelescope.org/
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̆ ץ ᵣ ‰ Ȃᵖ ̆ ⌠ ׅ
ѿ Ẓ ᵝ ̆ ѿ № Ȃ ѿ ᶏ ѿ

ҩ� ṿ ῒ ̆ � = 0 :100Ȃ ױ ᶏץ ₱
ᵣ ̆ ѿ ₱ Ҍ ᵝ Ҍ Ȃ ױ ӈԅѿҩ
M̆ ѿҩ҈ ‰ m ҉ ѿҩ ̆p (x jm ; M )
ѿҩ‰ ᵝ ҹm ᵣ ᵝ x ⌠ Ȃ ѿҩ ‰
₱ ̆ ῒ №ҹ1Ȃ Z

d3x � p (x jm ; M ) = 1 (5.1)

ԍ ҩ x 1̆ ῒ ̆ ῒ‰ ᵝ
mҹx 1 ҹ

p (m jx 1; M ) =
p (x 1jm ; M ) p (m jM )

p (x 1jM )
(5.2)

ῒҬ̆m ҉ ╠ p (m jM ) ᾥ � ҹ̆

p (m jM ) =
1

4�
� (jm j � 1) (5.3)

ῃ Ὲ ̆x 1 ҉ ╠

p (x 1jM ) =
Z

d3m � p (m jM ) p (x 1jm ; M ) (5.4)

Ҍ ԅҌ ̆ ױ ῀ ץ
ױ ѿ ᵣ Ḥ Ȃ ѿҩẊ H̆

ѿ ᵣm̕Ῥ ѿҩ Ẋ K̆ Ҍ ᵣ̆ғ
ױ Ҍ mȂ D = f x1; x 2; � � � ; x gg n Ҍ Ȃ

H K ╠ ҍ ̆ ⌠

B (H; K jD ) =
P (H jD ) =P (H )
P (K jD ) =P (K )

(5.5)

̆
B (H; K jD ) =

p (D jH )
p (D jK )

(5.6)

ңҩẊ ᵌ ₱ ṿȂ H K
Ҭ̆ ҩ Ҭ№≢ ᵌ ₱ ₱ №ȂHẊ
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ѿ ̆ ץ ѿҩ῍ ᵝ m
Ȃ ԍDҬ ̆ ױ ₱ ױ

ӗ p1 � p2 � � � � � pn̆ № ҹ

p (D jH ) =
Z

d3m � p (m jH )
nY

i =1

pi (x i jm ; H ) (5.7)

ѿ ̆ Ẋ K Ҍ ᵝ f m i g ̆ῒ ҹ
₱ № ӗ

p (D jK ) =
nY

i =1

� Z
d3mi � p (m i jK ) pi (x i jm i ; K )

�
(5.8)

B (H; K jD ) ṿ ԍ1 ̆ ҹH ̆
ѿ ᵣ̕ ԍ1 ̆↕ ҹK ̆ Ҍ ᵣ̕

ҍ1Ḡ ѿҩ ̆↕ ҹң Ẋ ̆ ѿ Ȃ

ᴨל ԍ̆ ץ ⱴ῀ Ҍ ף Ҋ
Ȃѿ ѿҩ p(D jH )

p(D jK ) ₮ ̆ ҹ
╠ ѿ №Ȃ ӈ ̆ ңҩ
ӗ ̆ ѿ Ẋ H K Ȃ Ҍᵖ ץ

ᾟ№≠ ̆ Ҍץ ⱴ῀ ȁ Ẋ Ȃ

5.2 ההה └└└ ⅓⅓⅓

ԍ ⌠₃ᵥ №̆ҹ ̆ ױ ᾣ x0 Ạ
℗ Ȃפx0 ℗ ҉ ҹ(0; 0)̆ ῒ Ӟ
⌠ ҩ℗ ҉Ȃ ҹ℗ ҉

Ȃ ̆ ҈ ᵣ₃ᵥ ԅ ԋ ₃ᵥ
̆ѿ ҉Ӟ ԅ ̆
ѿҩ Ȃ ѿ ᵬ ҈ ԅ ԋ ̆Ӟ
҈ № ԅ ԋ №̆⁞ ԅ Ȃ

ҍ╠₃ ѿ ̆ ׅ ҹѿҩץ ҹ ̆ ҹ1 ȂҊ
₮ ӈ℗ ңҩ ᵝ ̆ w nȂx0

(�; � ) XoY ҹ

x 0
0 =

 
cos�
sin �

!

(5.9)
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cos� 2 + sin � 2 = 1̆ Ӟ ᵝ Ȃ w ℗ ҉̆
ҍx 0

0 ̆ ҹ

w =

0

BB@

sin �
� cos�

0

1

CCA (5.10)

x0 XoZ ҉ ҹ

x 00
0 =

 
cos�
sin �

!

(5.11)

↕ῒ Ӟ ҍ ̆ Ȃ ҹ

n 0 =

0

BB@

� sin �
0

cos�

1

CCA (5.12)

ᵖ ҩn 0 0� ̆ n � Ȃ
n ҹ

n =

0

BB@

cos� � sin � 0
sin � cos� 0

0 0 1

1

CCA

0

BB@

� sin �
0

cos�

1

CCA =

0

BB@

� sin � cos�
� sin � sin �

cos�

1

CCA (5.13)

⌠wҍnӊ ̆ ץ ῒ ⌠x0 ℗ ҉ԅȂ
r 0 ҹ(� 0; � 0)̆ x0 ℗ ҉ (p; q) ҹ

p(r 0) = ( r 0 � r c) � n =

0

BB@

x0 � x
y0 � y
z0 � z

1

CCA � n (5.14)

p(� 0; � 0) =

0

BB@

cos� 0cos� 0 � cos� cos�
cos� 0sin � 0 � cos� sin �

sin � 0 � sin �

1

CCA �

0

BB@

� sin � cos�
� sin � sin �

cos�

1

CCA (5.15)
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q(r 0) = ( r 0 � r c) � w =

0

BB@

x0 � x
y0 � y
z0 � z

1

CCA � w (5.16)

q(� 0; � 0) =

0

BB@

cos� 0cos� 0 � cos� cos�
cos� 0sin � 0 � cos� sin �

sin � 0 � sin �

1

CCA �

0

BB@

sin �
� cos�

0

1

CCA (5.17)

5.3

ҹԅҍ ֜ ̆ ᾣ ₃
ᵥ῏ ѿҩ Ȃ ԍῖ ᶷ ₮ ₃ᵥ ҍҬ

ѿ Ȃ ᾢ ̆ ҍ Ҭ
ѿ ̆ғ ң ҍҬ Ȃ m

Ҭ ̆m 0 ѿᶷ ѿ ̆↕ ѿ m 00 ҹm 00= 2m � m 0Ȃ

5.1̆ ԍѿҩᾣ ̆ῒ 0ҩ ҩ Ȃᴋѿ
ҍ ᾣ ѿ Ҭ ̆ ҹCORE̕ ̆ ҹLOBE ҍᾣ

῏̆ NONEȂץ 5.1 Ҭ ңҩ ҹᶛ̆ױז ץ
̔

(NONE; NONE )
(NONE; CORE )
(NONE; LOBE )
(CORE; NONE )
(CORE; LOBE )
(LOBE; NONE )
(LOBE; LOBE )

(5.18)

҈ҩ ↕ ҹ ̆ 5.1 ̆Ҍֽ ԅ҉ ̆
ץ ҈ҩ №̔(CORE,LOBE,LOBE)Ȃᴋѿ
Ҍ ѿҩCORĔӞҌ ңҩLOBĔ NONE↕ ץ ҩȂ
҈ҩ҉ץ ̆Ӟ └Ȃ 5.1Ҭ ᾣ ̆ ҉

ῤ ’Ȃ№≢ ֓Ẋ ̆ ױ ṿ̆
ץ ᾣ Ҭ ѿ Ẋ ̆Ӟ ̔ᾣ

ѿҩ ̆ңᶷ ҍ ѿ Ȃ
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5.1:ᾣ ҍ ҉ № ᶛ̆ ᾣ ̆֜
Ȃ

Ẋ ҩ D = f y0; y1; y2; y3ğ ῒҬѿҩ(CORE,LOBE,LOBE,NONE)Ẋױ
ᵌ ₱ Ὲ ҹ

p(CORE; LOBE; LOBE; NONE) (5.19)

=
� Z

d2m0 � p(m 0)L x0(m 0)L y0(m 0)
Z

d2m1 � p(m 1jm 0)L y1 (m 1) L y2 (2m 0 � m 1)
�

� Z
d2m2 � p(m 2)L y3(m 2)

�

ץ ⌠y0ᵬҹCOREҍx0῍ ѿҩҬ m0̆ ױ ₱
ӗ Ạ №Ȃy1ҍy2ᵬҹLOBE m1ғҍm0 ῏̆y1ȁy2

₱ ӗᵬ №ӊ Ῥҍx0ȁy0ᵬ №Ȃ NONĔҍm0ȁm1 ῏̆
₱ № ҍ╠ № ӗȂ ѿҩLOBE ̆ ῒҬױ
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ѿҩ(CORE,LOBE,NONE,NONE)Ẋ ᵌ ₱ Ὲ ҹ

p(CORE; LOBE; NONE; NONE) (5.20)

=
� Z

d2m0 � p(m 0)L x0(m 0)L y0(m 0)
Z

d2m1 � p(m 1jm 0)L y1 (m 1)
�

� Z
d2m2 � p(m 2)L y2(m 2)

�

� Z
d2m3 � p(m 3)L y3(m 3)

�

CORE ̆↕ ῒҬѿҩ(NONE,LOBE,LOBE,NONE)ױ Ẋ ᵌ ₱
Ὲ ҹ

p(NONE; LOBE; LOBE; NONE) (5.21)

=
� Z

d2m0 � p(m 0)L x0(m 0)
Z

d2m1 � p(m 1jm 0)L y1 (m 1) L y2 (2m 0 � m 1)
�

� Z
d2m2 � p(m 2)L y0(m 2)

�

� Z
d2m3 � p(m 3)L y3(m 3)

�

ԍ ѿҩLOBE ̆↕ ῒҬѿҩ(NONE,LOBE,LOBE,NONE)ױ Ẋ
ᵌ ₱ Ὲ ҹ

p(NONE; LOBE; NONE; NONE) (5.22)

=
� Z

d2m0 � p(m 0)L x0(m 0)
Z

d2m1 � p(m 1jm 0)L y1 (m 1)
�

� Z
d2m2 � p(m 2)L y0(m 2)

�

� Z
d2m3 � p(m 3)L y2(m 3)

�

� Z
d2m4 � p(m 4)L y3(m 4)

�
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LOBE ̆ (CORE) ’̆↕ ⌠ԅ ֜ Ȃ
ᵌ ₱ Ὲ ҹ

p(CORE; NONE; NONE; NONE) (5.23)

=
� Z

d2m0 � p(m 0)L x0(m 0)L y0(m 0)
�

� Z
d2m1 � p(m 1)L y1(m 1)

�

� Z
d2m2 � p(m 2)L y2(m 2)

�

� Z
d2m3 � p(m 3)L y3(m 3)

�

̆ғҍm0 ῏̆↕ ױ (NONE,NONE,NONE,NONE)Ẋ
ᵌ ₱ Ὲ ҹ

p(NONE; NONE; NONE; NONE) (5.24)

=
� Z

d2m0 � p(m 0)L x0(m 0)
�

� Z
d2m1 � p(m 1)L y0(m 1)

�

� Z
d2m2 � p(m 2)L y1(m 2)

�

� Z
d2m3 � p(m 3)L y2(m 3)

�

� Z
d2m4 � p(m 4)L y3(m 4)

�

҉ץ D = f y0; y1; y2; y3g ᵝ ԑץ ̆Ӟ ױ
Ȃ ѿҩ Ẋ Ȃ

Ҋ ҩ ₱ Ȃ № ̂ № ̃ ҹ
ѿ № ̆ ₮ԅ ѿ ̆ל ҉

Ӟ ₮ԅ ѿ [74][75]Ȃ ױ ԅᶏ ԅ № ₱
ᵀ ᵣӊ ̆ L x0ȁL y0ȁL y1ȁL y2ȁL y3 ₱

ԅ № Ȃ L x0 ҹ

L x0(m 0) = g(x 0jm 0; � x0) (5.25)
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5.2: LOBEβ ԍ Ҭ ̆ ѿҩ ԍ0 ṿ̆ῒ
ҹ Ȃ Ҭ҈ҩ ף ҈ҩ ̆ ᾣ ᵝ Ȃ

g № ̂Gaussian Distributioñ ̆ ҹ ₱ ̆
ΏȂ ԍ ᵣ № ╠ p(m i )̆↕ᶭ

a = 4 �r 2 = 4 � (r=pi � 180� 60 � 60)2 = 534638377792:47arcsec2 (5.26)

ҹp(m i ) = 1
a = 1 :8704231524E � 12̆ Ẋ ҉ ѿҩ ᵣȂ

ԍ ԍ100 Ȃ ԍLOBE m1̆ҍҬ m0

῏̆ ⱴ῀ ҍm0 ῏ Ȃp(m 1jm 0) ѿҩ №
5.2 ̆ LOBEβ ԍ Ҭ ̆ ѿҩ ṿ̆ῒ
ҹ Ȃ ₮ῒ № ↕ 5.3̆ ҉ № ₱ Ȃ

R ̆r ̆↕ № ₱ Ὲ
ҹ

p (m1jm0) =

(
[(R2 � r 2) � ]� 1 r < jm1 � m0j < R
0

(5.27)

ԍm1 ₱ p(m1jm0)̆ ԅ № ₱ ̆ ץ
≠№ ̂Rayleigh Distribution ȁ̃ № ̂Log-normal Distribu-

tion Ȃ̃ᶏ ױ ̔ m0 m1 Ҍ LOBEȂ ≠№



68 ῏

5.3: № ̆ ᵝԍ ῤ ̆ ₱ ṿҹѿҩ ̕
ᵝԍ ̆ ₱ ṿҹ0Ȃ

₱ ҹ
p(kj� ) =

k
� 2 e� k2=2� 2

(5.28)

5.4̆ ѿҩ� ṿ Ȃ ≠₱ ṿ̂meañȁ
̂var̃ҍ� ῏ ҹ

mean= �
�
2

; var =
4 � �

2
� 2 (5.29)

№ ₱ ҹ

ln N (�; � 2) =
1

x
p

2�� 2
e� (ln x � � )2=2� 2

(5.30)

5.5̆ �ȁ � ῒ ₱ Ȃ ṿȁ ҍ
�ȁ � ῏ ҹ

mean = e� + � 2
(5.31)

var =
�

e� 2
� 1

�
e2� + � 2

(5.32)

� = ln mean�
� 2

2
(5.33)

� =
r

ln
� var

mean2 + 1
�

(5.34)
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1.4
Rayleigh

sigma=0.5
sigma=1.0
sigma=2.0

5.4: ≠№ ₱ Ҍ � ṿҊ Ȃ

҈ № ӊ ̆ Ẋ Ὲ Ӟ Ҋ Ȃץ╠
(CORE,LOBE,LOBE,NONE)ҹᶛ̆ῒ Ὲ

p(CORE; LOBE; LOBE; NONE) (5.35)

=
� Z

d2m0 � p(m 0)g (x 0jm 0; � x0) g (y0jm 0; � y0)
Z

d2m1 � p(m 1jm 0)g (y1jm 1; � y1) g (y2j2m 0 � m 1; � y2)
�

� Z
d2m2 � p(m 2)g (y3jm 2; � y3)

�
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Log-normal

mu=-0.58813806555,simga=0.491492090751
mu=0.105009115009,simga=0.491492090751
mu=0.798156295569,simga=0.491492090751

5.5: № ₱ Ҍ �ȁ � ṿҊ Ȃ

5.4

⌠ ԍ ̆ ⌠ ҉Ҍѿ
̆ ױ ԋҩ ⱴԅ ҉ ᵝ kȂ ԋҩ ᵝ

ҹ

2m 0 � m 1 + k(m 0 � m 1) = (2 + k)m 0 � (1 + k)m 1 (5.36)

ԍ ⱴԅѿҩ k̆ ⌠ңҩLOBE Ҭ k ӞẠѿ
№Ȃҍ╠ № ҹԋ №Ҍ ̆ k Ạѿ № Ȃ №

ⱴ̆ Ӟ ӊ ⱴ ṐȂ╠
ᵌ ₱ Ӟ Ạѿ֓ ̆ᵖ ңҩLOBE ̆

(CORE,LOBE,LOBE) (LOBE,LOBE)Ȃ
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ⱴk Ṝ Ẋ (CORE,LOBE,LOBE,NONE) Ὲ ҹ

p(CORE; LOBE; LOBE; NONE) (5.37)

=
� Z

d2m0 � p(m 0)L x0(m 0)L y0(m 0)
Z

dk � p(k)
Z

d2m1 � p(m 1jm 0)L y1 (m 1) L y2 [(2 + k)m 0 � (1 + k)m 1]
�

� Z
d2m2 � p(m 2)L y3(m 2)

�

=
� Z

d2m0 � p(m 0)g (x 0jm 0; � x0) g (y0jm 0; � y0)
Z

dk � p(k)
Z

d2m1 � p(m 1jm 0)g (y1jm 1; � y1) g (y2j(2 + k)m 0 � (1 + k)m 1; � y2)
�

� Z
d2m2 � p(m 2)g (y3jm 2; � y3)

�
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ⱴk Ṝ Ẋ (NONE,LOBE,LOBE,NONE) Ὲ ҹ

p(NONE; LOBE; LOBE; NONE) (5.38)

=
� Z

d2m0 � p(m 0)L x0(m 0)
Z

dk � p(k)
Z

d2m1 � p(m 1jm 0)L y1 (m 1) L y2 [(2 + k)m 0 � (1 + k)m 1]
�

� Z
d2m2 � p(m 2)L y0(m 2)

�

� Z
d2m3 � p(m 3)L y3(m 3)

�

=
� Z

d2m0 � p(m 0)g (x 0jm 0; � x0)
Z

dk � p(k)
Z

d2m1 � p(m 1jm 0)g (y1jm 1; � y1) g (y2j(2 + k)m 0 � (1 + k)m 1; � y2)
�

� Z
d2m2 � p(m 2)g (y0jm 2; � y0)

�

� Z
d2m3 � p(m 3)g (y3jm 3; � y3)

�

ץ ⌠ k № №̆kӞ ѿҩ № ̆ҍ ᵣ ᶏ №
ѿ ̆ Ӟ № ̆ ԍѿ Ȃ ԋҩ Ḃҍ ѿ
Ҍ ̆Ӟׅ 2m 0 � m 1 Ȃ

5.5 ⅎⅎⅎ

ԍ╠ № ̆ Ҍ Ὲ ѿҩ ̆ №
Ὲ ṿ Ȃ № ṿ ̆ ⱬ
Ḃ ̂Monte Carlõ ̆ Ȃ

ᵌṿȂ ᵥ֟ ̆ ᵀ Ȃ
Ҍ ̆ᵖ ₮ѿҩ ᵌṿ̆ ҉

Ӟ ΐᴇṿȂѿ ȁ ṿ ȁ№ ȁ ȁ ῏
Ȃ
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̂Importance Sampling̃ Ҭ ѿ
̆ Marshall[76][77] ₮Ȃῒ ԍ ҉ ף ̆

Z 1

0
f (x)dx =

Z 1

0

f (x)
g(x)

g(x)dx =
Z 1

0

f (x)
g(x)

dG(x) (5.39)

G(x)₱ № ̆ Ҍ dxȂ ₱
f (x) ҹ f (x)

g(x)Ȃ Ӟ ҹ֟ nҩG(x)№ ᵬҹx̆ ף
῀ f (x)

g(x) ױ ⱴ sum̆ sum
n ҹ № ᵌṿȂ

ҍ ̆ ױ ῏ ֟
̆ № ₮ ṿ ̆ ṿ
Ȃ ⁞ ԅ ̆⁞ ԅ Ȃ

ҹ

var =
[
P

f (x i )]2 �
P

[f (x i )2]
n

(5.40)

ԋ ҍ╠ ₃ ̆ ⱴԅѿҩ ̆ № ׆
Ȃ ԋ D҉ ѿҩ №

RR
D f (x; y)dxdyȂ↕ №

₱ G(x; y) ₱ ҹg(x; y)̆ № ҹ
ZZ

D
f (x; y)dxdy =

ZZ

D

f (x; y)
g(x; y)

g(x; y)dxdy =
Z

D

f (x; y)
g(x; y)

dG(x; y) (5.41)

֟ ₮nҩ ;G(x׆ y) ԋ (x i ; yi )̆ f (x i ;yi )
g(x i ;yi )

̆
1
n

P
n

f (x i ;yi )
g(x i ;yi )

ҹԋ № ᵌṿȂ ѿҩ ̆Ḃ ԋ №
ԋ ̆ ѿ ̆ԋ ⌠ (x; y)

҉ԅȂ

5.5.1 ⅎⅎⅎ ⃰⃰⃰ ӝӝӝ

ҹ(CORE,LOBE,LOBE) Ẋ ᵌ ₱ Ҭ ᶏ ԅ
₱ ̆ ױ ԅ №̆ѿ ץ ᵞ
̆ԋ Ӟ ⁞ץ Ȃᵖ ҳңҩ ̆ѿ ᵥ֟ ԋ №
̕ԋ ױ ֟ ԋ ⁞ №
₱ ̆ᵖ ѿҩ №Ҭ ңҩ № ₱ ̆
CORE Ẋ (LOBE,LOBE) Ẋ Ȃ ῒҬѿҩ № ̆
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↕ ѿҩ № ₱ ׅ ̆ ⁞ Ȃ
Ҭ ԋҩԋ № ₱ ӗ ’̆ ױ ԋҹ

ѿ̆ץ⁞ ѿ Ȃ

₱ ҹ

g(x j� ; � ) = (2 � )� d=2 j� j � 1=2 exp
�
�

1
2

(x � � )T � � 1 (x � � )
�

(5.42)

= (2 � )� d=2 j� j � 1=2 exp
�

�
1
2

[� (x � � )]T � � 1 [� (x � � )]
�

= g(� jx ; � )

ңҩ № ₱ ӗ [78][79] ҹ

gp(� ; � ) = g(� 1; � 1) � g(� 2; � 2) (5.43)

ῚҲ� =
�
� � 1

1 + � � 1
2

� � 1 (5.44)

� =
�
�� � 1

1 � 1 + �� � 1
2 � 2

�
(5.45)

ңҩn № ₱ ӗ ׅ n ₱ ̆ᵖ
ҌῬ ‰ ̆ № ѿҩ CȂ № ץ Cץᶏῒ

Ȃ

C = (2 � )� d
2 j� j

1
2 j� 1j �

1
2 j� 2j �

1
2 exp

�
1
2

�
� T � � � � T

1 � 1� 1 � � T
2 � 2� 2

� �
(5.46)

Ὲ 5.42 ̆ № ₱ Ҭ ңҩ xҍ� ԑ ᵝ ̆
xҍ� ̆֞ ҹ� ҍx Ȃ Ӟ ѿҩ

ȂׅץẊ (CORE,LOBE,LOBE,NONE)ҹᶛ̆ №
ҹ

p(CORE; LOBE; LOBE; NONE) (5.47)

=
� Z

d2m0 � p(m 0)g (m 0jx 0; � x0) g (m 0jy0; � y0)
Z

dk � p(k)
Z

d2m1 � p(m 1jm 0)g (m 1jy1; � y1) g (y2j(2 + k)m 0 � (1 + k)m 1; � y2)
�

� Z
d2m2 � p(m 2)g (m 2jy3; � y3)

�
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ԍ

g (y2j(2 + k)m 0 � (1 + k)m 1; � y2) (5.48)

= (2 � )� d=2 j� y2j � 1=2 (5.49)

exp
�

�
1
2

[(k + 2) m 0 � (k + 1) m 1 � y2]T � � 1
y2 [(k + 2) m 0 � (k + 1) m 1 � y2]

�

=
(2� )� d=2

(k + 1) d

����
� y2

(k + 1) 2

����
� 1=2

(5.50)

exp

(

�
1
2

�
k + 2
k + 1

m 0 � m 1 �
y2

k + 1

� T �
� y2

(k + 1) 2

� � 1 �
k + 2
k + 1

m 0 � m 1 �
y2

k + 1

� )

=
1

(k + 1) d g
�
m 1j

(k + 2)
(k + 1)

m 0 �
y2

(k + 1)
;

� y2

(k + 1) 2

�
(5.51)

̆

p(CORE; LOBE; LOBE; NONE) (5.52)

=
� Z

d2m0 � p(m 0)g (m 0jx 0; � x0) g (m 0jy0; � y0)
Z

dk � p(k)

Z
d2m1 � p(m 1jm 0)g (m 1jy1; � y1)

g
�

m � 1j (2+ k)
1+ k m 0 � y2

(1+ k) ;
� y 2

(k+1) 2

�

(1 + k)2

9
=

;
� Z

d2m2 � p(m 2)g (m 2jy3; � y3)
�

=
� Z

d2m0 � p(m 0)gp (m 0jx 0; y0; � x0; � y0)
Z

dk � p(k)
Z

d2m1 � p(m 1jm 0)
1

(k + 1) 2 g
�

m 1jy1;
k + 2
k + 1

m 0 �
y2

k + 1
; � y1; � y2

��

� Z
d2m2 � p(m 2)g (m 2jy3; � y3)

�

҉ Ὲ Ҭ � x0 � yi ץ ѿҩ ҉ ̆Ӟ ץ
ҹ ̆ Ȃ ̆ ԍᾣ ױ ᶏ � x0ҹ

� x0 =

 
0:22 0

0 0:22

!

(5.53)
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5.5.2 ẐẐẐ

╠׆ Ҭ Ẋ Ὲ ץ ⌠̆ῒҬp(m 0) ѿҩ 1
âῒ

Ҭaҹ ҩ ̆ ᵝҹarcsec2̃̆ ץ ₮ № Ȃ
̆Ἕ

p(m 2)
Z

d2m2 � g (m 2jy3; � y3) (5.54)

Ὲ Ҭ ѿҩ № ₱ ̆ ̆ №ҹ1Ȃ ̆
Ὲ ṿҹ1

aȂ ңҩḤ ̆ Ὲ ץ Ȃҹ Ḃ ̆
ᶏ ѿ f�g ѿҩ № Ȃ↕╠ Ẋ ᵌ ₱ ץ

ҹ

p(CORE; LOBE; LOBE; NONE ) (5.55)

=
1
a

f x0y0y1y2g �
1
a

f y3g =
1
a2 f x0y0y1y2g

p(CORE; LOBE; NONE; NONE ) (5.56)

=
1
a

f x0y0y1g �
1
a

f y2g �
1
a

f y3g =
1
a3 f x0y0y1g

p(NONE; LOBE; LOBE; NONE ) (5.57)

=
1
a

f x0y1y2g �
1
a

f y0g �
1
a

f y3g =
1
a3 f x0y1y2g

p(NONE; LOBE; NONE; NONE ) (5.58)

=
1
a

f x0y1g �
1
a

f y0g �
1
a

f y2g �
1
a

f y3g =
1
a4 f x0y1g

p(CORE; NONE; NONE; NONE ) (5.59)

=
1
a

f x0y0g �
1
a

f y1g �
1
a

f y2g �
1
a

f y3g =
1
a4 f x0y0g =

1
a4 � Cx0y0

p(NONE; NONE; NONE; NONE ) (5.60)

=
1
a

f x0g �
1
a

f y0g �
1
a

f y1g �
1
a

f y2g �
1
a

f y3g =
1
a5

ῒҬp(NONE, NONE, NONE, NONE)=1 =a5 ѿҩ ̆ p(CORE, NONE,
NONE, NONE) № ̆▼Ҋ LOBE Ẋ № Ȃ
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ԍp(NONE, NONE, NONE, NONE) ѿҩ ̆ ץ ῒ Ẋ
ץ ҩ ̆ ⌠ Ẋ ҍẊ (NONE, NONE, NONE, NONE) ᵌ ₱
ṿ̆ ңҩẊ Ȃ

B (CORE; LOBE; LOBE ) (5.61)

=
p(CORE; LOBE; LOBE; NONE )

p(NONE; NONE; NONE; NONE )
=

1
a2 f x0y0y1y2g

1
a5

= a3 � f x0y0y1y2g

B (CORE; LOBE ) (5.62)

=
p(CORE; LOBE; NONE; NONE

p(NONE; NONE; NONE; NONE )
=

1
a3 f x0y0y1g

1
a5

= a2 � f x0y0y1g

B (LOBE; LOBE ) (5.63)

=
p(NONE; LOBE; LOBE; NONE

p(NONE; NONE; NONE; NONE )
=

1
a3 f x0y1y2g

1
a5

= a2 � f x0y1y2g

B (LOBE ) (5.64)

=
p(NONE; LOBE; NONE; NONE

p(NONE; NONE; NONE; NONE )
=

1
a4 f x0y1g

1
a5

= a � f x0y1g

B (CORE) (5.65)

=
p(CORE; NONE; NONE; NONE

p(NONE; NONE; NONE; NONE )
=

1
a4 � f x0y0g

1
a5

= a � Cx0y0

ץ ⌠̆ ҌῬҍ ԍ3ҩ ӊ ῒ
῏̆ғ a ҍ Ȃῒ ᵌ ₱ №

̆ғ № ȁ№ Ҭ₮ ԑ ԅȂ ̆ ₮
ҩ ׅ ץ ԍ ҩẊ ̆

B (CORE; LOBE; LOBE )
B (LOBE; LOBE )

(5.66)

=
a3 � f x0y0y1y2g
a2 � f x0y1y2g

=
1
a2 � f x0y0y1y2g

1
a3 � f x0y1y2g

=
p(CORE; LOBE; LOBE; NONE )
p(NONE; LOBE; LOBE; NONE )

֓ ԍ ҩẊ ᵌ ₱ ѿҩץ ̆ ңҩẊ
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ᵌ ₱ Ӟ ѿҩ ̆ ԅȂ

̆ ̆ ῤ B(CORE, LOBE,
LOBE)ȁB(LOBE, LOBE)ȁB(CORE)ȁB(LOBE)ȁB(NONE) 5 ̆ ῒҬ

B(NONE) = p(NONE, NONE, NONE, NONE) / p(NONE, NONE, NONE,
NONE) = 1Ȃ↕ ▼Ҋ Ὲ ҹ

B (CORE; LOBE; LOBE ) (5.67)

= a3
Z

d2m � p(m 0) � gp (m 0jx 0; y0; � x0; � y0)
Z

dk � p(k)

1
(k + 1) 2

Z
d2m1 � p(m 1jm 0) � gp

�
m 1jy1;

k + 2
k + 1

m 0 �
y2

k + 1
; � y1;

� y2

(k + 1) 2

�

B (LOBE; LOBE ) (5.68)

= a2
Z

d2m � p(m 0) � g (m 0jx 0; � x0)
Z

dk � p(k)

1
(k + 1) 2

Z
d2m1 � p(m 1jm 0) � gp

�
m 1jy1;

k + 2
k + 1

m 0 �
y2

k + 1
; � y1;

� y2

(k + 1) 2

�

B (CORE; LOBE ) (5.69)

= a2
Z

d2m � p(m 0) � gp (m 0jx 0; y0; � x0; � y0)
Z

dk � p(k)
Z

d2m1 � p(m 1jm 0) � g (m 1jy1; � y1)
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B (LOBE ) (5.70)

= a3
Z

d2m � p(m 0) � g (m 0jx 0; � x0)
Z

dk � p(k)
Z

d2m1 � p(m 1jm 0) � g (m 1jy1; � y1)

B (CORE) = a � Cx0y0 (5.71)

5.6

ԅ ‰ ῏Ὲ ̆ ץ ΐᵣ Ȃ
№҈ Ȃ ѿ ᶏ ╠ץ ̂ ╠ Zones Algorithm̃ ᾣ

∆ ֜ ̆ ѿҩ ̆ ₮
ѿҩᾣ ѿ ῤ ҩ Ȃ Ạ ∆

Ҭ ҍ ᾣ ῏ ̆ ῒ Ȃ ԋ ҍ
ѿҩᾣ ῏ ̆ ᶏ Ҭ ₮ ҩ
ῃNONEẊ Ȃ ҈ Ḃ ᵌ ₱ ṿȁ

Ḥ ̆ ₮ ѿҩᾣ Ẋ ȂῒҬ ѿ
╠ ₃ ̆ҌῬ Ȃ ᶏ ҩᵌ

₱ ṿ ѿ֓ Ԋ Ȃ

ᶭ ╠ ₃ ῤ ̆ΐᵣ ⌠ Һ ҈ҩȂѿ
ᵥ ҩ ̕ԋ ᵥ ѿȁԋ № ̕ ѿҩ

№ ṿȂ

5.6.1

ѿ ֜ ӊ ̆ ⌠ Ҋ Ḥ ȂῒҬ̆ѿҩᾣ
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Hyp{
Integer Core;
List<Integer> Lobes;
int GetCount() { return Lobes.Count+Core==-1?0:1;} }

}

5.6: Hyp ԍḠ ѿҩẊ COREȁLOBE
Radios Ҭ ᵝ Ȃ

oid 1ҩ ҩ̂> 3̃ ridȂ
8
>>>>>>>>>><

>>>>>>>>>>:

ᾩ Ḫ

8
>><

>>:

oid;ᾩ
ora;ᾩ
odec;ᾩ

Ḫ

8
>><

>>:

rid;
rra;
rdec;

֓ ҹCOREȁ LOBE NONE№̆№≢
Ҍ ῒᵌ ₱ ȂҺ └ҹ̆ Ҍ ѿҩ
CORĔҌ ңҩLOBEȂ ѿ └ ’Ҋ̆ ץ
CORE LOBE NONEȂ

ᾢ̆ ҍѿҩᾣ ῏ Ḡ ⌠ѿҩ Radios Ҭ̆
ѿҩ ԍḠ ѿҩ HypȂ 5.6̆ ԅѿҩCore

CORE RadiosҬ ᵝ ȁѿҩLobes↓ Ḡ ҩLOBE RadiosҬ
ᵝ Ȃ ╠ ̆ HypҬCOREȁLOBE ̆ ץ ⌠a
Ȃ ‰ Radios Hyp ӊ ̆ ץ 5.7

Ẋ Ȃ ̆ᾢ CORĔῬ׆▼Ҋ Ҭ
Ҍ (LOBE, LOBE) Ȃ ץ ⱴ῀ ҩLOBE ῃNONE Ȃ
CORE LOBE ҹץ ̆ -1 Ȃ

5.6.2

ѿ № ᶏ ԅȇNumerical RecipesȈ2[80]ѿ
ӥҬ Box-Mulles [81]̆ῒC# 5.8 Ȃ ҹԅ

2Numerical Recipes http://www.nr.com/

http://www.nr.com/
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№ ̆ № ῃ ᶏ ѿҩ ‰ѿ №
ranȂ ԋ № ԍѿ № ̆ ṿ

� =

 
x
y

!

ȁ � =

 
� 2

x �� x � y

�� x � y � 2
y

!

ȁ ңҩѿ

‰ №

 
x0

y0

!

̆ῒ [82]ҹ

xnew = x + � xx0 (5.72)

ynew = y + �� yx0+ � y
p

1 � � 2y0 (5.73)

= y + ( covxy x0+
q

� 2
x � 2

y � cov2
xy )=� x (5.74)

5.9 ҹC# ԋ Ȃ ѿ
№ ӈҬ ṿ Mȁ � ̆ ֟ ₮ѿҩ

ҹVector2ext ̆ῒҬ ԅңҩ Ȃῒ (CORE, LOBE,
LOBE) № ׆ 5.10Ҭ ⌠̆ ҍ Ȃ

5.6.3 ⅎⅎⅎ

‗ԅ ҽ Ẋ ̆ ⌠ԅѿȁԋ №
ӊ Ȃ Ḃ ҩẊ ᵌ ₱ ̆Ӟ №
Ȃ ᾢ № Ҭ ⌠ᾣ ℗
҉Ȃ 5.11̆ ῒҬcra cdec ᾣ ̆ ᵝҹ

̆ ҹC# Ҭ sin ҈ ₱ ᶏ ᵝ Ȃ tra tdec ↕ ѿҩ
̆ ᵝӞ Ȃ ῏ Ạ ̆

ӊ Ȃ ⌠ ҹץᾣ ҹ ̆ (0; 0)̆ ҹ (0; 0)
ѿ ↓ԋ Ȃ

ҩԋ № ҹ ̆ ᶏץ ѿҩ
ᵬ Mapack3̆ ᶏ ѿҩDet Gaussian Ḡ ѿҩ

№ ȂҺ ṿ Mȁ � F Ȃ 5.12
№ Ȃ ԅ╠

̆ Ẋ ∞ ץ
̆ (CORE) Ẋ ̕ ңҩԋ № ₱ ̆

3Mapack https://github.com/lutzroeder/Mapack

https://github.com/lutzroeder/Mapack
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CORE LOBE, LOBE Ẋ Ȃ Ὲ 5.40 № ᵌ
̆ Ḡ ⌠err Ҭ̆ № Ḡ ⌠sum0ҬȂhyp.Prior ҬḠ ╠
Ҭâץ ҹ ᵝ ̃ ṿ̆ῒ ץ ⌠1031Ȃ
Ḃ ̆ Ạԅ ᵬ̆ log10 (sum0)Ȃ ̆ Ẋ

ᵌ ₱ ҌῬ ̆ ⁞Ȃ № ҈
̆ ѿ m0 ῏ ҹ40̆ ԋ k ῏

30̆ ҈ m1 ῏ 80Ȃ↕ ’Ҋ̆
40 � 30 � 80 = 96000 № ⌠ѿҩ Ȃ
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List<Hyp> hyps
List<int> cores
n=len(Radios)

for i=-1;i<n;i++
cores.Add(i)

List<int[]> lobes

lobes.add(new int[]{-1,-1})
for(i=-1;i<n;i++)

for(j=i+1;j<n;j++)
lobes.Add(new int[]{j,i})

m=len(lobes)
for(i=0;i<=n;i++)

for(j=0;j<m;j++)
if cores[i]!=lobes[j][0] && cores[i]!=lobes[j][1]{

Hyp hyp;
hyp.Core=cores[i];
if(lobes[j][0]!=-1) hyp.Lobes.Add(lobes[j][0]);
if(lobes[j][1]!=-1) hyp.Lobes.Add(lobes[j][1]);
hyps.add(hyp);

}

for(i=0;i<=n;i++){
Hyp hyp;
hyp.Core=-1;
if(core[i]!=-1) hyp.Lobes.Add(cores[i]);
hyps.Add(hyp);

}

5.7: Radios Ҭ Ẋ ̆Ḡ ҹѿҩHyp ↓Ȃ
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public class Ran1
{
private long IA,IM,IQ,IR,iy,idum;
private long[] iv = new long[32];

private double AM = 1.0/2147483647.0;
private int NTAB = 32;
private double NDIV = 1.0+(2147483647.0-1.0)/32.0;
private double RNMX = 1.0-1.2e-7;
private int iset = 0;private double gset;
public Ran1(){

IA=16807; IM=2147483647;IQ=127773;
IR=2836; iy=0; idum=1;

}
public double NextDouble(){

int j; long k; double temp;
if (idum <= 0 || iy == 0) {

if (-idum < 1) idum=1;
else idum = -idum;
for (j=NTAB+7;j>=0;j--){

k=idum/IQ;
idum=IA*(idum-k*IQ)-IR*k;
if (idum < 0) idum += IM;
if (j < NTAB) iv[j] = idum;

}
iy=iv[0];

}
k=idum/IQ; idum=IA*(idum-k*IQ)-IR*k;
if (idum < 0) idum += IM;
j=Convert.ToInt32(iy/NDIV)%NTAB;
iy=iv[j]; iv[j] = idum;
if ((temp=AM*iy) > RNMX) return RNMX;
else return temp;

}
public double NextGasdev(){

double fac, rsq, v1, v2;
if (iset == 0){

do{
v1 = 2.0 * this.NextDouble() - 1.0;
v2 = 2.0 * this.NextDouble() - 1.0;
rsq = v1 * v1 + v2 * v2;

} while (rsq >= 1.0 || rsq == 0.0);
fac = Math.Sqrt(-2.0 * Math.Log(rsq) / rsq);
gset = v1 * fac; iset = 1;
return v2 * fac;

}else{iset = 0; return gset;}
}

}

5.8: ᶏ C# ȇNumerical RecipesȈҬBox-Mullesѿ №
Ȃ
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