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Abstract

Various astronomical resources exist in the astronomy community, e.g. tele-
scopes, Ims, 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 simpBIFFERENG#p-
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-



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 ¢ 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 ¢ data sets and bene t the
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2.1: Spherical Library M H

f g*
f g2
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null

ra

dec

Xyz
regionSpec
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convexSpec
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REGIOMNwreaSpeay j areaSpec
circleSpec jrectSpecjpolySpecjhullSpec j convexSpec
CONVEX J200@ dec Dg *
CONVEX CARTESIAN z Dy *
CONVEX Yy z Dg*

null

RECT J20GGa decg 2

RECT CARTESIAN zg 2
CIRCLE J2000 ra dec R
CIRCLE CARTESIAN xy z R
POLY J200Ga decg 3+

POLY CARTESIANy zg 3+
CHULL J2000a decg 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 O;
}
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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 O;

2.7: 0 J2000 Ne 12 2 H

Ne a T\ B

oo i 6 HM
Spherical Toolkit HTM [ @

HtmIDT1 2 "H 2 a
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. sQL HTM

G Microsoft SQL Server
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#include "./SphericallLib/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 O;
}
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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 (
ZonelD INT NOT NULL,
DecMin FLOAT NOT NULL,
DecMax FLOAT NOT NULL,
Alpha FLOAT NOT NULL,
PRIMARKEY (ZonelD)

GO
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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

3.5:4 ZoneDef Q~ « 7sNeH A
PF W @ © G r ;o T W
“ ObjiDY T Y B o \ (x;y;z) i r
~ ZonelDA
H - C A [ i W A
38 - H B (x;y;z) E 2.1 2.3
F Ty E 31 ¥ ZonelDAy y 9 T W
' ¥ WITH (TABLOCK) 4 3, b 3 u= i
T 3 @ AQ" b G 37y W
A
H o4 _ =0
A 33 7T VR A A p
3 N H ¥~ O¢ H A
39 7 Wae b 3t Alphay v
G 3604 T w0 Y A W
" [ Xindex T~ b oA i
W AlphaA 6 v - Y bw A SDSS
DR6h 2.3 - v Oy 7 321 A
3.4.3

ZoneZoné G W @ 3t b



32

IF EXISTS (SELECT * FROM sys.objects
WHERE object_id = OBJECT_ID(N’dbo.ZonefAlpha’)
AND type in (NFN', 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))

)

N)
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 P * 1 ZoneDef T Alphay A
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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 (
ZonelD INT NOT NULL,
ObjlD 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(ZonelD, RA, ObjiD)

GO

3.7 Oz T W ~ ObjlDa (RA Deda
{ B : xy;2) vy 1 o ~ ZoenlIDA

32>
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DECLARE @zoneHeight FLOAT
SET @zoneHeight=7.1/3600.0

INSERT dbo.XIndex WITH (TABLOCK)

SELECT CONVERT(INT,FLOOR(([DEC]+90.0)/@zoneHeight)) ZonelD,

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 ZonelD, RA, ObjlD

p—

3.8: / 0 H ‘ ~ v H T
F A

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

JOIN dbo.ZoneDef d on d.ZonelD = t.ZonelD
WHERE RA + d.Alpha > 360
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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 (
ZonelD1 INT NOT NULL,
ZonelD2 INT NOT NULL,

Alpha2 FLOAT NOT NULL,
PRIMARY KEY(ZonelD1, ZonelD2)

)
GO

INSERT dbo.ZoneZone WITH (TABLOCK)
SELECT Z1.zoneid, Z2.zoneid, d2.alpha
FROM (SELECT DISTINCT ZonelD FROM dbo.ZoneTablel) z1
JOIN (SELECT DISTINCT ZonelD FROM dbo.ZoneTable2) z2
ON Z2.zoneid between Z1.zoneid - @n and Z1.zoneid + @n
JOIN dbo.ZoneDef d2 ON d2.ZonelD = Z2.ZonelD
ORDER BY 1, 2
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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 tl.objid as ObjiD1,
t2.objid as ObjlD2
INTO dbo.ZoneMatch
FROM dbo.XIndex t1
INNER LOOP JOIN dbo.ZoneZone zz on zz.zoneidl = tl.zoneid
INNER LOOP JOIN dbo.YIndex t2 on zz.zoneid2 = t2.zoneid
and t2.ra between tl.ra - zz.Alpha2 and tl.ra + zz.Alpha2
and t2.dec between tl.dec - @theta and tl.dec + @theta
and ( t1.RA >= 0 or t2RA >=0)
WHERE (tl.cx-t2.cx) * (t1.cx-t2.cx)
+ (tl.cy-t2.cy) * (tl.cy-t2.cy)
+ (tl.cz-t2.cz) * (tl.cz-t2.cz) < @dist2
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3.2: SQL Server T Zones Algorithmi 1

KEYWORD PERFORMANCE
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merge all segments to one set #INTERVALS
sort the #INTERVALS by ZonelD, RAMin, RAMax

SELECT ZonelD, RAMin
INTO #LEFTBOUNDARY
FROM #INTERVALS ol
WHERE NOT EXISTS(
SELECT RAMin FROM #INTERVALS 02
WHERE 01.ID<>02.ID AND 01.ZonelD=02.ZonelD AND
01.RAMin > 02.RAMin AND 01.RAMin<=02.RAMax )

remove duplicate rows from #LEFTBOUNDARY

SELECT ZonelD, RAMax
INTO #RIGHTBOUNDARY
FROM #INTERVALS ol
WHERE NOT EXISTS(
SELECT RAMin FROM #INTERVALS 02
WHERE 01.ID<>02.ID AND
01.ZonelD=02.ZonelD AND
0l.RAMax >= 02.RAMin AND o0l.RAMax<o02.RAMax )

remove duplicate rows from #RIGHTBOUNDARY

INSERT MERGERESULT(ZonelD, RAMin, RAMax)
SELECT o01.ZonelD, 01.RAMin, Min(o2.RAMax) RAMax
FROM #LEFTBOUNDARY ol
JOIN #RIGHTBOUDNARY 02 ON o0l.ZonelD=02.ZonelD AND 02.RAMax>RAMin
GROUP BY 01.ZonelD, 01.RAMin
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INSERT INTERSECTION
SELECT o0l1.ZonelD ZonelD,
CASE WHEN 01.RAMin>02.RaMin THEN 0l1.RAMin
ELSE 02.RAMin END RaMin,
CASE WHEN o01.RAMax>02.RaMax THEN 02.RAMax
ELSE ol.RAMax END RaMax
FROM INTERVALS1 ol
JOIN INTERVALS2 02 ON o01.ZonelD=02.ZonelD
AND (01.RAMin BETWEEN 02.RAMin AND 02.RAMax
OR 02.RAMin BETWEEN o0l1.RAMin AND ol.RAMax)
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SELECT c.ObjID
FROM FOOTPRINTINTERSECT AS o
JOIN CatalogB AS ¢ ON o0.ZonelD = c.ZonelD
AND c.RA BETWEEN 0.RAMin AND o0.RAMax

EXCEPT
SELECT ObjlID2 FROM MatchedObjects
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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, RAl+Alpha-360);
else if RA1>RA and RA1-RA>180,

RAL 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).
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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)
N
SET @binl = dbo.fConvexAddHalfspace(null,
0, 0,0,+1, SIN(RADIANS(@dmin)));
- M N
SET @binl = dbo.fConvexAddHalfspace(@bin1l,
0, 0,0,-1, -SIN(RADIANS(@dmax)));
SET @binl = dbo.fSimplifyBinary(@bin1);

IF(@b0to180=1)
-k
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(@binl, @hbin2);
RETURN @bing3;
END

4.13:" K H N P ° @ Ne :

TP 7sb
3, 41820 De = 912680 @ v
Spherical Library W @ fGetPatches® Y
@ -7 @ \ ® A STy
pA 3 b Wae D,
Ar - | @
fGetPatches U i St OH
No Kk N H N Wa b Wea

Y W T 3n A

A
A

Y 7 h=7:1%

No=

>



48

414:% @ 1 SDSS DR6 M A
A H N @ 3t © 34 @
a’ A s T 3" h €F A
_€%* Q" 3, Wes b fGetOutlineExt SQLP
T 4.167 G Ne- 2 H N¢ Ne
No No# A " Nea Ne~
n A W' Ty, - E
. @ A
G W @ FASDSSDR6Primary T~ “a a’
(ZonelD RAMinRAMaXx - i o
M pA
SDSS DR6 b 3 Gi T
A A’ A
W F\Nea ) W
A 3 A
4.4.2 .0 ZoneZone
[ = H P A
v 3 H b Ty PtAHa
3 Ty o T VA |k H @
| He T W R 0



1 b 1 49
- H "3 H 0 A,
pl
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,
Zoneld INT,
Intersectl VARBINARY(MAX),
Intersect2 VARBINARY(MAX),
PRIMARY KEY(id, zoneid)
)
GO
- I A A,
INSERT FZ_SDSSDR6Primary WITH(TABLOCKX) (Zoneld, Intersectl, Intersect2)
SELECT z.Zoneld Zoneld,
sph.fintersect(g.RegionBinary, z.RegionBinaryl) Intersectl,
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
- N
DELETE FROM FZ_SDSSDR6Primary where Intersectl IS NULL AND Intersect2 IS NULL
b
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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),
Zoneld INT NOT NULL,
RaMin FLOAT NOT NULL,
RaMax FLOAT NOT NULL,
PRIMARY KEY (id, Zoneld, RaMin, RaMax)

)
GO

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

JOIN dbo.Z_ZoneDef z ON r.Zoneld=z.Zoneld

CROSS APPLY dbo.fGetOutlineExt(r.Intersectl, z.DecMin, z.DecMax, 0) f
WHERE r.intersectl 1S NOT NULL
GROUP BY r.id, r.zoneid

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

JOIN dbo.Z_ZoneDef z ON r.Zoneld=z.Zoneld

CROSS APPLY dbo.fGetOutlineExt(r.Intersect2, z.DecMin, z.DecMax, 1) f
WHERE r.intersect2 1S NOT NULL
GROUP BY r.id, r.zoneid;
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INSERT FI_GALEXGR3AISPrimary_SDSSDR6Primary WITH(TABLOCKX)
SELECT a.Zoneld, a.RAMin-360, a.RAMax-360
FROM FI_GALEXGR3AISPrimary_SDSSDR6Primary a

JOIN Z_ZoneDef z ON a.Zoneld=z.Zoneld AND a.RAMax+z.Alpha>360
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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(
ZonelD1 INT NOT NULL,
ZonelD2 INT NOT NULL,
Alpha2 FLOAT NOT NULL

)
GO

ALTER TABLE dbo.ZZ_GALEXGR3AISPrimary_SDSSDR6Primary
ADD CONSTRAINT PK_ZZ_GALEXGR3AISPrimary_SDSSDR6Primary
PRIMARY KEY ( ZonelD1, ZonelD2 )

GO

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

SELECT DISTINCT ZonelD

FROM dbo.FI_GALEXGR3AISPrimary_SDSSDR6Primary

) z1

JOIN (

SELECT DISTINCT ZonelD

FROM dbo.FI_GALEXGR3AISPrimary_SDSSDR6Primary

) z2

ON Z2.zoneid BETWEEN Z1.zoneid - 1 AND Z1.zoneid + 1
JOIN dbo.Z_ZoneDef d2 ON d2.ZonelD = Z2.ZonelD
ORDER BY 1, 2
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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 tl.objid as objid1,
t2.objid as objid2,
60*120*degrees(asin(sqrt(
(t1.cx-t2.cx) * (t1.cx-t2.cx)
+ (tl.cy-t2.cy) * (tl.cy-t2.cy)
+ (tl.cz-t2.cz) * (tl.cz-t2.cz)
)12)) Sep
INTO dbo.M_GALEXGR3AISPrimary_SDSSDR6Primary
FROM dbo.FI_GALEXGR3AISPrimary_SDSSDR6Primary as oll
JOIN dbo.CX_GR3AISPrimary as tl1
on (tl.zoneid=oll.ZonelD and tl.ra between oll.ramin and oll.ramax)
INNER LOOP JOIN dbo.ZZ_GALEXGR3AISPrimary_SDSSDR6Primary zz
on zz.zoneidl = tl.zoneid
INNER LOOP JOIN dbo.CX_SDSSDR6Primary t2 on zz.zoneid2 = t2.zoneid
and t2.ra between tl.ra - zz.Alpha2 and tl.ra + zz.Alpha2
and t2.dec between tl.dec - @theta and tl.dec + @theta
and ( t1.RA >= 0 or t2.RA >= 0 )
WHERE (tl.cx-t2.cx) * (t1.cx-t2.cx)
+ (tl.cy-t2.cy) * (tl.cy-t2.cy)
+ (tl.cz-t2.cz) * (tl.cz-t2.cz) < @dist2
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SELECT objid

INTO GR3AISDropoutFromDR6

FROM CX_SDSSDR6Primary s

JOIN FI_GALEXGR3AISPrimary_SDSSDR6Primary o

ON s.zoneid=0.zoneid AND s.ra BETWEEN o.ramin AND o.ramax
EXCEPT

SELECT DISTINCT objid2

FROM M_GALEXGR3AISPrimary_SDSSDR6Primary m
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0 1
sin
n®= % 0 § (5.12)
cos
p @n® 0 _ - n A
n
0 10 1 0 1
cos sin 0 sin sin cos
n= %sin cos O §% 0 § = % sin sin § (5.13)
0 0 1 cos cos
[wbny =~ 7y i [ X0 ® 3t A
ro w(sy Xo ® 3k (p; 0 Y
0 1
x% x
P = (1° 1) n=Bhy y & n (5.14)
2% z

1 0 1
cos %os ° cos cos sin cos

0
%cos %in 9 cos sin § % sin sin § (5.15)

sin ©  sin cos

o
-~
el
)
1
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0 1
x% x
qr9) = (r° r) w= %yo y§ W (5.16)
2° z
0 1 0 1
cos %cos ° cos cos sin
q %9 = %cos Osin © cos sin § % cos § (5.17)
sin ° sin 0
5.3
4y b 1 i @ 3
W @ A 6T v F sy LT
WA ® Y [ b T
W T¥F H bT A m
mé Wy W " ts W mo® um®%=2m m®
51 ecWwed® 10 " O @ AKW
& @ T ° wCORE * 4 LOBE b &
4 NONEY 5.1 T He wo ooy
(NONE;NONE )
(NONE; CORE)
(NONE;LOBE )
(CORE;NONE) (5.18)
(CORE;LOBE )
(LOBE:NONE )
(LOBE;LOBE )
tow 5.1 O T .
2@ Nd (CORE,LOBE,LOBE)A K W
W @ CORE3 b H @ LOBE NONE "~ Y @A
Y © 3 i LA 5.1T ®» ‘
o " A Nez X v
& T ° WX T34 Lo
W e TR b WA
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51:® b 2t Ne oF O 0
A
X @ D =1fyoyi,y¥2;¥sd 'I'1 T Wa (CORE,LOBE,LOBE,NONE)X
3 P E u
p(?OR;EF_OBELOBENOI\bE (5.19)
= d’mg  p(M o)L xo(M o) Lyo(M o)
Z
d?m; p(mijmo)Lyi (M) Ly (2moe my)
Z
d?m; p(m 2)Lys(m 2)
" Y [ yob 4w COREb Xo WeT mg P
& A NA ybyb u LOBE mfbmg 77 yay
B &b Ny Pbx@Ayb NA NONEbm@Am;, ~°

P Ne & [ Ne 8A WelLOBE ~ 11 T



# @ (CORE,LOBE,NONE,NONE)X 3 P E

£

P(COREOBENONENONE (5.20)

= d?mg  p(m o)L xo(mM o)L yo(M o)
Z
d®m; p(m 4jmo)Lys (M)
Z

d’m, p(mz)Lya(m )
Z

d’mz p(m3)Lys(m3)

CORE ~ ¢t i TWa (NONE,LOBE,LOBE,NONE) X s P
E u

PNONEOBH.OBENONE (5.21)

= d’mo  p(M o)L xo(M o)
Z
d®m; p(mjmo)Lyi(Mi)Ly2(2me  my)
Z

d?m, p(m2)Lye(m,)
Z

d?ms p(m 3)Ly3(mM 3)

Gz Wae LOBE "t u7T TWa (NONE,LOBE,LOBE,NONE) X
3 P E u

PNONE OBENONENONE (5.22)

= d?moy  p(M o) Lxo(mM o)
Z
d®m; p(m 4jmo)Lyi (M)
Z
d?m, p(m 2)Lyo(m )
Z
d?m3 p(m3)Lya(m3)
Z
d®my  p(m 4)Lys(m 4)
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s X i
L
e

(CORE) R | [ =

>

p(fOREE\IOI\tEE\IOI\I;EE\IOI\bE (5.23)
d’mo  p(M o)L xo(M o)L yo(M o)
Z

d®m; p(m 1)Ly1(m)
Z

d’m, p(m 2)Ly2(m )
Z

d’m;z p(m3)Lys(ms)

Fbmg ~° ¢t 1 (NONE,NONE,NONE,NONE)X

P(NONENONENONENONE (5.24)

d?mg  p(m o)Lxo(M o)
Z

d®my p(m 1)Lyo(m 1)
z

d’m, p(m 2)Ly1(m )
Z

d’m; p(m 3)Ly2(m3)
Z

d?ms p(m 4)Lya(m )

X
ot
<l
Ny
<

[747SIA l va Ne P

Y

Lxo(Mo) = 9(XojMo; xo) (5.25)



]
52: LOBEG T v - W @ G0 vl
w A T e 0 @ - ) B A
g4 Ne ~ Gaussian Distribution” ) Y P
QA G r No |[I= p(m;) t w
a=4r?=4 (r=pi 180 60 60) =5346383777927arcse¢  (5.26)
4 p(m;) = 1=1:8704231528 12 4 X P We A
G G 1% A 6 LOBE m~ bT Mo
T v~ bmg © Apmiymg)” W @ Ne
52 ~ LOBEG T V - W @ VA B
w A FI Ne t 5.3 ~ Ne P A
R ¢ N7 ~ Ne P E
Y
. R2 r? L' r<ijm; mgj<R
p(mijmo) = E)( ) ] Jm ol (5.27)
G my B p(mijmg) 3~ Ne P - Ty
# Ne = Rayleigh Distribution™a Ne ~ Log-normal Distribu-
tion"A g, 1 o omg m; b~ LOBE # No
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5.

B G

3:

ooooooo

oooooo

uuuuuu

uniform distribution

PG p - P vuwa
2 vuOA
pkj )= —e =27
i A z¢ v~ mearia
mean= var = 4 2
’ 2
P
2 1 (Inx )2=2 2
INN(; )= p=——=e
X 2 2
T P A Vv a

+ 2
mean = e
2 2
var = e 1 &7
2
= |n mean
r
var
= In +1

mear?

(5.28)

(5.29)

(5.30)

(5.31)
(5.32)

(5.33)

(5.34)



14 Ray[eigh ‘
<. sigma=0.5
1.2 A .. sigma=1.0|]
Lol ‘ .+ . sigma=2.0 |
0.8}
0.6f
0.4f
0.2}
0.0
—0235 0 5 10 15 20 25
5.4: # Ne £ b vl A
Ne H ~ X E 3 n Ay |
(CORE,LOBE,LOBE,NONE) 4 © ~ i 'E
P(CORE OBE.OBENONE (5.35)
= d®mo p(Mo)g(XojMo; x0) 9(YoiMo; yo)
Z
d®my p(M1jmo)g(yaima; y1) 9(Y2i2moe my; o)
Z

d’m, p(Mm2)g(ysimz; ys)
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20 ‘ Log-nprmal ‘ ‘
+ . mu=-0.58813806555,simga=0.491492090751
3 -+ mu=0.105009115009,simga=0.491492090751
1.5¢ .+ mu=0.798156295569,simga=0.491492090751|1
1.0t
0.5F
0.0F
—033 0 5 10 15 20 25
5.5: Ne 1 b a vy A
54
[ @ ro [T bW
T H @ v st B KA Ha B
("
2mgy mq+ k(mo ml):(2+ k)mo (1+ k)ml (536)
G vauWwel K i [ HeLOBE T k3AW
NoA & |- Ne whr  Neb = 7 k AW Ned © A Ne
v 3 H v OA [ N
I 3 AW T 71 H @ LOBE }

4 (CORE,LOBE,LOBE) (LOBE,LOBE)A
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v k R X (CORE,LOBE,LOBE,NONE)

P(COREOBELOBENONE

dzmo p(m o)L xo(m O)Lyo(m 0)
Z
dk p(k)
Z

E iy

(5.37)

d®m; p(m jm o)Lyt(M1)Ly2[(2+ K)mo (1 + kK)m 4]

Z
d®my p(m)Lya(m,)
Z

Mo p(M0)g(XoiMo; x0) I(YaiMo; yo)
Z

dk p(k)
Z

d®my p(m1jmo)g(ysjm g y1) 9(Y2j(2+ K)mg
Z

d®my p(Mm2)g(ysimz; y3)

(l + k)m 1, yz)
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vk R X (NONE,LOBE,LOBE,NONE) E i
PNONE OBE.OBENONE

d®mg  p(M o)L xo(M o)

Z
dk p(k)
Z
d®m; p(m ijm oLlyi(My) Ly2[(2+ K)mg (1 + K)my]
Z
d®my p(m2)Lyo(mM )
Z
d®mz p(m3)Lys(ms)
Z
= d®mo  p(Mo)g(XojMo; xo)
Z
dk p(k)
Z

(5.38)

d®my  p(M 1jm o)g(y1jm g y1) 9(Y2j(2+ K)mo  (1+ Kk)ymy; o)

4

d®m, p(Mm2)g(Yoim2; yo)
Z

d’ms p(m3)g(ysims; ys)

Y [ ko Ne N k3 Wa  Ne T b o
W 3 Ne ~ 7 6W AJ He
b 3 " 2m, m; A
5.5 4
¢ | Ne ~ b E W ”
E - 0 v A Ne v
B \ " Monte Carlo” T A
O 3 v A [ -
b TP FWae 3
3 TEVAW a v a Ne a
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Importance Sampling \ T W
* Marshall™l’l AT 4 6 =+ T n -
Z 1 1 Z 1
f(x) f(x)
f(x)dx = g(x)dx = dG(x) (5.39)
0 o 9(x) o 9(x)
GX)P Ne °~ b i 1 dxA
FOOT u oA 37 4  ne G(X)Ne bux 0
- ng—;‘) oy sum’ sum. No 3 vA
L 0 Y T v
- No ¥ \' ) \Y
A Y i3 A
Y
P ¢ , P , )
H b |k 3 TrogrYvEe T N
i A L M D Ve Ne _f(xy)dxdyA ¢ O Ne
P G(Xy) 2 ugxy) Nl w
ZZ ZZ Z
f(xy) f(xy)
f (x;y)dxdy = X;y)dxdy = dG(x; 5.41
) (x; y)dxdy gy g(x; y)dxdy gy (xy)  (5.41)
ST Feocceay) wo b () S
L Ne *vA e “B 1 ®  Ne
H - ; W 477w [T xy)
2 BA
551 | * X
4 (CORE,LOBE,LOBE) X 3 P T a =~
P &Y Ne W ~y v
o 37 yi Ap X H @ W v Ne
"R | TR ; Ne
1 TP We  NeT H @ Ne g )

CORE X (LOBE,LOBE X A7 01 TWe No l



d®m; p(m2)g(majys; ya)

ts Wa Ne P - A
T Hae H No g e N ", HM
WyYi WA A
g 7 Y
. o 1= 1
oxj ) = @)% e Sx ) x ) (542
. 1= 1
= @)% Pew L N L)
= g( jx; )
H @ Ne P g et Y
(5 ) = 9 v 1) 9 25 2) (5.43)
X = N (5.44)
= ot . (5.45)
Haen Ne g e n P P
bP % Ne W@ CA Ne Yy CY a i
A
d, .1 1, 1 1 - -
C=(@2 ) 2] j%j 4 2] 2 Zexp 5 11 2 2 2 (5.46)
E 542 ~ Ne P T Hel xb "¢ B ~
4 xb T W b x A 3 _ W @
A Yy X (CORE,LOBE,LOBE,NONE)4 0~ |/ Ne
T u
P(CORE OBH.OBENONE (5.47)
= d®mo  p(M 0)g (M ojXo; x0) 9(MojYo; yo)
Z
dk p(k)
Z
d®my p(Majmo)g(majys; y1) 9(y2i(2+ K)mo  (L+ K)my; o)
Z



g(y2(2+kmg (1+Kkmy; y2) (5.48)
2 ) ®j oy (5.49)
exp  Slk+2)mo (k+m: vl F(k+2mo (k+rDmi y)

(2 ) d=2 y2 =
(k4 D)7 (k+1)2 (5'5;))
1 k+2 yo y2 b k+2 Vo
SRS E™e M ST kenz o k+2me Mo
1 (k+2) Y2 .y
(k+1)dg mlj(k+1)mo k+1) (k+1)2 (5.51)
P(COREOBELOBENONE (5.52)
= d?mg  p(mMo)g(MojXo; xo0) 9(MojYo; yo)
Z
dk p(k)
9
z L2+ K) ya . 42 =
Py p(m 1M o)g (M 1iys: )g m  USeMo @ ®oz
1 1JMo Y1, y1 1+ k)2
Z
d®my p(M2)g(Majys; y3)
Z
d®mo  P(Mo)gp (M 0jX0;Yo; x0i yo)
Z
dk p(k)
Z 2 . 1 . . k+2 yz ) .
d“m; p(mllmo)mg mlJylammO K1 YU ov2
Z
d®m, p(m2)g(majys; ya)
E T 0 yi Y We 3 T 37y
i A i G (*) I 'l a x04
02 0
x0 = (5.53)
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T au

%

‘E
‘E
a

i T p(NONE, NONE, NONE, NONE)=1 =&°
NONE, NONE)

= EfxOg }fyog }fylg }fY29 1fy3@1= z
a a a a a ad
W @
LOBE X

Ne . 27!

5.5.2 Z
cf T Y X E Yy [T 7 Tpimg We oy
@ B warcse@ "y O0F Ne " A
- .
p(mz) d®my g(majys; ya) (5.54)
T Ve Ne P - - New 1A v
vy A HeH ~ E Ty Aw B Ny
W " fg e N Az N X I
Y
p(CORE;LOBE;LOBE;:NONE ) (5.55)
1 1, 1
= af XoYoY1Y20 5“)’39— ?f XoYoY1Y20
p(CORE; LOBE;NONE:NONE ) (5.56)
= }fx }f }f = 1fx
=2 oYoY19 a Y29 a Y39 = 2 oYoY19
p(NONE;LOBE; LOBE;NONE ) (5.57)
= }fx }f }f = 1fx
=3 0Y1Yy29 a Yod a Y39 = 23 0Y1Y29
p(NONE; LOBE;NONE;NONE ) (5.58)
= }fx }f }f }f = ifx
=2 0y19 a Yo9 a Y20 a Y30 = o 0y19
p(CORE;NONE;NONE;NONE ) (5.59)
1 1 1 1, 1 1
= anOYOg af)ﬁg afyzg afY3g— ngOYOg— 2 Cxoyo
P(NONE;NONE;NONE;NONE ) (5.60)

p(CORE, NONE,
Ne A
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¢ p(NONE, NONE, NONE, NONE) @ @
Y @
v' 4HeX " A

B(CORE;LOBE;LOBE )

il [ X b X (NONE, NONE, NONE, NONE) 3

Y i X
?

(5.61)

p(CORE;LOBE;LOBE;NONE ) _ ZfXoYoyiy20 _ .
~ p(NONE;NONE;NONE;NONE ) 1 = 0YoYy1Y29
B(CORE;LOBE) (5.62)
p(CORE;LOBE; NONE;NONE LfXoyoy10 _
= : : : = 1 = a° fXoYoy10
P(NONE;NONE;NONE;NONE ) Es
B(LOBE;LOBE ) (5.63)
P(NONE; LOBE; LOBE;NONE Lfxoyy20 _
= : ) ) = T = a° fXoy1y20
p(NONE;NONE;NONE;NONE ) ES
B(LOBE) (5.64)
_ p(NONE;LOBE;NONE;NONE _ ZfXoy1g _ A
~ p(NONE;NONE;NONE;NONE ) L o¥19
B(CORE) (5.65)
_ p(CORE;NONE;NONE;NONE _ % fXoYog _ -
~ p(NONE;NONE;NONE;NONE ) 7 x0y0
Ty [T T bPb 6 3 TR
¥ a b A s P No
T Ne & Ne TF £ VA - ¥
Ne 7 Ty G Ya X ”
B(CORE;LOBE;LOBE )
B(LOBE; LOBE ) (5.66)
_ @ fxoyoyry2g _ 2 fXoyoyny=g
a2 fXxoy1y2g L fXoy1y29
_ p(CORE;LOBE;LOBE;NONE )
~ p(NONE;LOBE;LOBE;NONE )
) G e X 3 P Y W e " HaX
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3 P 3 Ve - VA
) . } p 1 B(CORE, LOBE,
LOBE)a B(LOBE, LOBE)a B(CORE)a B(LOBE)a B(NONE) 5 ~ 1 T
B(NONE) = p(NONE, NONE, NONE, NONE) / p(NONE, NONE, NONE,
NONE)=1A: VvI » E "
B(CORE;LOBE;LOBE ) (5.67)
= a dm p(mg) g (MojXo;Yo, xo0; yo)
z
dk p(k)
1 z k+ y
2 : P 2 . . y2
&+ 1)? d'my p(Mmajmo) G Mujysi —7Mo (7 kD)2
B(LOBE;LOBE ) (5.68)
= & d®m p(mo) g(MojXo, xo)
z
dk p(k)
1 z k+2 y
2 : P 2 . . y2
&+ 1)? d'm; p(Mmajmo) G Mujysi —=Mo (7 kD)2
B(CORE;LOBE) (5.69)
= & dm p(mg) g (MojXo;Yo, xo0; yo)
z
dk p(k)
z

d®m; p(M1jmo) g(Mmajys; y1)
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B(LOBE) (5.70)
= a> d&m p(mo) g(MejXo; xo)
Z
dk p(k)
Z
d®my p(mijmo) g(majys; y1)
B(CORE) = a Cyoy0 (5.71)
5.6
¥ % 1| E - Ty (" A
N2 A w a Y[ ~ | Zones Algorithni &
A 1 v W @ y CF
Wae® W o @ A A A
T L ® i T A w L
Wa @ i Y T F\a
n NONE » A 2 B I v a
H > F Waed " X AT T W
[ “bP A a Nas3
P vV oW H A
W s p i [ h 2eAW
v Ya . R v0O War Ne ’ W @
Ne v A
5.6.1
W 1 H T [ W H AT T Wae®
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Hyp{
Integer Core;

List<Integer> Lobes;
int GetCount() { return Lobes.Count+Core==-1?0:1;} }

5.6: Hyp 6 G WeaX CORE LOBE
RadiosT B A

oid” le @” >3 ridA
8 8
3 0id;Q
Q H 5 ora; Q
3 odecQ
3 rid;
H rra;
rdec;

" ’ y CORE LOBE NONE N¢ No#

b i ® Ah Loy~ . b W
CORE b H @ LOBE WL Y Ty
CORE LOBE NONE
W LbWae @ i G [Ve Radios T~
e 6G Ve Hy®A 56 ~ =W Core
CORE RadiosT B & Wa Lobest G Na LOBE RadiosT
B A |- Hypl CORE LOBE Ty [a
A %o Radios 1 Hyp H ~ Ty 5.7
0 " X A A COREPC VY T
b (LOBE, LOBE) , A Ty v~ 1 @ LOBE n NONE A
CORELOBE™ vyuw ~ -1 A
5.6.2
W Ne a % & Numerical Recipeb 29§
i T Box-Mulles BYF i C# 58 A w =

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


http://www.nr.com/
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No ' Ne n = a Wa %W No
ranA K | Ne G W 1 Ne - v
X 2
= a = X oa HaeW
y I Xy y
XO
%o No T [82]y
yO
Xnew = X+ xX° (5.72)
Y
Ynew = YT yX0+ yq 1 2y0 (5.73)
= y+(cogyx’+ 22 cog)= (5.74)
59 4 C# H A W
I Ne HT Y N 7Y F Ve
W Vector2ext T T JHG A (CORE, LOBE,
LOBE) Ne " ¢ 51070 [~ b A
5.6.3 E|
_ € NoX - [vWa r Ne
H A B NeX s P T 34N Ne
A & Ne T [ & ®
A 511 i Tcral cdec & Ty By
T uyC# T sini: P g | B Atral tdec 1 We
“ YB3 A 7 A -
H A LMY ® Wi 7 4(0;0) Y (0;0)
W LR A
Q@ H Ne '\ i Y T vya Wea
b MapackK a W e Det Gaussian G Ve
Ne A h v V! F A 5.12
Ne v A . »
o \{ X . 0 ~ Y
*~  (CORE) X H @ H Ne # | 7 4

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


https://github.com/lutzroeder/Mapack
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CORE LOBE,LOBE X A 'E  5.40 Ne 3
G [erT Ne G [ sumOTA hyp.Prior T G 4k
Td Y Wy B ~ v Ty [ 10°A
B v A b~ v log,, (SumO)A v NoOX
I b P v P A Ne 2
- - W mg wa0 w k 7
030 22 my 7 0 80A 1 gV
40 30 80 =96000 Ne [ Wae 7 A
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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 TN

G

W Wae Hyp

LA
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public class Ranl
{
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 = O;private double gset;
public Ran1(){
IA=16807; IM=2147483647;1Q=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 (=NTAB+7;j>=0;j--){
k=idum/I1Q;
idum=I1A*(idum-k*|Q)-IR*k;
if (idum < 0) idum += IM;
if < NTAB) iv[j] = idum;
}
iy=iv[Q];
}
k=idum/IQ; idum=IA*(idum-k*IQ)-IR*k;
if (idum < 0) idum += IM;
j=Convert.Tolnt32(iy/NDIV)%NTAB;
iy=iv[jl; iv[j] = idum;
if ((temp=AM*iy) > RNMX) return RNMX;
else return temp;
}
public double NextGasdev(){
double fac, rsq, vi, v2;
if (iset == 0){
do{
vl = 2.0 * this.NextDouble() - 1.0;
v2 = 2.0 * this.NextDouble() - 1.0;
rsq = vl * vl + v2 * v2;
} while (rsq >= 1.0 || rsq == 0.0);
fac = Math.Sqrt(-2.0 * Math.Log(rsq) / rsq);
gset = vl * fac; iset = 1;
return v2 * fac;
lelse{iset = 0; return gset;}

58:a C# & Numerical Recipeb T Box-Mulles®
A
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