ANN/Objectivity

Status report and performance test on the “re-clustered” tag DB

Gabriele Garzoglio, Apr. 13 2001

This document reports the status of development of ANN/objectivity and the tests performed on TAM (Terabyte Analysis Machine)
 on the re-clustering module. This module speeds up query search time by 15-20% on databases of millions of objects.

ANN/Objectivity is a library used to solve the problem of the kth nearest neighbors in large set of data stored in objectivity databases. The main goal of the project was providing an analysis tool capable of dealing with typical data sizes at least 2 order of magnitude larger than what can fit into memory (hundreds of Gbytes). Once achieved this goal, it was pretty clear that just reorganizing the layout of the data on disk could somewhat improve the search speed (re-clustering module). So far, this library has being used to analyze the Sloan Digital Sky Survey data. 

To date, ANN/Objectivity makes use of a utility called the “Tag extractor” to create an objectivity database of flat tag objects: the search for the kth nearest neighbors is then performed on this database. This utility, written by Koen Holtman (Caltech) and modified by myself, selects the sxPhotoTag objects from the SDSS objectivity database (SX, EDR v2.2.1) 
, eliminates the internal references to the other SX objects (make it “flat”, stand alone) and writes them into a new objectivity federation. The tag extractor can be configured to extract only tags from certain kind of objects (e.g. from the galaxy and/or the star containers).

The time to extract the 332 Bytes flat tags from the 6,650,927 galaxies of the SX database was 1h 18m, reading/writing at an average bandwidth of 470 Kbytes/s.

ANN searches the nearest neighbors organizing the data in a tree structure. This process introduces a natural indexing on the data. The data can then be reorganized on disk according to this indexing (re-clustering). This technique aims to minimize the amount of memory cache swaps needed by objectivity during the search for the nearest neighbors.

Figure 1 shows the amount of time per object required to build a kd-tree
 (4 dimensions, bucket size of 10) and re-cluster a database, for different database sizes (expressed in number of object). As expected, the complexity of the algorithm that builds the tree is O(n log(n))
 and the time to re-cluster the database is linear. It is to be noted that the calculated tree can be saved and retrieved at a rate of about 10 us per object, which is negligible with respect to nearest neighbors search time.

Figure 2 compares the time per object required to search 5 nearest neighbors for all the objects, in the two cases of standard and re-clustered database. For a small database (500,000 objects) the time is approximately the same: the data size in this case is small (160MB) and few memory swaps are needed; for bigger databases (above 2,500,000 objects) there is a net gain of 15-20% in the query execution.
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Figure 1
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Figure 2
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ANNdbTests DB

		Performance test of ANN/Objectivity

		General info:

		Version tested: CVS ANN ObjyVec

		No printout of the points; No printout of the tree (Dump)

		pagesize (Bytes)		ANN_dim		Tag_dim		Tag size (Bytes)

		8192		4		50		224

		System Used:

		Origin 2000, MIPS R 12000/12010; Ram 1GB, Cache 32KB (Instr.), 32K (Data), 8MB (Unified); internal disk mount

		ANN Config. Par.										DB info				time command output										ps command output				Sky Posistion

		Num NN		Bucket size		eps		Tree algo		Search algo		Num Objs		DB size		CPU		Sys		Tot Time		io		pf		SZ		RSS		Min Col		Max Col		Min Field		Max Field		Notes		TotT		TotT/Obj		SearchT/Obj

		#		#		#		-		-		#		(Bytes)		(s)		(s)		hh:mm:ss						pages		pages		#		#		#		#		-		(s)		(ms)		(ms)

		5		10		0		kd		no		611		606208		0.2		0.2		0:00:03		154+6		126+0		497		352		2		2		360		360		1 run only		0.4		0.7		-

		5		10		0		kd		no		932		688128		0.3		0.2		0:00:03		160+6		131+0		499		355		1		1		11		11		no NFS		0.5		0.5		-

		5		10		0		kd		no		11670		3203072		4.9		1.3		0:00:10		189+29		124+0		653		505		1		3		11		14		no NFS		6.2		0.5		-

		5		10		0		kd		no		47497		11608064		43.5		13.9		0:01:04		841+98		133+0		829		670		1		6		11		18		no NFS		57.4		1.2		-

		5		100		0		kd		no		143860		34226176		144.7		61		0:04:00		4326+319		91+0		1156		902		1		6		11		34		no NFS		205.7		1.4298623662		-

		5		100		0		kd		no		977748		229695488		1160.6		474.4		0:44:41		162393+2131		40+0		2662		2471		1		6		11		155		no NFS		1635		1.6722100173		-

		5		100		0		kd		no																																		-

		5		10		0		kd		pri		611		606208		0.9		0.3		0:00:04		152+11		124+0		499		354		2		2		360		360		1 run only		1.2		2.0		1.3

		5		10		0		kd		pri		932		688128		1.6		0.4		0:00:05		170+14		131+0		501		357		1		1		11		11		no NFS		2.0		2.1		1.6

		5		10		0		kd		pri		11670		3203072		35.7		3.7		0:00:46		208+136		135+0		663		507		1		3		11		14		no NFS		39.4		3.4		2.8

		5		10		0		kd		pri		47497		11608064		203.6		30.9		0:04:11		916+546		115+0		877		672		1		6		11		18		no NFS		234.5		4.9		3.7

		5		100		0		kd		pri		143860		34226176		2236.7		444.9		0:45:54		1269+1870		83+0		1291		900		1		6		11		34		no NFS		2681.6		18.6		17.2

		5		100		0		kd		pri		977748		229695488		16474.5		3911.5		7:01:38		445399+15326		200+0		3613		2296		1		6		11		155		no NFS		20386.0		20.8		19.2

		5		100		0		kd		pri

		5		10		0		kd		std		611		606208		0.9		0.2		0:00:02		81+11		59+0		499		354		2		2		360		360		1 run only		1.1		1.8		1.1

		5		10		0		kd		std		932		688128		1.7		0.3		0:00:04		105+14		68+0		499		355		1		1		11		11		no NFS		2.0		2.1		1.6

		5		10		0		kd		std		11670		3203072		38.2		2.5		0:00:46		189+136		124+0		653		505		1		3		11		14		no NFS		40.7		3.5		3.0

		5		10		0		kd		std		47497		11608064		221.7		27.7		0:04:23		222+546		14+0		829		670		1		6		11		18		no NFS		249.4		5.3		4.0

		5		100		0		kd		std		143860		34226176		2389.5		588.4		1:24:43		185776+2853		3417+0		1151		600		1		6		11		34		no NFS		2977.9		20.6999860976		19.3

		5		100		0		kd		std		977748		229695488		17196.1		3892.3		6:52:44		352254+14540		67+0		2657		2468		1		6		11		155		no NFS		21088.4		21.5683386721		19.9

		5		100		0		kd		std

		5		10		0		bd		no		611		606208		0.4		0.1		0:00:04		176+6		130+0		498		356		2		2		360		360		1 run only		0.5		0.8		-

		5		10		0		bd		no		932		688128		0.7		0.1		0:00:04		179+6		130+0		500		358		1		1		11		11		Constr. OK		0.8		0.9		-

		5		10		0		bd		no		11670		3203072		12.0		0.2		0:00:16		207+28		125+0		652		507		1		3		11		14		Constr. OK		12.2		1.0		-

		5		10		0		bd		no		47497		11608064		103.1		19.2		0:02:08		361+98		124+0		830		673		1		6		11		18		Constr. OK		122.3		2.6		-

		5		100		0		bd		no		143860		34226176		311.3		83.2		0:06:44		468+287		1+0						1		6		11		34		Constr. OK		394.5		2.7		-

		5		100		0		bd		no		977748		229695488		2549		691.9		1:09:11		181268+2057		2+0						1		6		11		155		Constr. OK		3240.9		3.3		-

		5		100		0		bd		no																																		-

		5		10		0		bd		pri		611		606208		1.1		0.1		0:00:04		172+11		131+0		500		358		2		2		360		360		1 run only		1.2		2.0		1.1

		5		10		0		bd		pri		932		688128		1.9		0.1		0:00:05		171+14		136+0		500		358		1		1		11		11		Constr. OK		2.0		2.1		1.3

		5		10		0		bd		pri		11670		3203072		41.8		0.3		0:00:46		193+136		124+0		664		508		1		3		11		14		Constr. OK		42.1		3.6		2.6

		5		10		0		bd		pri		47497		11608064		256.5		25.8		0:04:53		453+546		126+0		876		674		1		6		11		18		Constr. OK		282.3		5.9		3.4

		5		100		0		bd		pri		143860		34226176		2421		446.8		0:55:19		36901+2026		102+0						1		6		11		34		Constr. OK		2867.8		19.934658696		17.2

		5		100		0		bd		pri		977748		229695488		18063.1		3959.2		10:28:53		1302647+16775		591+0						1		6		11		155		Constr. OK		22022.3		22.5234927609		19.2

		5		100		0		bd		pri

		5		10		0		bd		std		611		606208		1.1		0.1		0:00:04		168+11		134+0		498		356		2		2		360		360		1 run only		1.2		2.0		1.1

		5		10		0		bd		std		932		688128		2.0		0.1		0:00:06		174+14		138+0		500		358		1		1		11		11		no NFS		2.1		2.3		1.4

		5		10		0		bd		std		11670		3203072		44.9		0.2		0:00:49		182+136		114+0		652		507		1		3		11		14		Constr. OK		45.1		3.9		2.8

		5		10		0		bd		std		47497		11608064		281.4		28.8		0:05:19		607+546		125+0		830		673		1		6		11		18		Constr. OK		310.2		6.5		4.0

		5		100		0		bd		std		143860		34226176		2536.9		475.3		0:54:55		20196+1998		59+0						1		6		11		34		Constr. OK		3012.2		20.9384123453		18.2

		5		100		0		bd		std		977748		229695488		19015.2		4313.2		11:37:47		1476223+18318		13233+0						1		6		11		155		Constr. OK		23328.4		23.8593175338		20.5

		5		100		0		bd		std

		5		10		0		bf		no		611		606208		0.1		0.1		0:00:02		138+6		113+0		493		351		2		2		360		360		1 run only		0.2		0.3		-

		5		10		0		bf		no		932		688128		0.1		0.1		0:00:01		74+6		54+0		495		354		1		1		11		11				0.2		0.2		-

		5		10		0		bf		no		11670		3203072		0.8		0.1		0:00:05		162+28		89+0		642		495		1		3		11		14				0.9		0.1		-

		5		10		0		bf		no		47497		11608064		3.1		0.3		0:00:06		21+98		0+0		788		630		1		6		11		18				3.4		0.1		-

		5		100		0		bf		no		143860		34226176																1		6		11		34								-

		5		100		0		bf		no		977748		229695488																1		6		11		155								-

		5		100		0		bf		no																																		-

		5		10		0		bf		std		611		606208		7.1		0.1		0:00:10		155+11		122+0		493		352		2		2		360		360		1 run only		7.2		11.8		11.5

		5		10		0		bf		std		932		688128		16.4		0.1		0:00:17		48+14		25+0		495		353		1		1		11		11		no NFS		16.5		17.7		17.5

		5		10		0		bf		std		11670		3203072		2595.6		1.8		0:43:43		220+954		169+0		639		385		1		3		11		14		no NFS		2597.4		222.6		222.5

		5		10		0		bf		std		47497		11608064		64564.8		5084.3		19:55:34		1115480+6793		200+0		783		492		1		6		11		18				69649.1		1466.4		1466.3

		5		100		0		bf		std		143860		34226176																1		6		11		34

		5		100		0		bf		std		977748		229695488																1		6		11		155

		5		100		0		bf		std

		5		10		0		kd		no		611		606208		0.2		0.2		0:00:03		154+6		126+0		497		352		2		2		360		360		1 run only		0.4		0.7		-

		5		10		0		kd		no		932		688128		0.3		0.2		0:00:03		160+6		131+0		499		355		1		1		11		11		no NFS		0.5		0.5		-

		5		10		0		kd		no		11670		3203072		4.9		1.3		0:00:10		189+29		124+0		653		505		1		3		11		14		no NFS		6.2		0.5		-

		5		10		0		kd		no		47497		11608064		43.5		13.9		0:01:04		841+98		133+0		829		670		1		6		11		18		no NFS		57.4		1.2		-

		5		10		0		kd		no		143860		34226176		142.9		41.4		0:03:27		2434+288		132+0		1163		914		1		6		11		34		no NFS		184.3		1.3		-

		5		10		0		kd		no		977748		229695488		1163.1		360.8		0:46:12		178195+1965		924+0		3209		1942		1		6		11		155		no NFS		1523.9		1.6		-

		5				0		kd		no

		5		10		0		kd		pri		611		606208		0.9		0.3		0:00:04		152+11		124+0		499		354		2		2		360		360		1 run only		1.2		2.0		1.3

		5		10		0		kd		pri		932		688128		1.6		0.4		0:00:05		170+14		131+0		501		357		1		1		11		11		no NFS		2.0		2.1		1.6

		5		10		0		kd		pri		11670		3203072		35.7		3.7		0:00:46		208+136		135+0		663		507		1		3		11		14		no NFS		39.4		3.4		2.8

		5		10		0		kd		pri		47497		11608064		203.6		30.9		0:04:11		916+546		115+0		877		672		1		6		11		18		no NFS		234.5		4.9		3.7

		5		10		0		kd		pri		143860		34226176		664.2		86.1		0:13:04		1526+1668		133+0		1303		915		1		6		11		34		no NFS		750.3		5.2		3.9

		5		10		0		kd		pri		977748		229695488		5061.7		935.1		4:13:13		536131+13843		3071+0		4169		1779		1		6		11		155		no NFS		5996.8		6.1		4.6

		5		10		0		kd		std		611		606208		0.9		0.2		0:00:02		81+11		59+0		499		354		2		2		360		360		1 run only		1.1		1.8		1.1

		5		10		0		kd		std		932		688128		1.7		0.3		0:00:04		105+14		68+0		499		355		1		1		11		11		no NFS		2.0		2.1		1.6

		5		10		0		kd		std		11670		3203072		38.2		2.5		0:00:46		189+136		124+0		653		505		1		3		11		14		no NFS		40.7		3.5		3.0

		5		10		0		kd		std		47497		11608064		221.7		27.7		0:04:23		222+546		14+0		829		670		1		6		11		18		no NFS		249.4		5.3		4.0

		5		10		0		kd		std		143860		34226176		752		111.5		0:17:22		14479+1670		101+0		1163		756		1		6		11		34		no NFS		863.5		6.0		4.7

		5		10		0		kd		std		977748		229695488		5589		1003.5		2:48:35		314504+12490		4471+0		3213		2048		1		6		11		155		no NFS		6592.5		6.7		5.2

		5				0		kd		std

		5		10		0		bd		no		611		606208		0.4		0.1		0:00:04		176+6		130+0		498		356		2		2		360		360		1 run only		0.5		0.8		-

		5		10		0		bd		no		932		688128		0.7		0.1		0:00:04		179+6		130+0		500		358		1		1		11		11		Constr. OK		0.8		0.9		-

		5		10		0		bd		no		11670		3203072		12.0		0.2		0:00:16		207+28		125+0		652		507		1		3		11		14		Constr. OK		12.2		1.0		-

		5		10		0		bd		no		47497		11608064		103.1		19.2		0:02:08		361+98		124+0		830		673		1		6		11		18		Constr. OK		122.3		2.6		-

		5				0		bd		no		143860		34226176		344		83		0:07:23		880+288		122+0		1168		912		1		6		11		34		Constr. OK		427		3.0		-

		5				0		bd		no		977748		229695488		2841.5		759.4		1:39:09		332965+3169		9+0		3216		3024		1		6		11		155		Constr. OK		3600.9		3.7		-

		5				0		bd		no

		5		10		0		bd		pri		611		606208		1.1		0.1		0:00:04		172+11		131+0		500		358		2		2		360		360		1 run only		1.2		2.0		1.1

		5		10		0		bd		pri		932		688128		1.9		0.1		0:00:05		171+14		136+0		500		358		1		1		11		11		Constr. OK		2.0		2.1		1.3

		5		10		0		bd		pri		11670		3203072		41.8		0.3		0:00:46		193+136		124+0		664		508		1		3		11		14		Constr. OK		42.1		3.6		2.6

		5		10		0		bd		pri		47497		11608064		256.5		25.8		0:04:53		453+546		126+0		876		674		1		6		11		18		Constr. OK		282.3		5.9		3.4

		5		100		0		bd		pri		143860		34226176		887.2		148.9		0:31:16		42091+2261		138+0		1308		868		1		6		11		34		Constr. OK		1036.1		7.2		4.2

		5		100		0		bd		pri		977748		229695488		6632.7		1212.5		5:06:17		628393+14656		490+0		4170		2518		1		6		11		155		Constr. OK		7845.2		8.0		4.3

		5		100		0		bd		pri

		5		10		0		bd		std		611		606208		1.1		0.1		0:00:04		168+11		134+0		498		356		2		2		360		360		1 run only		1.2		2.0		1.1

		5		10		0		bd		std		932		688128		2.0		0.1		0:00:06		174+14		138+0		500		358		1		1		11		11		no NFS		2.1		2.3		1.4

		5		10		0		bd		std		11670		3203072		44.9		0.2		0:00:49		182+136		114+0		652		507		1		3		11		14		Constr. OK		45.1		3.9		2.8

		5		10		0		bd		std		47497		11608064		281.4		28.8		0:05:19		607+546		125+0		830		673		1		6		11		18		Constr. OK		310.2		6.5		4.0

		5		10		0		bd		std		143860		34226176		947.8		149.2		0:20:16		10208+1668		20+0		1168		912		1		6		11		34		Constr. OK		1097.0		7.6		4.7

		5		10		0		bd		std		977748		229695488		7223.1		1358.7		4:15:10		694326+12028		19+0		3216		3024		1		6		11		155		Constr. OK		8581.8		8.8		5.1

		5		10		0		bd		std
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		Reference allocation

		ANN Config. Par.										DB info						ps cmd

		Num NN		Bucket size		eps		Tree algo		Search algo		Num Objs		Tot DB size		Num DB		SZ		TotT		TotT/Obj

		#		#		#		-		-		#		(KBytes)		#		pages		(s)		(ms)

		-		-		-		-		-		500,000		178,029		1		9120		3		0.006

		-		-		-		-		-		2,500,000		890,145		5		30957		18		0.0072

		-		-		-		-		-		5,000,000		1,780,290		10		56737		39		0.0078

		-		-		-		-		-		6,650,927		2,371,220		14		63206		48		0.0072170391

		Reading the dumped tree

		ANN Config. Par.										DB info						ps cmd

		Num NN		Bucket size		eps		Tree algo		Search algo		Num Objs		Tot DB size		Num DB		SZ		TotT		TotT/Obj

		#		#		#		-		-		#		(KBytes)		#		pages		(s)		(ms)

		-		-		-		-		-		500,000		178,029		1		10801		5		0.01

		-		-		-		-		-		2,500,000		890,145		5		39279		26		0.0104

		-		-		-		-		-		6,650,927		2,371,220		14		85391		70		0.0105248486

		Dumping the tree

		ANN Config. Par.										DB info						ps cmd

		Num NN		Bucket size		eps		Tree algo		Search algo		Num Objs		Tot DB size		Num DB		SZ		TotT		TotT/Obj

		#		#		#		-		-		#		(KBytes)		#		pages		(s)		(ms)

		-		-		-		-		-		500,000		178,029		1		11300		3		0.006

		-		-		-		-		-		2,500,000		890,145		5		39777		14		0.0056

		-		-		-		-		-		5,000,000		1,780,290		10		73934		27		0.0054

		-		-		-		-		-		6,650,927		2,371,220		14		85889		36		0.0054127793

		Building the tree

		ANN Config. Par.										DB info						ps cmd

		Num NN		Bucket size		eps		Tree algo		Search algo		Num Objs		Tot DB size		Num DB		SZ		TotT		TotT/Obj

		#		#		#		-		-		#		(KBytes)		#		pages		(s)		(ms)

		-		10		-		kd		-		500,000		178,029		1		11299		290		0.58

		-		10		-		kd		-		2,500,000		890,145		5		39776		1796		0.7184

		-		10		-		kd		-		5,000,000		1,780,290		10		73933		3986		0.7972

		-		10		-		kd		-		6,650,927		2,371,220		14		85888		5660		0.8510091901

		Searching the tree

		ANN Config. Par.										DB info						ps cmd

		Num NN		Bucket size		eps		Tree algo		Search algo		Num Objs		Tot DB size		Num DB		SZ id		SZ recl		TotT id		TotT/Obj id		TotT recl		TotT/Obj recl		T recl/T id		Notes

		#		#		#		-		-		#		(KBytes)		#		pages				(s)		(ms)		(s)		(ms)

		5		10		0		kd		std		500,000		178,029		1		11031		15370		756		1.512		708		1.416		0.9365079365		recl has 2 trees in mem

		5		10		0		kd		std		2,500,000		890,145		5		39547		39646		3618		1.4472		3059		1.2236		0.8454947485

		5		10		0		kd		std		5,000,000		1,780,290		10		73933		126605		7000		1.4		6099		1.2198		0.8712857143		recl has 2 trees in mem

		5		10		0		kd		std		6,650,927		2,371,220		14		85637		145402		9832		1.4782901692		8152		1.2256938018		0.8291293735		recl has 2 trees in mem

		Reclustering the database

		ANN Config. Par.										DB info						ps cmd

		Num NN		Bucket size		eps		Tree algo		Search algo		Num Objs		Tot DB size		Num DB		SZ		TotT		TotT/Obj

		#		#		#		-		-		#		(KBytes)		#		pages		(s)		(ms)

		-		10		-		kd		-		500,000		178,029		1		11299		37		0.074

		-		10		-		kd		-		2,500,000		890,145		5		39776		193		0.0772

		-		10		-		kd		-		5,000,000		1,780,290		10		126605		381		0.0762

		-		10		-		kd		-		6,650,927		2,371,220		14		145402		511		0.0768313951
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ANNdbTests DB

		Performance test of ANN/Objectivity

		General info:

		Version tested: CVS ANN ObjyVec

		No printout of the points; No printout of the tree (Dump)

		pagesize (Bytes)		ANN_dim		Tag_dim		Tag size (Bytes)

		8192		4		50		224

		System Used:

		Origin 2000, MIPS R 12000/12010; Ram 1GB, Cache 32KB (Instr.), 32K (Data), 8MB (Unified); internal disk mount

		ANN Config. Par.										DB info				time command output										ps command output				Sky Posistion

		Num NN		Bucket size		eps		Tree algo		Search algo		Num Objs		DB size		CPU		Sys		Tot Time		io		pf		SZ		RSS		Min Col		Max Col		Min Field		Max Field		Notes		TotT		TotT/Obj		SearchT/Obj

		#		#		#		-		-		#		(Bytes)		(s)		(s)		hh:mm:ss						pages		pages		#		#		#		#		-		(s)		(ms)		(ms)

		5		10		0		kd		no		611		606208		0.2		0.2		0:00:03		154+6		126+0		497		352		2		2		360		360		1 run only		0.4		0.7		-

		5		10		0		kd		no		932		688128		0.3		0.2		0:00:03		160+6		131+0		499		355		1		1		11		11		no NFS		0.5		0.5		-

		5		10		0		kd		no		11670		3203072		4.9		1.3		0:00:10		189+29		124+0		653		505		1		3		11		14		no NFS		6.2		0.5		-

		5		10		0		kd		no		47497		11608064		43.5		13.9		0:01:04		841+98		133+0		829		670		1		6		11		18		no NFS		57.4		1.2		-

		5		100		0		kd		no		143860		34226176		144.7		61		0:04:00		4326+319		91+0		1156		902		1		6		11		34		no NFS		205.7		1.4298623662		-

		5		100		0		kd		no		977748		229695488		1160.6		474.4		0:44:41		162393+2131		40+0		2662		2471		1		6		11		155		no NFS		1635		1.6722100173		-

		5		100		0		kd		no																																		-

		5		10		0		kd		pri		611		606208		0.9		0.3		0:00:04		152+11		124+0		499		354		2		2		360		360		1 run only		1.2		2.0		1.3

		5		10		0		kd		pri		932		688128		1.6		0.4		0:00:05		170+14		131+0		501		357		1		1		11		11		no NFS		2.0		2.1		1.6

		5		10		0		kd		pri		11670		3203072		35.7		3.7		0:00:46		208+136		135+0		663		507		1		3		11		14		no NFS		39.4		3.4		2.8

		5		10		0		kd		pri		47497		11608064		203.6		30.9		0:04:11		916+546		115+0		877		672		1		6		11		18		no NFS		234.5		4.9		3.7

		5		100		0		kd		pri		143860		34226176		2236.7		444.9		0:45:54		1269+1870		83+0		1291		900		1		6		11		34		no NFS		2681.6		18.6		17.2

		5		100		0		kd		pri		977748		229695488		16474.5		3911.5		7:01:38		445399+15326		200+0		3613		2296		1		6		11		155		no NFS		20386.0		20.8		19.2

		5		100		0		kd		pri

		5		10		0		kd		std		611		606208		0.9		0.2		0:00:02		81+11		59+0		499		354		2		2		360		360		1 run only		1.1		1.8		1.1

		5		10		0		kd		std		932		688128		1.7		0.3		0:00:04		105+14		68+0		499		355		1		1		11		11		no NFS		2.0		2.1		1.6

		5		10		0		kd		std		11670		3203072		38.2		2.5		0:00:46		189+136		124+0		653		505		1		3		11		14		no NFS		40.7		3.5		3.0

		5		10		0		kd		std		47497		11608064		221.7		27.7		0:04:23		222+546		14+0		829		670		1		6		11		18		no NFS		249.4		5.3		4.0

		5		100		0		kd		std		143860		34226176		2389.5		588.4		1:24:43		185776+2853		3417+0		1151		600		1		6		11		34		no NFS		2977.9		20.6999860976		19.3

		5		100		0		kd		std		977748		229695488		17196.1		3892.3		6:52:44		352254+14540		67+0		2657		2468		1		6		11		155		no NFS		21088.4		21.5683386721		19.9

		5		100		0		kd		std

		5		10		0		bd		no		611		606208		0.4		0.1		0:00:04		176+6		130+0		498		356		2		2		360		360		1 run only		0.5		0.8		-

		5		10		0		bd		no		932		688128		0.7		0.1		0:00:04		179+6		130+0		500		358		1		1		11		11		Constr. OK		0.8		0.9		-

		5		10		0		bd		no		11670		3203072		12.0		0.2		0:00:16		207+28		125+0		652		507		1		3		11		14		Constr. OK		12.2		1.0		-

		5		10		0		bd		no		47497		11608064		103.1		19.2		0:02:08		361+98		124+0		830		673		1		6		11		18		Constr. OK		122.3		2.6		-

		5		100		0		bd		no		143860		34226176		311.3		83.2		0:06:44		468+287		1+0						1		6		11		34		Constr. OK		394.5		2.7		-

		5		100		0		bd		no		977748		229695488		2549		691.9		1:09:11		181268+2057		2+0						1		6		11		155		Constr. OK		3240.9		3.3		-

		5		100		0		bd		no																																		-

		5		10		0		bd		pri		611		606208		1.1		0.1		0:00:04		172+11		131+0		500		358		2		2		360		360		1 run only		1.2		2.0		1.1

		5		10		0		bd		pri		932		688128		1.9		0.1		0:00:05		171+14		136+0		500		358		1		1		11		11		Constr. OK		2.0		2.1		1.3

		5		10		0		bd		pri		11670		3203072		41.8		0.3		0:00:46		193+136		124+0		664		508		1		3		11		14		Constr. OK		42.1		3.6		2.6

		5		10		0		bd		pri		47497		11608064		256.5		25.8		0:04:53		453+546		126+0		876		674		1		6		11		18		Constr. OK		282.3		5.9		3.4

		5		100		0		bd		pri		143860		34226176		2421		446.8		0:55:19		36901+2026		102+0						1		6		11		34		Constr. OK		2867.8		19.934658696		17.2

		5		100		0		bd		pri		977748		229695488		18063.1		3959.2		10:28:53		1302647+16775		591+0						1		6		11		155		Constr. OK		22022.3		22.5234927609		19.2

		5		100		0		bd		pri

		5		10		0		bd		std		611		606208		1.1		0.1		0:00:04		168+11		134+0		498		356		2		2		360		360		1 run only		1.2		2.0		1.1

		5		10		0		bd		std		932		688128		2.0		0.1		0:00:06		174+14		138+0		500		358		1		1		11		11		no NFS		2.1		2.3		1.4

		5		10		0		bd		std		11670		3203072		44.9		0.2		0:00:49		182+136		114+0		652		507		1		3		11		14		Constr. OK		45.1		3.9		2.8

		5		10		0		bd		std		47497		11608064		281.4		28.8		0:05:19		607+546		125+0		830		673		1		6		11		18		Constr. OK		310.2		6.5		4.0

		5		100		0		bd		std		143860		34226176		2536.9		475.3		0:54:55		20196+1998		59+0						1		6		11		34		Constr. OK		3012.2		20.9384123453		18.2

		5		100		0		bd		std		977748		229695488		19015.2		4313.2		11:37:47		1476223+18318		13233+0						1		6		11		155		Constr. OK		23328.4		23.8593175338		20.5

		5		100		0		bd		std

		5		10		0		bf		no		611		606208		0.1		0.1		0:00:02		138+6		113+0		493		351		2		2		360		360		1 run only		0.2		0.3		-

		5		10		0		bf		no		932		688128		0.1		0.1		0:00:01		74+6		54+0		495		354		1		1		11		11				0.2		0.2		-

		5		10		0		bf		no		11670		3203072		0.8		0.1		0:00:05		162+28		89+0		642		495		1		3		11		14				0.9		0.1		-

		5		10		0		bf		no		47497		11608064		3.1		0.3		0:00:06		21+98		0+0		788		630		1		6		11		18				3.4		0.1		-

		5		100		0		bf		no		143860		34226176																1		6		11		34								-

		5		100		0		bf		no		977748		229695488																1		6		11		155								-

		5		100		0		bf		no																																		-

		5		10		0		bf		std		611		606208		7.1		0.1		0:00:10		155+11		122+0		493		352		2		2		360		360		1 run only		7.2		11.8		11.5

		5		10		0		bf		std		932		688128		16.4		0.1		0:00:17		48+14		25+0		495		353		1		1		11		11		no NFS		16.5		17.7		17.5

		5		10		0		bf		std		11670		3203072		2595.6		1.8		0:43:43		220+954		169+0		639		385		1		3		11		14		no NFS		2597.4		222.6		222.5

		5		10		0		bf		std		47497		11608064		64564.8		5084.3		19:55:34		1115480+6793		200+0		783		492		1		6		11		18				69649.1		1466.4		1466.3

		5		100		0		bf		std		143860		34226176																1		6		11		34

		5		100		0		bf		std		977748		229695488																1		6		11		155

		5		100		0		bf		std

		5		10		0		kd		no		611		606208		0.2		0.2		0:00:03		154+6		126+0		497		352		2		2		360		360		1 run only		0.4		0.7		-

		5		10		0		kd		no		932		688128		0.3		0.2		0:00:03		160+6		131+0		499		355		1		1		11		11		no NFS		0.5		0.5		-

		5		10		0		kd		no		11670		3203072		4.9		1.3		0:00:10		189+29		124+0		653		505		1		3		11		14		no NFS		6.2		0.5		-

		5		10		0		kd		no		47497		11608064		43.5		13.9		0:01:04		841+98		133+0		829		670		1		6		11		18		no NFS		57.4		1.2		-

		5		10		0		kd		no		143860		34226176		142.9		41.4		0:03:27		2434+288		132+0		1163		914		1		6		11		34		no NFS		184.3		1.3		-

		5		10		0		kd		no		977748		229695488		1163.1		360.8		0:46:12		178195+1965		924+0		3209		1942		1		6		11		155		no NFS		1523.9		1.6		-

		5				0		kd		no

		5		10		0		kd		pri		611		606208		0.9		0.3		0:00:04		152+11		124+0		499		354		2		2		360		360		1 run only		1.2		2.0		1.3

		5		10		0		kd		pri		932		688128		1.6		0.4		0:00:05		170+14		131+0		501		357		1		1		11		11		no NFS		2.0		2.1		1.6

		5		10		0		kd		pri		11670		3203072		35.7		3.7		0:00:46		208+136		135+0		663		507		1		3		11		14		no NFS		39.4		3.4		2.8

		5		10		0		kd		pri		47497		11608064		203.6		30.9		0:04:11		916+546		115+0		877		672		1		6		11		18		no NFS		234.5		4.9		3.7

		5		10		0		kd		pri		143860		34226176		664.2		86.1		0:13:04		1526+1668		133+0		1303		915		1		6		11		34		no NFS		750.3		5.2		3.9

		5		10		0		kd		pri		977748		229695488		5061.7		935.1		4:13:13		536131+13843		3071+0		4169		1779		1		6		11		155		no NFS		5996.8		6.1		4.6

		5		10		0		kd		std		611		606208		0.9		0.2		0:00:02		81+11		59+0		499		354		2		2		360		360		1 run only		1.1		1.8		1.1

		5		10		0		kd		std		932		688128		1.7		0.3		0:00:04		105+14		68+0		499		355		1		1		11		11		no NFS		2.0		2.1		1.6

		5		10		0		kd		std		11670		3203072		38.2		2.5		0:00:46		189+136		124+0		653		505		1		3		11		14		no NFS		40.7		3.5		3.0

		5		10		0		kd		std		47497		11608064		221.7		27.7		0:04:23		222+546		14+0		829		670		1		6		11		18		no NFS		249.4		5.3		4.0

		5		10		0		kd		std		143860		34226176		752		111.5		0:17:22		14479+1670		101+0		1163		756		1		6		11		34		no NFS		863.5		6.0		4.7

		5		10		0		kd		std		977748		229695488		5589		1003.5		2:48:35		314504+12490		4471+0		3213		2048		1		6		11		155		no NFS		6592.5		6.7		5.2

		5				0		kd		std

		5		10		0		bd		no		611		606208		0.4		0.1		0:00:04		176+6		130+0		498		356		2		2		360		360		1 run only		0.5		0.8		-

		5		10		0		bd		no		932		688128		0.7		0.1		0:00:04		179+6		130+0		500		358		1		1		11		11		Constr. OK		0.8		0.9		-

		5		10		0		bd		no		11670		3203072		12.0		0.2		0:00:16		207+28		125+0		652		507		1		3		11		14		Constr. OK		12.2		1.0		-

		5		10		0		bd		no		47497		11608064		103.1		19.2		0:02:08		361+98		124+0		830		673		1		6		11		18		Constr. OK		122.3		2.6		-

		5				0		bd		no		143860		34226176		344		83		0:07:23		880+288		122+0		1168		912		1		6		11		34		Constr. OK		427		3.0		-

		5				0		bd		no		977748		229695488		2841.5		759.4		1:39:09		332965+3169		9+0		3216		3024		1		6		11		155		Constr. OK		3600.9		3.7		-

		5				0		bd		no

		5		10		0		bd		pri		611		606208		1.1		0.1		0:00:04		172+11		131+0		500		358		2		2		360		360		1 run only		1.2		2.0		1.1

		5		10		0		bd		pri		932		688128		1.9		0.1		0:00:05		171+14		136+0		500		358		1		1		11		11		Constr. OK		2.0		2.1		1.3

		5		10		0		bd		pri		11670		3203072		41.8		0.3		0:00:46		193+136		124+0		664		508		1		3		11		14		Constr. OK		42.1		3.6		2.6

		5		10		0		bd		pri		47497		11608064		256.5		25.8		0:04:53		453+546		126+0		876		674		1		6		11		18		Constr. OK		282.3		5.9		3.4

		5		100		0		bd		pri		143860		34226176		887.2		148.9		0:31:16		42091+2261		138+0		1308		868		1		6		11		34		Constr. OK		1036.1		7.2		4.2

		5		100		0		bd		pri		977748		229695488		6632.7		1212.5		5:06:17		628393+14656		490+0		4170		2518		1		6		11		155		Constr. OK		7845.2		8.0		4.3

		5		100		0		bd		pri

		5		10		0		bd		std		611		606208		1.1		0.1		0:00:04		168+11		134+0		498		356		2		2		360		360		1 run only		1.2		2.0		1.1

		5		10		0		bd		std		932		688128		2.0		0.1		0:00:06		174+14		138+0		500		358		1		1		11		11		no NFS		2.1		2.3		1.4

		5		10		0		bd		std		11670		3203072		44.9		0.2		0:00:49		182+136		114+0		652		507		1		3		11		14		Constr. OK		45.1		3.9		2.8

		5		10		0		bd		std		47497		11608064		281.4		28.8		0:05:19		607+546		125+0		830		673		1		6		11		18		Constr. OK		310.2		6.5		4.0

		5		10		0		bd		std		143860		34226176		947.8		149.2		0:20:16		10208+1668		20+0		1168		912		1		6		11		34		Constr. OK		1097.0		7.6		4.7

		5		10		0		bd		std		977748		229695488		7223.1		1358.7		4:15:10		694326+12028		19+0		3216		3024		1		6		11		155		Constr. OK		8581.8		8.8		5.1

		5		10		0		bd		std
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TAM

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0



bck 10

bck 100

kd no

kd std

kd pri

bd no

bd std

bd pri

bf no

bf std

Num Objs

Time/Obj (ms)

Build tree and Search time

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0



bck 10

bck 100

kd no

kd std

kd pri

bd no

bd std

bd pri

bf no

bf std

Num Objs

Time/Obj (ms)

Build tree and Search time

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		



Bucket size = 10
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		Reference allocation

		ANN Config. Par.										DB info						ps cmd

		Num NN		Bucket size		eps		Tree algo		Search algo		Num Objs		Tot DB size		Num DB		SZ		TotT		TotT/Obj

		#		#		#		-		-		#		(KBytes)		#		pages		(s)		(ms)

		-		-		-		-		-		500,000		178,029		1		9120		3		0.006

		-		-		-		-		-		2,500,000		890,145		5		30957		18		0.0072

		-		-		-		-		-		5,000,000		1,780,290		10		56737		39		0.0078

		-		-		-		-		-		6,650,927		2,371,220		14		63206		48		0.0072170391

		Reading the dumped tree

		ANN Config. Par.										DB info						ps cmd

		Num NN		Bucket size		eps		Tree algo		Search algo		Num Objs		Tot DB size		Num DB		SZ		TotT		TotT/Obj

		#		#		#		-		-		#		(KBytes)		#		pages		(s)		(ms)

		-		-		-		-		-		500,000		178,029		1		10801		5		0.01

		-		-		-		-		-		2,500,000		890,145		5		39279		26		0.0104

		-		-		-		-		-		6,650,927		2,371,220		14		85391		70		0.0105248486

		Dumping the tree

		ANN Config. Par.										DB info						ps cmd

		Num NN		Bucket size		eps		Tree algo		Search algo		Num Objs		Tot DB size		Num DB		SZ		TotT		TotT/Obj

		#		#		#		-		-		#		(KBytes)		#		pages		(s)		(ms)

		-		-		-		-		-		500,000		178,029		1		11300		3		0.006

		-		-		-		-		-		2,500,000		890,145		5		39777		14		0.0056

		-		-		-		-		-		5,000,000		1,780,290		10		73934		27		0.0054

		-		-		-		-		-		6,650,927		2,371,220		14		85889		36		0.0054127793

		Building the tree

		ANN Config. Par.										DB info						ps cmd

		Num NN		Bucket size		eps		Tree algo		Search algo		Num Objs		Tot DB size		Num DB		SZ		TotT		TotT/Obj

		#		#		#		-		-		#		(KBytes)		#		pages		(s)		(ms)

		-		10		-		kd		-		500,000		178,029		1		11299		290		0.58

		-		10		-		kd		-		2,500,000		890,145		5		39776		1796		0.7184

		-		10		-		kd		-		5,000,000		1,780,290		10		73933		3986		0.7972

		-		10		-		kd		-		6,650,927		2,371,220		14		85888		5660		0.8510091901

		Searching the tree

		ANN Config. Par.										DB info						ps cmd

		Num NN		Bucket size		eps		Tree algo		Search algo		Num Objs		Tot DB size		Num DB		SZ id		SZ recl		TotT id		TotT/Obj id		TotT recl		TotT/Obj recl		T recl/T id		Notes

		#		#		#		-		-		#		(KBytes)		#		pages				(s)		(ms)		(s)		(ms)

		5		10		0		kd		std		500,000		178,029		1		11031		15370		756		1.512		708		1.416		0.9365079365		recl has 2 trees in mem

		5		10		0		kd		std		2,500,000		890,145		5		39547		39646		3618		1.4472		3059		1.2236		0.8454947485

		5		10		0		kd		std		5,000,000		1,780,290		10		73933		126605		7000		1.4		6099		1.2198		0.8712857143		recl has 2 trees in mem

		5		10		0		kd		std		6,650,927		2,371,220		14		85637		145402		9832		1.4782901692		8152		1.2256938018		0.8291293735		recl has 2 trees in mem

		Reclustering the database

		ANN Config. Par.										DB info						ps cmd

		Num NN		Bucket size		eps		Tree algo		Search algo		Num Objs		Tot DB size		Num DB		SZ		TotT		TotT/Obj

		#		#		#		-		-		#		(KBytes)		#		pages		(s)		(ms)

		-		10		-		kd		-		500,000		178,029		1		11299		37		0.074

		-		10		-		kd		-		2,500,000		890,145		5		39776		193		0.0772

		-		10		-		kd		-		5,000,000		1,780,290		10		126605		381		0.0762

		-		10		-		kd		-		6,650,927		2,371,220		14		145402		511		0.0768313951
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