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Abstract: The Terabyte Analysis Machine Project is developing hardware and software to analyze Terabyte scale datasets. The Distance Machine framework provides facilities to flexibly interface application specific indexing and partitioning algorithms to large scientific databases.
Overview

The Sloan Digital Sky Survey is the first of the new generation of large data volume sky surveys that will generate tens of Terabytes of images and put billions objects into catalogs. To deal with the analysis of Terabyte scale SDSS data sets, we are converging on Datawolf design concepts: if Beowulfs are clusters optimized for efficient message passing parallel processing, Datawolves are clusters optimized for both high-I/O-rate scans through large data sets and for bringing high compute power to bear on large datasets. The datawolf design necessarily involves sophisticated database software and multidimensional search algorithms. Our prototype datawolf is the Terabyte Analysis Machine [1], a cluster of dual CPU Linux boxes, with large amounts of memory and local disk and access to a Terabyte of raid disk via a SAN (a fibre channel network and Global File System), hosting a copy of the SDSS database SX [2] 

We report on the analysis engine framework. The main idea is to apply to specific science problems sophisticated computer science algorithms. Since the interesting astronomy questions often devolve to the act of measuring the distance from one object to every other object, for all objects, we named the framework the Distance Machine. At its heart are algorithm libraries. We aim to make it straightforward for a scientist to insert an algorithm library. Our prototype analysis is a search for clusters of galaxies, and we chose as the algorithm the determination of the kth nearest neighbors. We modified and extended an existing library, ANN (Approximate Nearest Neighbors [3]), which provides methods to find in memory the kth nearest. The central algorithm of ANN is the kd-tree.

The prototype is a layer of middleware between the SX and the user: it extracts the subset of useful objects from SX, builds a persistent kd-tree in Objectivity using the kth nearest neighbor algorithms, and presents server-client based CORBA interface to the science analysis code. Transparent access to the large database embodied dataset is granted by embedding the Objectivity reference to each data object within a wrapper, a wrapper whose standard array operators are overloaded. A vector of wrappers can be effectively treated as a vector of pointers to memory: this approach not only allows almost immediate extension of most existing standalone analysis applications to large Objectivity managed datasets, but also enables new applications to use the re-indexing and re-partitioning features of the framework to increase the efficiency of the data access.

Building and searching the tree

First, ANN/Objectivity loads each objectivity data reference into a vector of wrappers whose role it is to overload the standard array operators. For our database configuration (1 container per database, max test database size 200 Megabytes, default ooinit() parameters, object size 250 bytes) this takes 7 s/object. Then the user provided definition of the parameter space (schema + overloading rule for operator[]) is used  to build in memory a tree structure on the data. At each node of the tree (hyper-cubes in the parameter space) summary information like node boundaries are maintained. Pointers to the data wrappers are stored in the leaf nodes. The tree structure can be saved in a text format for future retrieval: for our system, the retrieval time is of the order of 10 s/object, while building the tree is a CPU intensive operation of the order of fraction of ms/object. The data agree with the expected O(n log(n)) complexity of the algorithm. The search for a NN is made extremely quick using the summary meta-data maintained in the nodes of the tree. Fig.1 shows a comparison between the standard O(n2) algorithm and the tree based algorithms that ANN implements.
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Fig 1: Comparison between the search time of the standard O(n2) NN algorithm (bf std) and the tree based ones, kd-tree and bd (box decompositon) tree. Two different search algorithms are used for the trees: std and pri (priority queue).
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Fig 2: Comparison in the search time per object for non-reclustered and reclustered databases, for different database sizes.

The re-clustering module

The process of organizing the data in a tree structure introduces a natural indexing on the data. The data can be reorganized on disk according to this indexing (re-clustering). On our system, this process takes about 80 s/object. This technique aims to minimize the amount of memory cache swaps needed by objectivity during the search for the nearest neighbors. Fig. 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 gain of 15-20% in the query execution. In general the gain can be better, considering that in this case the initial database was already partially clustered in two (ra, dec) of the 4 dimensions used (spatial organization).

The client/server architecture.

ANN/Objectivity is currently implemented as a C++ library. To allow flexibility in the choice of user analysis programming language, a client/server architecture implemented via Corba interfaces has been provided. The search time per object for non-reclustered databases increases to less than 1.8 ms/object. This result has to be compared with 1.4 ms/object of Fig 2: the overhead is acceptable in most cases, where the increased flexibility allows rapid development and data exploration.
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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		SZ

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

		-		-		-		-		-		500,000		178,029		1		9120		3		0.006		37.36

		-		-		-		-		-		2,500,000		890,145		5		30957		18		0.0072		126.80

		-		-		-		-		-		5,000,000		1,780,290		10		56737		39		0.0078		232.39

		-		-		-		-		-		6,650,927		2,371,220		14		63206		48		0.0072170391		258.89

		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		SZ		Net tree SZ

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

		-		10		-		kd		-		500,000		178,029		1		11299		290		0.58		46.28		8.93

		-		10		-		kd		-		2,500,000		890,145		5		39776		1796		0.7184		162.92		36.12

		-		10		-		kd		-		5,000,000		1,780,290		10		73933		3986		0.7972		302.83		70.43

		-		10		-		kd		-		6,650,927		2,371,220		14		85888		5660		0.8510091901		351.80		92.91

		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

		Searching the tree: data from the ANNCorbaServer

		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		Notes

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

		5		10		0		kd		std		500,000		178,029		1				12425				0		910		1.82

		5		10		0		kd		std		2,500,000		890,145		5				40956				0		4393		1.7572

		5		10		0		kd		std		5,000,000		1,780,290		10				75154				0		8760		1.752

		5		10		0		kd		std		6,650,927		2,371,220		14								0				0
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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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Bucket size = 10

kd std

kd pri

bd std
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bf 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		SZ

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

		-		-		-		-		-		500,000		178,029		1		9120		3		0.006		37.36

		-		-		-		-		-		2,500,000		890,145		5		30957		18		0.0072		126.80

		-		-		-		-		-		5,000,000		1,780,290		10		56737		39		0.0078		232.39

		-		-		-		-		-		6,650,927		2,371,220		14		63206		48		0.0072170391		258.89

		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		SZ		Net tree SZ

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

		-		10		-		kd		-		500,000		178,029		1		11299		290		0.58		46.28		8.93

		-		10		-		kd		-		2,500,000		890,145		5		39776		1796		0.7184		162.92		36.12

		-		10		-		kd		-		5,000,000		1,780,290		10		73933		3986		0.7972		302.83		70.43

		-		10		-		kd		-		6,650,927		2,371,220		14		85888		5660		0.8510091901		351.80		92.91

		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

		Searching the tree: data from the ANNCorbaServer

		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		Notes

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

		5		10		0		kd		std		500,000		178,029		1				12425				0		910		1.82

		5		10		0		kd		std		2,500,000		890,145		5				40956				0		4393		1.7572

		5		10		0		kd		std		5,000,000		1,780,290		10				75154				0		8760		1.752

		5		10		0		kd		std		6,650,927		2,371,220		14								0				0
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T recl. / T non-recl.

kd-tree | dim = 4 | bucket size =10 | nn = 5 | eps =0 | search algo. = std

T Non-reclustered DB

T Reclustered DB

T recl. / T non-recl.

Num Objs

Time/Obj (ms)
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kd-tree | dim = 4 | bucket size =10

n log(n) complexity

Building the tree

Reclustering DB

Num Objs

Time/Obj (ms)

Building the tree and Recluster the DB
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kd-tree | dim = 4 | bucket size =10

Tree

Wrapper (+ Objy)

Total

Num Objs

RAM Usage (MBytes)

Memory usage to build the tree
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Memory usage for a bucket size = 10

Num Objs

RAM Usage (MBytes)

Total memory usage after building the tree
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std search | kd-tree | dim = 4 | bucket size =10

n log(n) complexity

Building the tree

Searching the tree

Num Objs

Time/Obj (ms)

Building and Searching the tree
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0
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0
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		932		932		932		932		932

		11670		11670		11670		11670		11670

		47497		47497		47497		47497		47497

		143860		143860		143860		143860		143860

		977748		977748		977748		977748		977748



Bucket size = 10

kd std

kd pri

bd std

bd pri

bf std

Num Objs

Time/Obj (ms)

Search time

1.1456628478

1.3093289689

1.1456628478

1.1456628478

11.4566284779

1.6094420601

1.6094420601

1.3948497854

1.2875536481

17.4892703863

2.9562982005

2.8449014567

2.8191945159

2.5621251071

222.4935732648

4.0423605701

3.7286565467

3.9560393288

3.3686338085

1466.3178727077

4.7212567774

3.9343806479

4.6573057139

4.2339774781

5.1839533295

4.5746961385

5.094257416

4.3408935636
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T recl. / T non-recl.

T Non-reclustered DB

T Reclustered DB

T recl. / T non-recl.

Num Objs

Time/Obj (ms)

Search time
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