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Numerous	
   fields	
   require	
   large-­‐scale	
   paHern	
   recogni;on	
   to	
  
achieve	
   a	
   variety	
   of	
   computa;onal	
   goals.	
   Scalability	
   of	
  
systems	
   designed	
   for	
   numerical	
   paHern	
   recogni;on	
   oKen	
  
involve	
   complex	
   distributed	
   architectures,	
   custom	
   data	
  
structures,	
   and	
   distributed	
   programming.	
   Tradi;onal	
   DBMS	
  
na;vely	
  provide	
  cost-­‐effec;ve	
  scalable	
  data	
  access	
  solu;ons.	
  
However,	
   DBMS	
   systems	
   are	
   not	
   designed	
   for	
   high-­‐
performance	
  numerical	
   computa;on	
  tasks.	
   In	
  contrast,	
  GPU	
  
hardware	
   is	
   specifically	
   designed	
   for	
   massively	
   parallel	
  
computa;onal	
   tasks.	
   To	
   achieve	
   a	
   scalable,	
   cost-­‐effec;ve	
  
architecture	
   for	
   large-­‐scale	
   paHern	
   recogni;on	
   we	
   have	
  
developed	
   a	
   novel	
   integra;on	
   of	
   GPU	
   hardware	
   into	
   the	
  
PostgreSQL	
  DBMS.	
  	
  

Large-­‐Scale	
  PaHern	
  Recogni;on	
  Using	
  GPU-­‐accelerated	
  Rela;onal	
  Database	
  	
  

•  Database	
  server	
  programming	
  interface	
  (SPI)	
  
•  DB	
  func;on	
  calls,	
  paHernMatch(<table_expression>,	
  

<numerical_paHern>)	
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•  Cost	
  effec;ve	
  solu;on	
  for	
  massively	
  scaled	
  
heterogeneous	
  data	
  analy/cs	
  

•  Efficient	
  data	
  access	
  and	
  storage	
  
•  Numerical	
  PaHern	
  Data	
  
•  Spa;al	
  Data	
  
•  Rela;onal	
  Data	
  
•  …	
  and	
  more	
  

•  DBMS	
  as	
  a	
  Data	
  Science	
  Engine 	
  	
  
•  Leverage	
  familiar	
  SQL	
  syntax	
  
•  Numerical	
  computa;on	
  results	
  as	
  table	
  
expressions	
  

•  Filtering	
  via	
  rela;onal	
  /	
  spa;al	
  operators	
  
•  Pre-­‐filter	
  paHern	
  data	
  
•  Post-­‐filter	
  paHern	
  analysis	
  results	
  

•  Add	
  computa;onal	
  
paHern	
  analysis	
  

•  GPU	
  +	
  Server	
  
programming	
  interface	
  
(SPI)	
  

•  SPI	
  extends	
  database	
  
backend	
  (C)	
  

•  GPU-­‐based	
  paHern	
  
analysis	
  library	
  (CUDA)	
  

•  Func;on	
  interface	
  
provide	
  output	
  table	
  
expressions	
  within	
  the	
  
SQL	
  environment	
  

•  PaHern	
  data	
  from	
  an	
  
incoming	
  table	
  
expression	
  

•  Par;;oned	
  into	
  GPU	
  
grids	
  

•  Mul;ple	
  grids	
  can	
  be	
  
used	
  for	
  large-­‐scale	
  
paHern	
  analysis	
  

•  GPU	
  kernel	
  invoked	
  per-­‐
grid,	
  matching	
  query	
  
paHern	
  against	
  paHern	
  
data	
  set	
  

•  Global	
  results	
  are	
  
accumulated	
  across	
  all	
  
grids	
  via	
  SPI	
  library	
  code	
  

//Obtain	
  the	
  id	
  associated	
  with	
  a	
  pa1ern	
  at	
  the	
  current	
  row	
  
Datum	
  id	
  =	
  SPI_getbinval(SPI_tuptable-­‐>vals[i],	
  SPI_tuptable-­‐
>tupdesc,	
  1,	
  &is_null);	
  
	
  
//	
  Obtain	
  a	
  pa1ern	
  from	
  the	
  database	
  at	
  the	
  current	
  row	
  
Datum	
  raw_float4_array	
  =	
  SPI_getbinval(SPI_tuptable-­‐>vals[i],	
  
SPI_tuptable-­‐>tupdesc,	
  2,	
  &is_null);	
  
ArrayType	
  *pg_array	
  =	
  DatumGetArrayTypeP(raw_float4_array);	
  
...	
  
//Find	
  current	
  posi7on	
  in	
  the	
  bulkPa1ern	
  array	
  and	
  copy	
  pa1ern	
  
const	
  size_t	
  bulkPaHernOffset	
  =bulkPaHernRecord	
  *	
  paHernSize;	
  
float	
  *	
  bulkPaHernLoca;on	
  =	
  bulkPaHern	
  +	
  bulkPaHernOffset	
  
memcpy((void	
  *)	
  bulkPaHernLoca;on,	
  (void	
  *)	
  
ARR_DATA_PTR(pg_array),	
  paHernSize*sizeof(float));	
  
…	
  
//Call	
  the	
  module	
  that	
  calls	
  the	
  kl-­‐divergence	
  cuda	
  func7on	
  
bool	
  cudaOk	
  =	
  klDivergenceCudaBulkMatch(0,	
  bulkPaHerns,	
  paHern,	
  
bulkPaHernRecord,	
  paHernSize,	
  bulkDiffResults);	
  
…	
  

__global__	
  void	
  kl_divergence	
  (const	
  float	
  *bulkPDF,	
  const	
  float	
  *	
  	
  	
  	
  	
  	
  	
  	
  	
  
queryPDF,	
  float	
  *difference,const	
  int	
  bulkPDFSizeRows,const	
  int	
  
queryPDFSize)	
  
{	
  	
  
	
  	
  const	
  int	
  pos	
  =	
  blockIdx.x	
  *	
  blockDim.x	
  +	
  threadIdx.x;	
  
	
  	
  	
  	
  if	
  (bulkPDFSizeRows	
  <=	
  pos)	
  return;	
  
	
  	
  	
  	
  __shared__	
  float	
  diff[1024]	
  
	
  	
  	
  	
  __shared__	
  int	
  dataPosi;on[1024];	
  
	
  	
  dataPosi;on[threadIdx.x]	
  =	
  pos	
  *	
  queryPDFSize;	
  
	
  	
  	
  int	
  i	
  =	
  0;	
  
	
  	
  	
  for	
  (i	
  =	
  0;	
  i	
  <	
  queryPDFSize;	
  ++i)	
  {	
  
	
  	
  	
  	
  	
  if	
  (queryPDF[i]	
  >	
  0	
  &&	
  bulkPDF[dataPosi;on[threadIdx.x]]	
  >	
  0)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  diff[threadIdx.x]	
  +=	
  	
  queryPDF[i]	
  *	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  log(queryPDF[i]	
  bulkPDF[dataPosi;on[threadIdx.x]++]);	
  
	
  	
  	
  difference[pos]	
  =	
  diff[threadIdx.x];	
  
}	
  

PaHern	
  Analysis	
  Kernels	
  
•  L_1	
  
•  L_2	
  
•  KL-­‐

Divergence	
  
	
  
KL-­‐Divergence	
  
measures	
  the	
  
differences	
  
between	
  
probability	
  
distribu7on	
  
func7ons	
  (PDF).	
  	
  

We	
   are	
   focused	
   on	
   expanding	
   the	
   use	
   of	
   the	
   DSE	
   into	
   various	
  	
  
computa;onally	
   intensive	
   paHern	
   analysis	
   fields,	
   such	
   as	
   biometrics,	
  
computer	
   vision,	
   and	
   bioinforma;cs.	
   We	
   believe	
   the	
   use	
   of	
   the	
   DSE's	
  
novel	
   and	
   scalable	
   heterogeneous	
   data	
   analy;cal	
   capabili;es	
   will	
   find	
  
wide-­‐spread	
   applicability	
   in	
   a	
   number	
   of	
   fields.	
   The	
   advantages	
   of	
  
backend	
  database	
  integra;on	
  using	
  the	
  GPGPU	
  to	
  handle	
  data	
  provides	
  
a	
   efficient,	
   cost-­‐effec;ve,	
   and	
   reliable	
   data	
   analysis	
   plaoorm.	
   We	
   are	
  
con;nuing	
  to	
  advance	
  the	
  scalability	
  of	
  the	
  DSE	
  through	
  the	
  explora;on	
  
of	
   distributed	
   database	
   system	
   which	
   will	
   include	
   our	
   novel	
   GPU	
  
integra;ons	
  in	
  the	
  DBMS.	
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