
User	
  Defined	
  Extensions	
  in	
  Ver0ca
Ver$ca’s	
  broad	
  array	
  of	
  User	
  Defined	
  capabili$es	
  (Func$ons,	
  
Transforms,	
  Aggregates,	
  Analy$cs,	
  and	
  Loading)	
  bring	
  the	
  power	
  
and	
  flexibility	
  of	
  procedural	
  code	
  closer	
  to	
  the	
  data	
  –	
  be	
  it	
  
structured,	
  semi-­‐structured,	
  or	
  unstructured	
  –	
  fully	
  leveraging	
  the	
  
parallel	
  compute	
  environment	
  of	
  the	
  Ver$ca	
  plaHorm.	
  	
  User	
  
Defined	
  Extensions	
  run	
  in-­‐process	
  for	
  maximum	
  efficiency,	
  or	
  
fenced	
  for	
  addi$onal	
  control.	
  	
  In	
  either	
  mode,	
  Ver$ca’s	
  user	
  
interface	
  makes	
  it	
  easy	
  to	
  deploy	
  and	
  use	
  procedural	
  extensions,	
  
encouraging	
  maintainable	
  opera$onal	
  prac$ces	
  and	
  promo$ng	
  
code	
  reuse.	
  

Procedural	
  vs.	
  Declara0ve	
  
For	
  many	
  people,	
  it	
  is	
  easier	
  to	
  approach	
  a	
  solu$on	
  procedurally,	
  
thinking	
  of	
  the	
  steps	
  required	
  to	
  break	
  the	
  task	
  into	
  a	
  sequence	
  of	
  
ac$ons.	
  	
  By	
  contrast,	
  SQL	
  is	
  a	
  declara$ve	
  language,	
  where	
  the	
  
operator	
  states	
  the	
  required	
  outcome,	
  and	
  the	
  database	
  develops	
  
an	
  op$mal	
  procedure	
  and	
  efficiently	
  computes	
  the	
  answer.	
  	
  
Ver$ca’s	
  Op$mizer	
  is	
  no	
  excep$on	
  –	
  it	
  understands	
  how	
  the	
  data	
  
is	
  distributed	
  about	
  the	
  cluster,	
  the	
  most	
  cost	
  effec$ve	
  join	
  order,	
  
and	
  generates	
  highly	
  efficient	
  query	
  plans	
  (the	
  steps	
  in	
  a	
  
procedure).	
  	
  Nevertheless,	
  some	
  opera$ons	
  are	
  difficult	
  or	
  tedious	
  
to	
  express	
  in	
  SQL,	
  especially	
  when	
  the	
  inputs	
  are	
  unstructured	
  or	
  
semi-­‐structured.	
  	
  For	
  cases	
  where	
  procedural	
  language	
  is	
  more	
  
natural,	
  User	
  Defined	
  Extensions	
  are	
  the	
  natural	
  choice.

Code	
  Maintenance	
  and	
  Reuse
SQL	
  requires	
  a	
  schema	
  to	
  organize	
  the	
  data,	
  while	
  procedural	
  code	
  
allows	
  the	
  author	
  the	
  flexibility	
  to	
  manipulate	
  the	
  data	
  arbitrarily.	
  	
  
Each	
  has	
  advantages.	
  	
  User	
  Defined	
  Extensions	
  have	
  clearly	
  defined	
  
inputs	
  and	
  outputs,	
  which	
  Ver$ca	
  presents	
  in	
  searchable	
  tables.	
  	
  
Ver$ca	
  automates	
  physical	
  design	
  and	
  op$mally	
  marshals	
  
arbitrarily	
  large	
  input	
  and	
  output	
  streams.	
  	
  This	
  creates	
  
opportuni$es	
  for	
  Ver$ca’s	
  Op$mizer	
  to	
  efficiently	
  schedule	
  
procedures	
  into	
  the	
  most	
  cost	
  effec$ve	
  phase	
  of	
  a	
  query	
  plan,	
  
exploi$ng	
  parallelism	
  without	
  compromising	
  correctness	
  of	
  results. 	
  	
  
User	
  Defined	
  extensions	
  scale	
  to	
  fit	
  the	
  data	
  footprint,	
  while	
  the	
  
author	
  is	
  free	
  to	
  focus	
  on	
  the	
  solu$on.	
  Hence,	
  the	
  organized	
  nature	
  
of	
  a	
  rela$onal	
  system	
  encourages	
  maintainability	
  and	
  code	
  reuse,	
  
with	
  uncompromised	
  scale.

Log	
  Parsing	
  –	
  A	
  Prac0cal	
  Example
One	
  of	
  the	
  examples	
  within	
  the	
  Ver$ca	
  SDK	
  (included	
  in	
  the	
  base	
  
Ver$ca	
  distribu$on)	
  is	
  an	
  Apache	
  Web	
  Log	
  parser.	
  	
  This	
  provides	
  a	
  
simple	
  way	
  to	
  demonstrate	
  the	
  marriage	
  of	
  procedural	
  code	
  with	
  
SQL,	
  as	
  well	
  as	
  demonstra$ng	
  how	
  easy	
  it	
  is	
  to	
  bring	
  parallel	
  
execu$on	
  close	
  to	
  data.
Ver$ca	
  distributes	
  procedures	
  to	
  each	
  node	
  in	
  the	
  cluster,	
  managing	
  
version	
  control	
  and	
  ensuring	
  that	
  if	
  nodes	
  are	
  down,	
  they	
  will	
  get	
  the	
  
updated	
  procedures	
  when	
  they	
  are	
  next	
  online.	
  	
  Registering	
  a	
  
procedure	
  is	
  simple:

CREATE LIBRARY TransformFunctions AS <path_to_file>;

CREATE TRANSFORM FUNCTION ApacheParser

  NAME 'ApacheParserFactory'

  LIBRARY TransformFunctions;

Recall	
  that	
  Ver$ca	
  automates	
  physical	
  design.	
  	
  A	
  developer	
  who	
  is	
  
familiar	
  with	
  procedural	
  languages	
  doesn’t	
  need	
  to	
  learn	
  DBA	
  skills	
  
to	
  leverage	
  the	
  power	
  and	
  parallelism	
  of	
  a	
  Ver$ca	
  cluster.	
  	
  Loading	
  
semi-­‐structured	
  data	
  into	
  Ver$ca	
  is	
  easy:

CREATE TABLE raw_logs (data VARCHAR(64000));

COPY raw_logs FROM <path_to_file>;

Now	
  that	
  we	
  have	
  our	
  parser	
  library	
  loaded	
  and	
  our	
  raw	
  log	
  data	
  
available,	
  we’re	
  ready	
  to	
  run	
  arbitrary	
  queries	
  as	
  if	
  the	
  log	
  data	
  were	
  
structured.	
  	
  Recall	
  that	
  registering	
  our	
  library	
  informs	
  Ver$ca	
  of	
  the	
  
inputs	
  and	
  outputs	
  of	
  our	
  User	
  Defined	
  Extension.	
  	
  We	
  can	
  either	
  
create	
  a	
  table	
  as	
  select	
  (CTAS)	
  through	
  the	
  ApacheParser,	
  or	
  skip	
  the	
  
intermediate	
  step	
  and	
  query	
  the	
  raw_logs	
  directly	
  through	
  the	
  
ApacheParser	
  as	
  if	
  it	
  were	
  structured	
  data	
  –	
  in	
  either	
  case,	
  column	
  
names	
  are	
  provided	
  by	
  the	
  User	
  Defined	
  Transform,	
  e.g.:

SELECT COUNT( user_agent ), user_agent

  FROM (SELECT ApacheParser(data)

  OVER (PARTITION BY 1) FROM raw_logs) AS x

  WHERE response_code = '304'

  GROUP BY 2 ORDER BY 1 DESC LIMIT 5;
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count user_agent

2752 Mozilla/5.0	
  (Macintosh;	
  Intel	
  Mac	
  OS	
  X	
  10.7;	
  rv:8.0.1)	
  Gecko/
20100101	
  Firefox/8.0.1

1898 Mozilla/5.0	
  (Windows	
  NT	
  6.1;	
  WOW64;	
  rv:8.0)	
  Gecko/20100101	
  
Firefox/8.0

803 Mozilla/5.0	
  (Macintosh;	
  Intel	
  Mac	
  OS	
  X	
  10.6;	
  rv:8.0.1)	
  Gecko/
20100101	
  Firefox/8.0.1

584 Mozilla/5.0	
  (Windows	
  NT	
  6.1;	
  WOW64;	
  rv:8.0.1)	
  Gecko/
20100101	
  Firefox/8.0.1

493 Mozilla/5.0	
  (Windows	
  NT	
  5.1;	
  rv:8.0)	
  Gecko/20100101	
  Firefox/
8.0

In	
  this	
  case,	
  we’re	
  ranking	
  the	
  browsers	
  according	
  to	
  a	
  specific	
  
response	
  code,	
  but	
  it	
  would	
  be	
  just	
  as	
  easy	
  to	
  query	
  on	
  any	
  other	
  
rela$on	
  that	
  may	
  interest	
  us.	
  	
  This	
  type	
  of	
  func$on	
  	
  could	
  easily	
  
serve	
  as	
  input	
  to	
  Ver$ca’s	
  built	
  in	
  sessioniza$on	
  capabili$es,	
  so	
  
that	
  we	
  could	
  assign	
  a	
  Session	
  ID	
  to	
  each	
  individual	
  visi$ng	
  our	
  
web	
  site,	
  and	
  further	
  use	
  Palern	
  Matching	
  and	
  Event	
  Series	
  Joins	
  
to	
  iden$fy	
  and	
  rank	
  the	
  click	
  paths	
  that	
  lead	
  to	
  unique	
  outcomes.	
  	
  
Our	
  scope	
  here	
  is	
  primarily	
  the	
  User	
  Defined	
  Extensions,	
  rather	
  
than	
  the	
  built-­‐in,	
  so	
  we’ll	
  con$nue	
  with	
  our	
  example.

Window	
  Func0ons	
  and	
  Parallelism
A	
  keen	
  reader	
  may	
  note	
  the	
  PARTITION	
  BY	
  clause	
  in	
  the	
  above	
  
SQL.	
  	
  Ver$ca	
  draws	
  a	
  dis$nc$on	
  between	
  User	
  Defined	
  Func%ons	
  
(which	
  take	
  one	
  row	
  of	
  input	
  for	
  each	
  row	
  of	
  output	
  they	
  produce)	
  
vs.	
  User	
  Defined	
  Transforms	
  (which	
  take	
  an	
  arbitrary	
  number	
  of	
  
rows	
  for	
  input,	
  and	
  emit	
  an	
  arbitrary	
  number	
  of	
  rows).	
  	
  The	
  
dis$nc$on	
  is	
  not	
  a	
  maler	
  of	
  performance;	
  both	
  Extension	
  types	
  
have	
  a	
  setup	
  phase,	
  independent	
  from	
  itera$on,	
  so	
  they	
  need	
  not	
  
be	
  called	
  mul$ple	
  $mes	
  to	
  process	
  mul$ple	
  lines.	
  	
  Instead,	
  the	
  
PARTION	
  BY	
  clause	
  is	
  specific	
  to	
  Transforms,	
  and	
  tells	
  Ver$ca	
  
which	
  rows	
  belong	
  together	
  within	
  an	
  instance	
  of	
  the	
  procedure	
  
the	
  transform	
  applies.

Consider	
  a	
  simple	
  aggregate	
  transform	
  [e.g.	
  compu$ng	
  a	
  weighted	
  
average]	
  as	
  an	
  example.	
  	
  By	
  par$$oning	
  by	
  “symbol”	
  in	
  a	
  stock	
  
$cker	
  table,	
  each	
  instan$a$on	
  of	
  our	
  weighted	
  average	
  func$on	
  
operates	
  over	
  the	
  prices	
  corresponding	
  to	
  a	
  par$cular	
  $cker	
  
symbol.	
  	
  Ver$ca’s	
  Op$mizer	
  is	
  aware	
  that	
  our	
  table	
  contains	
  
mul$ple	
  symbols,	
  so	
  Ver$ca	
  is	
  able	
  to	
  scale	
  the	
  throughput	
  by	
  
running	
  mul$ple	
  threads	
  of	
  this	
  transform.

Our	
  ApacheParser	
  is	
  a	
  Transform,	
  but	
  internally	
  each	
  line	
  it	
  
processes	
  is	
  handled	
  independently.	
  	
  Therefore,	
  we	
  can	
  safely	
  
par$$on	
  the	
  collec$on	
  of	
  input	
  rows	
  arbitrarily,	
  and	
  s$ll	
  get	
  
correct	
  output	
  rows.	
  	
  Therefore,	
  we	
  can	
  safely	
  create	
  an	
  arbitrary	
  

number	
  of	
  par$$ons,	
  and	
  Ver$ca	
  will	
  then	
  have	
  opportuni$es	
  to	
  
run	
  mul$ple	
  threads	
  of	
  our	
  Transform	
  in	
  parallel,	
  e.g.:

SELECT COUNT( user_agent ), user_agent
  FROM (SELECT ApacheParser(data)
  OVER (PARTITION BY HASH(SUBSTR(data,1,20)))
    FROM raw_logs) AS x
  WHERE response_code = '304'
  GROUP BY 2 ORDER BY 1 DESC LIMIT 5;

This	
  par$$oning	
  tells	
  Ver$ca	
  to	
  look	
  at	
  the	
  first	
  20	
  characters	
  of	
  
each	
  raw	
  log	
  line,	
  and	
  use	
  a	
  hash	
  of	
  those	
  characters	
  to	
  group	
  log	
  
lines	
  into	
  a	
  par$$on.	
  	
  Each	
  thread	
  of	
  the	
  ApacheParser	
  will	
  
consume	
  one	
  or	
  more	
  par$$ons	
  of	
  the	
  raw_logs.	
  	
  Of	
  course	
  the	
  
result	
  of	
  our	
  func$on	
  is	
  iden$cal	
  to	
  the	
  above	
  example;	
  we’ve	
  
simply	
  allowed	
  Ver$ca	
  the	
  opportunity	
  to	
  take	
  advantage	
  of	
  more	
  
CPU	
  cores	
  across	
  our	
  cluster.

On	
  review	
  of	
  the	
  above	
  query,	
  Ver$ca’s	
  Database	
  Designer	
  
recommends	
  (and	
  op$onally	
  automa$cally	
  implements)	
  the	
  
following	
  change	
  to	
  the	
  raw_logs	
  table:

CREATE TABLE raw_logs (data VARCHAR(64000))

  SEGMENTED BY HASH(SUBSTR(data,1,20)) ALL NODES;

This	
  op$miza$on	
  applies	
  the	
  same	
  distribu$on	
  to	
  the	
  data	
  that	
  
Database	
  Designer	
  observed	
  in	
  a	
  query	
  against	
  this	
  table.	
  	
  The	
  
results:

• Lines	
  of	
  raw	
  log	
  data	
  are	
  op$mally	
  distributed	
  across	
  the	
  
cluster	
  nodes	
  as	
  they	
  are	
  loaded	
  into	
  the	
  database

• Ver$ca’s	
  Op$mizer	
  now	
  has	
  the	
  opportunity	
  to	
  schedule	
  
threads	
  of	
  ApacheParser	
  on	
  each	
  cluster	
  node,	
  and	
  feed	
  
each	
  thread	
  with	
  log	
  lines	
  that	
  are	
  local	
  to	
  that	
  node.	
  	
  
This	
  minimizes	
  the	
  network	
  traffic	
  between	
  nodes,	
  
reducing	
  the	
  cost	
  of	
  the	
  query.

Simple.	
  Fast.	
  Efficient.
Ver$ca’s	
  User	
  Defined	
  Extension	
  framework	
  combines	
  the	
  
intui$ve	
  nature	
  of	
  procedural	
  code	
  with	
  the	
  maintainability	
  and	
  
opera$onal	
  efficiencies	
  which	
  dis$nguish	
  Ver$ca	
  as	
  the	
  leading	
  
Analy$c	
  Database	
  PlaHorm.	
  	
  Structured,	
  semi-­‐structured,	
  and	
  
unstructured	
  data	
  become	
  directly	
  addressable	
  within	
  Ver$ca.	
  	
  
Just	
  like	
  SQL	
  opera$ons,	
  User	
  Defined	
  Extensions	
  work	
  hand-­‐in-­‐
glove	
  with	
  Ver$ca’s	
  Database	
  Designer,	
  column	
  aware	
  Op$mizer	
  
and	
  “scale-­‐out”	
  architecture	
  to	
  seamlessly	
  scale	
  both	
  procedural	
  
and	
  declara$ve	
  execu$on	
  to	
  meet	
  the	
  requirements	
  of	
  any	
  size	
  
data	
  footprint	
  or	
  analy$c	
  workload.
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