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You	
  might	
  just	
  be	
  surprised	
  

Just	
  how	
  fast	
  is	
  Impala?
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How	
  fast	
  is	
  Impala?
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“DeWiR	
  Clause”	
  prohibits	
  using	
  
DBMS	
  vendor	
  name

http://en.wikipedia.org/wiki/David_DeWitt


Running	
  with	
  Impala

Prac7cal	
  Performance
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Pre-­‐execu6on	
  Checklist

•Data	
  types	
  
•Par77oning	
  
•File	
  Format
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Data	
  Type	
  Choices

•Define	
  integer	
  columns	
  as	
  INT/BIGINT	
  
•Opera7ons	
  on	
  INT/BIGINT	
  more	
  efficient	
  than	
  STRING	
  

•Convert	
  “external”	
  data	
  to	
  good	
  “internal”	
  types	
  on	
  load	
  
•e.g.	
  CAST	
  date	
  strings	
  to	
  TIMESTAMPS	
  
•This	
  avoids	
  expensive	
  CASTs	
  in	
  queries	
  later
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Par66oning

•“The	
  fastest	
  I/O	
  is	
  the	
  one	
  that	
  never	
  takes	
  place.”	
  
•Understand	
  your	
  query	
  filter	
  predicates	
  

• For	
  7me-­‐series	
  data,	
  this	
  is	
  usually	
  the	
  date/7mestamp	
  column	
  
•Use	
  this/these	
  column(s)	
  for	
  a	
  par77on	
  key(s)	
  

•Validate	
  queries	
  leverage	
  par77on	
  pruning	
  using	
  EXPLAIN	
  
•You	
  can	
  have	
  too	
  much	
  of	
  a	
  good	
  thing	
  

•A	
  few	
  thousand	
  par77ons	
  per	
  table	
  is	
  probably	
  OK	
  
•Tens	
  of	
  thousands	
  par77ons	
  is	
  probably	
  too	
  much	
  
•Par77ons/Files	
  should	
  be	
  no	
  less	
  than	
  a	
  few	
  hundred	
  MBs
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Par66on	
  Pruning	
  in	
  EXPLAIN

explain  
select count(*) 
from sales_fact  
where sold_date in('2000-01-01','2000-01-02'); 
!

— Partition Pruning (partitioned table) 
0:SCAN HDFS 
   table=grahn.sales_fact #partitions=2 size=803.15MB 
   tuple ids: 0 
!

— Filter Predicate (non-partitioned table) 
0:SCAN HDFS 
   table=grahn.sales_fact #partitions=1 size=799.42MB 
   predicates: sold_date IN ('2000-01-01', '2000-01-02')  
   tuple ids: 0

!9

Note	
  the	
  par77on	
  count	
  
and	
  missing	
  “predicates”	
  
filter	
  due	
  to	
  parse	
  7me	
  

par77on	
  pruning



What	
  format	
  is	
  op7mal	
  for	
  Impala?

File	
  Format	
  Choices
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Which	
  HDFS	
  file	
  format	
  offers	
  the	
  best	
  performance	
  for	
  
Impala	
  queries?

	
  Text

	
  RCFile

	
  SequenceFile

	
  Parquet	
  Format
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Which	
  HDFS	
  file	
  format	
  offers	
  the	
  best	
  performance	
  for	
  
Impala	
  queries?

	
  Text

	
  RCFile

	
  SequenceFile

	
  Parquet	
  Format
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Why	
  use	
  Parquet	
  Columnar	
  Format	
  for	
  HDFS?

•Well	
  defined	
  open	
  format	
  -­‐	
  hRp://parquet.io/	
  
•Works	
  in	
  Impala,	
  Pig,	
  Hive	
  &	
  Map/Reduce	
  

• I/O	
  reduc7on	
  by	
  only	
  reading	
  necessary	
  columns	
  
•Columnar	
  layout	
  compresses/encodes	
  beRer	
  
•Supports	
  nested	
  data	
  by	
  shredding	
  columns	
  

•Uses	
  techniques	
  used	
  by	
  Google’s	
  ColumnIO	
  	
  
• Impala	
  loads	
  use	
  Snappy	
  compression	
  by	
  default	
  

•Gzip	
  available:	
  set	
  PARQUET_COMPRESSION_CODEC=gzip;	
  
•Quick	
  word	
  on	
  Snappy	
  vs.	
  Gzip

!14

http://parquet.io/
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Quick	
  Note	
  on	
  Compression

•Snappy	
  
• Faster	
  compression/decompression	
  speeds	
  
• Less	
  CPU	
  cycles	
  
• Lower	
  compression	
  ra7o	
  

•Gzip/Zlib	
  
• Slower	
  compression/decompression	
  speeds	
  	
  
•More	
  CPU	
  cycles	
  
•Higher	
  compression	
  ra7o	
  

• It’s	
  all	
  about	
  trade-­‐offs
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It’s	
  all	
  about	
  the	
  compression	
  codec

Compressed	
  
with	
  Snappy

Compressed	
  
with	
  Gzip

Hortonworks	
  graphic	
  fails	
  to	
  
call	
  out	
  that	
  different	
  codecs	
  are	
  
used.	
  Gzip	
  compresses	
  beRer	
  than	
  

Snappy,	
  but	
  we	
  all	
  knew	
  
that.

!16

Source:	
  hRp://hortonworks.com/blog/orcfile-­‐in-­‐hdp-­‐2-­‐beRer-­‐compression-­‐beRer-­‐performance/

http://hortonworks.com/blog/orcfile-in-hdp-2-better-compression-better-performance/


Copyright © 2013 Cloudera Inc. All rights reserved.

TPC-­‐DS	
  500GB	
  Scale	
  Factor

% of Original Size - Lower is Better

Snappy

Gzip

0 0.088 0.175 0.263 0.35

27.4%

34.8%

26.9%

32.3%

Parquet
ORCFile
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Using	
  the	
  same	
  
compression	
  codec	
  

produces	
  
comparable	
  results	
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What	
  happens	
  behind	
  the	
  scenes

Query	
  Execu7on
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LeV-­‐Deep	
  Join	
  Tree

⨝

⨝

R1 R2

⨝

R3

R4

•The	
  largest*	
  table	
  should	
  be	
  
listed	
  first	
  in	
  the	
  FROM	
  clause	
  

•Joins	
  are	
  done	
  in	
  the	
  order	
  
tables	
  are	
  listed	
  in	
  FROM	
  
clause	
  

•Filter	
  early	
  -­‐	
  most	
  selec7ve	
  
joins/tables	
  first	
  

•v1.2.1	
  will	
  do	
  JOIN	
  ordering
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Two	
  Types	
  of	
  Hash	
  Joins

•Default	
  hash	
  join	
  type	
  is	
  BROADCAST	
  (aka	
  replicated)	
  
•Each	
  node	
  ends	
  up	
  with	
  a	
  copy	
  of	
  the	
  right	
  table(s)*	
  
• Les	
  side,	
  read	
  locally	
  and	
  streamed	
  through	
  local	
  hash	
  join(s)	
  
•Best	
  choice	
  for	
  “star	
  join”,	
  single	
  large	
  fact	
  table,	
  mul7ple	
  small	
  dims	
  

•Alternate	
  hash	
  join	
  type	
  is	
  SHUFFLE	
  (aka	
  par77oned)	
  
•Right	
  side	
  hashed	
  and	
  shuffled;	
  each	
  node	
  gets	
  ~1/Nth	
  the	
  data	
  
• Les	
  side	
  hashed	
  and	
  shuffled,	
  then	
  streamed	
  through	
  join	
  
•Best	
  choice	
  for	
  “large_table	
  JOIN	
  large_table”	
  
•Only	
  available	
  if	
  ANALYZE	
  was	
  used	
  to	
  gather	
  table/column	
  stats*
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Hin6ng	
  Joins

select ...  
from large_fact  
join [broadcast] small_dim 
!

!

select ...  
from large_fact  
join [shuffle] large_dim 
!

*square brackets required

!22
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explain  
select  
  c_preferred_cust_flag, 
  count(*) 
from store_sales  
join customer on (ss_customer_sk = c_customer_sk) 
group by  
  c_preferred_cust_flag; 
!
2:HASH JOIN                           
|  join op: INNER JOIN (PARTITIONED)  
|  hash predicates:                   
|    ss_customer_sk = c_customer_sk   
|  tuple ids: 0 1                     
|                                     
|----5:EXCHANGE                       
|       tuple ids: 1                  
|                                     
4:EXCHANGE                            
tuple ids: 0                       

Determining	
  Join	
  Type	
  From	
  EXPLAIN
explain  
select  
  s_state, 
  count(*) 
from store_sales  
join store on (ss_store_sk = s_store_sk) 
group by  
  s_state; 
!
2:HASH JOIN                        
|  join op: INNER JOIN (BROADCAST) 
|  hash predicates:                
|    ss_store_sk = s_store_sk      
|  tuple ids: 0 1                  
|                                  
|----4:EXCHANGE                    
|       tuple ids: 1               
|                                  
0:SCAN HDFS                        
  table=tpcds.store_sales 
  tuple ids: 0                   
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Memory	
  Requirements	
  for	
  Joins	
  &	
  Aggregates

• Impala	
  does	
  not	
  “spill”	
  to	
  disk	
  -­‐-­‐	
  pipelines	
  are	
  in-­‐memory	
  
•Operators’	
  mem	
  usage	
  need	
  to	
  fit	
  within	
  the	
  memory	
  limit	
  
•This	
  is	
  not	
  the	
  same	
  as	
  “all	
  data	
  needs	
  to	
  fit	
  in	
  memory”	
  

•Buffered	
  data	
  generally	
  significantly	
  smaller	
  than	
  total	
  accessed	
  data	
  
•Aggrega7ons’	
  mem	
  usage	
  propor7onal	
  to	
  number	
  of	
  groups	
  

•Applies	
  for	
  each	
  in-­‐flight	
  query	
  (sum	
  of	
  total)	
  
•Minimum	
  of	
  128GB	
  of	
  RAM	
  is	
  recommended	
  for	
  impala	
  nodes
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Understanding	
  Operators	
  &	
  Data	
  Flow

⨝

⨝

R1 R2

⨝

R3

R4

•Data	
  is	
  streamed	
  directly	
  
between	
  operators	
  

•A	
  producer	
  can	
  only	
  send	
  data	
  
as	
  fast	
  as	
  the	
  consumer	
  can	
  
ingest	
  it	
  

•A	
  “slow”	
  operator	
  may	
  slow	
  
down	
  the	
  en7re	
  pipeline
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How	
  to	
  use	
  ANALYZE	
  in	
  the	
  Hive	
  shell

•Table	
  Stats	
  
•analyze	
  table	
  unpar66oned_tab	
  compute	
  sta7s7cs;	
  
•analyze	
  table	
  par66oned_tab	
  par77on(par66on_key)	
  compute	
  sta7s7cs;	
  

•Column	
  Stats	
  
•analyze	
  table	
  unpar66oned_tab	
  compute	
  sta7s7cs	
  for	
  columns	
  c1,c2,...	
  
•analyze	
  table	
  par66oned_tab	
  par77on(par66on_key)	
  
compute	
  sta7s7cs	
  for	
  columns	
  c1,c2,...
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Query	
  Execu6on	
  Walkthrough

select 
  s_state, 
  i_brand, 
  count(*) 
from store_sales 
join store on (ss_store_sk = s_store_sk) 
join item on (ss_item_sk = i_item_sk) 
where ss_list_price between 100.0 and 200.0 
  and s_state in ('CA', 'NY') 
  and i_brand = 'corpbrand #5' 
group by 
  1,2;
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Logical	
  Execu6on	
  Plan

2:HASH JOIN                                               
   join op: INNER JOIN (BROADCAST)                        
   hash predicates:                                       
     ss_store_sk = s_store_sk                             
   tuple ids: 0 1                                         

5:AGGREGATE
    output: COUNT(*)
    group by: s_state, i_brand
    tuple ids: 3 

0:SCAN HDFS
   table=tpcds.store_sales #partitions=1823 size=311.56GB
   predicates: ss_list_price >= 100.0, ss_list_price <= 200.0
   tuple ids: 0 

1:SCAN HDFS
   table=tpcds.store #partitions=1 size=117.75KB compact
   predicates: s_state IN ('CA', 'NY')
   tuple ids: 1 

(results)

4:HASH JOIN
   join op: INNER JOIN (BROADCAST)
   hash predicates:
     ss_item_sk = i_item_sk
   tuple ids: 0 1 2 

3:SCAN HDFS
   table=tpcds.item #partitions=1 size=34.03MB compact
   predicates: i_brand = 'corpbrand #5'
   tuple ids: 2 

	
  
1

2

3
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Query	
  Execu6on	
  Plan
  5:AGGREGATE 
  |  output: COUNT(*) 
  |  group by: s_state, i_brand 
  |   
  4:HASH JOIN 
  |  join op: INNER JOIN (BROADCAST) 
  |  hash predicates: 
  |    ss_item_sk = i_item_sk 
  |   
  |----7:EXCHANGE 
  |       tuple ids: 2  
  |     
  2:HASH JOIN 
  |  join op: INNER JOIN (BROADCAST) 
  |  hash predicates: 
  |    ss_store_sk = s_store_sk 
  |   
  |----6:EXCHANGE 
  |       tuple ids: 1  
  |     
  0:SCAN HDFS 
     table=tpcds.store_sales #partitions=1823 size=311.56GB 
     predicates: ss_list_price >= 100.0, ss_list_price <= 200.0
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A	
  great	
  resource	
  for	
  debug	
  informa7on

Impala	
  Debug	
  Web	
  Pages
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Monitoring	
  system	
  resources

What	
  is	
  the	
  hardware	
  doing?
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Using	
  collectl	
  +	
  colmux	
  (text	
  files)
$ colmux -address m05[10-14] -command "-scdn --dskopts i -i 2" -column host -reverse  

# Mon Oct 21 19:49:09 2013  Connected: 5 of 5 

#     <----CPU[HYPER]-----><---------------Disks----------------><----------Network----------> 

#Host cpu sys inter  ctxsw KBRead  Reads Size KBWrit Writes Size   KBIn  PktIn  KBOut  PktOut  

m0510  40   8 21850  28712  1083K   8701  128     22      2   15   2511   1842    146     563  

m0511  30   5 16607  23605  1081K   8596  134      0      0    0    267    541   2003    1507  

m0512  42   8 21950  28289  1066K   8546  128     38      2   19   2392   1763    198     566  

m0513  40   8 22608  28365  1085K   8693  128      0      0    0   2331   1718    210     580  

m0514  43   9 33925  29633  1084K   8609  129     18      1   18    996   1644   5571    4188  

!

!

Returned 100 row(s) in 283.22s 

!38

I/O	
  maxed	
  out	
  at	
  1GB/s	
  per	
  node
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Using	
  collectl	
  +	
  colmux	
  (parquet	
  format)
$ colmux -address m05[10-14] -command "-scdn --dskopts i -i 2" -column host -reverse  

# Mon Oct 21 19:59:43 2013  Connected: 5 of 5 

#     <----CPU[HYPER]-----><---------------Disks----------------><----------Network----------> 

#Host cpu sys inter  ctxsw KBRead  Reads Size KBWrit Writes Size   KBIn  PktIn  KBOut  PktOut  

m0510  59   2 13362  50547 155648   1219  128     28      3   11     32     38     10      47  

m0511  60   3 15997  51888 323776   2524  128      0      0    0     74     77     22      85  

m0512  59   3 14019  51875 217086   1701  128      0      0    0     44     51     17      64  

m0513  59   2 13917  51271 204420   1610  127      0      0    0     38     46     13      55  

m0514  56   2 14555  52411 252984   1981  128      0      0    0     78     99     21      89  

!

!

Returned 100 row(s) in 96.62s 

!

!

!39

Less	
  than	
  1/3	
  the	
  I/O	
  thanks	
  to	
  
Parquet	
  format

3x	
  query	
  speedup



Impala	
  performance	
  checklist	
  

Quick	
  Review
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Impala	
  Performance	
  Checklist

•Choose	
  appropriate	
  data	
  types	
  
•Leverage	
  par77on	
  pruning	
  
•Adopt	
  Parquet	
  format	
  
•Gather	
  table	
  &	
  column	
  stats	
  
•Order	
  JOINS	
  op7mally	
  
•Validate	
  JOIN	
  type	
  
•Monitor	
  hardware	
  resources

Automa7c	
  in	
  v1.2.1	
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Test	
  drive	
  Impala

• Impala	
  Community:	
  
•Download:	
  hRp://cloudera.com/impala	
  
•Github:	
  hRps://github.com/cloudera/impala	
  
•User	
  group:	
  impala-­‐user	
  on	
  groups.cloudera.org
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http://cloudera.com/impala
https://github.com/cloudera/impala
https://groups.google.com/a/cloudera.org/forum/?fromgroups%23!forum/impala-user
http://groups.cloudera.org
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Thank	
  you.	
  

SELECT	
  ques7ons	
  FROM	
  audience;
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