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Apache Spark 3.x

# databricks




Apache Spark 3.x

# databricks




From declarative queries to RDDs
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pPv v — X
spark.sql(

mmn

SELECT

Read Plans from o
SQL Tab in either o

l_shipdate >= DATE '1994-01-01'
AND 1_shipdate < DATE '1994-01-01' + INTERVAL '1' YEAR

Spark Ul or Spark e O
History Server

" o stripMargin).show()

fmmmmmmmm +
| revenue|
S ——

SQL

ries: 1

Completed Queries (1)

ID Description Submitted Duration Job IDs

0 +details 2019/03/06 06:42:03 55 s
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pv v = X
spark.sql(

mmn

Read Plans from
SQL Tab in either

SELECT

sum(l_extendedprice * 1l_discount) AS revenue
FROM
Llineitem
WHERE
l_shipdate >= DATE '1994-01-01'
AND 1_shipdate < DATE '1994-01-01' + INTERVAL '1l' YEAR
AND |l _discount BETWEEN .06 - 0.01 AND .06 + 0.01
AND 1_quantity < 24
" stripMargin).show()

Spark Ul or Spark
History Server

e ———————————————— +
| revenue |
|16.156313774170997ES8|
SQL
4 Queries: 1 Spark 3.0: Show the actual SQL statement? |[SPARK-27045]
Completed Queries (1)
ID Description % Submitted Duration Job IDs
&2,
0 spark.sgl( """ |SELECT | sum(l_exten< y O 2019/04/20 16:35:59 35 s
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Detalls for Query O
Submitted Time: 2019/03/06 06:42:03
Duration: 55 s

Succeeded Jobs: [

Scan hive default.lineitem
rows output: 29,998 795 est: N/A

WholeStageCodegen
28m(1.35,29s5,4.2s)

Filter
rows output: 569,999 est: N/A

Project
rows output: N/A est: NFA

HashAggregate

time in aggregaticn build total (min, med, max):
2Bm(1.3s, 295 4.1s)
rows output: 58 est: N/A

v
Exchange
data size total (min, med, max):

8700B(15.08, 15.0B, 15.0 B)
rows output: N/A est: N/A

WholeStageCodegen
24 ms (24 ms, E't? ms, 24 ms)

.

time in aggregation build total (min, med, max):
21 ms (21 ms, 21 ms, 21 ms)
rows output: 1 est: 1 (1X)

HashAggregate

¥

CollectLimit
rows output: N/A est NFA

== Parsed Logical Plan ==

o B = 1 -

Page: In Details for SQL Query

-

== Parsed Logical Plan ==
GlobalLimit 21
+- Locallimit Z1
+- Project [cast(revenue#Z as string) AS revenue#Zl]
+- Aggregate [sum{(l_extendedprice#8 * l_discount#9)) AS revenue#l]
+- Filter (((l_shipdate#13 >= cast(B8766 as string)) && (l_shipdate#13 < cast{cast(cast(8766 as timestamp) + interval 1 years as date) as string))) && (((l_discount#9 »=
cast(CheckOvert low({ promote_precision(cast(©.0b as decimal(3,£))) - promote_precision{cast(®.9l1 as decimal(3,£)))), Decimallype(3,£)) as double)) && (l_discount®#s <=
cast(CheckOverflow((promote_precision(cast(@.06 as decimal(3,2))) + promote_precision({cast(@.91 as decimal(3,2)))), DecimalType(3,2)) as double))) && (l_quantity®#7 < cast(24 as
double))))
+- SubqueryAlias default . Lineitem
+- HiveTableRelation "default’ . lineitem , org.apache.hadoop.hive.serdel.lazy.LazySimpleSerDe, [l_orderkey#3, l_partkey#d, 1_suppkey#S, l_linenumber#t, 1_quantity#7,

l_extendedprice#B8, l_discount®#9, 1l_tax#10, l_returnflog#ll, L_linestatus#lZ, l_shipdate#l3, |l_commitdate#l4, l_receiptdate#ls, l_shipinstruct#le, l_shipmode#l7, l_comment#18]

== Analyzed Logical Plan ==
revenue: string
GlobalLimit Z1
+= LocallLimit £1
+- Project [cast(revenue#Z as string) AS revenue¥ZZ]
+- Aggregate [sum((l_extendedprice®8 * l_discount®9)) AS revenuerl]
+- Filter ({({1_shipdate#l3 >= cast(8766 as string)) B& (l_shipdate#13 < cast(cast(cast(B766 as timestamp) + interval 1 years as date) as string))) && (({l_discount®#9 >=
cast(CheckOverflow((promote_precision(cast(@.96 as decimal(3,2))) - promote_precision(cast(@.91 as decimal(3,2)))), DecimalType(3,2)) as double)) && (l_discount#9 <=
cast{CheckDverflow((promote_precision(cast(@.06 as decimal(3,2))) + promote_precision(cast(0.91 as decimal(3,2)))), DecimalType(3,2)) as double))) && (l_quantity#7 < cast(Z4 as
double))))
+- SubqueryAlias "default . lineitem
+- HiveTableRelation "default . lineitem’, org.apache.hadoop.hive.serdeZ.lazy.LazySimpleSerDe, [l_orderkey®#3, l_partkey®#4, 1_suppkey®5, 1_linenumber#6, 1_qguantity#7,
l_extendedprice#8, l_discount#9, l_tax#19, l_returnflag#ll, l_linestatus#1lZ, l_shipdate#13, 1l_commitdate#14, |_recelptdate#l5, lL_shipinstruct®#le, l_shipmode#l/, l_comment#1E]

== Optimized Logical Plan ==
GloballLimit 21
+- Locallimit 21
+- Aggregate [cast(sum((l_extendedprice#8 * l_discount#9)) as string) AS revenue#ll], 21
+- Project [l_extendedprice#8, |_discount#d]
+= Filter ((CCCCCisnotnull(l_discount#9) && isnotnull(l_shipdate#13)) && isnotnull(l_quantity#7)) && (l_shipdate#13 >= 1994-81-81)) && (l_shipdate#13 < 1995-801-01)) &&
(l_discount#9 >= 8.85)) && (l_discount#9 <= @.07)) && (l_quantity®7 < 24.0))
+- HiveTableRelation default . lineitem , org.apache.hadoop.hive.serdel.lazy.LazySimpleSerDe, [l_orderkey#3, l_partkey#4, |_suppkey#3, L_linenumber#t, l_quantity#7,
l_extendedprice#8, 1_discount#9, 1_tax#10, 1l_returnflag#ll, 1_linestatus#l?, 1_shipdate#13, 1_commitdate#14, 1_receiptdote#l5, 1_shipinstruct#l16, l_shipmode®l17, 1_comment#18]
== Physical Plan ==
Collectlimit £1
+- *(2) HashAggregate(keys=[], functions=[finalmerge_sum({merge sum#25) AS sum((l_extendedprice#8 * 1_discount#9))#19], output=[revenue#zz])
+- Exchange SinglePartition
+- *(1) HashAggregate(keys=[], functions=[partial_sum((l_extendedprice#8 * l_discount#9)) A5 sum#Z5], output=[sum#i5])
+- *(1) Project [l_extendedprice#8, 1_discount#9
+#= *(1) Filter (CCCCCC(isnotnull(l_discount#9) && isnotnull(l_shipdate#13)) A& isnotnull{l_quantity#7)) && (l_shipdate#l3 >= 1994-91-01)) && (l_shipdate#l3 < 1995-01-81)) B&
(l_discount#9 >= 0.05)) &R (l_discount#9 <= 8.07)) && (l_quantity®7 < 24.0))
+- Scan hive default.lineitem [l_discount#9, l_extendedprice#8, l_quantity#7, l_shipdate#l3], HiveTableRelation "default . lineitem ,
org.apache  hadoop.hive.serdel, lazy.LazySimpleSerDe, [l_orderkey#3, l_partkey#4, 1_suppkey#S, Ll_linenumber#b, l_quantity#7, l_extendedprice®8, l_discount®#9, 1_tax#10, l_returnflag#ll,
L_Llinestatus#lZ, l_shipdate®lli, |l_commitdate#l4, l_receilptdate#l, l_shipinstruct#le, L_shipmoderl/, |_comment#l8 |



*Details

== Parsed Logical Plan ==
GloballLimit 21
+- Locallimit 21
F:) r* (:j +- Project [cast(revenue#2 as string) AS revenue#22]
a Se +- Aggregate [sum((l_extendedprice#8 * 1_discount#9)) AS revenue#Z]

+- Filter (((l_shipdate#l3 >= cast(8766 as string)) && (l_shipdate#13 < cast(cast(cast(8766 as timestamp) + interval 1 years as date) as string))) && (((l_discount#9 >=

F:) cast(CheckOverflow((promote_precision(cast(@.06 as decimal(3,2))) - promote_precision(cast(@.@1 as decimal(3,2)))), DecimalType(3,2)) as double)) && (l_discount#9 <=
EE} r-] cast(CheckOverflow((promote_precision(cast(@.06 as decimal(3,2))) + promote_precision(cast(@.91 as decimal(3,2)))), DecimalType(3,2)) as double))) && (l_quantity#7 < cast(24 as
double))))

+- SubqueryAlias "default’. lineitem’
+- HiveTableRelation ‘default’ . lineitem , org.apache.hadoop.hive.serdeZ.lazy.LazySimpleSerDe, [l_orderkey#3, 1_partkey#4, 1_suppkey#5, l_linenumber#6, 1_quantity#7,
1l_extendedprice#8, 1_discount#9, 1_tax#10, 1_returnflag#ll, 1_linestatus#12, 1_shipdate#13, 1_commitdate#14, 1_receiptdate#15, 1_shipinstruct#16, 1_shipmode#l17, 1_comment#18]
hrei— ] E— m E— = e ] l— [ | | — | Ry | — m ==n ] =] | In— ] — | | ;i u E—y | | — & = [ 1 I [ BEETT ] — [ | [ m = [ | e m — ] i [ — u =] B i L] i ——
== Analyzed Logical Plan ==
revenue: string
Globallimit 21
+- Locallimit 21
+- Project [cast(revenue#Z as string) AS revenue#ZZ]

A n a lyze d +- Aggregate [sum((l_extendedprice#8 * 1_discount#9)) AS revenue#Z]
+- Filter (((l_shipdate#13 >= cast(8766 as string)) && (l_shipdate#13 < cast(cast(cast(8766 as timestamp) + interval 1 years as date) as string))) && (((l_discount#9 >=
cast(CheckOverflow((promote_precision(cast(@.86 as decimal(3,2))) - promote_precision(cast(®.01 as decimal(3,2)))), DecimalType(3,2)) as double)) && (l_discount#9 <=
::)‘EEEi r‘l cast(CheckOverflow((promote_precision(cast(®.06 as decimal(3,2))) + promote_precision(cast(0.01 as decimal(3,2)))), DecimalType(3,2)) as double))) && (l_quantity#? < cast(24 as
double))))

+- SubqueryAlias "default . lineitem’
+- HiveTableRelation "default’ . lineitem’, org.apache.hadoop.hive.serdeZ.lazy.LazySimpleSerDe, [l_orderkey#3, 1_partkey#4, 1_suppkey#5, 1_linenumber#6, 1_quantity#7,
l_extendedprice#8, 1_discount#9, 1_tax#1@, 1_returnflag#ll, 1_linestatus#12, 1_shipdate#13, 1_commitdate#14, 1_receiptdate#15, 1_shipinstruct#16, 1_shipmode#17, 1_comment#18]
i | [ u i B = L] = L = m [P L | j—_ L1 [— L] [ = _ L1 == L | Ja—— | L] L — & — L] L1 | == u [E— L | JE— | = | | e L | e L] [rs=.] || == L1 — L I | |
== Optimized Logical Plan ==
Globallimit 21
2 . +- LocalLimit 21
O ptl m |Zed +- Aggregate [cast(sum((l_extendedprice#8 * 1_discount#39)) as string) AS revenue#2Z], Z1
+- Project [1_extendedprice#8, 1_discount#9]
::) \ +- Filter (CCCCCCisnotnull(l_discount#9) && isnotnull(l_shipdate#13)) && isnotnull(l_quantity#7)) && (l_shipdate#13 >= 1994-901-01)) && (l_shipdate#13 < 1995-01-01)) &&
a n (l_discount#9 >= 0.05)) && (l_discount#9 <= 0.07)) && (l_quantity#7 < 24.0))
+- HiveTableRelation "default’. lineitem , org.apache.hadoop.hive.serdel.lazy.LazySimpleSerDe, [1_orderkey#3, 1_partkey#4, 1_suppkey#5, 1_linenumber#6, 1_guantity#7,
l_extendedprice#8, 1_discount#9, 1_tax#10@, 1_returnflag#ll, 1_linestatus#12, 1_shipdate#13, 1_commitdate#14, 1_receiptdate#15, 1_shipinstruct#16, 1_shipmode#17, 1_comment#18]
J i -] s | [ ] == [ | I ] ] [ | | -] ==&l | | | . [ ] [ | ] — [ | | ====] ] _ B Bt | u — ] — [ | I ] r— | =TT [ =] [ | ] m = | [ | -] E— u Je=in] | - — | m | = | u —

== Physical Plan ==

CollectlLimit 21

+- *(2) HashAggregate(keys=[], functions=[finalmerge_sum(merge sum#25) AS sum((l_extendedprice#8 * 1_discount#9))#19], output=[revenue#i?])

" +- Exchange SinglePartition
P hyS | Ca \ +- *(1) HashAggregate(keys=[], functions=[partial_sum((l_extendedprice#8 * 1_discount#9)) AS sum#25], output=[sum#25])

+- *(1) Project [l_extendedprice#8, 1_discount#9]

+- *(1) Filter CCCCCCCisnotnull(l_discount#9) && isnotnull(l_shipdate#13)) && isnotnull(l_quantity#7)) && (l_shipdate#13 >= 1994-01-01)) && (l_shipdate#l3 < 1995-01-01)) &&
P \ a n (l_discount#9 >= 0.05)) && (l_discount#9 <= 0.07)) && (l_quantity#7 < 24.9))
+- S5can hive default.lineitem [1l_discount#9, 1_extendedprice#8, 1_quantity#7, 1_shipdate#13], HiveTableRelation "default . lineitem’,
org.apache. hadoop.hive.serdel.lazy.LazySimpleSerDe, [1_orderkey#3, 1_partkey#4, 1_suppkey#5, 1l_linenumber#6, 1_quantity#7, l_extendedprice#8, l_discount#9, 1_tax#10, 1_returnflag#ll,
1_linestatus#12, 1_shipdate#13, 1_commitdate#14, 1_receiptdate#15, 1_shipinstruct#16, 1_shipmode#17, 1_comment#18]
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v il v — X

%sql
CREATE TEMPORARY VIEW tempView3 AS SELECT x FROM VALUES
(”Gl"tE‘”, l12.3ll), '("tWG'”, IIE}.BSII)

AS ti(coll, col2):

SELECT * FROM tempView3 WHERE col2 != 0.0;

one 2.3

two 0.35

%sql

CREATE TEMPORARY VIEW tempView3 AS SELECT * FROM VALUES
(IIGHET!} II2.31'1'), (”.tWD”j 1!9_35”)
AS tl(coll, col2);

e e s s <ot Different Results!!!

one 233

€ databricks




Read the analyzed
plan to Check the

Explicitly cast the
types in the queries.

& databricks

%sql

EXPLAIN EXTENDED SELECT * FROM tempView3 WHERE col2 !=

= Parsed Logical Plan ==
'‘Project [*]
+- 'Filter NOT ('col2 = 0.0)
+- 'UnresolvedRelation tempView3

== Analyzed Logical Plan ==
col1: string, col2: string
Project [col1#435840, col2#435841]

_-_-_-________1

L ﬂtetﬂoucas_t'(.co@ﬁleisﬁ_as d_ouble = '_alast _U_ as do_ tez)_
+- SubqueryAlias tempview3
+- Project [col1#435840, col2#435841]
+- SubqueryAlias t1

+- LocalRelation [col1#435840, col2#435841]

== Optimized Logical Plan ==
LocalRelation [col1#435840, col2#435841]

== Physical Plan ==
LocalTableScan [col1#435840, col2#435841|]

©.

P il v — X

oF




pv il v = X
%sql

EXPLAIN EXTENDED SELECT * FROM tempView3 WHERE col2 != 0;

Read the a —
p \a ﬂ tO C h eCk th e == Parsed Logical Plan ==

'Project [*]
TP LYDCE +- 'Filter NOT (‘col2 = 0)
ik +- 'UnresolvedRelation ‘tempView3'

== Analyzed Logical Plan ==

coll: string, col2: string

Prc}jec_t [co_l1 #ﬂiﬁaﬂ col2#435841]
EFliter NOT (cast(col2#435841 as int) - oﬂ

—- SubqueryAlias tempview3
+- Project [col1#435840, col2#435841]

Explicitly cast the +~ Subaquerylias 11
. ] +- LocalRelation [col1#435840, col2#435841]
types in the queries.

== Optimized Logical Plan ==
LocalRelation [col1#435840, col2#435841]

== Physical Plan ==
® databricks LocalTableScan [col1#435840, col2#435841]




Create Hive Tables

Syntax to create a Hive Serde table
%sqgl

CREATE TABLE tabDemol (coll int, col2 Timestamp)
PARTITIONED BY (col3 1int)
STORED AS ORC;

€databricks



Read Tables

€databricks

%sql
SET spark.sgl.hive.convertMetastoreOrc = false;

EXPLAIN SELECT * FROM tabDemol WHERE coll > 3;

== PhYSical Plan == . &
*(1) Filter (isnotnull(col1#454790) && (col1#454790 > 3)) H VE S ‘e_rd_e _reé d_e [

+- Scan hive default.tabdemo1 [col1#454790, col2#454791, col3#454792|; HiveTableRelation !

‘default‘.‘tabdemm‘l org.apache.hadoop.hive.gl.io.orc.OrcSerde, [col1#454790, col2#454791],

[col3#454792] . ot e M S S



Cma 3

Native
| = reader/writer
3 SET spark.sql.hive.convertMetastoreOrc = true; performs faster
2 EXPLAIN SELECT x FROM tabDemol WHERE coll > 3; than Hive serde
reader/writer
plan

== Physical Plan ==
*(1) Project [col1#454775, col2#454776, col3#454777]
+- *(1) Filter (isnotnull(col1#454775) && (col1#454775 > 3))

. *(1)|_'Filegca? oEpefault.tabdemm lcolT #454775,col2#454776,col3#454777I?Ba'EheF : tr_ue,.l

DataFilters: [isnotnull(col1#454775), (col1#454775 > 3)|, Format: ORC, Location:
CatalogFileIndex[dbfs:/user/hive/warehouse/tabdemo1], PartitionCount: 0, PartitionFilters: [],

|PushedFiIte-r.'s: [Ich-Jt.NuII(coH), GreaterThan(col1,3)], ReadSchema:j fi \ for pUSh dOWﬂ
wstruct<colt :int,col2:timestamp>. .. ... . . 1]

€databricks



Create Native Tables

'-"'b.
"‘-1-.,.

Syntax to create a Spark native ORC table

%sql

CREATE TABLE tabDemo2 (coll int, col2 Timestamp, col3 1int)

Create natl\/e :z;:gTizEED BY (col3);
data source

tables for better

performance —
== Physical Plan ==
a ﬂd Sta b\ I\ty *(1) Project [col1#454829, col2#454830, col3#454831]

!_u mermnoipull (col1#454829) && (col1#454829 > 3)) PR ——

1
(1) FlleScan orc default.tabdemo2|col1#454829,col2#454830,col3#454831] Batched: true,
DataFilters: :snotnull(col1#454829) (col1#454829 > 3)], Format: ORC, Location:

Catalogﬁ[elndex[dbfs /userfhwe/warehouse/tabdem02] PamttonCDunt 0, PartitionFilters: [],

'FushedFuters [IsNotNuII(coH) GreaterThan(coH )] ReadSchemaI
Istructc::coH :Iint,col2:timestamp>

EXPLAIN SELECT * FROM tabDemo2 WHERE coll > 3;

® databricks



Push Down + Implicit Type Casting

%sql

___q

Cast iS need ed’) EXPLAIN SELECT * FROM tabDemo2 WHERElcoli > 3.0;

_— = ==
Upaate the
constan tS? == F’hy.sical Plan ==

*(1) Project [col1#454829, col2#45483(Q,_cal3#494831] __ o o = =
+- (1) Filter (isnotnull(col1#454829) && (c ast(col1#454829 as blglnt) > 3))

- *(1) FileScan orc default.tabdemo2[col1 #454829,col2#454830, 0013#454831] Batched: true,
DataFﬂters. [isnotnull(col1#454829), (cast(col1#454829 as bigint) > 3)], Format: ORC, Location:

rQata,LQgEi,Leiqdpxﬂbfs;‘usﬂhiw/warehouse/tabdemoQ] PartitionCount: 0, PartitionFilters: ],
PushedFilters: [IsNotNull(col1) _IReadSchema struct<col1:int,col2:timestamp>

Not pushed down??? #!%?

® databricks



Nested Schema Pruning

pv v — X
import org.apache.spark.sql.functions.struct
spark.range(10)
.select(
$”-id“,
struct((5"1d" + $™id") as "c", (5"1d" » $"™id") as "d") as “a")
.write
. format("parquet")
.mode ("overwrite")
.saveAsTable("nestedTabl")

spark.conf.set({"spark.sql.optimizer.nestedSchemaPruning.enabled", false)l

spark.table("nestedTabl").select(S$"a.c").explain()

» (1) Spark Jobs ' i ) %
| o
== Physical Plan == # ! /o ? |
: @ @ ¥ |
x(1) Project [a#455352.c AS c#455359L | y
+- %x(1) FileScan parquet default.nestedtabl[a#455352 lgaLcHed: true, DataFilters: [], Format: Parquet, L

mca;ipnL_Iﬂﬂgmﬂ;xfilgﬁqggxLﬂhfq&jua&;/ﬁiye‘w@rﬁhpuggjnestedtajl], PartitionFilters: [], PushedFilters:
[],IﬁeadSchema: struct<a:struct<c:bigint,d:bigint>> Noﬂ_ pl’uned777




Nested Schema Pruning

import org.apache.spark.sql. functions.struct

spark.range(10)
.select(
S,
struct(($"id" + $"id") as "c", ($"id" * $"id") as "d") as "a")
write
. format("parquet")
.mode ("overwrite")
.saveAsTable("nestedTabl")

5park.c0nf.setl:;park.sql.nptimizer.nestedSchemaPruning.enabled”, true)l

spark.table("nestedTabl").select($"a.c").explain()

anark lnhc
sdb)cal IS JLILES

== Physical Plan ==
x(1l) Project [a#455316.c AS c#455323L]

+- % (1) FileScan parquet default.nestedtabl[a#455316] Batched: true, DataFilters: [], Format: Parquet, L

OCatad@n ‘mek NNEMO Gl 7 had NdaX [dRT SeebUSak /Rdde gvarehouse/nestedtabl], PartitionFilters: [], PushedFilters:
], ReadSchema: struct<a:struct<c:bigint>>

L = PR | pe— EE— I - . I L] =



Collapse Projects

pv v — X
import org.apache.spark.sql.functions.udf

val udfl = udf((value: Int) => if (value > 0) value * value else value)

spark.table("tabDemo2") _ __ __ __
selectl(udfl($”cnll”) as(”neowll"))I
selectExpr(”newCDll + newCDll” "neanll”)

explain() Call UDF three times!!!  # | %2

== Physical Plan == s’ el G st amai
*(ll_Pﬁ_lect [L_flﬁ_Sﬂull(call#llﬁ)) null elser;;ec1al1zedUDF(cmll#ll@) ‘ if (15nu11(cnll#llGLL null else

'-;ecwalwzedUDF(coll#ll@))IAS (newColl + neowll)#lB? 1f (15nu11(coll#ll@)) null elseISpecwalwzedUDF(collﬁl

'110) AS newColl#195] — - - —
+- %(1) FileScan orc default.tabdemo2[coll#110,col3#112] Batched: true, DataFilters: [], Format: ORC, Loca

tion: CatalogFileIndex[dbfs:/user/hive/warehouse/tabdemo2], PartitionCount: 0, PartitionFilters: [], Pushe

dFilters: [], ReadSchema: struct<coll:int>
import org.apache.spark.sql.functions.udf
udfl: org.apache.spark.sql.expressions.UserDefinedFunction = UserDefinedFunction(<functionl>,IntegerType,S

ome(List(IntegerType)))
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Collapse Projects

import org.apache.spark.sql.functions.udf

val udfl = udf((value: Int) => if (value > 0) value * value else valuel.aanndeterministic
spark.table("tabDemo2")

.select(udfl($"coll").as("newColl"))

.selectExpr("newColl + newColl", "newColl")

.explain()

It(l) Project [(newColl1#213 + newColl1#213) AS (newColl + newColl)#215, newColl#213]
+- %(1) Project [if (isnull(coll#110)) null else UDF(coll#110) AS newColl1l#213] I

T *(l)-FWESC; ::F: cEfaEt Ebgmmﬁcoﬁ#mﬂ ;12E11_cc-1?#13] Etc?ed_tr;, DataFilters: [], Forma
t: ORC, Location: CatalogFileIndex[dbfs:/user/hive/warehouse/tabdemo2], PartitionCount: 0, PartitionFilter
s: |], PushedFilters: [], ReadSchema: struct<coll:int,col2:timestamp>
import org.apache.spark.sql.functions.udf
udfl: org.apache.spark.sql.expressions.UserDefinedFunction = UserDefinedFunction(<functionl>,IntegerType,S

ome(List(IntegerType)))

€ databricks



Cross-session SQL Cache

* |faqueryiscached inthe one session, the new
queries in all the sessions might be impacted.

* Checkyourguery plan!

val dfl = spark.table("tabDemo2").selectExpr("coll + coll", "col3")
dfl.cache()

€ databricks



Cmad 11

Py v — X
1 spark.table("tabDemo2")
2 .selectExpr("(coll + coll) as newColl", "col3")
3 .selectExpr("newColl + col3")
4 .explain(true)
== Parsed Logical Plan ==
'"Project [('newColl + 'col3) AS (newColl + col3)#277]
+- Project [(coll#110 + coll#110) AS newColl#274, col3#112]
+- SubqueryAlias ‘default’ . tabdemo2’
+- Relation[coll#110,col2#111,col3#112] orc
== Analyzed Logical Plan ==
(newColl + col3): 1int
Project [(newColl#274 + col3#112) AS (newColl + col3)#277]
+- Project [(coll#110 + coll#110) AS newColl#274, col3#112]
+- SubqueryAlias "default . tabdemo2’
+- Relation[coll#110,col2#111,col3#112] orc
= Optimized Logical Plan ==
Prﬂject [(newCol1#274 + col3#112) AS (newColl + col3)#277]
|+— InMe_marﬁeEt'lE Eew?nlﬁzﬁ, ;13?112_], StorageLevel(d"lsk-macar?,, dese?lal"lzed l_r;h;s)_ - _I
+- %x(1) Project [(coll#110 + coll#110) AS (coll + coll)#258, col3#112]
I +- %x(1) FileScan orc default.tabdemo2[coll#110,col3#112] Batched: true, DataFilters: [], Format: I

|0RC, Location: CatalogFileIndex[dbfs:/user/hive/warehouse/tabdemo2], PartitionCount: 0O, Part1t1onF11ters.|

l[], PushedFilters: [], ReadSchema: struct<coll:int> p




Join Hints in Spark 3.0

. :% { OADC,*&HST
Broadcast Hash/Nested-loop Join

« MERGE
Shuftle Sort Merge Join

« SHUFFLE HASH
Shuffle Hash Join

e SHUFFLE_REPLICATE_NL
Shufttle-and-Replicate Nested Loop Join

® databricks
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F rO m Details for Query O
Submitted Time: 2019/03/06 06:42:03

Duration: 55 s

SQL query

Scan hive default.lineitem
rows output: 29,999 795 est: N/A

{0

WholeStageCodegen
28m(1.3s,29s,425s)

A 4
al ODS Fiter
rows output: 569,999 est: N/A
Project

rows output: N/A est: N/A

SQL

Completed Queries (1)

ID Description Submitted Duration Job D
L=

0 show at command-15475442:12 +details 2019/03/06 06:42:03 55 s [0] © g ©



* ASQL query=>multiple Spark joDbs.

- For example, broadcast exchange, shuftfle

exchange, Scalar subqguery.
- External data sources: Delta Lake.
- New adaptive query execution.

* ASparkjob=>A DAG

A chain of RDD dependencies organized in 2
directed acyclic graph (DAG)

® databricks

32



Details for Query O
Submitted Time: 2019/03/06 06:42:03
Duration: 55 s

Succeeded Jobs:

Scan hive default.lineitem
rows output: 29,999 795 est: N/A

WholeStageCodegen
28m{1.3s,29s,425s)

v

Filter
rows output: 569,999 est: N/A

Project
rows output: NA est: N/A

HashAggregate

time in aggregation build total {min, med, max):
2Bm(1.35, 295, 4.1 58)
rows outputl: 58 est: N/A

-

Exchange

data size total (min, med, max):
B870.0B(15.08B, 15.08B, 15.0B)
rows output: N/A est: N/A

WhnlastaagaCﬂdagen
24 ms (24 ms, 24 ms, 24 ms)

L J
HashAggregate

time in aggregation build total {min, med, max):
21 ms (21 ms, 21 ms, 21 ms)
rows output: 1 est: 1 (1X)

v

CollectLimit
rows output: N/A est: NFA

Query Execut

| Selected
Physical Plan

e DAGS

The higher
level SQL
physical
operators.

Onn

Detalls for Job O

Status: SUCCEEDED
Associated SQL Query:

Job Group: 7428604016917490921_8345753902610332076_2a784b5c6aab4
Completed Stages: 2

Stage 1

Stage 0

Scan hive default.linertem Exchange

® /—n
3 /

i

/ WholeStageCodegen

3

The low

level Spark
RDD
primitives.

WholegtageCodegen

M

Exchange




Job Tab in Spark Ul

Spark Jobs !

User: root

Total Uptime: 9.8 min
Scheduling Mode: FAIR
C-ompleted Jobs: 1

Enable zooming

Executors
Added Executor driver added Executor 2 added
Removed Executor 0 added Executor 1 added Executor 2 removed Executor 1 removed
Jobs
Succeeded
Failed
Running spark.sql( """ se
06:41 06:42 06:43 06:44 06:45 06:46 " 06:47 06:48 06:49  06:50
Wed 6 March
_, Any stage/task tailure?
I5t3935: Tasks (for all stages): |
ob Id (Job Group) -~ Descr :-;i--:;;-‘ Submitted l Duration ISucceededfTutal Succeeded/Total
0 spark.sm 1 m(l_extendedpric... 2019/03/06 I 52 S szz 59/59 I
(7428604016917490921_8345753902610332076_2a784b5c6aaB49caab297e241b230996) show _-."".='- gnd-15475442:1. D6:42:06 l J |

$databricks The amount of time tor each job.



Detalls for Job O \
Status: SUCCEEDED -
Associated SQL Query: 0

Job Group: 742860401691749(p2 1‘5345?539[]26!533213?5 2a784b5c6aaB49caab297e241b230996

Completed Stages: 2
»
Stage 0 Stage 1
Scan hive default.lineitern Exchange
Stages '
/
x f WholeStageCodegen

Tasks ‘

WholebtageCodegen

!

Sxchagge \
&
" N T T }
- r - -
Stage ild + Pool Name Description Submitted I Duration I'ashs: Succeeded/Total Input Output Shuffle Read Shuffle Wri
1 428604 1909: spark.sql( """ select sum(l_extendedpric... 2019/03/06 06:42:58 0.1 s I 1/1 3.3 KB
0 7428604016917490921 spark.sql{ """ select sum(l_extendedpric... 2019/03/06 GE:dE:DEI 52 5 I 58/58 3.6 GB 3.3 KB

__J

# databricks




BT= = |- trr Stana N ."-"""fnr'--ﬁ‘ B
LA S 1L Qtaﬂb . ._|"_I"--.ﬂ.-el | LR

Total Time Across All Tasks: 3.4 min
Locality Level Summary: Process local: 58

Input Size / Records: 3.6 GB / 299889/95
l g e E l Shuffle Write: 3.3 KB / 58

Scan hive default.lineftem

Stage O

HadoopRDD [0}

l .
* How the time are spent?

* Anyoutlierin task execution?
Show 8t Command-15475442:12 & S: ra g g \ or t a5k S?
» Skew in data size, compute time?

show at command-15475442:12

| *  Too many/few tasks (partitions)?

Tasks specific info

L * | 0ad balanced? Locall J[y7

-

£ Enable zooming

scheduler Delay Executor Computing Time Getting Result Time
Task Deserialization Time Shuffle Write Time
Shuffle Read Time Result Seralization Time

0/10.0.191.84

® databricks .
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Summary Metrics for 58 Completed Tasks

Metric Min 25th percentile Median 75th percentile Max
Duration 18 38 3s 3s 10s
Scheduler Delay Sms 8ms 11 ms 17 ms 84 ms
Task Deserialization Time 1ms 2ms 3 ms 10 ms 0.5s
GC Time 0ms 10 ms 13 ms 18 ms 0.3s
Result Serialization Time 0ms Dms 0O ms 0 ms 2 ms
Getting Result Time Oms 0Oms 0O ms Oms Oms
Peak Execution Memory 0.0B 0.0B 0.0B 0.0B 0.0B
Input Size / Records 36.2 MB / 294076 64.0 MB / 519617 64.0 MB / 519676 64.0 MB / 523649 64.0 MB / 528652
Shuffle Write Size / Records - W h I C h B/1 59.0B/ 1 59.0B/1 59.0B/1
'Aggregateﬁ Metrics oy Executo 3
executor's ‘ ‘
Executor ID a Address “ailed Tasks Killed Tasks Succeeded Tasks Input Size / Records Shuffle Write Size / Records Blacklisted
0 stdout 10.0.191.84:3358¢ IO g We ) 0 58 3.6 GB / 29999795 3.3 KB /58 false
stderr
~Tasks (56) should read? Bgalanced? Skew?
Ki l \ e d ? = e e r- = I_ £ SN Task Result Getting Peak e ==
o I [ Executor I Launch § D”atiun Echedular Deserialization GC  Serialization Resuit Execution Input Size Write Shuffle Write
index ID IAt'I:ampt Status anr::ality Level ID rlnst e Pa!ay Time Time Time Time Memory I / Records ITima Size / Records Errors
0 0 Iﬂ SUCCESS FFIDCESS_LOCAI! 0 |1n.n.191.34 Wos |63 ms 0.5s 0.3s Oms 0 ms 0.0B I 64.0 MB / | 59.0B/ 1
l I stdo 42: 528652
I l l I stderr | l I
2 2 ID SUCCESS IF'HDGESS_LE}GAL 0 |1{LD.1HLB4 ED1HID3IDJ 9s I?i ms 0.5s 02s 1ms 0 ms 0.0B | 64.0 MB / I 59.0B/1
I stdout 06:42:06 | | 523796 |
| I I | stder I |
3 3 ID SUCCESS [PHDGESS_L{}GALI 0 hE.UJQLB-ﬂ 2019/03/ Os I?S ms 05s 0.2s Oms 0Oms 0.0B I 64.0 MB / I1D 59.0B/1
stdout 06:42:06 I 523738 |ms
I | ' I stderr I I |
1 1 Iﬂ SUCCESS | FHDCESS_LECAL' 0 I‘lﬂ.n.191 B84 2019/03/ 9s IEM ms 05s 028 2ms 0 ms 0.0OB I 640MB/ 8ms 59.0B/1
| i | stdout 06:42:06 I | 527402 |
I stderr | i
12 12 ID SUCCESS lFFIif.'l!CESE“LI:Z?.'CAI{ 0 I1D*D.1B1.Bd znmmamq 48 |1? ms 18 ms 18 0 ms 0 ms 0.0B 64.0 MB / 59.0B/1
I I | stdout 06:42:22 | ms | 523730 |
x oo oo omm =w '_ - i stderr I_ F RN | | L o l



xecutors Tab

Executors
SUmm ary
RDD Blocks Storage Memory Disk Used Cores Active Tasks Failed Tasks Complete Tasks Total Tasks Task Time (GC Time) Input Shuffle Read Shuffle Write Blacklisted
Active(2) O 0.0B/22.7 GB 0.0B 4 0 0 o9 29 3.4 min (2 s) 3.9GB 3.4KB 3.4 KB 0
Dead(2) O 0.0B/22.4 GB 0.0B 8 0 0 0 0 0 ms (0 ms) 0.OB 0.0B 0.0B 0
Total(4) O 0.0B/45.1 GB 0.0B 12 0 0 1) 29 3.4 min (2 s) 3.9GB 3.4KB 3.4 KB 0
Executors | size of data transferred
| used/available memory
Blow| 30 3jwitrls betweertstages
=] = — S =, — F Do e are—c jots]
Executor . . = RDD I Storage I Disk Active Failed Complete Total I Task Time I shuffle Shuffle I Thread ap
ID I Address Status Blocks Memory I Used Cores Tasks Tasks Tasks Tasks (GC Time) I Inpu'l Read Write Logs Dum Histogram
0 l 10.0.191.84:33584 I Active O I D.OB/11.2 _0.0B 4 0 0 1t 09 I 3.4min(2s)_ 3.9 I 3.4 KB 3.4 KB I tdout ‘ .
| | GB I i GB I | tderr agUQg
driver | ip-10-0-134-19.us-westy Active O | 00B/115 loos o 0 0 0 0  Oms @ms) JooB 00B  008B | ity
l 2.compute.internal:3721 GB I I 'Jull_r:
1 ' 10.0.245.216:46441 I Lead 0 DOB/11.2 _0.0B 4 U 0 0 0 I OmsiOms) 0.0 EI 0.0B D.O0B I
| | o8 i L |
2 I 10.0.158.1/78:32981 I Uead 0 I 0.0B/11.2 I{]-D = 4 0 0 0 U I 0 ms (0 ms) I QOB 008 0.0 B
l GB I I

Shﬂwmglﬂn-ﬂ-nfﬂ-mtrﬂi — w—

All the problematic executors in the same node?

€ databricks



Spark Ul 2

Hostname: ec2-54-185-31-39.us-west-2.compute.amazonaws.com Spark Version: 2.4.0

] ", " Fpp—— [_ -\ A S—— A O rﬁxl [ D ["x :}[ Y O s
JODS olages ol0Orade Fvironmernii CXSCULONS LI JUBC/ODBC Server

Thread dump for executor driver

Updated at 2019/04/21 01:57:38
PSR = = = e e - Interacting with Hive metastore?

|
I [ :
' Search: [T | Slow query planmng?
| | - Slow Tile listing?
PR [ i . i, o e R
ID Thread Name State Thread Locks

1331  WRAPPER- RUNNABLE Lock(java.util.concurrent.locks.ReentrantLock$NonfairSync@111358199}),

Replid- Monitor(org.apache.spark.sql.hive.client.HiveClientimpl@608273722}),
10b19-7aebf- Monitor(sun.security.ssl.ApplnputStream@229024694}),
00815-e Monitor(org.apache.spark.sqgl.execution.command.DataWritingCommandExec@1613603167}),

Monitor(line407480b3f69249989060248fc235f7ee88.$eval$@1213128957)),
Monitor(java.lang.Object@1798611689})

java.net.SocketInputStream.socketReadd(Native Method) J'
java.net.SocketInputStream.socketRead(SocketInputStream. java:116)
java.net.SocketInputStream.read(SocketInputStream.java:171)
java.net.SocketInputStream.read(SocketInputStream. java:141)



INnsert spark.sql(

= = SHI'I'II
Partitionea CREATE TABLE hiveTabl (key INT, value STRING, pl STRING)
i.V;_;- | USING hive OPTIONS (fileformat 'parquet') |
| " PARTITIONED BY (pl) e S
Table i stripMargin) OR "STORED AS PARQUET
spark.time {
spark.sql(
SIIHH

INSERT INTO TABLE hiveTabl
SELECT 1d AS key, 1d AS value, CAST((1d % 50) AS STRING) pl
FROM RANGE (0, 5000)

res . stripMaregin)

: 5000 partitions took

» (1) Spark Jobs ..f  h W\ alﬂNDSt8TTHﬂUt€SH!
» (= res30: org.apd #!%? 'I'j-'r'an“*le

-chgrp: '' does ndg-: | _;cted pattern for group
Usage: hadoop fs [geneff€ options] -chgrp [-R] GROUP PATH...
@ databricks Time taken: 464115 ms




sun.reflect.NativeMethodAccessorImpl.invoke@(Native Method)

sun.reflect.NativeMethodAccessorImpl.invoke(NativeMethodAccessorImpl. java:62)
sun.reflect.DelegatingMethodAccessorImpl.invoke(DelegatingMethodAccessorImpl. j¢

lorg.apache.
:org.apache.
org.apache.

jorg.apache.

€databricks

spark.sql.hive.client.Shim_v@_12.1loadDynamicPartitions(HiveShim.scal

spark.sql.hive.client.HiveClientImpl$$anonfun$loadDynamicPartitions{

spark.sql.hive.client.HiveClientImpl$$anonfun$loadDynamicPartitions;
spark.sql.hive.client.HiveClientImpl$$anonfun$loadDynamicPartitionst



Insert spark.sql(
Pa rtitioned st

CREATE TABLE nativeTabl (key INT, value STRING, pl STRING)

Nativ |USING parquet'

Table PARTITIONED BY (pl)

nHM  stripMargin)

spark.time {
spark.sql(
g
INSERT INTO TABLE nativeTabl
SELECT 1id AS key, 1d AS value, CAST((7d % 50) AS STRING) pl
FROM RANGE (0, 5000)

"o stripMargin) -
) Reduced from almost 8 minutes
to less than 1 minute !l
» (= res32:. org.apache.spark.sql.DatarFrame

Time taken: 48730 ms

® databricks




Insert spark.sql(

Partitioned it
CREATE TABLE deltaTabl (key INT, value STRING, pl STRING)

PARTITIONED BY 1
Table (P1)
wne . stripMargin)

spark.time {
spark.sql(
S
INSERT INTO TABLE deltaTabl
SELECT id AS key, id AS value, CAST((id % 50) AS STRING) pl
FROM RANGE(O, 5000)
"N stripMargin)

} Reduced from almost 8 minutes
to 27 secondsl!!!

» [ res17: org.apache.spark.sql.DataFrame

Time taken: 27735 ms

® databricks




Typical Spark Performance Issues

The table has thousands of partitions
Hive metastore overhead
This table can have 100s of thousands to millions of files
-Ile system overhead - listing takes forever!
New data is not immediately visible
Need to invoke a command “Refresh Table” with the SQL

engine they were using

The above issues can add 10s of minutes to the response time!

# databricks 44



Delta Lake + Spark

Scalable metadata handling @ Delta Lake
Store metadata in transaction log file instead of metastore

The table has thousands of partitions
/ero Hive Metastore overhead

The table can have 100s of thousands to millions of files
No file listing

New data is not immediately visible
Delta table state is computed on read

# databricks
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How do | use Delta?

format(“parquet”) ->tormat(“delta”)

DELTA LAKE

# databricks



Delta Lake + Spark

 Full ACID transactions

e Schema management

» Dataversioning and time travel . -

* Unified batch/streaming support  [»]3R7-QW-V¢=

* Scalable metadata handling |
I Delta Lake: https://delta.io/

. R@COI’d Update and delet\on For details, refer to the blog

. Data expectation https://tinyurl.com/yxhbe2lg
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Delta Usage Statistics

Healthcare and Life Sciences

Financial Services

Media and Entertainment

More than 1 exabyte
processed (1012 bytes)

monthly

Retail, CPG, and eCommerce

y IR
» 5
)
SANFDRD

HEALTH

ROIVANT

SCIENCES

Nationwide

NEUBERGER | BERMAN

a2
COMCAST
NBCUNIVERSAL

JAM

CiTsS
viacom TuIrrner

pE -
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|
overstock.com . -
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CO
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Additional Resources

® Apache Spark document: https://spark.apache.org/docs/latest/sgl-

programming-guide.ntm|
® Blog: https://databricks.com/blog/category/engineering/spark

® Previous summit: https://databricks.com/sparkaisummit/north-
america/sessions

® Delta Lake document: https://docs.delta.io

® Databricks document: https://docs.databricks.com/

Books: https://www.amazon.com/s?k=apache+spark

® Databricks academy: nttps://academy.databricks.com

® Databricks ebooks: https://databricks.com/resources/type/ebooks

# databricks
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X1ao LI

(lixiao@databricks.com)




