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o AWS does not offer binding price quotes. AWS pricing is publicly available and is
subject to change in accordance with the AWS Customer Agreement available at
http://aws.amazon.com/agreement/. Any pricing information included in this
document is provided only as an estimate of usage charges for AWS services based
on certain information that you have provided. Monthly charges will be based on your
actual use of AWS services, and may vary from the estimates provided.
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Throughput in millions of rows processed
per second (higher is better)
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https://aws.amazon.com/jp/blogs/big-data/introducing-aws-glue-3-0-with-optimized-apache-spark-3-1-runtime-for-faster-data-integration/
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- Version of e forma TR Hh
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- offset of first data page

- offset of first index page o Spa rk::\/:/“\/t“(j:ApaChe

- compressed/uncompressed size

- extra key/value pairs Pa rquetj&yﬁbgﬂg (:*U - T\\ %5

e S i
I‘ S A7 0L —>3>2MTHON T
Row group 1 meta data ¥ \5

Row group 1 |
Footer length (4 bytes)
Magic Number (4 bytes): "PAR1"

| - dWS
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Partition Filtering & Filter Pushdown

A Y T— 2 EZTHIRT DHERE

 Partition Filtering

e filter@)®Wherefl CHEESNI=/N\—T 4 a2 HND T 7MILDH %

nJLJj“Hy%)*gZ
. Text/CSV/ISON/ORC/Parquet T ¥ FA Al #E

 Filter Pushdown

. /\_7'4 A VHIZFAIN TG IZxT Bfilter

C Y Fﬂ_éj Jgd)ﬁ’&nJLﬁHyé*gz
* AWS GlueTIlXParquetZzFIFH L =FZEIC

=S ER 12,

A] > wheref] (2

iIsnd

dWs$s



Partition Filter &Filter Pushdown

from pyspark.sql.functions import col
C

spark.read.parquet(
RASLT s/amazon_customer_reviews_product_partitioned’)

.select('product_category', 'star_rating')
filter('star_rating>3").filter(col('product_category')=="Video')
).explain()

== Physical Plan ==
*(1) Project [product_category#173, star_rating#165]
+- *(1) Filter (isnotnull(star_rating#165) &% (star_rating#165 > 3))
+- *(1) FileScan parquet [star_rating#165,product_category#173] Batched: true, Format! Parquet, Location: InMemoryFileIndex[s3://«
/amazon_customer_reviews_product_partitioned], PartitionCount: 1, PartitionFilters: [isnotnull(product_category#173), (product_cat

egory#173 = Video)], PushedFilters: [IsNotNull(star_rating), GreaterThan(star_rating,3)], ReadSchema: struct<star_rating:int>

Filter Pushdown

dWS
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Partition Filter &Filter Pushdown

Partition Filter(3/\—F« > 3>5 4 L2 MUDMERR SN TULDIHE(CFIF T EE,
DataframeY°DynamicFrame®@EE1AH CIELA T D KL S (Cpartition By7r7°/5| D
ZHHITBDCET/IN\—FT1> 3>+ LT NIBMERR NS

df.write.parquet(path=path, partitionBy=‘col _name’)

L— path/to/table
— _year=2020
— month=1

—— month=2

—— month=..

| year=2021
—— month=1

© 2021, Amazon Web Service - o aWS



DynamicFrame®push_down_predicate®DFIH

DynamicFrameZzAWS Glue >-—4A 1500 h55:HADBR(Cfiltera) Yowheref]
_C}EE bt?—é"bﬁ%ﬁl’ﬂéﬂ%/ ()_7__/1’ e /(L_aaﬂ%jj ’l/) L@%%u}b%ﬁﬂ%
1 ee

partitionPredicate ="(product_category == 'Video")”

datasource = glue_context.create_dynamic_frame.from_catalog(
database = "githubarchive_month",
table_name = "data’,
push_down_predicate = partitionPredicate)
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bzip2, 1zo, snappy CIEHE=NIZ T 7 1 IUIEERIHAHFICHEI U CUIE TS

tb“C%%b\ gzip(X) CIEMESNIZ T 7 A )LD EI TSR0
JEEEDIZS (FEHE/ERRDIFEI NS IRV, FT—HERX "

RV ICIRBO]EEEN DD
IR Z E— REER I DD ThrdsnappyNzoziEIRI S

ex. df.write.csv("path/to/csv", compression="gzip")

file extension .gzip .bz2 1zo .snappy

Compression Level High Highest Average Average
Speed Medium Slow Fast Fast
CPU usage Medium High Low Low

Is Splittable No No(%) Yes, if indexed No
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DynamicFrameTBounded ExecutionZ#|H9 3%
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glueContext.create_dynamic_frame.from_catalog(
database = "database’,
tableName = "table_name’,
redshift_tmp_dir =",
transformation_ctx = "datasourceQ",

additional_options = {
"boundedFiles" : "500", # need to be string
# "boundedSize" : "1000000000" unit is byte




DynamicFrame®groupFiles, groupSize®DFIH

s NEWT7AIN7Z2EEHTIDDIRD Can+AllBZET. A—)N
Y RzHHEIT D

» Kinesis Data Firehose T OB (ICHIOTNDIT—4 (I DUIEHEIT
SETIRE(CHERD

e S3I\—F 42 a>ANDT—F%ZT)L—T1 T BFRILgroupFiles. Ftdr
B2 )L— T DY+ X%&groupSize A T3> TIEEIT D

df = glueContext.create_dynamic_frame from options(
's3', {'paths' ['s3://s3path/'],
'recurse':True, 'groupFiles': 'inPartition', 'sroupSize': '1048576'}, format="'json")
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DataFrame&DynamicFrameT®D J 7 1 JLE & AR IR

AWS Glue ETL small file scalabilit
y |\/\ "

\ Spark L"'—--/'

i Out-Of-Memory ™—_
< >= 320: 640K files| T

Spark =—e=(Glue \

-\ l\ \
AN

—

1.2 Million Files

Grouping

80:160K 160:320K 320:640K 640: 1280K

# partitions : # files
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DynamicFrame®S3ListImplementationDFIH

« INEWTT7AILWKEICHDIGE. KEaDFAXT(CKDTDriverddOOMZ%Z 5|
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» S3Listimplementationh‘ True®iza. S3 listd#EER %2 10009 DD/ Ny FT
sudrH A TR ZIT D28, S3 listinglC kD RS/ AEUDEBZH
ENTED,

datasource = glue_context.create_dynamic_frame.from_catalog(
database = "my_database’,
table_name = "my_table",

push_down_predicate = partitionPredicate,
additional_options = {"useS3ListImplementation":True} )




Partition IndexZ:EJ D

BEHOIN—F1>a>xF+—HeRd3Z<L<D/I\—F0>3>xED7—FYV -
5. DataFrameZzAWS GluehFO0 W 55+A0 E=(C. Partition Index”
RELUTCHLLZET, FIRODIN—F7+ =32 (CH 9 Bfiltera)towheremhH'dnr D
BEICGHRIAF/IN—T > a3z T TV F I DNEZHIRTDCENTED

Tables > table with_index > Partitions and indices

Last updated 2 Apr 2021 05:24 PM Table Version (Current version

< Back to table definition ~
| Index name ndex keys atus



https://aws.amazon.com/jp/blogs/big-data/improve-query-performance-using-aws-glue-partition-indexes/

Partition IndexZz#IHUICIESE U WSSD
DITUT S>>V RRIDEVDH

Query planning time (in milliseconds)
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https://aws.amazon.com/jp/blogs/big-data/improve-query-performance-using-aws-glue-partition-indexes/

DataFrame®JIDBCIEfRICcH T D AiFIFT—F5HHD

 spark.read.jdbc()(ZZ T A JL FT1DDExecutordH NS —4w c—IN

—R(CT7 O AT D,
W55 AHEUD 217D T2 (C(FpartitionColumn, lowBound, upperBound,

numPartitionsDIEENNE, ZdPartitionColumn(IEUE - B - 1L X
AT ICWNITNHDETHINENDD

df = spark.read.jdbc(
url=jdbcUrl, table="sample”,

fetchsize=1000,
connectionProperties=connectionProperties)
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DynamicFrame®IDBCIE#i(C ST D57 —4S 5=AHED
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glueContext.create_dynamic_frame.from_catalog(

database = "my_database’,
tableName = "my_table_name’,

transformation_ctx = "my_transformation_context",
additional_options = {

>3 &EUTTH

DynamicFrame & U CIDBCIESi 57 — S Z 5+ ElDIHE (.
nashfield/hashexpressionMIEEZITOMNENHD D,

o hashfield CIEZXZF378 EDFIE I CTEB,



https://docs.aws.amazon.com/glue/latest/dg/run-jdbc-parallel-read-job.html
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DataFrame Catih =N /=B (L, Catalyst Optimizer(C K> T&EE{EHMTHN D,

LU, UFOESRRTTREET(E /R0

» [H(Ccache()/REN KK D EZDRIERZSOHEEEILIEET R0

« AWS Glue 1.0t2.0CHIFHENBSpark2.4.3(3. = IAJLbTORX MR-
AT 74 XA T (FERD
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« O&EDDDataframell X 9 DAUIBZ IR S B TEIRDI D KTV hZITDIH
SlE. DIRDERICcache)ZZANDCETHEITEZBESCENTES

e cacheZFIAHURWEOMRWNEEEHLD., FlecachezZHUIEDEO—
7:U|/T/I’Z77&'f§ 193D TES

df2Z1ERL S % F TOREAN
1BZFRTSND

df2ZERY 5 F TOHOLREAN

2BEEITSND
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df.unpersist()
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filterlLIBZ IR DN BIETITD

dfl=spark.read.parquet(
's3://chie-us-east-2/tmp/filtered_amazon_customer_reviewed')

dfl.persist()

dfZ = dfl.filter(dfl.product_category == 'Video')

dfZ.explain()

== Physical Plan ==
*(1) Filter (isnotnull(product_category#3) &% (product_category#3 = Video))
+- InMemoryTableScan [product_title#@, customer_id#l, review_date#Z2, product_category#3], [isnotnull(product_category#3), (product_category#
3 = Video)]
+- InMemoryRelation [product_title#@, customer_id#l, review_date#2, product_category#3], StoragelLevel(disk, memory, 1 replicas)
+- *(1) FileScan parquet [product_title#@,customer_id#l,review_date#2,product_category#3] Batched: true, Format: Parquet, Locati
on: InMemoryFileIndex[s3://chie-us-east-2/tmp/filtered_amazon_customer_reviewed], PartitionCount: 39, PartitionFilters: [], PushedFilters:

[], ReadSchema: struct<product_title:string,customer_id:int,review_date:timestamp>

dfl=spark.read.parquet(
's3://chie-us-east-2/tmp/fi1ltered_amazon_customer_reviewed')

df2z = dfl.filter(dfl.product_category == 'Video')

df2.persist()

dfZ.explain()

== Physical Plan ==
InMemoryTableScan [product_title#@, customer_id#l, review_date#2Z, product_category#3]
+- InMemoryRelation [product_title#@, customer_id#l, review_date#2, product_category#3], StoragelLevel(disk, memory, 1 replicas)
+- *(1) FileScan parquet [product_title#@,customer_id#1,review_date#2,product_category#3] Batched: true, Format: Parquet, Location:
InMemoryFileIndex[s3://chie-us-east-2/tmp/filtered_amazon_customer_reviewed], PartitionCount: 1, PartitionFilters: [isnotnull(product_catego
ry#3), (product_category#3 = Video)], PushedFilters: [], ReadSchema: struct<product_title:string,customer_id:int,review_date:timestamp>




joinDIEFEZIT KT S

o BIRMIRER(FIE U EAERDDataFramedDT—4S5 51 XHERD
. Glue 3.0(Spark3.1.1) TIEIX M—IATF 4 I HICLD., F—H8E
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‘ f ‘ left join ‘ f ‘ join

join left join
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joinMDEWLD T

Sort Merge Join
* JOINTIRD2DDRZ ZENENF—Z LICHRISE. V— U2 ETjoing D
o RERTFT—TJIELTDZIA(CEBLTULD

Broadcast Join

« FAEDT—T)LZE TDhHEXecutoriCEnX L. EOIHFADT—T)LZnE=tE
TLYjoind B
« FADOT—J)LHVNSWESSEL TLD

Shuffle Hash Join
* JOINFIRD2DDFRZY — M (CHTESE CjoinT B
« TCFERCARESKRRWT—T)LEZEDjoin(SEL TLD WS




joinMDEWLD T

e FIAILKTIE FT—T)ILYA XHispark.sql.autoBroadcastloinThreshold

THEEUE (JA4)L F10MB) BUTF D5 & (EBroadcast Joinhix

VAR

« TN TLYBIoINA b= 7> (FSpark Ulteexplain()(CKkD> TCHEERTE D

e joinEEENV RN NLRY D (CIRD TWVWBIFEIC. FEITjoin A ST —%2FEE

FRBCETINIDA AN BZEN DD

df1.join( (df2), dfi("coll") <=> df2("coli") ).explain()

== Physical Plan == BroadcastHashJ]oin [coalesce(col1#6, )], [coalesce(coll#21, )], Inner,
BuildRight, (coll#6 <=> coll1#21)
.- LocalTableScan [first_name#5, coll1#6]

4- (List(coalesce(input[O, string, true], ))) +-

LocalTableScan [col1#21, col2#22, population#23]



https://spark.apache.org/docs/2.4.0/sql-performance-tuning.html

coalesce

LUFOIEAT, MEEFT/\—FTa > a3 >l <pnilasnTuLx
« INEWKREDIT 7 AILDFHIHAHZITD

c H—FT+4FUFT2DFWLIITgroupByZiT>

CHOEORIGZE. ROWIBZTORICI/IN\—FT02 3> —> U TR UEEDHEGENIRTA
—) N\ RV IR TR D

repartition(d= 1w JILZHEDSDT. coalesceZHIFAITDCENEFXUVGENHD

ez DB — = D fzsbcoalesce2 M5 — A (3RO M FRLE T BOJEEEN DD

Glue 3.0CIZAdaptive Query Execution&E W DFtEEE(C KD . BEIRY(CcoalescelC K> T/\—F
>3 EmEbELT<ND

df.repartition(2) df.coalesce(2)
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self join&EFT—AEETDRDHO D (CWindowlEBZFIHT 5

o 1DDOUF—IWSEETT—F%ZERk L Cjoind DYIEZEITD TL\DIGAE.
Windowilli2Z 175 C & TjoinDBEEZIRA< T ENTES

df _agg = df.groupBy(‘gender’, ‘age’).agg(
F.mean('height’).alias(‘avg_height"), Fmean(‘weight’).alias(‘avg_weight’))
df = df.join(df_agg, on=[‘gender’, ‘age’])

w = Window.partitionBy(‘gender’, ‘age’)
df = df.withColumn(

‘avg_height’, Fmean(col(*height’)).over(w)
).withColumn(‘avg_weight’, Fmean(col(‘weight’)).over(w))
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DataFrame®¥a EDULIE(L, PySpark Ttk U CHEAERRY (C(EJavalcE# LT
IVM ETEMET BN, LUTFICDUWTIEPythonZFIFH T 2 CVUEHNEL 1R B,
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RDD CYLE 7% sdik U CULND BB
RDDCEERENIEAIR(IA T 7« YA H ([CKBD=BEEHITHIRLN
UDFZFA L TL\BER5
¢ 12y

dWs$s
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.. IteratorcC &(C=U 754’21—*)3 > EPythonZT O AAD) A THF4
»  PythonT O RDAE (FIVMDFITHHITHONIZRN

Task batch of
Rows Python Worker

Deserialize

Serialize




PythonUDFJ& D PandasUDFZEFIFHY 3

Python UDF
« S UFTSAX/FTUTSAX(FPicklingTiIThns
e FT—AIT0OVvIC ECfetchandH. UDFYUR(IITE (CEITINDB

Pandas UDF
e S VT7SAX/F2UF7SAX(FApache Arrow TiTHhN3
e T—ADfetchBUDFULIEE ([CEITEIND
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AWS Glue ETLICSFSPython UDF. Pandas UDF.
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Performance differences in
concatenating multiple columns of values
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Enable zooming
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cheduler Delay P e e T — -
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EOWD ESITRIHM

« HAMBTFAILYAXIZIRYDHSHIEES
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- df.groupBy()ZiTo/lcLEDF
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« ATy bRIF7AINZEREFCT7AITA XTI —(CIRDBKLDICTD
e repartitiond 3
« broadcast join

« saltingd 3
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Skewness (—ADiwEND) AD T
repartitiond 3

1§%JLLEEb\j_ '_O)Lfﬂ( 'f__rc_ct(c_/\ T4 >3 /GL/_CT 91‘%%?9 +—
BOWindowliE/in &) TRUWNGEI(E. repartition(C K D SkewzfEH T D

df.repartition(200)

/\

3\—T43Y 200/\—T 14> 3>
© 2021, Amazon Web Services, Inc. or its Affiliates. aWS




Skewness (—AD{ED) ADFFL

broadcast join
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# Salting the skewed column
df _big = df_big.withColumn(‘shop_salt', F.concat(df[’shop'], Elit('_"), Elit(F.floor(F.rand() * numPartition) +

1)))

# Explode the column
df_medium = df_medium.withColumn(‘shop_exploded’, F.explode(F.array([F.lit(i) fori in
range(1l,numpPartition+1)])))

df_medium = df_medium.withColumn(
‘shop_exploded', F.concat(df _medium[‘shop'], Flit("_"),
df _medium['shop_exploded']))

# Joining
df _join = df_big.join(df _medium df_big.’shop_salted” == df _medium.shop_exploded)



https://spark.apache.org/docs/latest/sql-performance-tuning.html
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df. withColumn(F.rowNumber().over(Window.partitionBy(“col1").orderBy("col2"))
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df. withColumn(monotonically_increasing_id)
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