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ES

o EITHERE

e Spark [&7T

o BIALHI

e Spark SQL 1 DataFrame
o JRiEsLhl
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ERITIRE

o TERBME (BENERNE) NESERT

o HITMERIRFITIE

o ITRIMEXT REASTAR, MEZARZT R/RAT
o BN RATER—THZ TN T [RIAITIRE
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ElIRITIRES

« EIFAIEER, BAINERESMER TN,
S

. KEUETH

o Spark, Apache Flink, Storm, Google Dataflow
o NiasFxTH

o Google TensorFlow, Microsoft Cognitive Toolkit
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Dataflow 11T

, WIFRNATIITE

SH:E/}IL

Start

r—

 —

.....................

......................

FunctionA =

Function B

Function A1
Function A2
Function A3

Function B1
Function B2
Function B3

FunctionC —>?—

-

dataflow graph

FunctionCl
Function C2 :Q:
Function C3 —:\.
Function C4 —"."""'"
~ FunctionC5 %
FunctionC6 7

......................

parallel execution graph
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ES

o EITHERE

e Spark [&7T

o BIALHI

e Spark SQL 1 DataFrame
o JRiEsLhl
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Hadoop HIS[R

o G|t EIEALE

o ETME
o f2F MR B N\ £
o MHINEUEHITIES (Map) IngE
o faIft, (Reduce) BRETZEER
o BERGFMEMEL

o REIE
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Spark

o HaaFIIIGHFFER=IAN

e Hadoop
o EMM MapReduce R Z [BIEREIE, FTESNIMEREE
o SMAEFH

e Spark

o A TIFIRRNESHEZERZAE3 (DRAM) B3#(TETE, KA
BT
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Spark

« ETRA%E

o LbEFHEAN Hadoop 1R18%Z
o EIHITIREY

o Y MapReduce BRI R EB MRS
o REIVRIEFRME

o Kl Matlab

o A ATE YARN *D I\/Iesos Fi1E17, eI AEZEIC AN E AN A
Docker 231z
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Ao VAR

o TE— B LIET

o B CPU AZ—THITIZEF
o TEEHWRIFMN, AERAMHERR
. FEFE. Wit

10/58



Spark Core
o RIHTHRESEE. EA /O e

o BCHIMIIAETERF, Hadoop YARN 2§ Apache Mesos

o FhfTz[]

o X #F HDFS, MapR X1 Z%% (MapR-FS) , Cassandra, OpenStack
Swift, Amazon S3 Fi#%[
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Spark fR1R

e Spark SQL ZMIRLEH L ENHE
e Spark Streaming LB SRS EUER
o MLlib &% A3 I INRE

e GraphX T4 IEW 2R [E
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PHARITIRE

o HFERARRERNIZER
o EX—1EZ 1 RDD, KREERE
o FEIZEI—4H Worker

e Worker
o IBITTEERRSEEL

o A4 RDD 9 X ZfiffE RAM H

H
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Spark RDD

e Resilient Distributed Dataset
o SBMAMAEIEE (RDD)
o Spark AUZ/IOEHEZEH
o DMEITENGR LI— 1T RIZRIEARES
o FIASEPIIFAMMBIBREUERE. EFfIS A
o BILMEM join F1¥F Map and Reduce ¥R {ERBIZEFHY RDD
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RDD &5

e —"RDDMlineageitx ¥ B MEMIZEFMHEIIEIESE
IKETTE IR

o HELEHIEEXIBAT, BTlineager]EiE RDD

o BEZESHMMTE, EUIFEZE CPU
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HEEE (2014 &F)

e X100 TB #UE (1 F{ZFKicH) #H1THE
e FIHARLFE

o Yahoo{#H 2100 111 =AY Hadoop MapReduce E£EEBIIERY 72 75

e Spark
o 206 TEC2 TR, 23 D
o FTEHIF#EME (HDFS) L#1T, 1RB{ER Spark ATFETF
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HEEE (2014 &F)

o 1PBEIE (10 BIZFKICR) HiF
o 190 &1tEH
o AEl 4 /BT
o LbE
o ETF Hadoop MapReduce
o 3,800 AITEM.
o 16 /Y
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RDD 1%{E

o FMFRREIAVIRIE
e Transformations ik

o & RDD BREIZIHT RDD

o Lazy #fE, RICREBWITHIRIE, HAEEWNT
e Action oifE

o R[EMEL TR

(@)

BE 2 read-eval-print 183, #1400 Jupyter
o FMEIEMNITE, DUSEIRREIZIFERFIIFGLIES NI
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Transformation

* map
o ——BREY
e reduce

o B3 value

o ZPME
e reducebykey
o 1% Key &% Value
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Map: ——BRE

o 5l (scala)

o https://sparkbyexamples.com/pyspark/pyspark-map-
transformation/

rdd2=rdd.map(lambda x: (x,1))
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https://sparkbyexamples.com/pyspark/pyspark-map-transformation/

Reduce: &3

o 5l (scala)

o https://sparkbyexamples.com/apache-spark-rdd/spark-rdd-reduce-
function-example/

listRdd.reduce( + )

21/58


https://sparkbyexamples.com/apache-spark-rdd/spark-rdd-reduce-function-example/

ReducebyKey: &"#"&"H"

o il (scala)

o https://sparkbyexamples.com/apache-spark-rdd/spark-
reducebykey-usage-with-examples/

val rdd2=rdd.reduceByKey( + )
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https://sparkbyexamples.com/apache-spark-rdd/spark-reducebykey-usage-with-examples/

Action

® count
o TTEl (REIFIEEFTEZNEZ)
e collect

o & (REITEAE)

o 5l (Python) : https://sparkbyexamples.com/pyspark/pyspark-
collect/

® save
o frf7 (RBTEEHLEIFHEARSR)
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https://sparkbyexamples.com/pyspark/pyspark-collect/

75>

e Spark By Examples

o https://sparkbyexamples.com/

o https://github.com/spark-examples

e Spark RDD Tutorial

o https://sparkbyexamples.com/spark-rdd-tutorial/

e Spark with Python (PySpark) Tutorial For Beginners

o https://sparkbyexamples.com/pyspark-tutorial/

e PySpark RDD Tutorial | Learn with Examples
o https://sparkbyexamples.com/pyspark-rdd/
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https://github.com/spark-examples
https://sparkbyexamples.com/spark-rdd-tutorial/
https://sparkbyexamples.com/pyspark-tutorial/
https://sparkbyexamples.com/pyspark-rdd/

RDD /%% : Persistence 3}zl

o EZXIEAMRITIER, FIREBUNERFG—ERRZRY RDD fFie
H, DURZD R VRS B (8]

o FHFAILAEA persist, T £— reliable (RIF) R,
AT LEIRIE
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EF RDD Partition BH1T

e BB DX LEHTHITITE
e Partition 11t

o WMERMMTEIESEIFERY join ERF—ie, rPRENTEIBEENED
X, XEERY join BEEN

o E join WEITHM N EUBEHE— TP XL
o joiniRIEFE—1 2 X LRI ASERY

o JRE—TBEX D XIEFERKH#ITDX

links = spark.textFile(..).map(..) .partitionBy(myPartFunc)
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A

o EITHERE

e Spark [&7T

o HIALHI

e Spark SQL 1 DataFrame
o JRiEsLhl

D}
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Spark Euler it& Pi

NP n
e Euler A=t lim,_, Z,-Zl /% — %

o X1 CPU, 3R partition, 1T

n = 1000000

ar = np.arange(n)

dat = ar.parallelize(ar, 2)

sgrs = dat.map(lambda i: 1.0/ (i+1)**2)
t0 = time.time()

X = sqrs.reduce(lambda a,b: a+b)

tl = time.time()

print("x=%f"%x)
print("time=%£"%(t1-t0))
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o RENT: FHEmITHIEF LR
o BN BWIAR p; B kP EBPOHRTIE kPoints
o #it: KPoints F#] p FRITHI =AY index

def closestPoint(p, kPoints):
bestIndex = 0
closest = float("+inf")
for i in range(len(kPoints)):
tempDist = np.sum((p - kPoints[i]) *x*x 2)
if tempDist < closest:
closest = tempDist
bestIndex = 1
return bestIndex



5l: K-means B3

o T3 k £
o I data FIIE T = p #BIRGT N
o (j, (p,1))

o j = closestPoint(p, kPoints)

o (p,N@—"1"ENH MapReduce MR, 1BEE

data.map(lambda p:(closestPoint(p,kPoints), (p,1)))
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{yu Esz %lé

o 3K k =IO

o HEEBTXEMNAMEBNR, HNENEImHYE
« AN (/. (P, 1))
o KIYJE

o F reduceByKey

o j&Key, xZp, y& 1

o BEI—MNKRK k BIEAE (J, (X p, > 1))

reduceByKey(lambda x,y: (x[0]+y[0],x[1]+y[1]))
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f5l: FRRFTEME

tempDist = 1.0

while tempDist > convergeDist:
newPoints = data \

.map( lambda p: (closestPoint(p, kPoints), (p, 1))) \
.reduceByKey (lambda x, y : (x[0] + y[0], x[1] + y[11)) \

.map (lambda x : (x[0], x[1]J[0]/ x[1]1[1]1)) \
.collect ()

tempDist = sum(np.sum((kPoints[i] - y) **x 2) \

for (i, y) in newPoints)
for (i, y) in newPoints:
kPoints[i] = y

e reduceByKey BEIK/NA KEA (J,(Z p, 2 1))

ON§—¢¥Liﬁi%,%ﬂE$Emﬁﬁmmﬂ@
o collect B, TERFTEI kPoints

o iE: NRB, XAZE

BRIFHY k-means BIAEH, Spark MlgZFEIER
BEIFHITER
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A

o EITERE

e Spark [&7T

o EASLH

e Spark SQL #] DataFrame
o JmizsLHl

D}
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Spark SQL

o SPEIMLEIE, HETBHAT SOL B

o Spark SOL BIFE(LfES, FUFMEFMMIBER, FIIREREE
19

. AT RIBTFIIAESS
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f5: Spark SQL X {43

o ZNHENIHF
o Bl BIEE

Date, Time, desired temp,
3/23/2016, 11:45, 67, 54,
3/23/2016, 11:51, 67, 77,
3/23/2016, 11:20, 67, 33,

actual temp, buildinglID
headquarters
lab1l

coldroom



f5: Spark SQL X {43

e Spark SOL X4I1EN
o YENMHEMEZI Spark F, @i textFile RZ AT Spark E X%, £l

X A4 RDD
o IIIEIRINATT, KBHEHRITIEIRIZEEMAITTAH, B A4 RDD i
F7T4H RDD

from pyspark.sql.types import *
hvacText = sc.textFile("/pathto/file/hvac.csv")
hvac = hvacText .map(lambda s: s.split(",")) \
.filter(lambda s: s[0] != "Date") \
.map (lambda s:(str(s[0]), str(s[1]),
int(s[2]), int(s[3]), str(s[4]) ))
sqlCtx = SQLContext (sc)
hvacSchema = StructType ([StructField("date", StringType(), False),
StructField("time", StringType(), False),
StructField("targettemp", IntegerType(), False),
StructField("actualtemp", IntegerType (), False),
StructField ("buildingID", StringType(), False)])
hvacDF = sqlCtx.createDataFrame (hvac, hvacSchema)



5): Spark SQL

o £ sql()H1EN1T SQL a5 <
o ZERIR[E]} DataFrame

X = sqglCtx.sql('SELECT buildingID from hvac')

37758



f5: Spark SQL

o BARBER %% sql_show
o Jupyter 1 IPython BARGEE/{EXIES/NEYT &
o BELABAAAMA SOL &%, ERITENARE

%%hsql_show

SELECT buildingID ,
(targettemp - actualtemp) AS temp_diff,
date FROM hvac

WHERE date = "3/23/2016"

| headquarters | 1313/23/2016|
| lab1l | -1013/23/2016/|
| coldroomn| 3413/23/2016/|



Dataframe

o TTXILMIMCEIER—TPEEIHZR AP
o i REFWGIT AL

countsByAge=df.groupBy(“age”).count()
countsByAge.show()

e DL JSON BV G RRFEE S3

countsByAge.write.format(“json”).save(“s3a://..")

39/58



DataFrame Rffl: XFEE
e BIE—TRE—1TRN"line"lU%H] DataFrame

textFile=sc.textFile(“hdfs:// ..")
df=textFile.map(lambda r: Row(r)).toDF([“line”])

o FHFIEEIZ

err=df.filter(col(”line”).like(“%ERROR%"))

err.count()
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DataFrame 5l

o 1TEIE K& MySQOL BIEEIR
err.filter(col(“line”).like(“%MySQL%”)).count ()
o AFRFRENARIFIUIREX MySQL F51%

err.filter(col(“line”)
.like(”%MySQL%"”)).collect()
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ZEMH

e Spark DataFrame & Dataset Tutorial

o https://sparkbyexamples.com/spark-dataframe-tutorial/

e Spark SQL tutorial

o https://sparkbyexamples.com
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A

o EITHERE

e Spark [&7T

o BIALHI

e Spark SQL 1 DataFrame
o “miESLfl

D}
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f5l: ML iAe) 1T ER

o SitHSERFPYIRFANBFIAlEWikipediad 5%
o itz
o MNEL Wikipedia ihi81 H &
o BE—1T, BIMRNEA: AP, ThARLRE
o WIRHEFEESHRIAFRIZE
o SLEB—THFPAEISE, 1TEZE
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DN &L 2N HE

o M S3 MNE—/ &R Wikipedia i5la)Hi& (M 2008 FEZ|
2010 %)

rawdata = sc.textFile("s3://support.
elasticmapreduce/bigdatademo/sample/wiki")

rawdata.count ()

rawdata.getNumPartitions()

o ¥ RDD EffiklDN 10 Er, DMEREEHFHEFIA Spark By
FTIE

rawdata = rawdata.repartition(10)
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o B DETEBFNHEBITREN—THEA

def parseline(line):

return np.array([x for x in line.split('

data = rawdata.map(parseline)

1)
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o MIEKREN: HMBrow[1]2&E namelist 2

def filter_fun(row, titles):
for title in titles:

if row[1].find(title) > -1:

return True
else:
return False

o TIRENE

fd=data.filter(lambda p:filter fun(p,namelist))
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T

o REIAZ

def mapname (row, names):
for name in names:
if row[1].find (name) > -1:
return name

else:
return 'huh?'

. i
o Map: F (name, count) XEE—1T

o Reduce by name: fll count

rd=fd.map(lambda row: (
mapname (row,namelist),int(row[2])))
.reduceByKey(lambda v1l, v2: v1+v2)
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1N

o EITHRE

e Spark [&7T

o EASLH

e Spark SQL #] DataFrame
o Jmiz3LAl
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#4:2]1: SparkZic

e Windows&3x
o https://sparkbyexamples.com/spark/apache-spark-installation-on-windows/

o https://bigdata-madesimple.com/guide-to-install-spark-and-use-pyspark-
from-jupyter-in-windows/

o https://blog.csdn.net/SunChao3555/article/details/84202769

e [inux
o https://sparkbyexamples.com/spark/spark-installation-on-linux-ubuntu/

o https://blog.csdn.net/weixin_42902669/article/details/103055046
o https://cloud.tencent.com/developer/article/1614367
o https://blog.csdn.net/hecongqing/article/details/102938435
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#:3]1: SparkB ML

o REFIA
e http://spark.apache.org/docs/latest/quick-start.html

e Scala, Java, Python

51758


http://spark.apache.org/docs/latest/quick-start.html

%2 EERmENIR

o MRANLERAE, BIMELRIZIMNG
o FEMAI, Pk

o ATIBIECS246 KEUEIRTE
o Colab 0: Spark ZRT2IFIEN|]

o https://colab.research.google.com/drive/1gcbubhltUKYuJt6GXHa
neSYCMaGexp

o SQL
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https://colab.research.google.com/drive/1gc6u6hItUKY9uJt6GXHaneSYCMaGcxp1

#3]3: Spark HEAI]

e Python 4Rtz

e https://github.com/piotrszul/spark-tutorial
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3.1 XA 1E1T2]
e 0.1_Welcome.ipynb

e prince_by_machiavelli.txt NEF
e RDD, DF, Word count
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3.2 RDDERE>]

e 1.1_RDD-Basics.ipynb
o FFEHRDD

e saveAsTextFile, flatmap, filter number, map, reduce
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3.3 SimFIIEGE

e 1.2_RDD_Data-Processing.ipynb*
e csvX1HIEAN (namedtuple)

o BEARLIT
FEBIEES
FYFRFI

_I_
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3.4 XA KBFIREN

e 1.3_RDD_Text-Processing.ipynb*
o IFIRIEB—ENRFIEE (TD-IDF)
e title, heading#ZHX
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3.5 DataFrame &t 4>

e 2.1_StructuredData-Introduction.ipynb
o THIENIHE row

e DataFrame, Schema

e filter, sort, col, select, groupby, join

e |imit, toPandas

e Wwrite.csv
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