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FUEHRMN Z, RENE; T2, WARsS; Faa, NAREA,
— (%L - E)

RESE

ERNTB—NFANEE LRET 0, BLREEFCHREGEFHE, BATH
B R A E IR L K FIEAT Spark, B ARG BAR A H X T Spark i — R K%, X R4
BEAENMNKENEE, FERNEARARE Z#HIEH — & Spark X At A A . #HEH K
G, UNRAX - SR BrET RAWEEZE, BELLFE AT, “XZEAHI N
RARBATRAAFER ., RETHRNET, RAXATRAEEMENRZRAN, /% IDE K
SWARRNE, FYRAEES, BAEEE, FARGERNEMERSTHN RS,
wREEEIRT G, FTHRELALED2EFEE,

REMNFTEHNZ WA MERGEI NG, TEAFUTAE:

Q 7 Windows FF3% TS 4% 22 JR 40 7] 52 3135

Q 7 Linux ¥ T35 2 2 AR $AT I ;

Q Spark By ZEAfE H, 0 spark-shell,

1.1 BB
2 4N T TF & A R B D R A Linux 3RAE R %5, WL H VEFI T 64 B

Linux, 7EiERZ2% Spark 21, JeBAR AL, Nfhar BREHERE ., 5iiF . KK
AR R I Spark AEHFESRNTE, WITHLIRCE AR, 2SRk, Spark K IEE B
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Scala, Ifii Scala f 22 T7E JIVM Z I+, Hfii#4 8 Spark 14321 TFA 58N % {245 JDK il Scala,

1.11 %% JDK

fifi H 44 getconf LONG_BIT A & Linux HL#% & 32 fVih S 64 v, SR T 20H R MUAS 1
JDK Jf2% .

ML

http://www.oracle.com/technetwork/java/javase/downloads/index.html

P B R

cd ~
vim .bash profile

WU E

export JAVA HOME=/opt/Jjava
export PATH=$PATH: $JAVA_HOME/bin
export CLASSPATH=.:$JAVA HOME/lib/dt.jar:$JAVA HOME/lib/tools.jar

HTEENPLE O 2L %0 openjdk, FFLIARFERHLL A, openjdk AIZL2EAr 2 U0T

$ su -c "yum install java-1.7.0-openjdk"

GARSEER G, {HiFH java —version iR A A, HINZEEEIEHR, WA 1-1 B,

v218142118 ~]% java -version
1.7 0.51"

ne Environment (build 1.7.0_51-b13)
p) 64-Bit server WM (build 24.45-b08-internal, mixed mode)

B 1-1 ERZEREBIER

1.1.2 %% Scala

T E ML http://www.scala-lang.org/download/

TEPEIRHTHY Scala WA T &, T#HITEWT :

wget http://downloads.typesafe.com/scala/2.11.5/scala-2.11.5.tgz
B BIELF 4% H sk, flan .

mv scala-2.11.5.tgz ~/install/

PEAZRH %, PATLI T4

chmod 755 scala-2.11.5.tgz
tar -xzvf scala-2.11.5.tgz

P PR

cd ~
vim .bash profile

AT AL



export SCALA HOME=S$SHOME/install/scala-2.11.5
export PATH=$PATH: SSCALAiHOME/bin : $SHOME /bin

ARG scala, #EA scala fF 2 TU0H scala 2 1EHf, ANIAl 1-2 Fis,

imEPaEv218142118 ~]$ scala __ :
we lcome scala version 2.11.5 (Openlpk (4 B) 64-Bit Server VM, Java 1.7.0_51).

Type in essions to have them evaluated.
Type :help for more information.

scala> i

K 1-2  HEA scala iy 24T

1.1.3 %% Spark
AL http:/spark.apache.org/downloads.html
VEFERORTY Spark JRA T2, THIEWNT .
wget http://archive.apache.org/dist/spark/spark-1.2.0/spark-1.2.0-bin-hadoopl.tgz
B FEL LR %, .
mv spark-1.2.0-bin-hadoopl.tgz~/install/
HNLIREH S, BTN %

chmod 755 spark-1.2.0-bin-hadoopl.tgz
tar -xzvf spark-1.2.0-bin-hadoopl.tgz

=258

cd ~
vim .bash profile

IR N

export SPARK HOME=S$SHOME/install/spark-1.2.0-bin-hadoopl

1.2 Spark ¥tk
AT Spark HUEAH, 1 Spark SEATHIEHGINR, ET7 SR EERAZES

1.2.1 =17 spark-shell
FLEAT spark-shell, TF25EXT Spark HEATHCLE
1) 3k A Spark F) conf U3 .
cd ~/install/spark-1.2.0-bin-hadoopl/conf
2) B #l—1y spark-env.sh.template, 744 N spark-env.sh, X'E I 744, MU .

cp spark-env.sh.template spark-env.sh
vim spark-env.sh
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3) USHNAnTELE

export SPARK MASTER IP=127.0.0.1
export SPARK LOCAL IP=127.0.0.1

4) Ja 3l spark-shell:

cd ~/install/spark-1.2.0-bin-hadoopl/bin
./spark-shell

I Jr AT 2 spark SRS, AnlE 1-3 s,

15/07/09 11:24:50 INFO HttpServer: Starting HTTP Server
15/07/09 11:24:50 INFO Utils: Successfully started service 'HTTP class server' on port 41859.

version 1.2.0

using scala version 2.10.4 (UEEHJDK [¢ ) 64-Bit server wvMm, Java 1.7.0_51)
Type in expressions to have them evaluated.
Type :help for more information.

15/07/09 11:24:55 INFO SecurityManager: Changing view acls to:
Y, 124 INFO SecurityManager: Changing modify acls
07 /1 =] INFO SecurityManager: SecurityManager: authentication disabled; ui acls disabled; users wit
;. users with modify permissions: SET%P)
INFO S1f4jLogger: S1f4jLogger starte
INFO Remot1ng Starting remoting
INFO Remoting: Remoti nglz started; listening on addresses :[akka.tcp://sparkpriver@lecalhost:
INFO Utils: succe sfully started service "sparkbriver’ on port 32877.
INFC Sparkenv: Registering mMapoutputTracker
INFO SparkEnv: Registering BlockManagerMaster
INFO Diskelockmanager: created local directory at ftmp,'spark Tocal-20150709112456-2a8c
INFO MemoryStore: MemoryStore started with capacity 265.4
15/07/09 11:24: INFO HTTprFileserver: HTTP File server directory is /tmp/s park 137e7243-75bf-42e5-99d3-
15/07 /09 :24; INFO HttpServer: Starting HTTP Server
15/07/09 11:24: INFO Utils: successfully started service 'HTTP file server' on port 33509.
15/07 /09 t24: INFO Utils: Successfully started service ‘Sparkul’ on port 4040.
15/07,/09 124: INFC Sparkul: started sparkul at hrtp://localhost:4040
15/07 /09 :24; INFO EXxecutor: Using REPL class URI: http://127.0.0.1:41859%
15/07,/09 124: INFO Akkautils: Connecting to HeartbeatReceiver: akka.tcp://sparkbriver@localhost:32877/use
P

15/07/09 124: INFO NettyBlockTransferService: Server created on 50794
15/07/09 11:24: INFO BlockManagerMmaster: Trying to register Elockmanager
7 INFO ?'Ioclavlanagermaster.&ctor: Registering block manager localhost:50794 with 265.4 MBE RAM,
50754
15/07/09 11:24:57 INFO BlockManagerMaster: Registered BlockManager
15/07/09 11:24:57 INFO SparkILoop: Created spark context.
Spark context available as sc.

scala> |

[ 1-3  Spark 3 Zhid 72

MEL EJa ah H & b AT 7T L& 3 SparkEnv., MapOutputTracker, BlockManagerMaster
DiskBlockManager, MemoryStore, HttpFileServer, SparkUI %5{5 B, T &Mt 4 ik
A SCRIAT, BRI R TE S T A B A A

1.2.2 #1437 word count

X7, FATHE T word count iX AN H-#ARIE W ] T2k 8 AZ T Spark {F45 WA Tid . )i
) spark-shell J&i, 2347 scala a4A7, SRGHMALLT L5 A A
1) i A val lines = sc.textFile("./README.md", 2), $HA745 541Kl 1-4 iR,

scala= val Tines = sc.textFile(” EADME.md™, 2)
/i 9 11:28:48 INFO Memorystore: ensurerreespace(32768) called with curMem=0, maxMem=278302556
INFO Memorystore: Block broadcast_0 stored as values in memory (estimated size 32.
INFO MemoryStore: En;ureFreeSpace(dBSB) called with curMem=32768, maxMem=278302556
INFO memorystore: Block broadcast_0_pieced stored as bytes in memory (estimated si

INFO BlockManagerinfo: added broadcast_0_| E1 ece0 in memory on localhost:42659 (size

INFO BlockManagermaster: Updated info of block broadcast_0_piece0
- INFO SparkContext: Created broadcast O from textFile at <consolex:12
org. apache. spark. rdd. Rop[string] = ../README.md mappedrRDD[1] at textrile at <console»:12

Bl 1-4 B HTSS




2) i A val words = lines.flatMap(line => line.split(" ")), FRATZERAAE 1-5 P,

scala> val words = lines.flatMap(line = line.split(™ ™))

words: org.apache. spark.rdd. Rop[string] = rlatmappedrop[2] at flatmap at <console»:14

K1-5 PP 2 $hdrds

3) %A val ones = words.map(w => (w,1)), FAITZERUNIE 1-6 Frs

scala> val ones = words.map(w => (

w,1))
ones: org.apache. spark.rdd. RDD[(Stm ng, Int)] = MappedRDD[3] at map at <conselex:16

K 1-6 AW 3 HATas R

4) % A val counts = ones.reduceByKey(_+ ), $HAT&5RuAE 1-7 s,

aca'|a> val counts = ones.reduceByKey(_ + _)
WARN Nat1ve(odELoader unable to load native-hadoop library for your platform...

/07 / :29:10 WARN LoadsSnappy: Snappy native library not loaded
15/07,/09 11:29:10 INFO FileInputFormar: Total inputr paths To process :
counts: org.apache. spark.rdd.Rop[(String, Int)] = ShufﬂEdRDD[4] at reduceEyKey at <conscle>:18

B 1-7 PR 4 PUTH

5) i A counts.foreach(println), 45 Hf Tt F &l 1-8 Fn&l 1-9 O, Hyhgh R sl 1-10
FR

cala> counts.foreach(printin)
9 11:29:31 sparkcontext: starting job: foreach at <consolex:21
zSchedule Registering RDD 3 (map at <consolex>:16)
Got job 0 (foreach at <console>:21) with 2 output parti
Final stage: Stage 1(foreach at <console>:21)
Parents of final stage: List(Stage 0)
Missing parents: List(Stage 0)
DAGSchedule submitting e 0 (MappedrRDD[3] at map at <consolex:1§
MEMOrySTOre en,ureFreespace% 3544) called with curmem=37727, maxvMem=2
MemorysStore: Block broadcast_1 stored as values in memory (estimated
Memorystore: ensurerreespace(2502) called with curMmem=41271, maxmem=2
MemorysStore: Block broadcast_1_piece0 stored as bytes in memory (estij
BlockManagerInfo: added broadcast_l_ﬁ'i ece0 in memory on localhost:424
BlockManagerMaster: Updated info of block broadcast_ 1 piece0
SparkContext: Created broadca;t 1 from broadcast at DAaGscheduler.scall
DAGScheduler: Submitting 2 missing tasks from Stage 0 (MappedrRDD[3] 3
TaskSchedulerImpl: Adding task set 0.0 with 2 tasks
TaskSetManager: 5tarting task 0.0 in stage 0.0 (TID O, localhest,
TaskSetManager: Starting task 1.0 in stage 0.0 (TID 1, localhost,
Executor: Running task 1.0 in stage 0.0 (TID 1)
Executor: Runming task 0.0 in stage 0.0 (TID 0)
HadooprDD: Input split: fil .g ‘spark-1.
HadoopRDD: Input spli i /jiaan. YAl park-1.
Executor: Finished task 1.0 stage 0.0 %TID 1). 1896 bytes
Executor: Finished task 0.0 i (TID 0). 1896 bytes
Ta_»k etManagEr F‘|mahed task 1.0 in tage 0.0 (TID 1) in 409 ms on |
Ee 0 (map at <console=:16) finished in 0.438
190 ing for newly runnable stages
running: set()
waiting: Set(Stage 1)
pAGschedule failed: set()
TaskSetManager: Finished task 0.0 in stage 0.0 (TID 0) in 426 ms on 7|
pagscheduler: missing parents for stage 1: List(
TaskSchedulerImpl: Removed TaskSet 0.0, whose tasks have all completd
DAGScheduler: submitting stage 1 (s hufﬂedRDD[-ﬂ at reduceByKey at <q
MemoryStore: ensureFreeSpace(2152) called with curMem=43773, maxMem=2
MemoryStore: Block broadcast_2? stored as values in memory (estimated
MemoryStore: ensurefFreeSpace(1571) called with curMem=45825, maxMem—=2
Memorystore: Block broadcast_2_piece® stored as bytes in memory (esti
BlockManagerInfo: added broadcast,z,g'i ece0 in memory on localhost:424
BlockManagermaster: Updated info of block broadcast_2_piecel
rparkcontex : created broadcast 2 from broadcast at pagscheduler.scal
Submitting 2 missing tasks from Stage 1 (ShuffledrDD[4]
Ta,kfchedu'lerlmpT adding task set 1.0 with 2 ta;E

Kl 1-8 P9 5 AT Ry (—)

INFO TaskSetManage Starting task 0.0 in stage 1.0 (TID 2, localhost, PROCESS|
INFO Tasksetmanage starting task 1.0 in stage 1.0 (TID 3, localhost, PROCESS
INFO Executor: Running task ©.0 in stage 1.0 (TID 2)
INFO Executor: Running task 1.0 in stage 1.0 (TID 3)

T 1 b b e e

INFO shuffleElockFetcherIterator: Getting 2 non-empty blocks out of 2 blocks

INFO Getting 2 non-empty blocks out of 2 blocks
/07 = INFO started 0 remote fetches in 5 ms
15/07 /09 d INFO ShuffleBlockFetcherIterator: Started O remote fetches in 5 ms

Bl 1-9 P95 PdTidfedtar (2)

© PIEN, —BRHCRT, S milE.
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(higher-Tevel,1)
(need,1)
(guidance, 3)
(Big,1)

(quide, ,1)
(<class»,1)
(fast,1)
(uses,1)

(soL,2)

(requires,1)

(6ocumentation.1)
(web,1)
(cluster,2)

(using:,1)

(scala,,1)

(supports,2)

(built,,1)

(. /dev/run-tests,1)

%5[0?{09 %1:29:32 INFO Executor: Finished task 1.0 in stage 1.0 (TID 3). 824 bytes result sent

sample,1

15/07/08 11:29: INFO Executor: Finished task 0.0 in stage 1.0 (TID 2). 824 bytes result sent

15/07/0% 11:29: INFO TaskSetManager: Finished task 1.0 in sta?e 1.0 (TID 3) in 138 ms on locd

15/07/09 11:29:32 INFO DAGScheduler: stage 1 (foreach at <consolex:21) finished in 0.131 s
INFO TaskSetManager: Finished task 0.0 in stage 1.0 (TID 2) in 142 ms on locg
INFO TaskschedulerImpl: Removed Taskset 1.0, whose tasks have all completed,
INFO DAGScheduler: Job 0 finished: foreach at <consolex:21, took 0.733306 s

E 1-10 9% 5 fy a5 R

FEIX Heky th B Ak, FAf1Se A B Spark TS5 RS SHATIIRE, AR)E B B s AR
ki 25 R, R TR — LT 55 2500 HAR A . O S RAT 0T, B8 AESs 5 =
JEIT .

1.2.3  Zl#fr spark-shell

i it word count 7E spark-shell AT Y i 2, AT E F spark-shell i 1 14 spark-
shell A LLUF —BUIA, BARHSTE 5 1-1,

RALFHE1-1  spark-shell ) —EZ I A

function main () {
if $cygwin; then
stty -icanonmin 1 -echo > /dev/null 2>&l
export SPARK SUBMIT OPTS="$SPARK SUBMIT OPTS -Djline.terminal=unix"
"SFWDIR"/bin/spark-submit --class org.apache.spark.repl.Main "${SUBMISSION
OPTS[@]}" spark-shell "${APPLICATION OPTS[@]}"
sttyicanon echo > /dev/null 2>s&l
else
export SPARK SUBMIT OPTS
"SFWDIR"/bin/spark-submit --class org.apache.spark.repl.Main "${SUBMISSION
OPTS[@]}" spark-shell "S${APPLICATION OPTS[@]}"
fi

FATE FIIAS spark-shell AT T spark-submit JI7%, $T7F spark-submit JIAS, % 3 H.p
A5 LAT A



exec "$SPARK HOME"/bin/spark-class org.apache.spark.deploy.SparkSubmit "${ORIG
ARGS[@]}"

AR spark-submit 7E 01T spark-class JIASH, 25 B34 T 2 %0 SparkSubmit, §]JF spark-
class JI7, JLrP @& DUFIAS, DLACREIS B 1-2,

RFL;EHE1-2 spark-class

if [ -n "${JAVA HOME}" ]; then
RUNNER="$ { JAVA HOME} /bin/java"
else
if [ “command -v java  ]; then
RUNNER="java"
else
echo "JAVA HOME is not set" >&2
exit 1

fi
fi

exec "SRUNNER" -cp "S$CLASSPATH" $JAVA OPTS "s@"

BRI HL, W% H1E Spark Jii 8l T LA SparkSubmit S EHEH jvm R
AETAEA X Spark AR FHIEFE T, 25 spark-class JIASIB DA jmx B :

JAVA OPTS="-XX:MaxPermSize=128m $OUR JAVA OPTS -Dcom.sun.management.jmxremote
-Dcom.sun.management.jmxremote.port=10207 -Dcom.sun.management.jmxremote.
authenticate=false -Dcom.sun.management.jmxremote.ssl=false"

TEARHFTIF jvisualvm, BHEERETHL, E 1-11 Fis,
A CAIPER AL, B IMX &8, WKl 1-12 for,

| ——
|| FEhn IMX e

FEE©: [10.218. 142 118:10207 \
HE: <ENE>:<R0> | service: jmx <Y (<sapd

CErEH©: [10.218 142 118:10207

&) et FREEEE |
HREW: | |
FE: (10218 142 118 ‘
~ ns®: | |
F@rEHo: 10218192 18 \ Cloe e
e
K 1-11 St EAL Bl 1-12 35 IMX %

MM R BETR, PERE main 8, RJE M “4RE Dump” FEHL, 4 1-13
7R o
M dump AN 2R B ZEFE main B, AT PR 1-3 FiR.
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SEBEBE
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] Visualm
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DI Reference Handler =
Dnsin
[ sparklriver-akka actor_ de
O sparkDriver—skka actor. de ‘
[l bl i v nlelen nabav dn ‘ BT
TR 3
SET W OB LR

E 1-13 #F Spark Zif2

RAZEE1-3 mainZiEdumplE &

"main" - Thread t@1l
java.lang.Thread.State: RUNNABLE

at java.io.FileInputStream.readO (Native Method)
at java.io.FileInputStream.read(FileInputStream.java:210)
at scala.tools.jline.TerminalSupport.readCharacter (TerminalSupport.java:152)
at scala.tools.jline.UnixTerminal.readVirtualKey (UnixTerminal.java:125)
at scala.tools.jline.console.ConsoleReader.readVirtualKey (ConsoleReader.
java:933)
at scala.tools.jline.console.ConsoleReader.readBinding (ConsoleReader.java:1136)
at scala.tools.jline.console.ConsoleReader.readline (ConsoleReader.java:1218)
at scala.tools.jline.console.ConsoleReader.readLine (ConsoleReader.java:1170)
at org.apache.spark.repl.SparkdJLineReader.readOnelLine (SparkJLineReader.
scala:80)
at scala.tools.nsc.interpreter.InteractiveReader$class.readlLine (Interactive-
Reader.scala:43)
at org.apache.spark.repl.SparkJLineReader.readlLine (SparkJLineReader.scala:25)
at org.apache.spark.repl.SparkILoop.readOneLine$l (SparkILoop.scala:619)
at org.apache.spark.repl.SparkILoop.innerLoop$l (SparkILoop.scala:636)
at org.apache.spark.repl.SparkILoop.loop (SparkILoop.scala:641)
at org.apache.spark.repl.SparkILoop$$anonfun$process$l.apply$mczZS$sp
(SparkI-Loop.scala:968)
at org.apache.spark.repl.SparkILoop$S$Sanonfun$process$l.apply (SparkILoop.
scala:916)
at org.apache.spark.repl.SparkILoop$$Sanonfuns$process$l.apply (SparkILoop.
scala:916)
at scala.tools.nsc.util.ScalaClassLoader$.savingContextLoader (ScalaClass
Loader.scala:135)
at org.apache.spark.repl.SparkILoop.process (SparkILoop.scala:916)
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at org.apache.spark.repl.SparkILoop.process (SparkILoop.scala:1011)

at org.apache.spark.repl.Main$.main (Main.scala:31)

at org.apache.spark.repl.Main.main (Main.scala)

at sun.reflect.NativeMethodAccessorImpl.invokeO (Native Method)

at sun.reflect.NativeMethodAccessorImpl.invoke (NativeMethodAccessorImpl.
java:57)

at sun.reflect.DelegatingMethodAccessorImpl.invoke (DelegatingMethodAcces-
sorImpl.java:43)

at java.lang.reflect.Method.invoke (Method.java:606)

at org.apache.spark.deploy.SparkSubmit$.launch (SparkSubmit.scala:358)
at org.apache.spark.deploy.SparkSubmit$.main (SparkSubmit.scala:75)

at org.apache.spark.deploy.SparkSubmit.main (SparkSubmit.scala)

M main ZRFE MRS B A el B BRI UE FY . SparkSubmit.main — repl.Main — Sparkl-
Loop.process, SparkILoop.process 7 2 H1 43 i [ initializeSpark /7 32%, initializeSpark F*) 52 i T
T 14,

RLFE1-4  initializeSparkAIsLE]

def initializeSpark() {
intp.beQuietDuring {
command ("""
@transient val sc = {
val sc = org.apache.spark.repl.Main.interp.createSparkContext ()
println("Spark context available as sc.")
_sc
}

mny

command ("import org.apache.spark.SparkContext. ")

F A1 3 initializeSpark ¥ J| T createSparkContext /7%, createSparkContext [1) 5% Bt WL AY;
iR 1-5,

R5;581-5 createSparkContextdysEif

def createSparkContext (): SparkContext = {
valexecUri = System.getenv ("SPARK EXECUTOR URI")
valjars = SparkILoop.getAddedJars
valconf = new SparkConf ()

.setMaster (getMaster () )

.setAppName ("Spark shell")

.setJars (jars)

.set ("spark.repl.class.uri", intp.classServer.uri)
if (execUri != null) {

conf.set ("spark.executor.uri", execUri)

}
sparkContext = new SparkContext (conf)

logInfo ("Created spark context..")

sparkContext
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X HL i Zfifi i SparkConf i1 SparkContext K 5 A Uik, EARNZRK 765 3 ik, 1t
M KK repl EE T4 Spark SXR 32 H.

13 BESRSEE

% Spark P TEIAEE, IR Z— G irdldr. BE RIS LS N A2 8 GB. I
fith B8] 52 1 FiT 2 7F IDE BREE AT 4L . giididiad . # FH0Y IDE A IntelliJ IDEA | Eclipse, 2E#
PEFEH Eclipse 4 7% Spark, JR A . — &l T 244X E AL, 2]
Eclipse %t i Spark 1% RK D, 7R AT DU M FE . 7E Windows R G815 Spark LAY, B
T2 DK Ah, T B LR T A

(1) %% Scala

1T Spark 1.20 RRAS [ sbt HLHS 119 Scala fRASIE: 2.10.4, HAKIL Spark JihS H 5% T 19314
\project\plugins.sbt, F:H1 45 —47. scalaVersion := "2.10.4", FTLAEHE T % scala-2.10.4.msi,
Mk . http://www.scala-lang.org/download/

THEGEEE, 224 scala-2.10.4.msi,

(2) 2% SBT

HH T Scala i FH SBT A/E M T B, FrDIFF% T 4% SBT., T#iMuihk: http:/www.scala-sbt.
org/, PHEEMINLEAL sbt-0.13.8.msi JfF 4%,

(3) 4% Git Bash

1T Spark IEASGMEH] Git fE M RRASE S TR, FrUATRET K Git % o LR, #HEfE ]
Git Bash, N EHAFE Linux FREAIE B, T akHitik: http:/msysgit.github.io/, T kit
Y RRAS I 222

(4) %% Eclipse Scala IDE ffif4:

Eclipse il i< 5 KA 747 20 B4 IDE T HAY4E R, B4 Eclipse 4w, ik, i
17 Scala B ¥, 375 %4 %< Eclipse Scala IDE i {, T #iHhl: http:/scala-ide.org/download/
current.html,

i T 28 # A Hb 1) Eclipse i A J& Eclipse 4.4 (Luna), A L) % 5 22 %% 4 F http://download.
scala-ide.org/sdk/lithium/e44/scala211/stable/site, Nl 1-14 Fi7R .

Eclipse 4.4 (Luna)
For Scala 2.11.6
http://download.scala-ide.org/sdk/lithium/ed4/scala211/stable/site

(If you cannot use the update site, a downloadabie local update site is available: zipfile, sha1sum)

€ 1-14  Eclipse Scala IDE {455 ikt

TE Eclipse 111 #% Help 32 5., #RJ5 1 #F Install New Software-- £ 11, FTH Install XF G HE,
&l 1-15 B
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@t ==
Available Software
Select a site or enter the location of a site.

v“ Add...

Find more software by working with the “Available Software Sites” preferences.

|type filter text |

Name Version
(D There is no site selected,

Select All | [ Deselect all |
Details
[7]Show only the atest versions of available software [¥] Hide items that are already installed
[#] Group items by category What is already installed?

[F]15how only software applicable to target environment
[¥] Contact all update sites during install to find required software

@ < Back Next> |[  finish | [uCancel

& 1-15 Install XJi5HE

i Add #5241, $1JT Add Repository XJTEHE, Hi AdfiffHbhl, Wikl 1-16 Fros.
Mame:  scalalDE2.10| Il Lecal..

Location: .scala-ide.org/sdk/helium/e38/scala210/stable/site/ Archive...

@] Add Repository

® o] o]

[ 1-16 ¥/N Scala IDE #fiff- Mkt
ERIEFINE, SERCESE, WK 1-17 Fis,

Available Software
Check the items that you wish to install. 3
Add...

Work with: scalalDE2.10 - http://download.scala-ide.org/sdk/helium/e38/scala210/stable/site/ - A
Find more software by working with the "Available Software Sites® prefe
[type filter text |
Name Version

3 000 Scala IDE for Eclipse

b [ 000 Scala IDE for Eclipse development support
3

I

i »

10 Scala IDE for Eclipse Source Feature
100 Scala IDE plugins {incubation) -

14 items selected
B 1-17  “%%% Scala IDE Jiff:




1.4 Spark JM5%41% 5 Wik

1. % Spark &3

£15 WBEBES o+ 13

B, 1ilnl Spark ‘W http://spark.apache.org/, W&l 1-18 i/~ .

Sp C"% Lightning-fast cluster computing

Download Libraries ~ Documentation - Examples Community - FAQ

Apache Spark™ is a fast and general engine for large-scale data
processing.

Speed 120

Run programs up to 100x faster than Hadoop
MapReduce in memory, or 10x faster on disk.

Running time (s)
c 888

Fpark has an advanced DAG execulion engine that supports cyclic data fiow
land in-memory computing.

Logistic regression in Hadoop and Spark

110
1 Fiaioop
® Spark
09 /

Latest News
Spark 1.3.0 released (Mar 13, 2015)
Spark 1.2.1 released (Feb 09, 2015)

Spark Summit East agenda posted,
CFP open for West (lan 21, 2015)

Spark 1.2.0 released (Dec 18, 2014)

Archive

q Download Spark
o —

Buift-in Libraries:

€ 1-18  Spark B ¥

B Download Spark #%4H, £ F— VUK E] git Hihk, 4nl&l 1-19 PR,

Development and Maintenance Branches

the master branch from Git:

If you are interested in working with the newest under-development code or contributing to Spark development, you can also check out

# Master development branch
git clone git://github. com/apache/spark.git

# 1.3 maintenance branch with stability fixes on top of spark 1.3.0
git clone git://github. com/apache/spark.git -b branch-1.3

Once you've downloaded Spark, you can find instructions for installing and building it on the documentation page.

% 1-19  Spark B 7 git Hidik

FTHF Git Bash T.H., #i A git clone git://github.com/apache/spark.git 77 2K Y5 i T 2% 3| A

Mo, AnEl 1-20 FioR .

¥ 1-20 T Spark R4

2. ¥J%& Scala iFg

i emd 74173 Spark R H 5%, 47T sbt iy & P AR Z jar 1, BHERK

E], B KL T — 2/ AT 5E
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3. {#F sbt 45K Eclipse TFES0f4

S5 sbt HRAF (>) MBS, i A Eclipse fiv4>, 442 i Eclipse T8 0, i

ARAINB], ZEEAHREAL T 40 204 SERUN HPRBLANE 1-21 PR

|Em CAWindows\system32\emd.exe - sb

[warn]l = commons—net:commons-net:1.4.1 -> 2.2
[warn] Bun 'evicted’ to see detailed eviction warnings

[infol Successfully created Eclipse project files for project{s):

[infol
[infol
[info
streaming—kaf ka
ark-mllib
ark-catalyst
ark—graphx
avk—streaming—f lume—sink
ark—azzembhly
spark—-tools
spark-repl
spark-streaming—ngtt
spark—streaming-tuwitter
spark-bagel
old-deps
spark-network—conmon
spark-hive
spark-streaming—f lume
spark—-streaning—zeromg
spark-network—shuff le
spark-core

& 1-21  sbt ZiFead i

m

e

AERRA T E Spark T H9FXFd, KRIILPERARL T project Fl .classpath 3L, LU

mllib 51 H N R T project A1 .classpath SCH4, 40k 1-22 iz .

git » spark » mllib » ~ |45 [l == i
—— =
EEIER - HE v FETHE
= : e sem
| settings 2015/4/27 1327 Srls=
I src 2015/4/7 15:49 I
ol | target 2015/4/27 12:51 rfd=
|@] .classpath 2015/4/27 13:35 CLASSPATH i
| 4] .project 2015/4/27 13:29  PROJECT 37f
|| dependency-reduced-pom.aml 2015/4/25 18:11 XML 37
F | pemxml 2015/4/7 17:05 XML 32

[l 1-22  sbt A= A9 H S

4. 47% Spark J&53

T Spark fii il Maven /E 5l HAEHL T H., i LATE 20K Spark 71 HAE A Maven Wi H §: A

Eclipse 1, & 1-23 FizR.
Bty Next $HI0EA T —XHEHE, A& 1-24 FR,



Select

Import Existing Maven Projects

W IR

Select an import source:

0 Check out Maven Projects from SCM
I‘.‘ﬁ‘ Existing Maven Projects I
{0, Install or deploy an artifact to a Maven repasitory
&, Materialize Maven Projects from SCM
(&= Plug-in Development

P

> (= Remote Systems
I (= Run/Debug

b &= Tasks

b = Team

I = Web

I (= Web services

b B XML

< Back Finish

[ Nea> ]|

[ cancel |

& 1-23 S A Maven i H

EEFTAIH, Hid Finish 24, XEESSEM T A, W 1-25 PR,

Maven Projects

Select Maven projects

=

Root Directory: = ‘ T
Projects:
P org.apache spark:spark-parent:1.2.3-SNAPSHOT:pom -

1| org.apachesparkispark-milib_2.10:1.2.3-SNAPSHOTjar

org.apache.sparkispark-core_2.10:1.2.3-SNAPSHOTar
org.apache.sparkispark-bagel_2.10:1.2.3-SNAPSHO Tar

il org.apache.sparkspark-graphx_2.10:1.2.3-SNAPSHOTjar | | [ cotoct Tree

Deselect Tree

Refresh

org.apache.sparkispark-tools_2.10:1.2.3-SNAPSHOTjar

1| org.apache.sparkispark-network-common_2.1(

I
&

14| org.apache.sparkispark-network-shuffle 2.10:1.2
7| org.apache.sparkispark-streaming 2.10:1.2.3-SNAPSH(
org.apache.sparkispark-catalyst_2.10:1.2.3-SNAPSHO I
org.apache.sparkispark-sq|_2.10:1.2.3-SNAPSHOTjar
org.apache.sparkispark-hive_2.10:1.2.3-SNAPSHOTjar

AL L L

,,,,, LL.31A4 35 crancuA
i ] v

Add project(s) to working set

spark

» Advanced

4

®

finish | [ Cancel

e

——

[l 1-24  #E4F Maven 5l

2z o

5
Ea' javaB-tests 2,10 [spark branch-1.2]

"m.':a spark-assembly_2.10 [spark branch-1.2]
#aﬂ spark-bagel_2.10 [spark branch-1.2]

Package Explorer &2

{5 spark-catalyst 2.10 [spark branch-1.2]
t spark-core_2.10 [spark branch-1.2]

spark-examples_2.10 [spark branch—l.Z]‘

spark-ganglia-lgpl 2.10 [spark branch-1.2]

E% spark-graphx_2.10 [spark branch-1.2]

% spark-hive_2.10 [spark branch-1.2]

I‘f’a’ spark-hive-thriftserver 2.10 [spark branch-1.1
E% spark-mllib_2.10 [spark branch-1.2]

7 spark-network-common_2.10 [spark branch-]
H’ spark-network-shuffle_2.10 [spark branch-1.Z
Eaﬂ spark-network-yarn 2.10 [spark branch-1.2]
2% = spark-parent [spark branch-1.2]

;% spark-repl_2.10 [spark branch-1.2]

Es% spark-sql 2.10 [spark branch-1.2]

% = spark-streaming_2.10 [spark branch-1.2]
E% spark-streaming-flume_2.10 [spark branch-1.
spark-streaming-flume-sink_2.10 [spark bran

A k|

.

spark-streaming-kafka 2.10 [spark branch-1.

2]

spark-streaming-kinesis-as|_2.10 [spark bran
E% spark-streaming-mqtt_2.10 [spark branch-1.7
[5% spark-streaming-twitter 2.10 [spark branch-1
Ei% spark-streaming-zeromg_2.10 [spark branch
Ei% spark-tools 2.10 [spark branch-1.2]

ﬁ spark-yarn_2.10 [spark branch-1.2]

Ee% spark-yarn-alpha_2.10 [spark branch-1.2]

%2 vamn-narent 2.10 [snark branch-1.21

AT v Y YV YYYYYYYYYYYYYYWYYYYwYYwww v 6

K125 FASEMAIH

15
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SAERE, THEBEAA T H 0 build path, 77 NH, EFE “ Build Path” —
“Configure Build Path---", #TJT Java Build Path #tifii, 4%l 1-26 iR

F _____'——- ==
E Properties for spark-mllib_2.10 - g—x
ype filter text|

Gv v

Java Build Path

> Resource
Builders

Git

Java Build Path
Java Code Style
Java Compiler
Java Editor

v v %

Javadoc Location

-

Maven

Play2

Project Facets

Project References
Run/Debug Settings
Scala Compiler

Scala Formatter

Scala Organize Imports
> Task Repository

(® Source | (= Projects | B4 Libraries |<}«.} Order and Expon|

JARs and class folders on the build path:

3 activation-1.1jar - D:\git\spark\lib_managed =

akka-actor_2.10-2.3.4-spark.jar - D:\git\spar
akka-remote_2.10-2.3 4-sparkjar - DAgit\sp.
akka-sif4j_2.10-2.3.4-spark jar - D:\git\spark
akka-testkit_2.10-2.3.4-spark.jar - D:\git\spa
akka-zeromq_2.10-2.3.4-spark.jar - D:\git\sp

activemg-core-5.7.0jar - D:\gil\spark\\ib_maD

Add JARs...
Add External JARS...
Add Variable...
Add Library...

Add Clacs Folder...

[ algebird-core_2.10-0.8.1jar - D‘.\gil\spark\\ibﬁmanaged\]arsri

ant-launcher-1.9.1jar - D:\gif\spark\lib_man:
antlr-2.7.7 jar - D:\git\spark\lib_managed\jar
antlr-3.2ar - Di\git\spark\lib_managed\jars
antlr-runtime-3.4.jar - DAgit\spark\lib_manay
aopalliance-1.0ar - D:\git\spark\|ib_manage

Add External Class Folde

Edit..

Remove

4
B
B
I
B
P
B
b fon ant-1.9.1jar - D:\git\spark\lib_managed\jars
I
13
4
B
B
b
13
4

Task Tags arpack_combined_all-0.1-javadocjar - Di\git ‘ Migrate JAR File...
I+ Validation arpack_combined_all-0.1jar - D:\git\sparkylil ~
WikiText n 3
|
< m ] 3
|
|
@ [ ok ][ canel
| B

& 1-26 Java gk H 7

Hif; Add External JARs #%4fl, # Spark %1 H T 1Y lib_managed C {42 (1) ¥ {49 bundles
F jars NI jar AL ERINTENR

i lib_managed/jars 3L #F & F A 1k % 374 69 spark 49 €., Y 4we. spark-catalyst 2.10-1.3.2-
B
SNAPSHOT jar, iX#& jar €L 7T 48 5 4k T 3 49 Spark B AL IR AR — 5, FBARER
KIRAGRS, K& jar @b R FTolE e Mk &

Eclipse 7EXT I H 460}, A AR B TR Z45R, A X Se4h IR A0 i ok a2 S DL S
H., AR 51847 myn clean install, W08 1-27 fi7R o

5. iz Spark B3

PA Spark 5 fi5 [ 47 1) JavaWordCount A 1, 428 Wi {a] 4  Spark ¥ 5%, 45 7 JavaWord-
Countjava, %+ “ Debug As” — “Java Application” H ], i RAR B Ml &S5, Ay
JavaWordCount.java, 1#E#¢ “ Debug As” — “ Debug Configurations---”, MFTH X HE 3k
#£ JavaWordCount, 7EA47MIFR%E ] LUE K Java $hATZ 8. JRE. classpath, PREEAS #4510,
i 1-28 fioR.

BEFAAT LATE Spark VRAS i BB, SEATERER I
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g Progress.
erminated > spark [Maven Build] D:\Java\jdk1.7.0_72\bin\javaw.exe (201554591 E%8:38:02)
[INEOT: Spark: Project: Parent (PO .« osemsmise wme s Semmsmes SUCCESS [ 7.838 s]
[INEOT Spark: Project Networdaing i ooioon i s iutnnedinga e SUCCESS [ 17.119 s]
INFO] Spark Project Shuffle Streaming Service ............ SUCCESS [ 11.722 s]
[INEQT:Spack: Profeck Gore: @od iiptiie s s rnigarasminne s SUCCESS [©3:57 min]
[ENEO{SparksProjectiBapel, . oty wrosmmsmise rme i s mes SUCCESS [ 21.5@2 s]
[INEOT S pateles PragechGeaphXiiis i st e baanasmp suma e nes SUCCESS [ 57.174 s]
INEOQ] iSpark Profeck: SELEaNiE i s simin s s Seerki s dsegian s SUCCESS [@1:25 min]
[INEQT Spack:Projeck Gaktalyst, oo iuisssmmiyseraiingarag SUCCESS [©3:09 min]
[ENEO S Pk Projie R SOIE. o s iyt bin = s st e (o tea s TS el S SUCCESS [©5:29 min]
[INEOTSpatelc: Pragect Ml Cxbwarig, ta0 Serhsinss st i SUCCESS [©5:86 min]
INEQ]Spark: ProFeck TOOLS i moom i s o @evakt s Sidseias s SUCCESS [ 36.939 s]
INFO] Spark Project Hive S LR e e e e e SUCCESS [16:25 min]
INFO] Spark Project REPL ..... e e T e TSRS SUCCESS [@3:85 min]
[INEOT ‘Spark Project Assembly; =it conigum netinie it SUCCESS [©4:21 min]
[INFO] ‘Spark Project External TWitfer .c.cc:ccomeams siammns SUCCESS [@1:38 min]
INFO] Spark Project External Flume Sink .................. SUCCESS [©2:59 min]
[INFO] Spark Project External Flume ..........cc..ccccouonn SUCCESS [ 32.482 s]
[INEOT Spark Project Bxternal MOTT ool il oo retanil SUCCESS [©7:28 min]
[INFO] Spark Project External ZeroM) ........ccciececceanas SUCCESS [©1:28 min]
INFO] Spark Project External Kafka .............ccicoin.nn SUCCESS [©2:38 min]
INFO] Spark Project Examples ........ . SUCCESS [41:82 min]
NG, <o e Bn . e s B e ot el S bat dais bone b o s te i i St
[INFO] BUILD SUCCESS
I e e 8
INFO] Total time: ©81:43 h
[INFO] Finished at: 2015-84-09T710:21:17+08:00
INFO] Final Memory: 69M/583M
[ERNETIE cofffheieddthn st 28 sl et s it BB BB e i B 90 ey ot R B B
[ m
N S,
Bl 127 Siidnih
{8] Debug Configurations -

Create, manage, and run configurations

Debug a Java application

H Generic Server(Extern ~
B HTTP Preview
g J2EE Preview
[ Java Applet ® SPARK_HOME Digit\spark
4 [7] Java Application
[3] JavaCustomReceiv
[T JavaSparksQL  |=
|1 JavaWordCount|
3] Test

CEX EB3Pp- Name: | JavaWordCount
® Main [0 Arguments [ JRE % Classpath % Source [ Environment =] Commen|

Environment variables to set:

Variable Value

New...
Select...

[ Edit.
| e

1.5 /h&h

128 PEAD I

AW 5] K EAE Linux 275 R G T @AM PATAEE, I H A4 spark-shell 55
AR (AT, e 5 B & th v AR bR AT Spark JRAS B4~ o i T H T2 80T & TAE4RE
Windows &4t F 17, JH Eclipse £ fe) KW HE, BME LTG0 H] Intellid 19 H P Xt
Eclipse tWANFEAE, FrLATE Windows PREE T #5 B URAS ) M i, e Sb i s B T H., fg
RS 12E 2T I, JE BB KRR A i,



Cliysten 2 E2E

Spark ZIHEESEARZEGE

EERREWZE, Mg NAZIE, ABLTE, RALZFEFR?
— (EF - BB

e
E—%, BT Spark F I MR, K E1% %4 F 3] Spark MEFE A, AFH &M Spark
FAEWE FIT 4, 28 Spark Wy FEAE R EAMA . RALTIT, A)5H EILH Spark i £ E
M 2 A & Ja A Spark By iX I AR AREAMNTF, B 8 9% X Spark A E ML IA
R, HZ R AR —RESE T,

Spark = — /N F B9 AT IF EAE S, W Am M 1A 52 Fl K % (UCBerkeley) # AMP 5255 % Jf
AT 2009 £, 3T 2010 F£F IR, 2013 4 ik K ¥ Apache HE T K 3 44738 & & 3K 8 FF IR TR H =
—. Spark 7% £ F map reduce & EMHE X LI oA A EAHEZ, #4 Hadoop MapReduce f7
EA W 4, B AE% T Hadoop MapReduce ¥ 1% % 6 [4 .

2.1  #IiM Spark

2.1.1 Hadoop MRv1 B9/5R
Hadoop1.0 AR FH 192 MRv1 A MapReduce 2 F2 A5, MRv1 R4S (1) 52 B0 AR £ 25 7
org.apache.hadoop.mapred 271, MRv1 [ Map Fil Reduce J&:if 70 4% [ SLEL) . MRy A3 =557
Q B IREE (JobTracker A1 TaskTracker);
Q ZafefsfA! (MapReduce);
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Q FAEaP5%E (Map 1145 Fll Reduce 1155 ) .
MRv1 fELELLU R AN »
Q Ay RME: 7Risfiif, JobTracker BES 0T 0 IR P ATTAE S, HAREENS,
JobTracker RZS 7 IS, A FECE AT IR,
Q FTAMZE: KA THA LM Master, %4 %5 Master JaE455AE, X 58— H Master
IR, AR AT H
Q FIEFFAZER: TaskTracker ffiH slot Z5 i X 70 A7 55 LAY BE & slot fCRITRFEIR
(CPU., WA755). —A> Task FRELE]—A> slot JE A AW Ei21T, Hadoop AN 50K
%~ TaskTracker (9% [H slot 43FL 4y Task ffi . —2E Task H-ABEFE /0 FIH slot, 1M
HoAth Task o JC - X 2625 I RGBS IE . slot 434 Map slot £1 Reduce slot Piff, 435
it MapTask Fl Reduce Task {4 F. A B2 M AE MV W RIS 3 45 I R 4 30 MapTask 1R
%, 1 Reduce Task {1503 A HE RGN, XA} Reduce slot & H A .
O AeEZF ST MapReduce HEZR: Joikil o nl4fi4k 7 =208 A 517 MapReduce HE4LE
FyHABSZEL, 1 Spark . Storm 4§
MRv1 HY7- SANE 2-1 Pz
Apache 4 T ff g L L[] @8, X} Hadoop i 17 F 2 Mt 15, MRv2 e &4t E T, MRv2 &
FH T MRy H ) g B2 1858 R ECHE Ab 3 5| 48, (HOZ2 8 TR A 559 F A9 1. JobTracker # 4%
A3 T FH Y B JR R B - & ( ResourceManager, RM) Al 17 57 4% AN 118 HE 42 (94T 55 I8
Y ( ApplicationMaster, AM )., MRv2 H MapReduce [ #% L[> /~ P f& MapReduce #E 22, fij /2
YARN, 7ELL YARN W0 ) MRv2 1, MapReduce HE4L S TR Y, 58 4 1] LLER 4k oAl
MapReduce SZ8, HUN Spark . Storm %5, MRv2 f7R &A1& 2-2 FIF7s .

4 N
Hadoop 1.0
: Hadoop 2.0 B
MapReduce Storm
MapReduce (Httars) || (FEZRAbEE) Hits
(SRR B ABEAL 2 )
YARN
(SRR )
HDFS HDFS2
@iz st )
@ -4 -
2.1 MRyl REEC Kl2-2 MRv2 /R ER

Hadoop MRv2 AR f#H T MRv1 H1 g —2E[n] @, {HJ& i T X HDFS A8 S #/E (48T
BEERIF A . B #5100 S shuffle 45) F3RL A VO W RGEVERERRT, PRIt Hadi T 88

© 1M 2-1 & 2-2 HSEIE A http://blog.chinaunix.net/uid-28311809-ud-4383551 html.,
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AHARAL L, TN BE SR LSRR AL BRE T

2.1.2 Spark EfHS

Hadoop % F Fffdemtrnt . LB i 55 e, flangs gt ey R P e 40t
IR RS A A W S5 B, Hadoop BAR AT A X FERY SR . Spark i i3 A7 fiE
FIR R T R AL R, R T LA Lo TR B, A, Spark i S EF SQL A i
WAITE . BIE . HlEssEd %%, it X Java, Python. Scala, R %515 AU HE, WoRMIT
ETHP A,

2.1.3 Spark B4=

Spark &% MRv1 A1, X%} MapReduce fft 7 KEHL, BZEMT .

Q PREEACFRRE T Rl SRR N OR #22 . Hadoop 10 B2 Y i A it L AR i
FEZEEL A RET /21X 2575 >K . Hadoop MapReduce (1 Job ¥ H )i H Ak B A7 % 7 HDFS
i, {35 HDFS 3 B4 VO SRS, Spark FRVRKE Hh ) HH RN ZS SRAZAELE A7
G TR RER: VO, R Spark H B DAG P04 15 1 5t SRR Bt N AE TG T3
Spark B % 75 Fr i RE [ Hadoop PR 100 %, WI& 2-3 7R, BMERNAFARL, T2mEA
VO, i JE Hadoop 19 10 f5L4 I

Q % T4 H. Spark ¥{ 7£ % #F Java. Scala, Python Fll R % 120

VRS RE, KRR T 018, AT £ = Hadoop
80 N HIRVERT, FUVFHE Scala, Python, R [ shell % “ Spark
T T2 B A ) T 0.9

Q SZRpif). Spark SCRF SQL K& Hive SQL XA a £ifi.

€ 2-3  Hadoop 5 Spark i/
Q SRR, 5 MapReduce HAE AL BB 2k K04 AH L B A ] L

Spark A S HFSCHT T . Spark /Kt Spark Streaming
XPEHE AT SR AL B, R A FRRE )R 25 T Storm,

Q A F M. Spark [ & S T Standalone 7 F FE 5, A T ) Master 7] LI F £
A, DT R IR AR 58 T DU A SR A B AR A i, LR YARN
Mesos, EC2 5%,

Q FEBBIEIE S HF . Spark B T AT DAUTIRIERAE R S8 A BB SCHF R G2 HDFS, I8 A LA
{Jj[A] Cassandra, HBase. Hive. Tachyon L X AT:{i] Hadoop HYEXPE IR, X # K 5 (i
T EZ(dH HDFS. Hbase B4 H P IiFE#43) Spark.,

2.2 Spark JEREKIN

1. fRAZRIE
293 4 EZW KRR, Spark HETAMASSE 1.4.10 FATHAFEFH EAIMA K LR .
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1) Spark ¥4 F UCBerkeley ) AMP 2552 (2009 ),

2) Spark IEAXAMFIR (2010 4).

3) Spark 0.6.0 fiiA & A (2012-10-15), #EAT 7 RIGHEPERESCGH , B T —288 ek,
Jf-X} Standalone FBE AT T 1k .

4) Spark 0.6.2 FIA & A (2013-02-07 ), fifek | —2L bug, JF48R T ARG T,

5) Spark 0.7.0 WiiAS & A (2013-02-27 ), H§hN 1 3 ZOCHEREE, #i4n, Python API. Spark
Streaming [*) alpha ifANSE

6 ) Spark 0.7.2 BiA KA (2013-06-02 ), PEREGHEF ML T—LE bug, Hdl APL KT

7) Spark 3% E A Apache L& (2013-06-21)

8 ) Spark 0.7.3 flRA< & A (2013-07-16 ), f#H—LE bug, HHT Spark Streaming API 55 .

9 ) Spark 0.8.0 A& AR (2013-09-25), —E&ErIyAE M n FPERct

10) Spark 0.8.1 i A< & ffi (2013-12-19 ), 3Z4F Scala 2.9, YARN 2.2, Standalone 7 & 1
SR VEBE R AT I . shuffle RODEALSE .

11) Spark 0.9.0 WA & A7 (2014-02-02 ), #4M| GraphX, Mlas2=>28iket:, iAo
vk, BOglE OMERS . INERAT YARN f3CRF) 45,

12) Spark 0.9.1 it A4~ %& i (2014-04-09 ), 3% 3k fii Fl YARN (9 2 i€ %, ok #F Scala il
Python API HYaF il

13) Spark 1.0.0 A% #i (2014-05-30 ), Spark SQL. MLIib, GraphX #il Spark Streaming
HHEIN T BRI T T Ak, Spark #6005 AN T X} 46 4 YARN £EREAY 045

14) Spark 1.0.1 A& AR (2014-07-11), ¥4 T Spark SQL [ f:E A1 X ISON £ 4z 1)
S

15) Spark 1.0.2 fRA & A (2014-08-05 ), Spark #%.0> API % Streaming., Python, MLIib i
bug &% .

16 ) Spark 1.1.0 fiiA & Al (2014-09-11 ).

17 ) Spark 1.1.1 fiiAS & A (2014-11-26 ), Spark #% (> API }% Streaming, Python, SQL. GraphX
F1T MLIib 1 bug &4 .

18) Spark 1.2.0 fiiA & A (2014-12-18 ),

19) Spark 1.2.1 fiiAS & 4ii (2015-02-09 ), Spark #%.(» API % Streaming, Python, SQL. GraphX
F1 MLIib 1 bug &% .

20 ) Spark 1.3.0 MiA< & AR (2015-03-13 ),

21) Spark 1.4.0 fRAS & A (2015-06-11 )

22) Spark 1.4.1 Jit A< %& 4 (2015-07-15), DataFrame API }% Streaming. Python, SQL I
MLIib () bug &4 .

2. ERHES
FEREXT Spark A7 HARNERY T AR, HEFFEIEE B E Matei Zaharia i) Spark &3, AN EE S
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24 Spark Hig—SEHES

a
a

U000

(]

a

RDD (resillient distributed dataset): 42347 AR LE

Task : HAKHITIE 55, Task 434 ShuffleMapTask Fl ResultTask P #, ShuffleMapTask
N ResultTask 43 25MLLF Hadoop H ¥ Map #1 Reduce.

Job: FHPEASMHFENL, —4 Job AT REH —FIZ A~ Task 41,

Stage: Job ZMHUIIT B, —> Job Al fiE#E X /0 N —F £ Stage.

Partition: (#i41X . Bl—/~ RDD FdE T LK~ £ /D443 1K

NarrowDependency : ZEKHi, HJF RDD 4K T 4C RDD " [ 2 %) Partition, Narrow-
Dependency 434 OneToOneDependency Fl RangeDependency FiFl

ShuffleDependency : shuffle {K i, 2 %K K & K i, R ¥ RDD %f 4 RDD H* (1) Jit &
Partition #l5A3 #KH

DAG (directed acycle graph): A7 [0 JTCIE . H T[4 RDD Z [ ARG 2R o

3. Scala 5 Java gtk
Spark J A FE Java VENIT RIE S 7 EHEASMM., R H TR, Bif
fEA H—2ennfil, 3 2-1 3 T Scala &5 Java B ELEL .

* 2-1 Scala 5 Java ByLLE

Eb TRI Scala Java
R T BRECH 3, HeA TR X5 T X4 (Java8 WHINNT lambda BRAUZRER )
TP A R N

FANEWT | duck type. FasXRRURHAT, (AL T 4i%k

FRIOZERIAEWT, AN TR N BE S RN | | A AR

&
. e, R FE AR LI, I | 4
I,
A | B — it
R B e L e T B
FERTE ] Option, MECUERD . HZHS (07 AR
JRGE | M Actor M B FEFHBLTE . 1. BLIEBASI%

AL LA E BTSSR TC I F T Spark 245 Java VE N IT AR HYEH . T R e
TR AR, P T i Bk OB T, XN IZE AT Spark /F N R EEAE
R B IE

2.3 Spark JEABE A

231

Spark #HIZIT

FEA~ Spark FEEHH DL AR A, -
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Q Spark Core: Spark FJ%.CIIBEESEIL, {045 : SparkContext [JPI4R 1L (Driver Application
il SparkContext #258), #EB . FAAHIAR . LS HHAT . THAELIH5E,

Q Spark SQL: #&t SQL AbFEE ST, i T AR C R AVEEE PR () T AR M HEA T 28 B AT
Ak, A #GE Hadoop FYH P 4t Hive SQL Ab¥EfE

Q Spark Streaming : HALFRATTEAPEEE )1, B2 Kafka, Flume. Twitter., MQTT,
ZeroMQ. Kinesis FIfE 5119 TCP EHFAFEHRIR . ILAh, FEHLET FHAE,

Q GraphX: {RMLEIAABIAES), SR, Pregel 2L APT n] LA BL 5 1Y
LR

Q MLIib . $2HEEHLERF MGt /2. RIS 2R E ki, H—30m
API 422 FURRREAR 1 P 027 20 AR

Spark SQL. Spark Streaming. GraphX., MLIib [ g Spark Spark MLIb GraphX

(machine

TR AERL S 1, IR 2-4 iR RN L ey el

1. Spark #Z>INAE

Spark Core $2it Spark iz 3 filh 5 A% O A D E, &

B A HELL R IhRE [l 2-4  Spark £ BIHUKHUC R

Q SparkContext: ¥ 1M , Driver Application AYFAAT 55 tH #fJ&if i SparkContext 2 5¢
R, 7EIEZUHE3E Application Z B, 1 /G 240 if fk SparkContext, SparkContext gt
B MZGEAE . R L TR . FAERETT . TR . ZE . B RS, X
PFRS5 . Web 5554, DRRRIF I & N2 i ] SparkContext $24ILf) API 58 1%,
Ifie JF &, SparkContext P & i DAGScheduler 1 77 1] & Job, # DAG 711 RDD %]
BT Stage, $E3C Stage S5 LNfE. P E 1Y TaskScheduler 7 57 % IR I HIE . {155
HIFRAE K I SR AR R XA 55 AT B 4 TAE

Q FAEAR R Spark PLACH A A1 S NAEAE NG, U NAEAS IR A 275 [ fdi ]
WAy, XKD T HERL VO, T TS HUTIRCE, 15 Spark i H T 5201
B IR R Ak, Spark ERUE T LA L I A T A i O R G
Tachyon it PP 173645 . Tachyon BENE K Spark $4H T 58 1 PNAF LA SO A2 R 55«

Q A5 %, 115 5] %t SparkContext H ) DAGScheduler. RDD DA Jz H A& 95 i I
1 Executor 11 77 $417 [1) Map Fl Reduce 1T: 55 4 i, DAGScheduler Fll RDD # %A fii T
SparkContext P #B, (HIETEAT 55 IE X $E A 5 AT ZHiT 23 Job H1 i) RDD U A 1]
ToKKE (FHiFK DAG), JFXt Stage #4745, g AL S5 AT I BT 55 09 . 4K
1144 . shuffle 255 i .

Q S TR SN B DR R A6 SRR T, T LAAE i KB b B
Spark 7t SparkContext [ TaskScheduler ZH - Hr 421 1 X} Standalone #5252, [ 52 BE AN
Yarn, Mesos S5 Mzt A #E R G004, il f#i ] Standalone. Yarn, Mesos %56
BRIAN Task S BCIHEGIR, &5 0L PATRCR. B TR T35 bR A 77 RS

Apache Spark
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i =)

]

f) Standalone, Yarn, Mesos &#PE ML), Spark i FE{IE T Local £=UFN local-cluster
R T & A

2. Spark ¥ FRIhAE
KT RN ER, Spark FlZEmn T —Ley R UigE, EEAEH:
Q Spark SQL : SQL HA I ARG | 24 ARG R, i T3 K Spark (N H1H, 34

BT % SQL & Hive BY3C4F. Spark SQL M 2T LUEES A 1 5EMH SQL i 4 A
2% (SqlParser) ¥ SQL #:40 AiEikt (Tree), - HAHFHALNIFTHS (RuleExecutor)
—ZHF (Rule) N HEIEER, BLERYBEPATHTHRIRT. Kb, AT
IRAFETE T4 (Analyzer) FIPEALSS (Optimizer) ., Hive FUFATIdFES SQL 2510,
Spark Streaming : Spark Streaming 5 Apache Storm 25, 5 FH F ¥ 20 i1 %, Spark
Streaming % $3 Kafka, Flume. Twitter, MQTT, ZeroMQ. Kinesis F faj 5. i) TCP &
BT EZFEI R AL WA IEIES (Receiver) i oi# ASE, R4ZABIEHRA
B2 REE ., Dstream J& Spark Streaming W A B8 i (14142, Dstream 1] AL 41N
DStream Graph, Dstream A5t I H— & 511E£E00 RDD 414,

GraphX : Spark 2 4t 19 70 7 20 & T F B AHE LY, GraphX =+ % 211§ 2% (K 5] 2 I+ 47 (bulk
synchronous parallell, BSP) 5455 T 1 Pregel BEAYSEE . GraphX H24E T X & il 42

Graph, Graph T (Vertex), #1 (Edge) M4k7K T Edge 19 EdgeTriplet (48 T srcAttr
F1 dstAttr HRCRAAIE TS AN B AT s A @ k) —Fha5 20 . GraphX HATC &85 1

RSEEEAE . PITHEY | GEERAME . SMRARGIERIAN B, I T AR ]
MLIib : Spark J2HEAHLAS = HES . Hlafsr L &—T 1 A EARIe . gitee . Eimie .
oA SRR I NG S 2 U 52 AR, MLLD HETE 2R Bt 7RIS >
J BIEL B BEPLARAR . AR IS GRIF IR PR gE . RS dEsidn
U RHIESR IS | BRI E WS AARICTE S L RS2 MBS,
SN 4 €8 rak IO NI & o RS

2.3.2 Spark #&B4&it

1. Spark JmiEt&EEY
Spark W HRF NSRS BIHERE . AT, Hah e N BN El 2-5 s, PR BB an T
1) A #i ] SparkContext ¥ API (% FU7E textFile, sequenceFile, runJob. stop &%)

%i 5 Driver application £ J¥. Il 4P SQLContext, HiveContext & StreamingContext X} Spark-
Context #F17HE%¢, FHHHALT SQL. Hive Ktz iTHARCH) APL,

2) f#i ] SparkContext $& 52 () F 7 i FH B2 7y, 1 4% 25 fifi H BlockManager il Broadcast-

Manager 44155 ) Hadoop BCE#E17) #5. #AJ5 i DAGScheduler #1554y RDD Jf-4141 1
DAG, DAG ¥ #5143 A AN ) Stage. i) Hi TaskScheduler £ B ActorSystem ¥44T: 55 #£38
HERFEHSY (Cluster Manager )
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3) HEREE S (Cluster Manager) 251145 3 B98I, RPRE 2 ARAT 55 70 BC 21 Worker I,
Worker 1] # Executor 3 4t 3 /T 45 912 17, Standalone. YARN. Mesos. EC2 & #8n] DIFE K
Spark [UEERFAT I .

2. RDD it&i&al
RDD A LU O 25 P Ecs TR R i 45— 4l 52, Spark (9T F530 R 42 202 RDD k4t
TR, Wikl 2-6 7R, RDD AR FRE B 250 T4, 70 IXBUR R T partition
BRARE, B0 X R R TE—A Task 8., Frf 40 Xl IAE 2D HLEs 3 A
Executor [ 475U 7.

Your program Driver Application Worker Node
Standalone-

YARN. Mesos.
B —
Worker
sc=new SparkContext(...) BlockManager
file=sc.textFile(...)
Y RER
TaskScheduler RE—
e
DAGScheduler L m
S3. Tachyon J/
& 2-5 AREFTE AR
— —
gt o] [ - [=Cm -

X2 ---1--+|RpD |==[ 1% |we|gpp |wes[ HEH |---1--—

HEN e - =% — = E T s -

) S

[¥] 2-6 RDD &%

2.4 Spark JE S

MEEREERE AR A, Spark £EREH LU R4 AL -

Q Cluster Manager: Spark MUAERFEBEAS, FEMATTRIEM A SE ., RPN
H IR E T — B, R4 Worker LRJINAE . CPU &R BLLh R, (0
EIFATTIXF Executor IYBEIR41AC. HHET, Standalone. YARN. Mesos, EC2 FF#{H]
VIVE R Spark HULERFE BEAR
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Q Worker : Spark [ T-/E 15 &i. X Spark I P2 77 ok Uk, H 48 HE 45 HL 4% o3 BC 45 31 9%
U5 i) Worker 17 83 EZ AT LLF TAE: A48 Executor, % U8 AT 55 F— 2 0 Bl 45
Executor, [A2EFUR(EE 25 Cluster Manager.

Q Executor : $UATIHHAL 5B —ZFRE . FEE M TES AT LA S 5 Worker, Driver
App WIEEFZZ .

Q Driver App : & FimidKah )y, Wnl LAERAR % P HFRT , TR 518 r i
4 RDD A1 DAG, J#5 Cluster Manager - Til {5 518 % .

IXLEL B A3 22 ] R DG R Al 2-7 F o

Driver App

Driver App

Standalone .
YARN, Mesos |
EC2

y  Cluster Manager

Executor la Executor 2a
Executor 1h Executor 2h Executor Nb

Workerl Worker2 Worker N
€l 2-7  Spark JEAHLAGE]

2.5 ek

FEIRBOAR AR AR 2 th A 2T SR PIr K5l , Spark 1E2AESEI TR R FR TR
Spark ff I HOAEBRAE Ty . AT MRS . F B MRS ISR AR, 7 AR UL 1
KK, SHRITREWBORMZ . Spark 228 JUAERYIEAURIE, W45 E it 7 e Iite.
SEHAMUF, Spark £EAAC VNG Az HOREHR (19 K AE o
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m 5 3%  SparkContext FUHI4H{L
m R4 (AR

m 55 E ARSIRARZEIT
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Clcysee3: E3E

SparkContext FIFIEAHL

WA—, —AZ, A=, ZATH,
— EEZR)

RESE

SparkContext £ #7 % 1t & Driver . il 2 F & X AT AT 4R, A F & DA local # R %,
IE % B AL AT LT o %, XK R BY T8 K ek Spark Vi H IR G, HE A ARk
RIFRA, BFIARENR, 0iF & HEE M SparkContext #7 14 X IT ENEERE, BER
S | Spark BT A A BT A FE BRIE AR T &

K E N4 SparkContext ¥/ tE L X R B FE B, MiEHENMELENAHENIER, HHEEE
W E T A, Spark F VAR S, RESETEHRNERE. 2H . HE. FiE.
WE. ZF. WE. FE. XHRSF. Wb UL T EE,

3.1 SparkContext HfiA

Spark Driver F F4252 H P v AR, SEPRa LABEAE Spark 1% ' v, 1 f# Spark Driver
MIRILRAIL, A Bl S P N AR T AR % P o A A B A

Spark Driver F# i1k if 2 Fl26% SparkContext B#] 4Rk, SparkContext nJ LI 5 [ J& Fr
4 Spark W HFET 19 & ShHLG 1%, s ok, KWl e 8. SparkContext #] 4R
fe5ete, A fEl Spark SERHEAAES . TETFHAYARK I, KPR T UK A . Bk
DRkl LU ) A EILIX, RAT BT B — A RIS R B R TR & sh LA e LRI T 2K o
X E 2R i 2 B R T R SRR 2 R SPLIY, 1T SparkContext FYTC # 2 N
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1 SparkConf 1157, SparkConf 5t A4 T A .
SparkConf [/ #4) 3 1R 8 5, 3 2L J& 38 i ConcurrentHashMap 3K 4 371 4% Fft Spark (1) i )&
. SparkConf UL ZEAY WLACHS 5 5. 3-1, Spark (ML & JE AR L “spark.” FF3k 7R

RD;583-1 SparkConfiR A3 LE#

class SparkConf (loadDefaults: Boolean) extends Cloneable with Logging {
import SparkConf.
def this() = this(true)
private val settings = new ConcurrentHashMap[String, String] ()
if (loadbDefaults) {
// B Uspark. kR4 E B
for ((key, value) <- Utils.getSystemProperties if key.startsWith ("spark.")) {
set (key, value)

}
}
E:= S\SCh L

HAE 1R 28 SparkContext., SparkContext AT IRAAETRUNT -

1) f# Spark 01 7FF 4% SparkEnv;

2) % RDD 7% P #% metadataCleaner;

3) BIEIFHILR AL Spark UT;

4) Hadoop #HCHD E M Executor AN F 1915

5) fIEAT 5 J# B TaskScheduler;

6) AEFIE 3 DAGScheduler;

7 ) TaskScheduler A2 3l ;

8 ) WAL B BlockManager ( BlockManager J2A7ff{AR R 1 FEA M2 —, WTE 4
HAA);
9) JE 3l R4t MetricsSystem;

10 ) Q# 1) 3l Executor /3 FEL45 4% ExecutorAllocationManager ;
11) ContextCleaner 8% 57 15

12) Spark 55T BT ;

13 ) fJ# DAGSchedulerSource #l BlockManagerSource ;

14 ) ¥4 SparkContext FRic AT

SparkContext 1) FH1E S H0N SparkConf, HAZFLUNT

class SparkContext (config: SparkConf) extends Logging with ExecutorAllocationClient {
private val creationSite: CallSite = Utils.getCallSite ()
private val allowMultipleContexts: Boolean =
config.getBoolean ("spark.driver.allowMultipleContexts", false)
SparkContext.markPartiallyConstructed(this, allowMultipleContexts)

AR P Y CallSite £7fif 1 L REAR P B SR T AR THUAY ] P 28 B e SR I ARG Y Scala 5%
Spark .07 L. Utils.getCallSite FTEA{E B LK% A, SparkContext BRIA HA —A~524] (H
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J& % spark.driver.allowMultipleContexts >k 45 il , F /7 75 22 2 4~ SparkContext SE i Bf, 0] LUK
HAE M true), 777k markPartiallyConstructed FRAA PRS2 ME—E, FEK 241 SparkContext
Pid R IEFEA
F T R 2sht SparkConf AT, SRJG XTI EC &5 B TR, ST,
private[spark] val conf = config.clone ()

conf.validateSettings ()

if (!conf.contains ("spark.master")) {
throw new SparkException("A master URL must be set in your configuration")
}
if (!conf.contains ("spark.app.name")) {
throw new SparkException ("An application name must be set in your configuration")

}

M\ b T A 56 i AR RS B WA 20146 A2 J& 1 spark.master F1 spark.app.name, 75028l H FH
gE R IR LI R . spark.master FH T 1% B iBE M, spark.app.name H T35 &N AL 2 K.

3.2 BT FERBE SparkEny

SparkEnv J& Spark [ AT ¥ X 5, H 4G AR £ 5 Executor SUATH IR &, HF
TF local £ X F Driver 2> £ @ Executor, local-cluster 3 2 #¢ = 5 # Standalone 7 & £ X T
Worker %3 2 1Y) CoarseGrainedExecutorBackend #f 2 Fp t1. 2 61| 7 Executor, Ff LA SparkEnv £77E
T Driver 5{ # CoarseGrainedExecutorBackend #F 72 1, €] & SparkEnv = % {# H SparkEnv %)
createDriverEnv, SparkEnv.createDriverEnv /77545 — /N34 conf. isLocal fil listenerBus.

val isLocal = (master == "local" || master.startsWith("local["))
private[spark] val listenerBus = new LivelListenerBus
conf.set ("spark.executor.id", "driver")

private([spark] val env = SparkEnv.createDriverEnv (conf, isLocal, listenerBus)
SparkEnv.set (env)

T HEARES P AY conf &%) SparkConf A& ], isLocal #riH &5 2 AL, listenerBus SR
FHIE W S  2 SEHFAR S, 76 3.4.1 T TR 4.

SparkEnv [ /7 createDriverEnv 2L H create B4 SparkEnv., SparkEnv BUF1E A TR «

1) Q% 2 PER SecurityManager;

2) GIERT Akka A950 70 2004 8 R S ActorSystem;

3) A Map 11554 H BRER %S mapOutputTracker;

4) SZf5ik ShuffleManager;

5) 47 ShuffleMemoryManager;

6) BIEHEH IS BlockTransferService;

7) B1# BlockManagerMaster;
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8) LA AT BlockManager;

9) Bl KA HEY BroadcastManager;
10) AIEZ A HEEE CacheManager;

11) A& HTTP SC{4 45 %% HitpFileServer;
12) B R 48 MetricsSystem;

13 ) f# SparkEnv,

321 ZLEIEEE SecurityManager

SecurityManager F= ZXHALFR . M-S 0E1 7 8, Wi {# H Hadoop YARN fE WAERFAS FLAY,
DUV FFZLAd IR A5 42 B secret key 255, He o 4 24 W0 R G015 BT LA AUESE, LBk
A NS, S IUARAS T B 3-2,
RALFEE3-2 SecurityManagerfySLE]

private val secretKey = generateSecretKey ()

// fEFHTTPH # FE 14
if (authOn) {
Authenticator.setDefault (
new Authenticator () {
override def getPasswordAuthentication(): PasswordAuthentication = {
var passAuth: PasswordAuthentication = null
val userInfo = getRequestingURL () .getUserInfo ()

if (userInfo != null) {
val parts = userInfo.split(":", 2)
passAuth = new PasswordAuthentication(parts(0), parts(l).
toCharArray () )

}

return passAuth

3.2.2 ETF Akka B9 fzliIBE RS ActorSystem

ActorSystem J& Spark H i Fefl i 15 iti, Spark BEAFHE AL mXE S, XHE LI
Ko, ARG LIS A&7 SR XA R, BN X AR Scala 15 H 1Y
Actor I R RN ;. Scala I\ Ry Java Lo f8 38 o =40l DA K o) ok 4 2 s 8500 i) — Btk
SRR, ARG IESIRH, B AR, EESTIATEHIRRIM, 1F Scala
rh A [ AR K Actor, JfHLARMIL act 77, WiAan[A] Java B0 Runnable #2111, 75 %L
SO run 7k —FE L HRARBE I act Ik, MiZIE AR B R T (Scala Ak IH EE
S ) AR A .
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Actor ! message

Akka J& Actor ZR RIS R E, RLIF IDK 1.5 Z e Mok Itk THA,
b TREY B3 A g e I MERE . ActorSystem )& Akka $24E Y FH 01 8 43Ai U8 BLlAR REE M
JERIE . Akka B EAR(E BILKT % B,

IEZR Actor Bt I KR . B K%L ActorSystem 27431 30 BUR % 6 FE
M, Spark EFET ActorSystem.,

SparkEnv H1 81 & ActorSystem i F 2| T AkkaUtils T. H.2&, W AR S 3 # 3-3, AkkaUtils.
createActorSystem J7 15 H T )3 8l ActorSystem, ULACHS I 5 3-4, AkkaUtils ffi | T Utils 1) #
757 5 startServiceOnPort, startServiceOnPort $iz 284> [1] i 5 12 startService: Int => (T, Int), It
Qb iy startService 5% Br J& J5 ¥ doCreateActorSystem, EL IF Jii 3} ActorSystem J& H1 doCreate-
ActorSystem J5 7% 52 i [, doCreateActorSystem 1% {4 SZ #4717 375 UL Ff 5% B Spark [/ Driver
rh Akka (19 2RIA 15 7] b hik & akka://sparkDriver, Spark () Executor F Akka [t ERIA 15 7] Hb 41k
akka:// sparkExecutor, UIHRANFEE ActorSystem % I, B4 BT A 17 55 49 ActorSystem i [ 7E
TR SN BENL =42 . 6T startServiceOnPort FYSEIR, 17 WK% AL

R7L;583-3 AkkaUtils TR ¢ F1 /2 ZhActorSystem

val (actorSystem, boundPort) =
Option(defaultActorSystem) match {
case Some (as) => (as, port)
case None =>

val actorSystemName = if (isDriver) driverActorSystemName else
executorActorSystemName

AkkaUtils.createActorSystem(actorSystemName, hostname, port, conf,
securityManager)

RAELBEE3-4  ActorSystemEa €& M= 3h

def createActorSystem(

name: String,

host: String,

port: Int,

conf: SparkConf,

securityManager: SecurityManager): (ActorSystem, Int) = {
val startService: Int => (ActorSystem, Int) = { actualPort =>

doCreateActorSystem (name, host, actualPort, conf, securityManager)
}

Utils.startServiceOnPort (port, startService, conf, name)

3.2.3 map {ESHHERERES mapOutputTracker
mapOutputTracker FH T BREE map B BeAT 55 1055 HOIRZS, RS E T reduce By BUT 553K HL
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itk Ko A )t 45 R . RS map 455 B0 reduce 155 B A HME—HRIR, 430024 mapld il
reduceld, £ reduce 1155 i A 1T BEJE 24> map 1155 0%, reduce 23 451> map 1155 1)
JRAENT 2 A Block, 3X— it BERH S shuffle, 4L shuffle i #RHRA ME— BRI shuffleld.

X B A4 MapOutputTrackerMaster, MapOutputTrackerMaster PN #5{# F] mapStatuses :
TimeStampedHashMap[Int, Array[MapStatus]] & 4E§ B 52 454> map 1155 W% HIRAS . Hod key
X} R shuffleld, Array £7 fiff 2 1 map T 55 X} B (9 1R 25 % & MapStatus. i T MapStatus 2 3
T map % it Block %) #i ik BlockManagerld, I L reduce 1T 45 H138 M ] Zb 35 B map 1T 45 1)
[ % 3 . MapOutputTrackerMaster if fifi Ff] cachedSerializedStatuses : TimeStampedHashMap[Int,
Array[Byte]] 4E47 )7 514 J5 1945 1> map AT 55 0% HARAS . Ho key XT 0 shuffleld, Array £7fif
A4k MapStatus A= B0 7 54

Driver F1 Executor Zb# MapOutputTrackerMaster 1977 204 AN [A]

Q SR Y RT B A FE P J& Driver, U 8 # MapOutputTrackerMaster, 2% J5 £

MapOutputTrackerMasterActor, J HiF/H4 ActorSystem 1.,

QR M0 R & Executor, W41 #E MapOutputTrackerWorker, F M ActorSystem

rh1#8 3] MapOutputTrackerMasterActor

JC & J& Driver it J& Executor, #ix J& #5 i mapOutputTracker 1Y) J& P trackerActor £ A
MapOutputTrackerMasterActor 5|, Z AL HE 5. 3-5,

RALFEER3-5 registerOrLookupF ik A FE K E iFMActorfy LI

def registerOrLookup (name: String, newActor: => Actor): ActorRef = {

if (isDriver) {
logInfo ("Registering " + name)
actorSystem.actorOf (Props (newActor), name = name)
} else {
AkkaUtils.makeDriverRef (name, conf, actorSystem)
}
}

val mapOutputTracker = 1if (isDriver) {
new MapOutputTrackerMaster (conf)
} else {

new MapOutputTrackerWorker (conf)

mapOutputTracker.trackerActor = registerOrLookup (
"MapOutputTracker",
new MapOutputTrackerMasterActor (mapOutputTracker.asInstanceOf [MapOutputTrack

erMaster], conf))

T J5 T 2 K 58 23 M1 1E map 1T 55 19 4R 28 1E J2& B Executor 1] 5§ A 1) MapOutputTracker-
MasterActor & % 18 B, #f map 1T 55 Rk & [F] 2 £ mapOutputTracker /) mapStatuses F/ cached-
SerializedStatuses 1Y), Executor 7% 3% & Ui % %] MapOutputTrackerMasterActor [4? registerOrLookup
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J5 ¥ 13 8 i AkkaUtils.makeDriverRef #% %] MapOutputTrackerMasterActor, 5 P 1F 2 1 FH
ActorSystem FEALAY 5 2TH BRI TR, BRI Z W SR B, X HUEE — K HE] T Akka
UL TIEE, DU RE St 2 H Akka 4,

3.24 LMY ShuffleManager

ShuffleManager it 77 4 # A Hi J it 2 Y block %X 4% Y shuffle # /. ShuffleManager
2R b 38 57 A RS SortShuffleManager 9 52 9], A DL & 2 J& 4 spark.shuffle.
manager "~ hash > & =C #2 il {f F] HashShuffleManager., SortShuffleManager i i £§ A 1)
IndexShuffleBlockManager [8] £ #/F BlockManager H' ) DiskBlockManager % map 455 A
A, AR shuffleld . mapld 5 AR 5] 3, HEH if MapOutputTrackerMaster H1 4 4
) mapStatuses M AS b sl 5 HAD G RE Y S PO, AiERE TRES ], M AT EL shuffle ?
Spark fERIFATHHAAMELE , [F]— MR S8R 5 N ZAME S5 TE 21 8 LR HUAT, reduce
A AR REEET 2 ﬁ'?'f'J: PR S “VEM” BT A reduce I AT SRR, X
At B shuffle, X[l LA K X ShuffleManager (1B F S 7ESE 5 TEMIAE 6 Tifik,
ShuffleManager %3254k WACAS 15 5 3-6., AR5 35 . 3-6 B )5 €] i i) ShuffieMemoryManager
HE3.25 T4l

KEBiEH3-6  ShuffleManagerfy 3514 & ShuffleMemoryManager ) il &

val shortShuffleMgrNames = Map (
"hash" -> "org.apache.spark.shuffle.hash.HashShuffleManager",
"sort" -> "org.apache.spark.shuffle.sort.SortShuffleManager")
val shuffleMgrName = conf.get ("spark.shuffle.manager", "sort")
val shuffleMgrClass = shortShuffleMgrNames.get
OrElse (shuffleMgrName.toLowerCase, shuffleMgrName)
val shuffleManager = instantiateClass[ShuffleManager] (shuffleMgrClass)

val shuffleMemoryManager = new ShuffleMemoryManager (conf)

3.2.5 shuffle XFZNFETEEE ShuffleMemoryManager

ShuffleMemoryManager 7t 77 45 ¥ shuffle 2 72 5 A N A7 09 53 BC 5 B ik, 38 i thread-
Memory: mutable.HashMap[Long, Long] Ze/7 5 AR FE R NAE T8, DLACAS T 5 3-7,

RAEBBEE3-7 ShuffleMemoryManagert $1E 444

private[spark] class ShuffleMemoryManager (maxMemory: Long) extends Logging {

private val threadMemory = new mutable.HashMap[Long, Long] () // threadId ->
memory bytes
def this(conf: SparkConf) = this (ShuffleMemoryManager.getMaxMemory (conf))

getMaxMemory J7 ¥ T3KHL shuffle FrAT 2672 5 FHAOIR K INAE, SEELUNR .

def getMaxMemory (conf: SparkConf): Long = {
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val memoryFraction = conf.getDouble ("spark.shuffle.memoryFraction", 0.2)
val safetyFraction = conf.getDouble ("spark.shuffle.safetyFraction", 0.8)
(Runtime.getRuntime.maxMemory * memoryFraction * safetyFraction).toLong

}

M EHARASTTLAE Y, shuffle IrA Zef 5 R S RINAZ B TR A =00k -

Java iZ /7B 5 K A = Spark #9 shuffle 3z K 1 % & Jb « Spark #9414 b 1t
n] PLFC & J& 1 spark.shuffle. memoryFraction & 2 Spark (1) shuffle fiz K W A7 /&5 b, Bd & )& P
spark.shuffle.safetyFraction f&2X Spark 1944 AT 4 He .

Gé ShuffleMemoryManager i % i& 47 f£ Executor ¥, Driver ¥ # ShuffleMemoryManager
=
RA L local X, FAAMER,

3.2.6 LIRSS BlockTransferService

BlockTransferService 2k A & NettyBlock TransferService (7] DA fii ¥ J& 14 spark.shuffle.
blockTransferService {# J NioBlockTransferService ), ‘& f#i F] Netty #2111 S5 A5 S5 142K 50 Aty X 2%
N FHAESE, $R4E web IR55 S % P, ARBGERR 15 44 - Block HI5EA -

val blockTransferService =
conf.get ("spark.shuffle.blockTransferService", "netty").toLowerCase match {
case "netty" =>
new NettyBlockTransferService (conf, securityManager, numUsableCores)
case "nio" =>
new NioBlockTransferService (conf, securityManager)

}
NettyBlockTransferService [ EASI UM LSS 4 FETEAN2H . X RGO RESEAF A 7S, X
FER 28 1 HTA A B TAEAFAR IR 2R REAW i G BE ), BHEWREIE Tt TAEEIR R

3.2.7 BlockManagerMaster M3

BlockManagerMaster i ¢ %I Block [ 4 i A1 Py 9, H & 45 1E 4K #t T BlockManager-
MasterActor, Driver Fl Executor Z:¥f BlockManagerMaster %) J7 U] «
Q 05 Y55 0 FH A2 7 & Driver, W41 % BlockManagerMasterActor, Jf- H. i i £] Actor-
System 1,
QA 2R R J& Executor, N ActorSystem 3% %] BlockManagerMasterActor .
JC & #& Driver it J& Executor, #ix i BlockManagerMaster 1Y J& 1% driverActor ¥ 5 43 X
BlockManagerMasterActor [15] . BlockManagerMaster FEIZAASUNT .

val blockManagerMaster = new BlockManagerMaster (registerOrLookup (
"BlockManagerMaster",
new BlockManagerMasterActor (isLocal, conf, listenerBus)), conf, isDriver)
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registerOrLookup EL7F 3.2.3 TG T, AF#5A ., BlockManagerMaster &2 BlockManager-
MasterActor [ EARSZIETESE 4 TTEGIN2A

3.2.8 fUEEETREE BlockManager

BlockManager 1 57 %} Block ) 4 #, W A 7 BlockManager [ #] 1 fk 77 1 initialize
AR, BA A M. BlockManager /E N 746 R 48 19— 4y, HARSCHL LS 4 3,
BlockManager F8I ARSI .

val blockManager = new BlockManager (executorId, actorSystem, blockManagerMaster,
serializer, conf, mapOutputTracker, shuffleManager, blockTransferService,
securityManager, numUsableCores)

3.29 Bl #EETHEEE BroadcastManager

BroadcastManager H T B E {5 B 14LJE B9 RDD ., Job LA K ShuffleDependency HE R
TEARMAAG . WK T 7K, WS HRIEALT & . Al# BroadcastManager FfCASSZELANT .

val broadcastManager = new BroadcastManager (isDriver, conf, securityManager)

BroadcastManager 751 75 Fo 4] 4 4k 77 15 initialize #¢ 8 JH 5, A B84 %L, initialize J5 32
S B A S5 AR BT #6152 ) broadcastFactory (1] LLFE ' J& 1 spark.broadcast.factory 5
7€, 2R 1N & org.apache.spark.broadcast. TorrentBroadcastFactory ) . BroadcastManager %) |~ #%&
5 ¥ newBroadcast 5% {8 Bl T T. ) broadcastFactory Y newBroadcast J7 3% 2K 4= Al ) #% X
% . unbroadcast 772 S PRACFE T T.) broadcastFactory FJ unbroadcast J7 ¥ 4= AUAE | #6 XF 4.
BroadcastManager [} initialize . unbroadcast }% newBroadcast J5 i WACHS 5 4 3-8,

R7L;EHE3-8 BroadcastManagerfiy LI

private def initialize() {
synchronized ({
if (!initialized) {
val broadcastFactoryClass = conf.get ("spark.broadcast.factory", "org.
apache.spark.broadcast.TorrentBroadcastFactory")
broadcastFactory =
Class.forName (broadcastFactoryClass) .newInstance.asInstanceOf
[BroadcastFactory]
broadcastFactory.initialize (isDriver, conf, securityManager)
initialized = true

}
}

private val nextBroadcastId = new AtomicLong(0)
def newBroadcast[T: ClassTag] (value_ : T, isLocal: Boolean) = {

broadcastFactory.newBroadcast[T] (value , isLocal, nextBroadcastId.
getAndIncrement ())
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def unbroadcast (id: Long, removeFromDriver: Boolean, blocking: Boolean) {
broadcastFactory.unbroadcast (id, removeFromDriver, blocking)

}

3.210 GIEEFETES CacheManager

CacheManager 1] T-2¢ /¢ RDD JA0r XA JG B I Z5 R, GeAeiH B a5 ROR R TR kAT
FRgEHE, BRAE 6.1 T5PFE], 1 CacheManager £ 7E 4.10 5 iE4I 4 . 14 CacheManager 1)
(71N

val cacheManager = new CacheManager (blockManager)

3.2.11 HTTP M{4AR5538 HttpFileServer

HttpFileServer BN S WAL 8. 3-9., HitpFileServer = E X jar A A TR http
Vilal, X8 jar W ALFE FH P AL jar 0. v 1 @ 1 spark fileserver.port BiC &, 2RIAH 0, %
TN BERLA: Bl 5o

REG;EH3-9 HttpFileServerffl &

val httpFileServer =

if (isDriver) {
val fileServerPort = conf.getlInt ("spark.fileserver.port", 0)
val server = new HttpFileServer (conf, securityManager, fileServerPort)
server.initialize()
conf.set ("spark.fileserver.uri", server.serverUri)
server

} else {
null

}

HttpFileServer [T IR AL FE WA 5 3-10, FEAFELL TP

1) ffiH Utils T HISBIESCAEIR S 2R AR B 5 IS H 5t (s H SRS T A R
SMIBE) . Utils THEATELNAN 23 DR % A

2) BIEAEHR jar £ S HAW SO B SO H 5o

3) BIEIFA 8 HTTP iR -

A5 E3-10 HttpFileServertI#IAH

def initialize() {

baseDir = Utils.createTempDir (Utils.getLocalDir (conf), "httpd")
fileDir = new File (baseDir, "files")
jarDir = new File(baseDir, "jars")

fileDir.mkdir ()
JjarDir.mkdir ()
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logInfo ("HTTP File server directory is " + baseDir)

httpServer = new HttpServer (conf, baseDir, securityManager, requestedPort,
"HTTP file server")

httpServer.start ()

serverUri = httpServer.uri

logDebug ("HTTP file server started at: " + serverUri)

HttpServer fJF1E FI start JrykASEBf, BRI T Utils BFYERA /7% startServiceOnPort,
K2 M9 doStart 79, VWLACHSIE B 3-11, A % Jetty 19 API i FHZ WLt C.

RALi583-11  HttpServertd/azh

def start() {
if (server != null) {
throw new ServerStateException("Server is already started")
} else {
logInfo ("Starting HTTP Server")
val (actualServer, actualPort) =
Utils.startServiceOnPort[Server] (requestedPort, doStart, conf,
serverName)
server = actualServer
port = actualPort

doStart J5iEH R SN iR Y Jetty FTERER) HTTP AR 55, WLACHSE . 3-12,

{RED;E83-12 HttpServertI B EhIh gL LI

private def doStart(startPort: Int): (Server, Int) = {
val server = new Server ()

val connector = new SocketConnector
connector.setMaxIdleTime (60 * 1000)
connector.setSoLingerTime (-1)
connector.setPort (startPort)

server.addConnector (connector)

val threadPool = new QueuedThreadPool
threadPool.setDaemon (true)

server.setThreadPool (threadPool)

val resHandler = new ResourceHandler
resHandler.setResourceBase (resourceBase.getAbsolutePath)

val handlerList = new HandlerList
handlerList.setHandlers (Array (resHandler, new DefaultHandler))

if (securityManager.isAuthenticationEnabled()) {
logDebug ("HttpServer is using security")
val sh = setupSecurityHandler (securityManager)
// make sure we go through security handler to get resources
sh.setHandler (handlerList)
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server.setHandler (sh)

} else {
logDebug ("HttpServer is not using security")
server.setHandler (handlerList)

server.start ()
val actualPort = server.getConnectors() (0) .getLocalPort

(server, actualPort)

3.212 RUIEENEZERS MetricsSystem
MetricsSystem j& Spark (9l 248, A4 MetricsSystem [ CASUITT .

val metricsSystem = if (isDriver) {

MetricsSystem.createMetricsSystem("driver", conf, securityManager)
} else {
conf.set ("spark.executor.id", executorId)
val ms = MetricsSystem.createMetricsSystem("executor", conf,
securityManager)
ms.start ()
ms

}
IR FHAY createMetricsSystem J7EESEPREI#E T MetricsSystem, {CASUIT .

def createMetricsSystem(
instance: String, conf: SparkConf, securityMgr: SecurityManager):
MetricsSystem = {
new MetricsSystem(instance, conf, securityMgr)

}
1438 MetricsSystem 118 % 5 85 22 (1 J2 i H 1 MetricsConfig [ initialize 75 %, WA
313,

REDEH3-13  MetricsConfighi#Iia 4k

def initialize() {
setDefaultProperties (properties)

var is: InputStream = null

try {
is = configFile match {
case Some (f) => new FileInputStream(f)
case None => Utils.getSparkClassLoader.getResourceAsStream (METRICS CONF)
}
if (is != null) {

properties.load(is)
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RIS

} catch {

case e: Exception => logError ("Error loading configure file", e)
} finally {

if (is != null) is.close()

propertyCategories = subProperties (properties, INSTANCE REGEX)
if (propertyCategories.contains (DEFAULT PREFIX)) {

import scala.collection.JavaConversions.

val defaultProperty = propertyCategories (DEFAULT PREFIX)
for { (inst, prop) <- propertyCategories

if (inst != DEFAULT PREFIX)

(k, v) <- defaultProperty

if (prop.getProperty(k) == null) } {
prop.setProperty(k, v)
}

MUL BT LA, MetricsConfig [ initialize 775 3 22 61 5 12, metrics.properties SC{F

HHRIERCE , JEXTE IR TR AR (e .

fitn, Hflwtk

{*.sink.servlet.path=/metrics/json, applications.sink.servlet.path=/metrics/

applications/json, *.sink.servlet.class=org.apache.spark.metrics.sink.
MetricsServlet, master.sink.servlet.path=/metrics/master/json}

et

Map (applications -> {sink.servlet.class=org.apache.spark.metrics.sink.

MetricsServlet, sink.servlet.path=/metrics/applications/json}, master ->
{sink.servlet.class=org.apache.spark.metrics.sink.MetricsServlet, sink.
servlet.path=/metrics/master/json}, * -> {sink.servlet.class=org.apache.
spark.metrics.sink.MetricsServlet, sink.servlet.path=/metrics/json})

3.2.13 8l SparkEnv

PR AR IS, BT AU A AT AT SparkEnv .,

new SparkEnv (executorId, actorSystem, serializer, closureSerializer, cacheManager,

mapOutputTracker, shuffleManager, broadcastManager, blockTransferService,
blockManager, securityManager, httpFileServer, sparkFilesDir,

metricsSystem, shuffleMemoryManager, conf)

i

iE serializer #= closureSerializer % 52 1% /A Class.forName A 4+ 4 5% #) org.apache.spark.
=B

serializer.JavaSerializer 2 9 52 4], 2 ¥ closureSerializer 5% %) 4% % A sk %} Scala P %9 4]
QBAT I,




2535 SparkContext HI¥JIAML 41

3.3 fI4 metadataCleaner

SparkContext A T £ ¢ XF FF 5 5 A 1k 19 RDD 1% #R &2, i ] 25 % & TimeStamped-

Weak ValueHashMap [ persistentRdds ZZ 7. metadataCleaner [ ZIHE 5 Fiid A1 RE A fL RDD,
A4 metadataCleaner SIS .

private([spark] val persistentRdds = new TimeStampedWeakValueHashMap[Int, RDD[ ]]

private[spark] val metadataCleaner =
new MetadataCleaner (MetadataCleanerType.SPARK CONTEXT, this.cleanup, conf)

A UTF4NE A MetadataCleaner FYSZEE, DLACHSE #A 3-14,

RAED;EE3-14 MetadataCleanerfyS23f

private[spark] class MetadataCleaner (
cleanerType: MetadataCleanerType.MetadataCleanerType,
cleanupFunc: (Long) => Unit,
conf: SparkConf)
extends Logging

val name = cleanerType.toString

private val delaySeconds = MetadataCleaner.getDelaySeconds (conf, cleanerType)
private val periodSeconds = math.max (10, delaySeconds / 10)

private val timer = new Timer (name + " cleanup timer", true)

private val task = new TimerTask {
override def run() {
try {
cleanupFunc (System.currentTimeMillis () - (delaySeconds * 1000)
logInfo ("Ran metadata cleaner for " + name)
} catch {
case e: Exception => logError ("Error running cleanup task for " + name, e)

if (delaySeconds > 0) {
timer.schedule (task, delaySeconds * 1000, periodSeconds * 1000)

def cancel() {
timer.cancel ()

M MetadataCleaner )52 BLHT LA H 52U — 1 TimerTask SEELAE R &, AW ]
cleanupFunc: (Long) => Unit iX £ R EIS %, 143 metadataCleaner I 1) B £ 2 42 cleanup,
PTG B persistentRdds H AN ZE, AT,
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private[spark] def cleanup(cleanupTime: Long) {
persistentRdds.clearOldValues (cleanupTime)

}

3.4 SparkUI it:fif

1A R G AR AT E AR ML MR A DI RE, D0 E e RE DT IR] HoA R 3 KA R O 32 4 R MR 4 e
F4 L TG B — FP AT B . SRR . SparkUT 2 X FERG IR 55, BRI INIE 3-1 FIis .

FERB KRGS, RANFFLEV IR R WL 9t 22 L 7 (R
Ui SparkUT K H] Scala 1) sREGI 730, IR AREE A RAERUBEHSEIN, X pRELI I8 H 2Bk
M, 2233 Driver JTAE JVM BYZA e BR ] M50 s 4 e A SE0RT, 88 28 1 B
P TCik B R GG U B B . Fh T eR B T 2RO B0 TR DR, ol S B A R
FESM A IR, IR T AR IR N M 25 (A1, S 3R B i R] o5 K pR SO FH B4 ik
P, FAFATDR SRR, HRTARE T DIARSEI TR 208 8, 2ol A2 ieid n] LIg R A ,
ARG RIERRIIGIN . FRME A AGAT, EMBESGLG, s
AT S ) M T 0 AR R A T B

SparkUI 2]

StagesTab g]
AllStagesPage £] StagePage €] PoolPage &1

JobsTab 2]

“\
JobProgressListener |
AllJobsPage £] JobPage &1| |___- N er! DAGSchedulor €]
N
EnvironmentTab £] . !
Env—ironmentpage@ ________ > Environmentlistener8]) | = listenerBus £]
T
StorageTab g] -
StoragePage £] RDDPage €] S5 StorageListener €]

ExecutorsTab g] 4
ExecutorsPage £7| | ExecutorThreadDumpPageg]| | _ ) ExecutorsListener £

€l 3-1 SparkUI 2844
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FATIC T B 3-1 4N 4044 DAGScheduler &2 72 % ) 7= 4= 45 2% SparkListener-
Event [ Y83k, B 4% % Fi SparkListenerEvent % 1% 3] listenerBus 1 514 A %1 |1, listenerBus i
i 5 B 25 4% SparkListenerEvent 55 4 VT it #1] L& /) SparkListener, 2{7E SparkListener H1) 4t
TR, B2 SparkUI B9 A1 e s . MIEL 3-1 Hids ] DUFA 31| Spark HL3E X T 1R 2 Wi Wy
#% SparkListener [ 5 ¥, 4 4§ JobProgressListener, EnvironmentListener, StorageListener .,
ExecutorsListener, ‘EfITHIZS4E IR R WA 3-2 s,

SparkListener

+ onStageCompleted(stageCompleted : SparkListenerStageCompleted) : void

+ onStageSubmitted(stageSubmitted : SparkListenerStageSubmitted) : void

+ onTaskStart(taskStart : SparkListenerTaskStart) : void

+ onTaskGettingResult(taskGettingResult : SparkListenerTaskGettingResult) : void

+ onTaskEnd(taskEnd : SparkListenerTaskEnd) : void

+ onJobStart(jobStart : SparkListenerJobStart) : void

+ onJobEnd(jobEnd : SparkListenerJobEnd) : void

+ onEnvironmentUpdate(environmentUpdate : SparkListenerEnvironmentUpdate) : void

+ onBlockManagerAdded(blockManagerAdded : SparkListenerBlockManagerAdded) : void

+ onBlockManagerRemoved(blockManagerRemoved : SparkListenerBlockManagerRemoved) : void
+ onUnpersistRDD(unpersistRDD : SparkListenerUnpersistRDD) : void

+ onApplicationStart(applicationStart : SparkListenerApplicationStart) : void

+ onApplicationEnd(applicationEnd : SparkListenerApplicationEnd) : void

+ onExecutorMetricsUpdate(executorMetricsUpdate : SparkListenerExecutorMetricsUpdate) : void

S T NN

JobProgressListener EnvironmentListener StoragelListener ExecutorsListener

[%] 3-2  SparkListener {24k KA 5

3.4.1 listenerBus F¥f%

listenerBus f*)2571 7 LiveListenerBus, LiveListenerBus SZER T Wi W a3 i W iy 542
fish 2 X AR T g W RS (S BB ek, IR 3] UT S B B . LiveListenerBus [ LA
T EBAT LA

a %ﬁim?@y\ﬂ‘ 1%y LinkedBlockingQueue[SparkListenerEvent], [ %€ K/Ng 10 000;

WS A HEH . 257N ArrayBuffer[SparkListener], f7 452 Wil #% SparkListener.
Q $1¢IEEE%[U?%§E’J§%E: I Thread AWrHZHL LinkedBlockingQueue HH A4, 34 [y W
Wras, JAAMIUTERI TR AT F A2 FE LinkedBlockingQueue H 7 7E — BE A [,
% “F Thread #0317 115, SR BR . PRI Ad ] listenerBus 3X 1~ 44 “F FE-& & AN
, BT 4, listenerBus AYSZEE LA IE B 3415,

RFL;EH3-15 LivelListenerBusaI = r4bIE LI

private val EVENT_QUEUE_CAPACITY = 10000
private val eventQueue = new LinkedBlockingQueue[SparkListenerEvent] (EVENT
QUEUE CAPACITY)
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private var queueFullErrorMessageLogged = false

private var started = false

// A counter that represents the number of events produced and consumed in
the queue

private val eventLock = new Semaphore (0)

private val listenerThread = new Thread ("SparkListenerBus") {
setDaemon (true)
override def run(): Unit = Utils.logUncaughtExceptions {
while (true) {
eventLock.acquire ()
// Atomically remove and process this event
LiveListenerBus.this.synchronized {
val event = eventQueue.poll

if (event == SparkListenerShutdown) {
// Get out of the while loop and shutdown the daemon thread
return

}
Option (event) .foreach (postToAll)

def start() {
if (started) {
throw new IllegalStateException ("Listener bus already started!")
}
listenerThread.start ()
started = true
}
def post(event: SparkListenerEvent) ({
val eventAdded = eventQueue.offer (event)
if (eventAdded) {
eventLock.release ()
} else {
logQueueFullErrorMessage ()

def listenerThreadIsAlive: Boolean = synchronized { listenerThread.isAlive }
def queuelIsEmpty: Boolean = synchronized { eventQueue.isEmpty }

def stop() {
if (!started) {
throw new IllegalStateException ("Attempted to stop a listener bus that
has not yet started!")
}
post (SparkListenerShutdown)
listenerThread.join ()
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LiveListenerBus " & F ) postToAll J5 2 5Z bk i€ L AEAC 2 SparkListenerBus H, AL A%

H13.16 iR,

REL;5EH3-16 SparkListenerBus i 5T 25iE A

protected val sparkListeners = new ArrayBuffer[SparkListener]

def

def

with mutable.SynchronizedBuffer[SparkListener]
addListener (listener: SparkListener) {

sparkListeners += listener

postToAll (event: SparkListenerEvent) {
event match {

case stageSubmitted: SparkListenerStageSubmitted =>
foreachListener (_ .onStageSubmitted (stageSubmitted))

case stageCompleted: SparkListenerStageCompleted =>
foreachListener ( .onStageCompleted (stageCompleted))

case jobStart: SparkListenerJobStart =>
foreachListener (_.onJobStart (jobStart))

case jobEnd: SparkListenerJobEnd =>
foreachListener ( .onJobEnd (jobEnd))

case taskStart: SparkListenerTaskStart =>
foreachListener (_.onTaskStart (taskStart))

case taskGettingResult: SparkListenerTaskGettingResult =>
foreachListener ( .onTaskGettingResult (taskGettingResult))

case taskEnd: SparkListenerTaskEnd =>
foreachListener (_.onTaskEnd (taskEnd))

case environmentUpdate: SparkListenerEnvironmentUpdate =>
foreachListener (_ .onEnvironmentUpdate (environmentUpdate))

case blockManagerAdded: SparkListenerBlockManagerAdded =>
foreachListener (_.onBlockManagerAdded (blockManagerAdded))

case blockManagerRemoved: SparkListenerBlockManagerRemoved =>
foreachListener (_.onBlockManagerRemoved (blockManagerRemoved) )

case unpersistRDD: SparkListenerUnpersistRDD =>
foreachListener (_.onUnpersistRDD (unpersistRDD))

case applicationStart: SparkListenerApplicationStart =>
foreachListener (_.onApplicationStart (applicationStart))

case applicationEnd: SparkListenerApplicationEnd =>
foreachListener ( .onApplicationEnd (applicationEnd))

case metricsUpdate: SparkListenerExecutorMetricsUpdate =>
foreachListener ( .onExecutorMetricsUpdate (metricsUpdate))

case SparkListenerShutdown =>

private def foreachListener (f: SparkListener => Unit): Unit = {

sparkListeners.foreach { listener =>

try {
f(listener)
} catch {
case e: Exception =>



46 < LRI

logError (s"Listener ${Utils.getFormattedClassName (listener)} threw an
exception", e)

3.4.2 #3i& JobProgressListener

FATLL JobProgressListener A {44 i} f# SparkListener, JobProgressListener s& SparkContext
o — AN E L AL R 4, A WET listenerBus H B SR BEHTAT 55 & . SparkStatusTracker
SparkUI 5P Il /&l ik JobProgressListener & SE AT 55 IRASERER (Y . A4 JobProgressListener
AN .

private[spark] val jobProgressListener = new JobProgressListener (conf)
listenerBus.addListener (jobProgressListener)

val statusTracker = new SparkStatusTracker (this)

JobProgressListener A% /F FH J& 8 i HashMap . ListBuffer %5 54} 25 #4 £7 i Jobld K X Jif EI’J
JobUIData {5 8., FHMEBGE . 58, KRIKEE job MRAESE T, X F Stageld. Stagelnfo 557 B 4%
WG . SERL. 2. RIMAE Stage IRAGTT, I HAFAE Stageld 55 Jobld [ —Xf £ K FR, X
S HE B @V\%}j‘Z JobPage #il StagePage %5 UL [HI 17 M) FljEE 44 . JobProgressListener AU 454
DLACHSE 5 3-17,

{R75;583-17 JobProgressListenert s 2

class JobProgressListener (conf: SparkConf) extends SparkListener with Logging {

import JobProgressListener.

type JobId = Int

type Stageld = Int

type StageAttemptId = Int
type PoolName = String
type ExecutorId = String

// Jobs:

val activeJobs = new HashMap[JobId, JobUIDatal]
val completedJobs = ListBuffer[JobUIDatal ()

val failedJobs = ListBuffer[JobUIData] ()

val jobIdToData = new HashMap[JobId, JobUIDatal]

// Stages:

val activeStages = new HashMap[StageId, StagelInfo]

val completedStages = ListBuffer[StagelInfo] ()

val skippedStages = ListBuffer[StageInfo] ()

val failedStages = ListBuffer[StagelInfo] ()

val stageIdToData = new HashMap|[ (Stageld, StageAttemptId), StageUIData]
val stageldToInfo = new HashMap[StageId, StageInfo]
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val stageldToActiveJobIds = new HashMap[StagelId, HashSet[JobId]]

val poolToActiveStages = HashMap[PoolName, HashMap[StageId, StagelInfo]] ()
var numCompletedStages = 0 /] BRETRMStage &

var numFailedStages = 0 // BEXEHNstageH &

// Misc:
val executorIdToBlockManagerId = HashMap[ExecutorId, BlockManagerId] ()
def blockManagerIds = executorIdToBlockManagerId.values.toSeq

var schedulingMode: Option[SchedulingMode] = None

// number of non-active jobs and stages (there is no limit for active Jjobs
and stages):

val retainedStages = conf.getInt ("spark.ui.retainedStages", DEFAULT RETAINED
STAGES)

val retainedJobs = conf.getlInt ("spark.ui.retainedJobs", DEFAULT RETAINED JOBS)

JobProgressListener 5% F T onJobStart, onJobEnd, onStageCompleted. onStageSubmitted .
onTaskStart, onTaskEnd %5 J7 7%, X 26 J5 ¥k 1F & 7E listenerBus AY 9K 3 T, it 48 JobProgress-
Listener 14455 Job . Stage FHICHEHE o

3.4.3 SparkUl 98I SHIRL
SparkUT Ag814E, DLACASE 5 3-18,
R7L;EH3-18 SparkUIRIAEA

private([spark] val ui: Option[SparkUI] =
if (conf.getBoolean ("spark.ui.enabled", true)) {
Some (SparkUI.createLiveUI (this, conf, listenerBus, JjobProgressListener,
env.securityManager, appName) )
} else {
None

ui.foreach( .bind())

A LLE B AR T ZE 4t SparkUI ilR45, W] LAKS & PE spark.ui.enabled [E2CH false,
createLiveUT SEPR-2f ] T create J7i:, WACADYEBA 3-19,

R7L;FEHE3-19 SparkUIRYElE

def createLiveUI (
sc: SparkContext,
conf: SparkConf,
listenerBus: SparkListenerBus,
jobProgressListener: JobProgressListener,
securityManager: SecurityManager,
appName: String): SparkUI = {
create (Some (sc), conf, listenerBus, securityManager, appName,
jobProgressListener = Some (jobProgressListener))
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create Jy AL BLS WARAD IS B 3-20,

RAEDFE3-20 creatHERISEI

private def create(
sc: Option[SparkContext],
conf: SparkConf,
listenerBus: SparkListenerBus,
securityManager: SecurityManager,
appName: String,

basePath: String = "",
jobProgressListener: Option[JobProgressListener] = None): SparkUI = ({
val JjobProgressListener: JobProgressListener = jobProgressListener.getOrElse

{
val listener = new JobProgressListener (conf)
listenerBus.addListener (listener)
listener

val environmentListener = new EnvironmentListener

val storageStatusListener = new StorageStatusListener

val executorsListener = new ExecutorsListener (storageStatusListener)
val storagelistener = new Storagelistener (storageStatusListener)

listenerBus.addListener (environmentListener)
listenerBus.addListener (storageStatusListener)
listenerBus.addListener (executorsListener)
listenerBus.addListener (storageListener)

new SparkUI (sc, conf, securityManager, environmentListener, storageStatusListener,
executorsListener, _JjobProgressListener, storagelListener, appName, basePath)

ARSI 5 3-20, AT LAKIETE create J77% HLFR T JobProgressListener J& /M E AR Z 41,
AT T —8% SparkListener, #1140, FTF X IVM 2%, Spark JE . Java 2508 M. classpath
AT W4 Y EnvironmentListener ; F T4EH Executor FIAFI#IRAS A StorageStatusListener ; i
T UE£ B Executor ({5 B B /R TE ExecutorsTab ) ExecutorsListener ; T4 Executor 56
15 B /R 7E BlockManagerUl ) StorageListener 45, i Jii 8 8 SparkUI, Spark UI R 55 2kA
S AR A AT, E B BUE PE spark.uikillEnabled S false ] IR UEA#A5E , initialize J77%
SR A DU A1 Tab il Page IJR7R Koy, 2 DLARES ISR 3-21

RD;583-21 SparkUIRI#IAHL

private[spark] class SparkUI private (
val sc: Option[SparkContext],
val conf: SparkConf,
val securityManager: SecurityManager,
val environmentListener: EnvironmentListener,

val storageStatusListener: StorageStatusListener,
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val executorsListener: ExecutorsListener,
val jobProgressListener: JobProgressListener,
val storagelistener: Storagelistener,
var appName: String,
val basePath: String)
extends WebUI(securityManager, SparkUI.getUIPort(conf), conf, basePath,
"SparkUI")
with Logging {

val killEnabled = sc.map(_.conf.getBoolean("spark.ui.killEnabled", true))
getOrElse (false)

/** Initialize all components of the server. */
def initialize () {
attachTab (new JobsTab (this))
val stagesTab = new StagesTab (this)
attachTab (stagesTab)
attachTab (new StorageTab (this))
attachTab (new EnvironmentTab (this))
attachTab (new ExecutorsTab (this))
attachHandler (createStaticHandler (SparkUI.STATIC RESOURCE DIR, "/static")

attachHandler (createRedirectHandler ("/", "/jobs", basePath = basePath))
attachHandler (
createRedirectHandler("/stages/stage/kill", "/stages", stagesTab.
handleKillRequest))
}
initialize ()

344 Spark Ul REHBESER

SparkUT 57 78 42 W o] 52 ) U 1] A7 Jay S i€ 75 197 JobsTab J& 7 fT A Job By #F 2 . RE(F
B, XEIFRATLLIE HHIR UL, JobsTab 2x & i SparkUI A killEnabled ., SparkContext. job-
ProgressListener, {ff# AllJobsPage Fll JobPage i~ Uiifl, WLACHSIE L 3-22,

RHEiEH3-22 JobsTabHISEIR

private[ui] class JobsTab (parent: SparkUI) extends SparkUITab (parent, "jobs") {
val sc = parent.sc
val killEnabled = parent.killEnabled
def isFairScheduler = listener.schedulingMode.exists(_ == SchedulingMode.FAIR)
val listener = parent.jobProgressListener

attachPage (new AllJobsPage (this))
attachPage (new JobPage (this))

AllJobsPage Hi render J7 #5785 4%, | H jobProgressListener 1 %) 45 1 W 25 K0 4 A= Bl i 7%
SERL. RMEEARZS Y Job 25 B, JT# H jobsTable J5 ik A: iR #% 45 html L, HZ& Al H
UIUtils /) headerSparkPage #2541 css. js. header M VU A Jm %, WARHLIE A 3-23,
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RAELFEE3-23  AllJobsPageHIsLI

def render (request: HttpServletRequest): Seg[Node] = {
listener.synchronized {
val activeJobs = listener.activeJobs.values.toSeq
val completedJobs = listener.completedJobs.reverse.toSeq
val failedJobs = listener.failedJobs.reverse.toSeq
val now = System.currentTimeMillis

val activeJobsTable =

jobsTable (activeJobs.sortBy( .startTime.getOrElse(-1L)) .reverse)
val completedJobsTable =

jobsTable (completedJobs.sortBy( .endTime.getOrElse (-1L)) .reverse)
val failedJobsTable =

jobsTable (failedJobs.sortBy( .endTime.getOrElse(-1L)) .reverse)

val summary: NodeSeq =
<div>
<ul class="unstyled">
{if (startTime.isDefined) {
// Total duration is not meaningful unless the UI is live

<li>
<strong>Total Duration: </strong>
{UIUtils.formatDuration (now - startTime.get)}
</1li>
}}
<1li>

<strong>Scheduling Mode: </strong>
{listener.schedulingMode.map (_.toString) .getOrElse ("Unknown") }

</1li>

<li>
<a href="#active"><strong>Active Jobs:</strong></a>
{activeJobs.size}

</1i>

<li>
<a href="#completed"><strong>Completed Jobs:</strong></a>
{completedJobs.size}

</1li>

<li>
<a href="#failed"><strong>Failed Jobs:</strong></a>
{failedJobs.size}

</1i>

</ul>
</div>

jobsTable FIRA A& Kt , WLACHSIE . 3-24,

RALi583-24 jobsTableAbIEFRAZHISLIT

private def jobsTable (jobs: Seqg[JobUIDatal]): Seqg[Node] = {
val someJobHasJobGroup = jobs.exists( .jobGroup.isDefined)

val columns: Seq[Node] = {
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4

<th>{if (someJobHasJobGroup) "Job Id (Job Group)" else "Job Id"}</th>
<th>Description</th>

<th>Submitted</th>

<th>Duration</th>

<th class="sorttable nosort">Stages: Succeeded/Total</th>

<th class="sorttable nosort">Tasks (for all stages): Succeeded/Total</th>

<table class="table table-bordered table-striped table-condensed sortable">
<thead>{columns}</thead>
<tbody>
{jobs.map (makeRow) }
</tbody>
</table>

FAE PR T U2 5T makeRow JrikiE iy, S WARADIE 5 3-25,
REBFA3-25 EMREPHIT

def makeRow (job: JobUIData): Seqg[Node] = {
val lastStageInfo = Option(job.stagelds)
.filter (_.nonEmpty)
.flatMap { ids => listener.stageldToInfo.get (ids.max) }
val lastStageData = lastStagelInfo.flatMap { s =>

listener.stagelIdToData.get ((s.stageld, s.attemptId))

val isComplete = job.status == JobExecutionStatus.SUCCEEDED
val lastStageName = lastStageInfo.map( .name) .getOrElse (" (Unknown Stage Name)")

val lastStageDescription = lastStageData.flatMap(_ .description).getOrElse("")
val duration: Option[Long] = {
job.startTime.map { start =>
val end = job.endTime.getOrElse (System.currentTimeMillis())
end - start

}

val formattedDuration = duration.map(d => UIUtils.formatDuration(d)).
getOrElse ("Unknown")

val formattedSubmissionTime = Jjob.startTime.map(UIUtils.formatDate)
getOrElse ("Unknown")

val detailUrl =
"%$s/jobs/job?id=%s".format (UIUtils.prependBaseUri (parent.basePath), job.

jobId)
<tr>
<td sorttable customkey={job.jobId.toString}>
{job.jobId} {job.jobGroup.map (id => s" ($id)") .getOrElse("")}
</td>
<td>

<div><em>{lastStageDescription}</em></div>
<a href={detailUrl}>{lastStageName}</a>
</td>
<td sorttable customkey={job.startTime.getOrElse(-1).toString}>
{formattedSubmissionTime}
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</td>

<td sorttable customkey={duration.getOrElse(-1).toString}>{formatted-
Duration}</td>

<td class="stage-progress-cell">
{job.completedStageIndices.size}/{job.stagelds.size - job.numSkipped-

Stages}

{if (job.numFailedStages > 0) s"(${job.numFailedStages} failed)"}
{if (job.numSkippedStages > 0) s" (${job.numSkippedStages} skipped)"}

</td>
<td class="progress-cell">
{UIUtils.makeProgressBar (started = job.numActiveTasks, completed =

job.numCompletedTasks,
failed = job.numFailedTasks, skipped = job.numSkippedTasks,
total = job.numTasks - job.numSkippedTasks) }
</td>
</tr>

S35 . 3-22 H (1 attachPage 77 1547 1E T JobsTab 4402 WebUITab H', WebUITab 44
5 ArrayBuffer[WebUIPage] 19 X0 #5 45 #4, AllJobsPage Fll JobPage ¥ #f jit A it ArrayBuffer 7,
Z WA . 3-26,

HKALiFHE3-26 WebUITabhILER

private[spark] abstract class WebUITab (parent: WebUI, val prefix: String) ({
val pages = ArrayBuffer[WebUIPage] ()

val name = prefix.capitalize

/** Attach a page to this tab. This prepends the page's prefix with the tab's
own prefix. */
def attachPage (page: WebUIPage) {
page.prefix = (prefix + "/" + page.prefix) .stripSuffix ("/")
pages += page

/** Get a list of header tabs from the parent UI. */

def headerTabs: Seq[WebUITab] = parent.getTabs

def basePath: String = parent.getBasePath
}

JobsTab B 2 J&7, K4 attachTab J5 ¥ il A SparkUI () ArrayBuffer[WebUITab] H1, - H.
i 1 attachPage J77%, 44—~ page /1 il org.eclipse.jetty.servlet.ServletContextHandler, %5
P H attachHandler 75 44 ServletContextHandler 4§ | SparkUI, Bl A %] handlers : ArrayB
uffer[ServletContextHandler] FI&: 2% ServerInfo ) rootHandler ( ContextHandlerCollection) H',,
SparkUI 47K Fl WebUI, attachTab J5ATE WebUI FhSEBl, 2 WAIIE . 327,

REL;FEH3-27 WebUIFISZI

private([spark] abstract class WebUI( securityManager: SecurityManager, port: Int,
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conf: SparkConf, basePath: String = "", name: String = "") extends Logging {

protected val tabs = ArrayBuffer[WebUITab] ()

protected val handlers = ArrayBuffer[ServletContextHandler] ()

protected var serverInfo: Option[ServerInfo] = None

protected val localHostName = Utils.localHostName ()

protected val publicHostName = Option(System.getenv ("SPARK PUBLIC DNS")).
getOrElse (localHostName)

private val className = Utils.getFormattedClassName (this)

def getBasePath: String = basePath

def getTabs: Seg[WebUITab] = tabs.toSeg
def getHandlers: Seqg[ServletContextHandler] = handlers.toSeq
def getSecurityManager: SecurityManager = securityManager

/** Attach a tab to this UI, along with all of its attached pages. */
def attachTab (tab: WebUITab) {

tab.pages.foreach (attachPage)

tabs += tab

/** Attach a page to this UI. */
def attachPage (page: WebUIPage) {

val pagePath = "/" + page.prefix

attachHandler (createServletHandler (pagePath,

(request: HttpServletRequest) => page.render (request), securityManager,
basePath))

attachHandler (createServletHandler (pagePath.stripSuffix ("/") + "/json",
(request: HttpServletRequest) => page.renderJson(request), security-
Manager, basePath))

/** Attach a handler to this UI. */
def attachHandler (handler: ServletContextHandler) ({
handlers += handler
serverInfo.foreach { info =>
info.rootHandler.addHandler (handler)
if (!'handler.isStarted) {
handler.start ()

i AR R 3-27 FrfEAYZE TR import org.apache.spark.ui.JettyUtils. 5 AT JettyUtils
RS, Frlh createServietHandler J5 ik SE PR e JettyUtils FYFRZS /71 createServletHandler
createServletHandler 5 fR 81 7 T javax.servlet.http HttpServlet [1Y [ 44 PN RS SL1],  ib 32 451] 52 s
i FH| (request: HttpServletRequest) => page.render(request) FRELSHOCR AL BIIE K, #1117 7E YL UL ifi

B H . 4K createServletHandler fSEHE K Jetty FUAICAS S, THS

el B 5% Co
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3.4.5 SparkUI B850

SparkUI BIEHI1 )5, 75 B8 FHAC 2 WebUI 1 bind 7745, #6555 Fisi 11, bind J7¥kd 3
B SEEAN T .

serverInfo = Some (startJettyServer ("0.0.0.0", port, handlers, conf, name))

JettyUtils A 772 startlettyServer BYSEEES I % Co &R T Jetty $24LA0 IR,
BRIAS 12 4040,

3.5 Hadoop A ¥ S Executor SpBEAL

3.5.1 Hadoop tBXEEEE

BINEBLT , Spark 1] HDFS /5 73 s3CHF R SE, B LT 23R Hadoop AHOGHE B4
BB .

val hadoopConfiguration = SparkHadoopUtil.get.newConfiguration (conf)

AREU T B B A

Q ¥ Amazon S3 XX R FAT AccessKeyld F1 SecretAccessKey 4% %! Hadoop A% Configuration;;
Q ¥ SparkConf H1Jirf LA spark.hadoop. FFk (1)@ PEER & il £] Hadoop [ Configuration;

Q ¥ SparkConf 1Y J& 1k spark.buffer.size & il & Hadoop [ Configuration Y it & io.file.

buffer.size,

QI:I: 4R 48 2 T SPARK_YARN_MODE /&, | 24 A YarnSparkHadoopUtil, & R Bk iA
=
1 SparkHadoopUtil .

3.5.2 Executor I ETTE

X} Executor I IR AR f AL F, S DLARASIE 51 3-28 ., executorEnvs £ 7 iy FR5EAR fol 25
TE 7.2.2 WA TN FH ) 0 F v & 2% 45 Master, Master 45 Worker & 3% 8% 5, Worker
fix & i H executorEnvs $2 44t 1) {5 & )5 3l Executor, 7] DA il i Fit & spark.executor.memory $§
5E Executor i FI Y N A7 K/, W] DLRC % £ 4828 5 SPARK_EXECUTOR_MEMORY & #
SPARK_MEM XJ H A/ NHA T E

RILEHE3-28 ExecutorIMETT 2RI 40T

private[spark] val executorMemory = conf.getOption ("spark.executor.memory")
.orElse (Option(System.getenv ("SPARK EXECUTOR MEMORY")))
.orElse (Option (System.getenv ("SPARK MEM")) .map (warnSparkMem) )
.map (Utils.memoryStringToMb)
.getOrElse (512)
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// Environment variables to pass to our executors.

private([spark] val executorEnvs = HashMap[String, String] ()

for { (envKey, propKey) <- Seq(("SPARK TESTING", "spark.testing"))
value <- Option(System.getenv(envKey)) .orElse (Option(System.getProperty

(propKey))) } {

executorEnvs (envKey) = value

}

Option(System.getenv ("SPARK PREPEND CLASSES")).foreach { v =>
executorEnvs ("SPARK PREPEND CLASSES") = v

}
// The Mesos scheduler backend relies on this environment variable to set
executor memory.
executorEnvs ("SPARK EXECUTOR MEMORY") = executorMemory + "m"
executorEnvs ++= conf.getExecutorEnv

// Set SPARK USER for user who is running SparkContext.
val sparkUser = Option ({
Option (System.getenv ("SPARK USER")) .getOrElse (System.getProperty ("user.name"))
} .getOrElse {
SparkContext.SPARK UNKNOWN USER
}
executorEnvs ("SPARK USER") = sparkUser

3.6 BIERAT- 55V L8 TaskScheduler

TaskScheduler 11 j& SparkContext [ HZ L B HR S, AL 55 43S, - H R AR H
FEXHMET S5 JHE . TaskScheduler 1 7] LA MAT 558 BE I % P i . B4 TaskScheduler BUACHS AN .

private([spark] var (schedulerBackend, taskScheduler) =
SparkContext.createTaskScheduler (this, master)

createTaskScheduler 75 % 2R ¥ master [HC & VEACHRE A, Q4 TaskSchedulerlmpl,
A AN R SchedulerBackend., AN Ay T fiff (325 B 45 5y PR A Spark MW UG AL T FR , (LA local
BN, HAOK RS 7 T . master PERL local ALCARISATT .

master match {
case "local" =>
val scheduler = new TaskSchedulerImpl (sc, MAX LOCAL TASK FAILURES, isLocal = true)
val backend = new LocalBackend (scheduler, 1)
scheduler.initialize (backend)
(backend, scheduler)

3.6.1 B TaskSchedulerImpl

TaskSchedulerlmpl [JF43E I FR AN
1) M SparkConf H2 L & 15 8., IEHREMES 4B CPU 4. JARERX (R
FAIR Fl FIFO Wiff, BRIAH FIFO, I LDME M JEYE spark.scheduler.mode i) 45,
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2) % TaskResultGetter, ‘&[4 1E & i 26 R ( Executors.newFixedThreadPool 1] £
B, BRIN4 AR, 2R 4 7 DU task-result-getter JF 3k, £ 72 T.J 2R\ 2 Executors.default-
ThreadFactory) X} Worker |"fY Executor & i% ) Task FFIT45 R I TALHE

TaskSchedulerlmpl [ 5288 WLA G4 5. 3-29,

R#L;EHE3-29 TaskSchedulerlmplfy sz

var dagScheduler: DAGScheduler = null
var backend: SchedulerBackend = null
val mapOutputTracker = SparkEnv.get.mapOutputTracker
var schedulableBuilder: SchedulableBuilder = null
var rootPool: Pool = null
// default scheduler is FIFO
private val schedulingModeConf = conf.get ("spark.scheduler.mode", "FIFO")
val schedulingMode: SchedulingMode = try {
SchedulingMode.withName (schedulingModeConf.toUpperCase)
} catch {
case e: java.util.NoSuchElementException =>

throw new SparkException (s"Unrecognized spark.scheduler.mode: $scheduling-
ModeConf")

// This is a var so that we can reset it for testing purposes.
private[spark] var taskResultGetter = new TaskResultGetter (sc.env, this)

TaskSchedulerImpl [ # i #5 3 4 FAIR #l FIFO W5 Flt, AT 55 1Y fix 2% 4 BF 52 b & 2 7%
5% 3| 4% M SchedulerBackend (19 H AR SE 3 B/, S 07 43, FRATSE K E F local £ X h
SchedulerBackend f*) 5% 8 LocalBackend, LocalBackend & ## T LocalActor 5 ActorSystem #£1T
{815 . LocalBackend HY5ZHLZ WA B 3-30,

REEHE3-30 LocalBackendHISEIR

private[spark] class LocalBackend (scheduler: TaskSchedulerImpl, val totalCores: Int)
extends SchedulerBackend with ExecutorBackend {

private val appId = "local-" + System.currentTimeMillis
var localActor: ActorRef = null

override def start() {
localActor = SparkEnv.get.actorSystem.actorOf (
Props (new LocalActor (scheduler, this, totalCores)),

"LocalBackendActor")
}
override def stop() {
localActor ! StopExecutor
}
override def reviveOffers () {

localActor ! ReviveOffers



% 3E SparkContext AI#IIRHL 57

}

override def defaultParallelism() =
scheduler.conf.getInt ("spark.default.parallelism", totalCores)

override def killTask(taskId: Long, executorId: String, interruptThread:

Boolean) {
localActor ! KillTask(taskId, interruptThread)

}

override def statusUpdate(taskId: Long, state: TaskState, serializedData:

ByteBuffer) {
localActor ! StatusUpdate (taskId, state, serializedData)

}

override def applicationId(): String = appld

3.6.2 TaskSchedulerImpl F9#J3a14

1] 7 52 TaskSchedulerImpl A1 LocalBackend J&, % TaskSchedulerImpl ¥ ] J7 ¥ initialize
TR . BRI FIFO W& M5, TaskSchedulerlmpl [A#] LS RE AN T
1) fi#i TaskSchedulerImpl 745 LocalBackend FJ5| .
2) B Pool, Pool A T BEBNGI . JHEEF L S TaskSetManager 225555 5 o
3) f]#E FIFOSchedulableBuilder, FIFOSchedulableBuilder F#54E Pool H i BAS .
initialize 772 1 S ULAR A 5 3-31
R75;583-31 TaskSchedulerimplE#1#&1¢

def initialize (backend: SchedulerBackend) ({
this.backend = backend
rootPool = new Pool ("", schedulingMode, 0, 0)
schedulableBuilder = {
schedulingMode match {
case SchedulingMode.FIFO =>
new FIFOSchedulableBuilder (rootPool)
case SchedulingMode.FAIR =>
new FairSchedulableBuilder (rootPool, conf)
}

}
schedulableBuilder.buildPools ()

3.7 &R 3 DAGScheduler

DAGScheduler F % ] T 7E 4T 55 1E 3 38 45 TaskSchedulerImpl 2 38 22 1ij i — 26 i 25 T4,
145 A% Job, ¥ DAG ' 1Y) RDD X1l 43 | K [6] 19 Stage, #%C Stage, 5% . ] & DAG-
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Scheduler FUfCAZ LN .

@volatile private[spark] var dagScheduler: DAGScheduler = _
dagScheduler = new DAGScheduler (this)

DAGScheduler f% 454 1 24k jobld F1 stageld )& . Stage. Activelob, PAMZELF
fY) RDD [P partitions [0z & 15 8, WACHSHE . 3-32,

05 83-32 DAGScheduler# 3 IR 14

private[scheduler] val nextJobId = new AtomicInteger (0)
private[scheduler] def numTotalJobs: Int = nextJobId.get ()
private val nextStageId = new AtomicInteger (0)

private[scheduler] val jobIdToStageIds = new HashMap[Int, HashSet[Int]]
private[scheduler] val stageIdToStage = new HashMap[Int, Stage]
private[scheduler] val shuffleToMapStage = new HashMap[Int, Stage]
private[scheduler] val jobIdToActiveJob = new HashMap[Int, ActiveJob]

// Stages we need to run whose parents aren't done

private[scheduler] val waitingStages = new HashSet[Stage]
// Stages we are running right now
private[scheduler] val runningStages = new HashSet[Stage]

// Stages that must be resubmitted due to fetch failures
private[scheduler] val failedStages = new HashSet[Stage]

private[scheduler] val activeJobs = new HashSet[ActiveJob]
// Contains the locations that each RDD's partitions are cached on
private val cachelocs = new HashMap[Int, Array[Seg[TaskLocation]]]

private val failedEpoch = new HashMap[String, Long]

private val dagSchedulerActorSupervisor =
env.actorSystem.actorOf (Props (new DAGSchedulerActorSupervisor (this)))

private val closureSerializer = SparkEnv.get.closureSerializer.newInstance()

TE A4 15 DAGScheduler F i 2= 8 H initializeEventProcessActor J7 12 41 2 DAGScheduler-
EventProcessActor, WLCHLIEEA 3-33,

R F5;583-33 DAGSchedulerEventProcessActorf#1ia 1L

private[scheduler] var eventProcessActor: ActorRef =
private def initializeEventProcessActor () {
// blocking the thread until supervisor is started, which ensures eventProcess-

Actor is
// not null before any Jjob is submitted
implicit val timeout = Timeout (30 seconds)

val initEventActorReply =
dagSchedulerActorSupervisor ? Props (new DAGSchedulerEventProcessActor (this))
eventProcessActor = Await.result (initEventActorReply, timeout.duration).
asInstanceOf [ActorRef]

initializeEventProcessActor ()
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iX H () DAGSchedulerActorSupervisor F # { &y DAGSchedulerEventProcessActor Y i %
#, 1157 4 i DAGSchedulerEventProcessActor. M A A 5. 3-34 7] DL E 1}, DAGScheduler-
ActorSupervisor Xf F DAGSchedulerEventProcessActor > F T Akka [ — X — Wi 45 5K . DAG-
SchedulerActorSupervisor — H. A= % DAGSchedulerEventProcessActor, Jf- {1 i} #I| ActorSystem,
ActorSystem #JL2 1% Fl DAGSchedulerEventProcessActor [ preStart, taskScheduler T2t A T
dagScheduler, VLICALTE 5. 3-35, MARHDIE B 3-35 Tk {114 1| DAG-SchedulerEventProcessActor
FIF AEAL BT B 2880, He U JobSubmitted . BeginEvent, CompletionEvent 4%, DAGScheduler-
EventProcessActor #52 iX 8671 B 5 2 A AR AL BB, TEAS B, P08 U S0 39 5 FEL R
AT, JE T R 2T 5T

RAL;583-34 DAGSchedulerActorSupervisori ¥ & &R B

private[scheduler] class DAGSchedulerActorSupervisor (dagScheduler: DAGScheduler)
extends Actor with Logging {

override val supervisorStrategy =
OneForOneStrategy () {
case x: Exception =>
logError ("eventProcesserActor failed; shutting down SparkContext", x)
try f
dagScheduler.doCancelAllJobs ()
} catch {
case t: Throwable => logError ("DAGScheduler failed to cancel
all jobs.", t)
}
dagScheduler.sc.stop ()

Stop
}
def receive = {
case p: Props => sender ! context.actorOf (p)
case  => logWarning ("received unknown message in DAGSchedulerActorSupervisor")

A58 3-35 DAGSchedulerEventProcessActorf s2ER

private[scheduler] class DAGSchedulerEventProcessActor(dagScheduler: DAGS-

cheduler)

extends Actor with Logging {

override def preStart() {
dagScheduler.taskScheduler.setDAGScheduler (dagScheduler)

}

/**

* The main event loop of the DAG scheduler.

*/

def receive = {
case JobSubmitted(jobId, rdd, func, partitions, allowLocal, callSite,

listener, properties) =>
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dagScheduler.handledJobSubmitted(jobId, rdd, func, partitions,
allowLocal, callSite,
listener, properties)
case StageCancelled(stageld) =>
dagScheduler.handleStageCancellation (stageld)
case JobCancelled(jobId) =>
dagScheduler.handleJobCancellation (jobId)
case JobGroupCancelled(grouplId) =>
dagScheduler.handleJobGroupCancelled (groupId)
case AllJobsCancelled =>
dagScheduler.doCancelAllJobs ()
case ExecutorAdded (execId, host) =>
dagScheduler.handleExecutorAdded (execId, host)
case ExecutorLost (execId) =>
dagScheduler.handleExecutorLost (execId, fetchFailed = false)
case BeginEvent (task, taskInfo) =>
dagScheduler.handleBeginEvent (task, taskInfo)
case GettingResultEvent (taskInfo) =>
dagScheduler.handleGetTaskResult (taskInfo)
case completion @ CompletionEvent(task, reason, , , taskInfo,
taskMetrics) =>
dagScheduler.handleTaskCompletion (completion)
case TaskSetFailed(taskSet, reason) =>
dagScheduler.handleTaskSetFailed (taskSet, reason)
case ResubmitFailedStages =>
dagScheduler.resubmitFailedStages ()
}
override def postStop() {
// Cancel any active jobs in postStop hook
dagScheduler.cleanUpAfterSchedulerStop ()

3.8 TaskScheduler (¥ 3 3h

3.6 WA T AT 55 B 4% TaskScheduler 1A, %48 TaskScheduler ZFE/EH, W% 5
e, RESmTF,

taskScheduler.start ()

TaskScheduler 7EJ5 2l I, SEBRIEH T backend Y start J5i:

override def start() {
backend.start ()
}

PA LocalBackend 4 4], Jii 2 LocalBackend H [1] actorSystem 74 it T LocalActor, ULft A%
83230 FIrw

3.8.1 flE LocalActor
AIZE LocalActor 19 2 =B Z A ZEAHAY Executor, WARHEIE L 3-36,
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A58 3-36 LocalActorftySLIf

private[spark] class LocalActor (scheduler: TaskSchedulerImpl, executorBackend:

LocalBackend,
private val totalCores: Int) extends Actor with ActorLogReceive with Logging {
import context.dispatcher // to use Akka's scheduler.scheduleOnce ()
private var freeCores = totalCores
private val localExecutorId = SparkContext.DRIVER IDENTIFIER
private val localExecutorHostname = "localhost"
val executor = new Executor (
localExecutorId, localExecutorHostname, scheduler.conf.getAll,
totalCores, isLocal = true)

override def receiveWithLogging = {
case ReviveOffers =>
reviveOffers ()

case StatusUpdate (taskId, state, serializedData) =>
scheduler.statusUpdate (taskId, state, serializedData)
if (TaskState.isFinished (state)) {
freeCores += scheduler.CPUS_PER TASK
reviveOffers ()

}

case KillTask (taskId, interruptThread) =>
executor.killTask (taskId, interruptThread)

case StopExecutor =>
executor.stop ()

}

Executor BRI, WACHSIE . 3-37, FEAFELNT A%,
1) GEIFEM ExecutorSource . ExecutorSource &M T A WE? ZEFBEAE 3.8.2 T R4,
2) 4k U SparkEnv, 1R & F local £ X, Worker | Y CoarseGrainedExecutorBackend [i7]

Driver | /Y CoarseGrainedExecutorBackend ¥ it Executor B, D75 % #r & SparkEnv, 1] LL{& ik
J& 1 spark.executor.port (ERIN K 0, FoRBENLAERL) AL E Executor H1%) ActorSystem [ 15,

3) GIEEIEEF M ExecutorActor, ExecutorActor 71 5743 A& 1% 45 Executor FTH L.
4 ) urlClassLoader fB# . M4 T ZAIHIX A4 ClassLoader 7 7EE local #i:H1, Driver

5 Worker | #823H 21> Executor, %> Executor #5151 & 19 urlClassLoader, FH T #AT
5 ALY jar GLFRIZE, B ROHE S 2N 5 -1 TR S

5) f1J# Executor 14T Task LT, AR CH THATIES .
6) Ji 3l Executor 14.U:BREEFE . ILZRARFH T 0] Driver & 2608k

© &L Utils.newDaemonCachedThreadPool BZE (1), HARSLFIIEZ M5 A,
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AN, B4 FE Akka & 2% B B IIR/N (10 485 760 F7), 45 H EA/NMIF T BRE (1
073 741 824 775 ), 1EFE 5 17T B task A 51 2. 1% B serializer 1) 2K I\ ClassLoader A 81 # A
ClassLoader %,

RAL;B83-37 ExecutorfIgiE

val executorSource = new ExecutorSource (this, executorId)

private val env = {

if (!isLocal) {
val port = conf.getInt ("spark.executor.port", 0)
val env = SparkEnv.createExecutorEnv (

conf, executorId, executorHostname, port, numCores, isLocal,
actorSystem)

SparkEnv.set (_env)
_env.metricsSystem.registerSource (executorSource)
_env.blockManager.initialize (conf.getAppId)
_env

} else {
SparkEnv.get

private val executorActor = env.actorSystem.actorOf (
Props (new ExecutorActor (executorId)), "ExecutorActor")

private val urlClassLoader = createClassLoader ()
private val replClassLoader = addReplClassLoaderIfNeeded (urlClassLoader)
env.serializer.setDefaultClassLoader (urlClassLoader)

private val akkaFrameSize AkkaUtils.maxFrameSizeBytes (conf)
private val maxResultSize = Utils.getMaxResultSize (conf)

val threadPool = Utils.newDaemonCachedThreadPool ("Executor task launch worker")
private val runningTasks = new ConcurrentHashMap[Long, TaskRunner]
startDriverHeartbeater ()

3.8.2 ExecutorSource 8l 5EAR

ExecutorSource F Tl 224t ., i id metricRegistry [ register J5 i EMH 1, XEITE(F
B {1 #§ threadpool.activeTasks . threadpool.completeTasks . threadpool.currentPool size. thread-
pool.maxPool size. filesystem.hdfs.write bytes. filesystem.hdfs.read ops. filesystem.file.write
bytes. filesystem.hdfs.largeRead ops. filesystem.hdfs.write ops &%, ExecutorSource A% 3% B IL A
3 5 3-38, Metric # H YRR, S5 M5 D,

RAD;583-38 ExecutorSourced LIl

private[spark] class ExecutorSource(val executor: Executor, executorId: String)
extends Source {
private def fileStats(scheme: String) : Option[FileSystem.Statistics] =
FileSystem.getAllStatistics().filter(s => s.getScheme.equals(scheme)).
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headOption

private def registerFileSystemStat[T] (
scheme: String, name: String, f: FileSystem.Statistics => T,
defaultValue: T) = {
metricRegistry.register (MetricRegistry.name ("filesystem", scheme, name),
new Gauge[T] {
override def getValue: T = fileStats(scheme).map(f).getOrElse
(defaultValue)
})
}

override val metricRegistry = new MetricRegistry()

override val sourceName = "executor"
metricRegistry.register (MetricRegistry.name ("threadpool", "activeTasks"), new
Gauge [Int] {

override def getValue: Int = executor.threadPool.getActiveCount ()
b
metricRegistry.register (MetricRegistry.name ("threadpool", "completeTasks"),
new Gauge[Long] {
override def getValue: Long = executor.threadPool.getCompletedTaskCount ()
b
metricRegistry.register (MetricRegistry.name("threadpool", "currentPool
size"), new Gauge[Int] {
override def getValue: Int = executor.threadPool.getPoolSize ()
b
metricRegistry.register (MetricRegistry.name ("threadpool", "maxPool size"),
new Gauge[Int] {
override def getValue: Int = executor.threadPool.getMaximumPoolSize ()

b

// Gauge for file system stats of this executor
for (scheme <- Array("hdfs", "file")) {

registerFileSystemStat (scheme, "read bytes", .getBytesRead(), OL)
registerFileSystemStat (scheme, "write bytes", .getBytesWritten(), OL)
registerFileSystemStat (scheme, "read ops", .getReadOps(), 0)
registerFileSystemStat (scheme, "largeRead ops", _.getLargeReadOps(), 0)
registerFileSystemStat (scheme, "write ops", _.getWriteOps(), 0)

A 5E ExecutorSource Jii, ¥ MetricsSystem 1Y) registerSource J5 % ExecutorSource 71
% MetricsSystem., registerSource J5 /i Hl MetricRegistry 1Y) register /7%, 4 Source 73 /i £
MetricRegistry, WLACASIE . 3-39, KT MetricRegistry, HARSFflS% D,

RD;E283-39 MetricsSystemiEAFSource i SEI

def registerSource (source: Source) {
sources += source
try f
val regName = buildRegistryName (source)
registry.register (regName, source.metricRegistry)
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} catch {
case e: IllegalArgumentException => logInfo ("Metrics already registered", e)

}

3.8.3 ExecutorActor IStz 5%/

ExecutorActor fR & 5L, 24425 SparkUI &R HITHERT, WA &Rk (s B k%M &,
RAGEIAT

override def receiveWithLogging = {
case TriggerThreadDump =>
sender ! Utils.getThreadDump ()

3.8.4 Spark BB ClassLoader BI6IzE

A #Y ClassLoader B A HN##% currentLoader, R 5 ARIE currentJars 2 it URL %X
2H, spark files.userClassPathFirst J& Y448 i INZ% IS & 75 5 M PP 1Y) classpath Finzk, #c/a 8l
7 ExecutorURLClassLoader B{# ChildExecutorURLClassLoader, WACHLIE A 3-40,

R7LFEE3-40 SparkH HClassLoaderf gl

private def createClassLoader(): MutableURLClassLoader = {
val currentlLoader = Utils.getContextOrSparkClassLoader

val urls = currentJars.keySet.map { uri =>
new File(uri.split("/").last).toURI.toURL
} .toArray
val userClassPathFirst = conf.getBoolean("spark.files.userClassPathFirst",
false)

userClassPathFirst match {
case true => new ChildExecutorURLClassLoader (urls, currentLoader)
case false => new ExecutorURLClassLoader (urls, currentLoader)

}

Utils.getContextOrSparkClassLoader [ SEHL UL 5% A ExecutorURLClassLoader 5(# Child-
ExecutorURLClassLoader SZPx [ #B4%£7K T URLClassLoader, WACHSE # 3-41,

K A;EHE3-41 ChildExecutorURLClassLoaderflExecutorLIRLClassLoadergySEif

private[spark] class ChildExecutorURLClassLoader (urls: Array[URL], parent: ClassLoader)
extends MutableURLClassLoader {

private object userClassLoader extends URLClassLoader (urls, null) {
override def addURL (url: URL) {
super.addURL (url)
}
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override def findClass (name: String): Class[ ] = {
super.findClass (name)

private val parentClassLoader = new ParentClassLoader (parent)

override def findClass(name: String): Class[_ ] = {
try f
userClassLoader.findClass (name)
} catch {
case e: ClassNotFoundException => ({

parentClassLoader.loadClass (name)

def addURL (url: URL) {
userClassLoader.addURL (url)

def getURLs () = {
userClassLoader.getURLs ()

private[spark] class ExecutorURLClassLoader (urls: Array[URL], parent: ClassLoader)
extends URLClassLoader (urls, parent) with MutableURLClassLoader {

override def addURL (url: URL) {
super.addURL (url)

G % REPL 22 5., i£431# ] addReplClassLoaderlfNeeded £l 7 replClassLoader, W.AT
TG B 3-42,
R A3;5EE3-42 addReplClassLoaderlfNeededBS2ER

private def addReplClassLoaderIfNeeded(parent: ClassLoader): ClassLoader = ({
val classUri = conf.get ("spark.repl.class.uri", null)

if (classUri != null) {
logInfo ("Using REPL class URI: " + classUri)
val userClassPathFirst: java.lang.Boolean =
conf.getBoolean ("spark.files.userClassPathFirst", false)
try |
val klass = Class.forName ("org.apache.spark.repl.ExecutorClassLoader")
.asInstanceOf [Class[_ <: ClassLoader]]
val constructor = klass.getConstructor (classOf[SparkConf], classOf[String],
classOf [ClassLoader], classOf[Boolean])
constructor.newInstance (conf, classUri, parent, userClassPathFirst)

} catch {
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case : ClassNotFoundException =>

logError ("Could not find org.apache.spark.repl.ExecutorClassLoader on
classpath!")

System.exit (1)
null

}

} else {
parent

3.8.5 25 Executor B BKERFE

Executor [ .0> Bk A1 startDriverHeartbeater 5 30, U5 ¥ B4 3-43, Executor /0> Bk 26 72 11
[51] 5% J& 4 spark.executor.heartbeatInterval it &, ZRIAAE 10 000 ZFb, 1Ah, #AFAS ] 30
b, et R AU 3wk, EEI SR 3000 Z 8>, i H actorSystem.actorSelection (url) %
AR BN VLHC Y Actor 5|, url J& akka.tep:/sparkDriver@ $driverHost:$driverPort/user/Heartbeat-
Receiver, FZAIE— Mzt b, HUWSARIR 10 000 ~ 20 000 ZF AL, B
runningTasks 3 B & 87 A9 A7 ¢ Task B9 515 B, $ H 5 executorld, blockManagerld %% 4
Heartbeat 15 5., [1] HeartbeatReceiver %& 1% Heartbeat J15 5.

RAELFEA3-43 ZEIEXecutorif Bk 12

def startDriverHeartbeater () ({
val interval = conf.getInt ("spark.executor.heartbeatInterval", 10000)

val timeout = AkkaUtils.lookupTimeout (conf)
val retryAttempts = AkkaUtils.numRetries (conf)
val retryIntervalMs = AkkaUtils.retryWaitMs (conf)
val heartbeatReceiverRef = AkkaUtils.makeDriverRef ("HeartbeatReceiver",
conf,env.actorSystem)
val t = new Thread() {
override def run() {
// Sleep a random interval so the heartbeats don't end up in sync
Thread.sleep(interval + (math.random * interval).asInstanceOf[Int])
while (!isStopped) {

val tasksMetrics = new ArrayBuffer[ (Long, TaskMetrics)] ()
val curGCTime = gcTime
for (taskRunner <- runningTasks.values()) {

if (!taskRunner.attemptedTask.isEmpty) {
Option (taskRunner.task) .flatMap ( .metrics) .foreach { metrics =>
metrics.updateShuffleReadMetrics
metrics.jvmGCTime = curGCTime - taskRunner.startGCTime
if (isLocal) {
val copiedMetrics = Utils.deserialize[TaskMetrics]
(Utils.serialize (metrics))
tasksMetrics += ((taskRunner.taskId, copiedMetrics))
} else {
// It will be copied by serialization
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tasksMetrics += ((taskRunner.taskId, metrics))
}
}
}
}
val message = Heartbeat(executorId, tasksMetrics.toArray, env.
blockManager.blockManagerId)
try f
val response = AkkaUtils.askWithReply[HeartbeatResponse] (message,
heartbeatReceiverRef,
retryAttempts, retryIntervalMs, timeout)
if (response.reregisterBlockManager) {
logWarning ("Told to re-register on heartbeat")
env.blockManager.reregister ()
}
} catch {

case NonFatal(t) => logWarning("Issue communicating with driver
in heartbeater", t)
}
Thread.sleep (interval)
}
}

}
t.setDaemon (true)

t.setName ("Driver Heartbeater")
t.start ()

XA OB IERTLR 2987 HAERA A

Q HORnEEAN I AR S5 I RS

Q i# %1 BlockManagerMaster, I Executor [*[J BlockManager {5815 % o

X OB R TR ST T, 5 AT DL A AT PR R B

W4k TaskSchedulerlmpl J&5 210 Bk #% HeartbeatReceiver, HeartbeatReceiver UL
FIiA 43 Bt 45 245 Driver Application %) Executor .08k, 4 Task. Task Hf5E . DBESERE
2% TaskSchedulerlmpl 1 DAGScheduler /EiE—408, AIELC BRI ARSI

private val heartbeatReceiver = env.actorSystem.actorOf (
Props (new HeartbeatReceiver (taskScheduler)), "HeartbeatReceiver")

HeartbeatReceiver 7EWRL.L Bk )5, 2518 ] TaskScheduler 1Y) executorHeartbeatReceived
Jrik, AR,

override def receiveWithLogging = {
case Heartbeat (executorId, taskMetrics, blockManagerId) =>
val response = HeartbeatResponse (
!scheduler.executorHeartbeatReceived(executorId, taskMetrics,
blockManagerId))
sender ! response

}
executorHeartbeatReceived F)SZEMfCABUNT o
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val metricsWithStageIds: Array[ (Long, Int, Int, TaskMetrics)] = synchronized {
taskMetrics.flatMap { case (id, metrics) =>
taskIdToTaskSetId.get (id)
.flatMap (activeTaskSets.get)
.map (taskSetMgr => (id, taskSetMgr.stageld, taskSetMgr.taskSet.
attempt, metrics))

}

dagScheduler.executorHeartbeatReceived (execId, metricsWithStageIds, blockManagerId)

X BT F A o 8 T taskMetrics, 4K 3 taskIdToTaskSetld F1 activeTaskSets % 3] TaskSet-
Manager, #RJ5 taskld, TaskSetManager.stageld . TaskSetManager .taskSet.attempt, TaskMetrics
2% 2 2k Array[(Long, Int, Int, TaskMetrics)] #4404 metricsWithStagelds W' /5 18 T
dag-Scheduler 1Y executorHeartbeatReceived s, HSIHNT .,

listenerBus.post (SparklListenerExecutorMetricsUpdate (execId, taskMetrics))
implicit val timeout = Timeout (600 seconds)

Await.result (
blockManagerMaster.driverActor ? BlockManagerHeartbeat (blockManagerId),
timeout.duration) .asInstanceOf [Boolean]

dagScheduler 4 executorld, metricsWithStagelds %% 4 SparkListenerExecutorMetricsUpdate 554,
It post #| listenerBus 1, I ZF 4 FH T 58T Stage 1945 APl & 854l . )5 45 BlockManagerMaster
$74 1) BlockManagerMasterActor 4 i% BlockManagerHeartbeat 7145, . BlockManagerMasterActor
EUENH B 5 2 UC BL AT heartbeatReceived J5 ik (Z L 4.3.1 717) . heartbeatReceived iz ¢
#1 BlockManagerMaster %§ BlockManger [ fi¢ i 7 UL B 8] (B 58 37 Block-Managerld X} 1 [
BlockManagerInfo f*) lastSeenMs, WACHSE # 3-44 ),

R#L;5E#3-44 BlockManagerMasterActorf:» Bk Ab I8

private def heartbeatReceived (blockManagerId: BlockManagerId): Boolean = {
if (!blockManagerInfo.contains (blockManagerId)) {
blockManagerId.isDriver && !isLocal
} else {
blockManagerInfo (blockManagerId) .updateLastSeenMs ()
true

}
local #5xCF Executor 1Bkl E 2, v LK 3-3 k3R,

@@E: 2 4E local B2X, P, Executor & i# .S Bbagid #2% — 4469, F 249 X 7| % Executor #4225
" Driver RAER— A4, LERER—A¥ 5L,

BT RSUIRHAE LS BlockManager, {RASANT .,
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listenerBus
| SETTL _ (@SparkListenerExecutorMetricsUpdate(execld taskMetrics)
® executorHeartbeatReceived(execldmetricsWithStagelds, Ty
TaskSchodulor D | -+ s nortieartbeatReceivedloroeld metricsWith3 By . 3 DAGScheduler &
blockManagerld)
S ‘_®‘executorHeartbeatReceived(executorld,taskMetrics,blockManagerld) .
LocalActot €] . "
__>| HeartheatReceiver (®BlockManagerHeartbéat(blockManagerld)
@ - =""""" [l
Executor (DHeartbeat(executorld,tasksMetrics,blockManagerld) :
BlockMz‘nagerMaster gl
Vi
g] BlockManagerMasterActor
LocalBackend .
calBacken

%] 3-3  Executor .00 Bk (51 #2

env.blockManager.initialize (applicationId)

BARBRIR LIS, TESIE 4 35,

3.9 Jjishill 5k 22 5 MetricsSystem

MetricsSystem fifi H] codahale £ %5 = 77l i 45 7 Metrics, 47 5¢ Metrics [ H2A4(5 5 AT
PIZ 55 D, MetrlcsSystem A =AM

Q Instance: F8&E T ELE(H NG R4t ;

Q Source: 1§ %TU\@KEW%& A ;

Q Sink: g5 1 AEWR T G I AR

Spark #% f# Instance AJN[F], [X43>A Master. Worker. Application. Driver Fl Executor.

Spark HATHEMLR Sink 45 ConsoleSink , CsvSink . JmxSink . MetricsServlet, GraphiteSink %5,

Spark H{# Ff] MetricsServlet /£ ERIAAY Sink.,

MetricsSystem )7 LS AT .

val metricsSystem = env.metricsSystem
metricsSystem.start ()

MetricsSystem 143 i BALHE LU T 208 «

1) M Sources;

2 ) 1 Sinks;

3) %5 Sinks 341 Jetty 9 ServletContextHandler

MetricsSystem Ji 2156 58 5, 43 1 55 Sinks 4 XCHY ServletContextHandler, Jf-¥# H] attach-
Handler &1 185 £ Spark UI I



70 IR

metricsSystem.getServletHandlers.foreach (handler => ui.foreach( .attachHandler
(handler)))

3.9.1 ;Ffift Sources

registerSources 7 % H T Sources, 5 UFIl &t F 48 W IP BLIC AR I f 4504l , & O S B IL
AT A 3-45, 1M Sources HId R4 M AR AR

1) M metricsConfig $KHX Driver i Properties, ZRIANBIEE MetricsSystem [ 2 H i HT Y
{sink.servlet.class=org.apache.spark.metrics.sink.MetricsServlet, sink.servlet.path=/metrics/json} .

2) JHIEN|PCEL Driver Y Properties H L source. JF3k i J@ . R ) ¥4 Jg@ M rh 1) Source &2
S BB SZHIIN A ArrayBuffer[Source]

3) ¥ H 4> source Ay metricRegistry (5 J& MetricSet i) F 25 %) 7 i} 2 Concurrent-
Map<String, Metric> metrics. iX B/ registerSource J7 1A TLAF 3.8.2 i .

R7L;FEHE3-45 MetricsSystemiEMSourcesay IR

private def registerSources () {
val instConfig = metricsConfig.getInstance (instance)
val sourceConfigs = metricsConfig.subProperties(instConfig, MetricsSystem.
SOURCE_REGEX)

// Register all the sources related to instance
sourceConfigs.foreach { kv =>
val classPath = kv. 2.getProperty("class")
try {
val source = Class.forName (classPath).newInstance()
registerSource (source.asInstanceOf [Source])
} catch {
case e: Exception => logError ("Source class " + classPath + " cannot
be instantiated", e)

3.9.2 EM Sinks

registerSinks 75 ¥ T M Sinks, Bl 7 i &R 48 MetricsSystem £ M B 4y 0 &2 5540
BRI ILARED T B 3-46, 1A Sinks FABRRANT

1) M Driver i Properties H' F 1 W UT i LA sink. FF 3k (9 J& P, U {sink.servlet.class=org.
apache.spark.metrics.sink.MetricsServlet, sink.servlet.path=/metrics/json}, K HAE4# > Map(servlet
-> {class=org.apache.spark.metrics.sink.MetricsServlet, path=/metrics/json}).

2) ¥FJEE class XTI 92 metricsServlet S 15 2] MetricsServlet SE 4, W JE MY key
J& servlet, K H% & A metricsServlet; U152 Sink, WA ArrayBuffer[Sink] H'
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REDEEH3-46 MetricsSystemiEM SinksHI I

private def registerSinks () {

val instConfig = metricsConfig.getInstance (instance)

val sinkConfigs = metricsConfig.subProperties (instConfig, MetricsSystem.SINK

REGEX)
sinkConfigs.foreach { kv =>
val classPath = kv. 2.getProperty("class")
if (null != classPath) {
try {

val sink = Class.forName (classPath)
.getConstructor(classOf[Properties], classOf[MetricRegistry],
classOf [SecurityManager])
.newInstance (kv. 2, registry, securityMgr)
if (kv. 1 == "servlet") {
metricsServlet =

Some (sink.asInstanceOf [MetricsServlet])
} else {

sinks += sink.asInstanceOf[Sink]
}
} catch {

case e: Exception => logError ("Sink class "+ classPath + " cannot

be instantialized",e)

3.9.3 %5 Sinks #&h0 Jetty B ServletContextHandler

9 T BEAE AE SparkUT (I 51) 5[] 200 & B4, I LA 22 45 Sinks 35 /il Jetty H Servlet-
ContextHandler, X H 32 % MetricsSystem [/ getServletHandlers J7iESZELANT .
def getServletHandlers = {

require (running, "Can only call getServletHandlers on a running MetricsSystem")

metricsServlet.map( .getHandlers) .getOrElse (Array ()

}

] LIA B JEH T metricsServlet i) getHandlers, HSZELUNT .

def getHandlers = Array[ServletContextHandler] (
createServletHandler (servletPath,
new ServletParams (request

=> getMetricsSnapshot (request), "text/json"),
securityMgr)

)

e & A4 1 Ab B /metrics/json i 3R 1Y ServletContextHandler, T i oK (19 B 1F 4b ¥ Hy get-
MetricsSnapshot 77 %, | H fastjson fi# #1. 4= i 1 ServletContextHandler i i SparkUI )
attachHandler 7515, #5458 %E 2| SparkUI ( creatServlethandler 5 attachHandler J7 7% 7F 3.4.4 75
TEAIURAR ) o e FRATTAT LA FH LR 3 6 s kb > 7 [l e 45040



72 o BOBITE

O http://localhost:4040/metrics/applications/json,
O http://localhost:4040/metrics/json,
U http://localhost:4040/metrics/master/json,

3.10 Gt F1)5 3h ExecutorAllocationManager

ExecutorAllocationManager FH T X} £ 43 Bt # Executor #F 17 45 B, €& Ml )5 5/ Executor-
AllocationManager FfCASUIT .

private[spark] wval executorAllocationManager: Option[ExecutorAllocationManager]

if (conf.getBoolean ("spark.dynamicAllocation.enabled", false)) {
Some (new ExecutorAllocationManager (this, listenerBus, conf))
} else {
None

}
executorAllocationManager.foreach( .start())

RN LT A2 ]2 ExecutorAllocationManager, 1] A& & 14 spark.dynamicAllocation.
enabled 4 true 4%, ExecutorAllocationManager RJ DL 15 B 5 25 43 ic 52 /> Executor iz . )
BT E K Executor 3 . 1> Executor A] LLIZFTHY Task B SR E AR B, I HCE(F Bk
TTREES o start )7 2% ExecutorAllocationListener fill A listenerBus ', ExecutorAllocationListener
i b WE T listenerBus HL Y =0, B AR TS AL MW BR Executor, Jf H i & Thread A W 75 Jil
Executor, i JJj Executor, J5#8 A} A Executor A5 fiF-#4% , ExecutorAllocationListener A¢5Z ¥l 5
HiAhy SparkListener 25fBl, AF#5A ., ExecutorAllocationManager [ 5&5ACAD WA UL T B 3-47

REDEH3-47 ExecutorAllocationManagert 3¢ g4 55

private val intervalMillis: Long = 100
private var clock: Clock = new RealClock
private val listener = new ExecutorAllocationListener
def start(): Unit = {
listenerBus.addListener (listener)
startPolling ()
}

|
.

private def startPolling(): Unit =
val t = new Thread {
override def run(): Unit = {
while (true) {
try {
schedule ()
} catch {
case e: Exception => logError ("Exception in dynamic executor

allocation thread!", e)

}
Thread.sleep (intervalMillis)
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}
}
t.setName ("spark-dynamic-executor-allocation™)
t.setDaemon (true)
t.start ()

@g APE 341 F 69 WA, A 4eiE listenerBus W E T £ 42 listenerThread, Mt £ A2 R B
=
M eventQueue Az B FHF L, ARMBIT RGBTk, e EE, FEIAM
listenerBus #9 start 7 i%, XA+ T,

listenerBus.start ()

3.11 ContextCleaner 814 5 i3 8h

ContextCleaner T FRARLL#E H i FHYE I A9 RDD . ShuffleDependency #1 Broadcast X} 42 .
i T IC & & 1 spark.cleaner.referenceTracking 2R 1A f& true, FT L2344 3 )5 3 ContextCleaner,
(AN EL RS

private[spark] val cleaner: Option[ContextCleaner] = {
if (conf.getBoolean ("spark.cleaner.referenceTracking", true)) {
Some (new ContextCleaner (this))
} else {
None
}
}

cleaner.foreach( .start())

ContextCleaner FJZH RN

Q referenceQueue: ZEA7 LM AnyRef 5| ;

Q referenceBuffer: ZEAfF AnyRef FHES | ;

Q listeners: ZZA7IE BT AEM) WU #8454

Q cleaningThread: T HAREI TAEMLR

ContextCleaner i T /EJEFELF listenerBus —#F, WRAMNT A, 4RI, 1Lk
FESLBr H &V FH keepCleaning /572, keepCleaning 152 E8 WLACAS i 5 3-48,

R7L;5EH3-48 keep CleaningfysLif

private def keepCleaning(): Unit = Utils.logUncaughtExceptions {
while (!stopped) {
try {
val reference = Option(referenceQueue.remove (ContextCleaner.REF

QUEUEiPOLLiTIMEOUT))
.map( .asInstanceOf [CleanupTaskWeakReference])

// Synchronize here to avoid being interrupted on stop()
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synchronized {
reference.map(_.task).foreach { task =>
logDebug ("Got cleaning task " + task)
referenceBuffer -= reference.get
task match {
case CleanRDD (rddId) =>
doCleanupRDD (rddId, blocking = blockOnCleanupTasks)
case CleanShuffle (shuffleId) =>
doCleanupShuffle (shuffleId, blocking = blockOnShuffleCleanupTasks)
case CleanBroadcast (broadcastId) =>
doCleanupBroadcast (broadcastId, blocking = blockOnCleanupTasks)

}
} catch {
case ie: InterruptedException if stopped => // ignore
case e: Exception => logError ("Error in cleaning thread", e)

3.12 Spark BB

1 SparkContext [ I 46 L id F v, W REXTH IR BT 1 s R, BT LA BB A5, 1UAD
.

postEnvironmentUpdate ()
postApplicationStart ()

SparkContext #] 45 fb i #2 1, WS % & T sparkjars J& 14, spark.jars 48 & 19 jar 1145 i
addJar J7 VA httpFileServer (1) jarDir A8 545 & (YRR T o spark files £5 4 (1 SC AR 1 addFile
TN httpFileServer [ fileDir ZFf 455 AR F o WACHLIE AL 349,

RIGFBEA3-49  fRFICIHALIE

p=

val jars: Seqg[String] =
conf.getOption("spark.jars").map( .split(",")).map( .filter( .size != 0)).
toSeq.flatten

val files: Seq[String] =
conf.getOption("spark.files") .map(_ .split(",")).map( .filter( .size != 0)).
toSeq.flatten

// Add each JAR given through the constructor
if (jars != null) {
jars.foreach (addJar)

if (files != null) {
files.foreach (addFile)




2535 SparkContext HI¥JIAML 75

httpFileServer [ addFile Fll addJar 77, WACHSE . 3-50,
R75;583-50 HttpFileServerfB 3tk a9k 8]

def addFile (file: File) : String = {
addFileToDir (file, fileDir)
serverUri + "/files/" + file.getName

def addJar (file: File) : String = {
addFileToDir (file, jarDir)
serverUri + "/jars/" + file.getName

def addFileToDir (file: File, dir: File) : String = {
if (file.isDirectory) {
throw new IllegalArgumentException (s"$file cannot be a directory.")
}
Files.copy (file, new File(dir, file.getName))
dir + "/" + file.getName

postEnvironmentUpdate [ 5Z 88 WARAS T B 3-51, FLAMBULRIT .

1) i1 SparkEnv i 5 environmentDetails 52 IR 1) JTVM 2%, Spark J& 1k |
ZRGETE . classPath %, Z WAL L 3-52,

2) a5 4 SparkListenerEnvironmentUpdate, Jf: post I listenerBus, I = £F#% Environ-
mentListener WiWT, #%ZGE0A EnvironmentPage T [ A4 4 H N2

K35 E3-51 postEnvironmentUpdate B SEER

private def postEnvironmentUpdate () {

if (taskScheduler != null) {
val schedulingMode = getSchedulingMode.toString
val addedJarPaths = addedJars.keys.toSeq
val addedFilePaths = addedFiles.keys.toSeqg
val environmentDetails =

SparkEnv.environmentDetails(conf, schedulingMode, addedJarPaths,
addedFilePaths)

val environmentUpdate = SparkListenerEnvironmentUpdate (environmentDetails)
listenerBus.post (environmentUpdate)

RFL;EE3-52 environmentDetailsfISE IR

val jvmInformation Seq (
("Java Version", s"S$javaVersion ($javaVendor)"),
("Java Home", javaHome),

("Scala Version", versionString)
) .sorted
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val schedulerMode =
if (!conf.contains ("spark.scheduler.mode")) {
Seq( ("spark.scheduler.mode", schedulingMode))
} else {
Seqg[ (String, String)] ()
}
val sparkProperties = (conf.getAll ++ schedulerMode) .sorted

// System properties that are not java classpaths

val systemProperties = Utils.getSystemProperties.toSeq

val otherProperties = systemProperties.filter { case (k, _) =>
k !'= "java.class.path" && !k.startsWith("spark.")

}.sorted

// Class paths including all added jars and files
val classPathEntries = javaClassPath
.split (File.pathSeparator)
.filterNot (_.isEmpty)
.map((_ , "System Classpath"))
val addedJarsAndFiles = (addedJars ++ addedFiles) .map(( , "Added By User"))
val classPaths = (addedJarsAndFiles ++ classPathEntries) .sorted

Map[String, Seql (String, String)]] (
"JVM Information" -> jvmInformation,
"Spark Properties" -> sparkProperties,
"System Properties" -> otherProperties,
"Classpath Entries" -> classPaths)

}

postApplicationStart J5 %R fa] #8., ' J& 1] listenerBus % 1% T SparkListenerApplicationStart
FF, T,

listenerBus.post (SparkListenerApplicationStart (appName, Some (applicationId),
startTime, sparkUser))

3.13 fil|&t DAGSchedulerSource fil BlockManagerSource

1E 1] # DAGSchedulerSource. BlockManagerSource 22 Hij & 4 ¥ JH taskScheduler 1Y) post-
StartHook 7772, H:H M2k T %5 1F backend 54, WLACHSIE 1 3-53, postStartHook [ 5% 3L
A . 3-54

£ # DAGSchedulerSource #ll BlockManagerSource fit) i #2 25 81 T ExecutorSource, H
A 3k DAGSchedulerSource Ml & 1) {5 & /& stage. failedStages. stage. runningStages. stage.
waiting-Stages . stage. allJobs. stage. activeJobs, BlockManagerSource Il & ({5 5 J& memory.
maxMem MB. memory. remainingMem MB. memory. memUsed MB. memory. diskSpace-
Used MB,
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RiE83-53 6)EDAGSchedulerSourcefiBlockManagerSource

taskScheduler.postStartHook ()

private val dagSchedulerSource = new DAGSchedulerSource (this.dagScheduler)
private wval blockManagerSource = new BlockManagerSource(SparkEnv.get.
blockManager)

private def initDriverMetrics () {
SparkEnv.get.metricsSystem.registerSource (dagSchedulerSource)
SparkEnv.get.metricsSystem.registerSource (blockManagerSource)

initDriverMetrics ()

RD;583-54 postStartHookdy LI

override def postStartHook () {
waitBackendReady ()

private def waitBackendReady(): Unit = {
if (backend.isReady) {
return
}
while (!backend.isReady) {
synchronized {
this.wait (100)

3.14 ¥4 SparkContext b5 ict i 7%

SparkContext ¥ #ifi 1k i) 5 S5 K 24 i SparkContext IR %5 M contextBeingConstructed (1F 7E
FEErh) B activeContext (LI ), FRASBANTR

SparkContext.setActiveContext (this, allowMultipleContexts)

setActiveContext J7 2 SEELANT o

private[spark] def setActiveContext (
sc: SparkContext,
allowMultipleContexts: Boolean): Unit = {
SPARK7CONTEXT7CONSTRUCTOR7LOCK.synchronized {
assertNoOtherContextIsRunning(sc, allowMultipleContexts)
contextBeingConstructed = None
activeContext = Some (sc)
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3.15 /h&h

[l oA 75, Scala 5 Akka [ 4£ T Actor [ 1 & g BB AL 25 N ED G R %, listenerBus Xf
T MW g B B SR IF AR 2%, A B i A Re N B A O =i k2. it
A, i Netty T $2 430 (1) 5325 [0 28 HE 2244 2 (1) Block f£ 5 R 55, 3&TF Jetty A9 ik web it
% (HTTP X R 55 %5 F SparkUl), 3T codahale £ 43t 19 55 = 7 Il i 0 JE A1) a2 ) 0 R ¢
Executor HRBESEBLAE N ZE, AMEAHE 4



