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2 Way To Innovation



Sal (&

VUEJQELF(W%&T%)WhﬂE%(ﬁ
HiE) o8, FHETUZREERE (Object-
based Storage Device, OSD) tEZFERZ, &
TERFEREEET —ENERE, EEEIEER
FRIEIES . IREFEEWHIR. WREFHER
&=. TLEdEIRSSEE. WRFERFNEFinlUsbo
AZ

OSDEEFEEE ENRATTEE, 1Zt3iESE
ZHVinodestHIERIL, BRE TEXT%E’J"‘%EE%%D
NWRIVKE, WRFAGEIDBRFFEZRTLHE
SR TEHOSDRTTH, BTEETChentE’L tHo
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i (@)

Q2: HBasefffiR T 1T R HR B2 =R ( RDBMS )
HUIEBLLIn)ER? BRYSF B RL?

A

. Way To Innovation



RDBMSAMEBEXIERITIR :
A1 R R

= Scale up: scale vertically = costly

= Scale out: scale horizontally = difficult
(KGRI FItE

« RK5|HPHEEX

= "EEZ JOoin"BR{FFEEX

HBase — Hadoop Database, E— 1505, &
g mp) %Eﬁé@m N2tk

{ E%a_S{e%ﬁ%}Tﬁp INPC Server A AME
L %1 <
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It AEEZITHBase?

« WMOITFMETPR S ZAVEEE, MTT, HBE......
« WHMEERS—RI S I E S EEE?

« HMEIREEMN I EEEEPIEERNEIE?

FUEFEOI
7 ﬁﬁﬁzﬁﬁﬂi (BFFT1B) , EFE4:
o] LMRFICRBIZ N RAS

SERIFELL, SRCREREA RS HTIERE
BN OREERAEENR, FESHBE
IEJ':'.] j:r— fl—'%l‘i
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Q3: tRIE FEINE— FHbaseFIB N\iB 18
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SH
LT

@ ClientREEHESE A\RY
RegionFrERY
RegionServer

@153k 5HIog

@1EkEMemStore, REZ
SHlogfIEMemStore&lak
N7 A EBEKE AT,
MemStorefgZE=iX il 2
HDFSH,

Hlog?_ﬁ%?_HDFS =
RegionServertn &=,
BFEAHogRIREEIE.
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NESE|E

Q4: HiveEEE T EE. iERYE. SalSH
o, (BTZAERRLL R ?
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EH ..‘I.I-.

(+) T B EOY E, Hve oJUIBRYY BERRIIIE, —iE
N AEEZEERIRS EnY E: BYoBEONEY BEEAIIIER
o & —8ikREsscpu i7-6700k 43208242, 8iz0M6%&%tE, RF
064G => 128G

(+) ZERME, Hive SIFBEENERE, AFAJLUIRIEE CIVFESKKRSE
WHESAIRZEL
J%%Eﬁ%@%ﬁ,ﬂuﬁﬁﬁﬁﬁﬁﬁﬁm@ﬁ,Kﬂ%@%ﬂ
SSAHRAT

(-) Hive R ZHRACERAFIRVISHSIRIE, BB LIBIE TS
AR a Z G EaE RS ARISET

(-) Hive BIEEEERTIR™E, K9 MapReduce Job BIEmNidiEiBFE
Ri<itE, FRLAABEREREEIgRSEH,

(-) Hive 32#F=E5S (RARBEM K, PrLAFEERM OLAP (BX
MQT%E),WW%£IW(KME%%E),ﬁ%%ﬁ%%ﬂ%
AR
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E § Contents

MapReducefRiEtEs,
YARNZREEEE

Spark3HTitEHELR

E: FERSARHEREERREM

‘Il
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REFERESRA

| S l B ' |E?JlEJa' | HaiE I
= | Efrim ' pisk | 1002 I | R A, I

GEE RS E ey RaTTATESE (S )
| it

]

TS R (i, SRR IR ) I
BEEE (EROE. T5EE. SETEHS) I

RS (R E. HEREE. RUERE.
e, mBie. EEEH)

Ok

Of 44 2 25 £ B df 58 T 55 4N B0 2
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PSEL b
Yahoo, Facebook, [8 = HE: HadoopZEis;

| ''''''''''''''' = | ''''''''''''''' = I ''''''''''''''' |
|

' ETLTools | | BIReporting | | RDBMS
S e e FE _-
Pig Hive Sa00
(Data Flow) (SQL) q00p

MapReduce (Job Scheduling/Execution System)

Hbase i‘-l-%

(Column DB)

Avro (Serialization)

Zookeeper (Coordination)

HDFS %&. [=]

(Hadoop Distributed File System)

The Hadoop Ecosystem W 0 [ a ] 0
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MapReducef&ift

MapBiiEz

—&

Shape Counter with .

O ZISi‘IiJJ'Ij'% Map/Reduce :: '
Reducef . 1 'A
. F"‘Eﬁ eie R g
TR \A N "‘EF' @ red_uc;1A
~ K
A . 2. EA

= |
1 A_ o
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MapReduce

=15
LT

doc 1

one fish, two fish

doc 2
red fish, blue fish

doc 3

one red bird

A 4

mapper mapper

| L |
L fish [ d [l 2] 1} blue |d, | 1] ¢
. b !
one |d | 1| 1 ! fish |d,| 2] !
! | ! :
Cotwo |[d 1] 0 0 red |dy |l 1] !
i L :
L e e e = L e e =

mapper

o]
5 .
(]

l
dyfl 1]
dy || 1]
l
d 1| ¢
1
1

Shuffle and Sort: aggregate values by keys

reducer

o

fish |d,|2||d| 2] !'' bid
o

one |[d, || 1]|]|ds] 1 i 1 blue
1
LI

two |[d, | 1 ii red
LI |

reducer

d, | 1
d, | 1
dy | 1]]ds| 1
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MapReducef&4 L

MapFOReduceFREHET
Map: (K1, V1) -> list(K2, V2)
reduce: (K2, list(\V2)) -> list(K3, V3)

input | map | shuffle | reduce - output
0067011990..} ( 0,0067011990...) (1950, 0) )
0043011990.. (106, 0043011990...) (1950, 22) (1949, [111,78]) (1949, 111) 1949111
0043011990..§---p| (212, 0043011990...) p---p{ (1950,-11) 2 2 (1950, [0, 22 -11]) S (1950, 22) P 105022
0043012650.. (318, 0043012650...) (1949,111) [V 22,111 - g
0043012650.. (424, 0043012650...) (1949, 78) \
cat * | map.rb | sort | reduce.rb > output
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MapReduceid £ it

MR program (job)

Map Tasks

‘ Reduce Tasks

Data is stored in a Distributed . I 1: Job submission

File System (e.g. Hadoop v Control level work, e.g. job
Distributed File System) scheduling and task
assignment

Master node
Worker nodes
* @
L 4
* N
* .
N

1 e N
R .
n
N
N
)
v
v

L 4

‘ |
0’ ’.
4 ““TZ: Assign Tasks I' DIS

Do data processing work
specified by Map or Reduce
Function

Way To Innovation



MapReduceil % it

MR program

Map Tasks

‘ Reduce Tasks

I 1: Job submission

> JIT

Map output

Master node

Worker nodes

ﬁ
Map output will be shuffled to different
reduce tasks based on Partition Keys
3: Map phase I 4: Shuffle phase (PKs) (usually Map output keys)
Concurrent tasks

Way To Innovatior:



MapReduceil &

MR program

Map Tasks

‘ Reduce Tasks

I 1: Job submission

v

6: Output will be stored back to
Distributed File System

Master node

Worker nodes . -
>L
§ g .

Worker nodes

=

)

Reduce output

3: Map phase I 4: Shuffle phase 5: Reduce phase
Concurrent tasks Concurrent tasks

vvay 10 Innovatior:
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=p]

MR vs. RDBMS
RDBMS #IMapReduce I RRIZSHSHE ZIE
RDBMS MapReduce
N W S s g
1 W S Fr o A2 SE I

B kR & ke B gttt Eaikth. g g

fAEHR | AYETR S SQL

R

s PR N
§ e EH A ET R
At | (R AE R Fa. LS BARAT
PEfE IS Lt RDBMS 1 !
W | AR it B8 405
’ TE£% 73 B b 2 R FE o AT

20
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MapReduceff &

WIEZELHE (>1TB)

[B/ ETFCPUSCHIA{ TR
*gﬁbﬁ'%tbﬂ%ﬂ%[ ZEEXIE
)LD A TR
RERES, EFRZE
RS HIETHE

Satk
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MapReduce — ##Eii

i
b1

Pre-loaded local
input data

Intermediate data
from mappers

Values exchanged
by shuffle process

Reducing process
generates outputs

Qutputs stored
locally

Node 1

Ty

Mapping process

0000

Node 2

TLLLLE]

Mapping process

000

Node 3

TLLI1LT

Mapping process

JO000

Node 1

35y

Reducing process

—

Node 2

9157

Reducing process

—

Node 3

A

Reducing process

—
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a3 § €1
MapReduceZ2is

. . 8 Secondary
NameNode

-

Read!wrs\ /x ] \\

=

Task Tracker Tazk Tracker Task Tracker Tazk Tracker

Blocks

Datanode Datanode Datanode Datanode

23 Way To Innovation




MapReduce T{EiR

,2igetnewjoblD >
4: submit job
............... J (A p— 7p Juh'rracker -’:-5: il‘liliﬂ”lEjUb
-+
b: retrieve

client node input S|:I|it§'_.-""

@ map/reducetzFEL
runJob() 35— .
JobClientscfl; MapReduce ]':'W"M'

@ [@JobTrackenigsk— N program
joblD, &@itlobTrackerfy

client JVM :

: jobtracker node

getNeWJObldOg—jEHy; 3: copy job 7: heartbeat
Q WwEEWmANELIIREE, BAELXD " (eturns ask
split, WRKDTETE (A WARE sored & '
AEE) | (FIBEASEIRER, Bk (ST —— TaskTracker
[B25map/reducetzfF, B ek -
@ BT EWFBENRR (EWAYarsat. BcE XS, &S S
IAKD) ERE—DMLMELIDGENBE R, child JVM
® @BFERJobTrackerfisubmitlob() /7%, ZifJobTrackerfEMl /ES
e,
® JobTrackerB12zAUEMAEI— P REBAZIR, ZEAEIEE S i
TRAE, FNERITHIGR., MapTask
@ BJEMap(Ess. ReducefFss: —PsplitXIRi—"map, B /Dsplit or
B Z/bmap; ReducelEFSHIEEH)obConfimapred.reduce. ReduceTask
taSkS%’rét'—y%iE tasktracker node
TaskTrackerfflfT— 1 EERAVEIN, EHEAIEXOEE (heartbeat) %5
JobTracker
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MapReduce — %552

4+ Map 1 Reduce {155

» IR EN
= R %MQE%ZE&'VXQ

SEML o BEIMFRIT

= Framework re-executes failed tasks

SRR fﬂjﬁﬂﬁ

» SABUESE, e TeR

= MapReduce + HDFS B%755%

= MapReduce Eif] HDFS BN ZTE

= Map ReJgelE BRI A ZUEMITEINE

|IIF

-
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S5l (&

Word Count 73x45l 0 ...’

Mapper

= Input: value: lines of text of input

= Output: key: word, value: 1
Reducer

= Input: key: word, value: set of counts
= Output: key: word, value: sum
Launching program

= Defines this job
= Submits job to cluster

26 Way To Innovation




5K
Word CountZ{iErn Sl

The overall MapReduce word count process

Input Splitting Mapping Shuffling Reducing Final result

Bear,1 —— m Bear, 2
Deer,1 ———m Bear, 1
Deer Bear River ——m| Bear, 1

River, 1
/ Car, 1
Car,1 ——m» Car,3 —w Bear,?2
Deer Bear River Car, 1 Car, 1 Car, 3
Car Car River ——m CarCarRiver ——w» Car, 1 Deer, 2
Deer Car Bear River, 1 River, 2
Deer, 1 ———m Deer,2 ———

Deer, 1
Deer, 1
Deer CarBear —— - Car, 1
Bear, 1 River, 1 —— = River, 2

River, 1
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=

5
Word Count Mapper E

public static class Map extends MapReduceBase implements
Mapper<LongWritable, Text, Text,IntWritable> {

private static final IntWritable = new IntWritable(1);
private Text word = new Text();

public static void map(LongWritable key, Text value,
OutputCollector<Text,IntWritable> output, Reporter reporter)
throws IOException {

String line = value.toString();

StringTokenizer = new StringTokenizer(line);

while(tokenizer.hasNext()) {
word.set(tokenizer.nextToken());
output.collect(word,one);

}
}
}

28 Way To Innovation
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=

5
Word Count Reducer FE

public static class Reduce extends MapReduceBase implements
Reducer<Text, IntWritable, Text,IntWritable> {

public static void reduce(Text key, Iterator<IntWritable> values,
OutputCollector<Text,IntWritable> output, Reporter reporter)
throws I0OException {

int sum = 0;
while(values.hasNext()) {
sum += values.next().get();
}
output.collect(key, new IntWritable(sum));
}
}

29 Way To Innovation




Word Count Eftf

BT B & JobConfs 35351 Job

JobConfs E—ME R EIFRTER{ERIIRETS

Al

TEZRE X T JE = hlJob WA AT

s conf.set( “mapred. job.name” , “MyApp” ) :

N ARTLAZE JobConfIIN{ER{E

= conf.set( “my.string” , “foo” ):
s conf.set( “my. integer” , 12);

JobConf XJFfrE RUtasksES/EFE
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SRRV FHEN— N RETER
Zi%ﬁzf’ E: M=

3ZIFMapper #0 Reducer

- out;ﬁ);ut key 0 value types (input types InputFormatiES:
oK)

= input F output NE
RITTEFAGTER job AAEFGHIBI TR
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5
a4t LT
10N

—

JobConf conf = new JobConf(WordCount.class);
conf.setJobName( “wordcount” );

conf.setOutputKeyClass(Text.class);
conf.setOutputValueClass(IntWritable.class);

conf.setMapperClass(Map.class);
conf.setCombinerClass(Reduce.class);
conf.setReducer(Reduce.class);

conf.setinputFormat(TextInputFormat.class);
Conf.setOutputFormat(TextOutputFormat.class);

FilelnputFormat.setlnputPaths(conf, new Path(args[0]));
FileOutputFormat.setOutputPath(conf, new Path(args[1]));

JobClient.runJob(conf);
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()

Input and Outputf&=

A Map/Reduce BJFFHInputFormat 1 BHE inputiE Z 454

{E[EN
A Map/Reducer] &l FoutputFormat 17 BHE putiE 47 404a]
%L_I

Textl nputFormat iFDTextOutputFormat%ﬁ?&% &
HEEEEF X EEEUER

SequenceFlleInputFormat 73 SequenceFlleOutputFormat

R E T, (EFRER—
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2Z/D/1~Maps and Reduces Fll~

Maps

BHFEBZ/DHDFS blocksfiE £ (IRE)
A maps 1~Ecan be specified as a hint

Maps“1M24 can also be controlled by specifying the minimum split
size

MapsEJEI A A INE FiHE:

= max(min(block_size,data/#maps), min_split_size)

Reduces
« BRAEANIERIEHE =R/

34

0.95*num_nodes*mapred.tasktracker.tasks.maximum
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— RS &

Partitioners Node 1 Pkt

Combiners Files loaded from local HOFS stores oo

Compression e

Counters Y —
E’ Spht Spit Spiit

Zero Reduces — Qj .-

Distributed et ] ] ] |

File Cache Wi |

Tool i — |
E 1thmm&uw(k,v) i
: (sort) pal.wyal:dn;(gw 4 :
5 1 ! :
E Final (k, v) pairs ! ‘ Final (k, v) pairs E
{ ‘e esorams [owroms ] GRS
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Ui [

Partitioners

Partitioners 2—E&ZlE keysil{a]7Ereducess 5> EehY Nz FE
RS
TRE partitioning }&keyspEN1II5 9570
s Uses key. hashCode () % num reduces
B EEEE Custom partitioning, 540, to produce a total
order in the output
« JmECIPartitioner interface
« BFHcont, setPartitionerClass (MyPart. class)BITIRE

= To get atotal order, sample the map output keys and pick values to
divide the keys into roughly equal buckets and use that in your
partitioner

36 Way To Innovation




Combiners

When maps produce many repeated keys
« BEATFIREMmpEEHMEERE
= Done by specifying a Combiner
= BinE iR \HE B G EERIAR /)N

= Combiners 5 Reduces §48[ERY interface B EZ[E
—™ class

= Combiners AEEERINEFE

= In WordCount,
cont. setCombinerClass (Reduce. class) ;
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Compression

[E4goutputs and intermediate data JB & BESKEE A IEREW R
 BEUEENHESH TIEFRINRE
= Set mapred.output.compress to true Z=E4g job output
= Set mapred.compress.map.output to true Z</E4g map outputs
[E45ZEEY (mapred(.map)?.output.compression.type)
= “block” - Group of keys and values are compressed together
= “record” - Each value is compressed individually
= Block compression is almost always best
JE48{CES (mapred(.map)?.output.compression.codec)
= Default (zlib) - slower, but more compression
= LZO - faster, but less compression
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: . Bzl @)
Speculative execution u

The framework can run multiple instances of slow tasks
= Output from instance that finishes first is used

= Controlled by the configuration variable
mapred.speculative.execution

= Can dramatically bring in long tails on jobs

39 Way To Innovation




5] (&)
Zero Reduces

Frequently, we only need to run a filter on the input data
= No sorting or shuffling required by the job
= Set the number of reduces to 0
= Output from maps will go directly to OutputFormat and disk
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Distributed File Cache

SEEAMETT R EEE— L IEREEEE
» IE—Mapper NE 1GB FUEHEZ RSB =Y

fEJobConfAREE X — N EE FEEISUGS T
A AFNHES FE—IR
IR ZEIERF:

DistributedCache. addCacheFile (new
URI( “hdfs://nn:8020/fo0” ), conf) :

JnZEltask:
Path[] files = DistributedCache. getlLocalCacheFiles (conf) ;

AN |

DistributedCache can be used to distribute simple, read-
only data/text files and/or more complex types such as
archives, jars etc

41 Way To Innovation




Tool
Q18 “FrE" BYHadoopin 1Tl

= —conf file-load a configuration file named file
= —D prop=value - define a single configuration property prop

= Tool, is the standard for any Map-Reduce tool/application. The
tool/application should delegate the handling of standard command-
line options to ToolRunner.run(Tool, String[]) and only handle its
custom arguments.

Class looks like:
public class MyApp extends Configured implements Tool {
public static void main(Stringl] args) throws Exception {

System. exit (ToolRunner. run (new Configuration(),
new MyApp(), args));

J

public int run(Stringl[] args) throws Exception {
getConf () ---.

)

)
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o IS M B

ﬁngm_EM—
naﬂcﬂj,m — N B N
*J\-Ij/\\\E/JE-_%_L

RN L@ ERDijkstra’s
Algorithm

FAI- _JL)\LLI\/IapReduce

Edzs BFS%—/ZA;EEJZ
i;-%l I
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ER P '

ERIRMFE: Intuition
FeA1 JRT LAUAZAHETE SXX e RR A R R B
= DistanceTo(startNode) =0

= For all nodes n directly reachable from startNode,
DistanceTo(n) =1

= For all nodes n reachable from some other set of nodes S,
DistanceTo(n) = 1 + min(DistanceTo(m), m € S)
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5] ()
MIntuition ZIEGX i A&

A map task receives a node n as a key, and (D,
points-to) as Its value

= D EnBlEinmAYiEE
= points-toRnAIANAT A%
Vp € points-to, emit (p, D+1)

Reduces task gathers possible distances to a
given p and selects the minimum one as D

45
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—LONER

This MapReduce task can advance the known
frontier by one hop

To perform the whole BFS, a non-MapReduce
component then feeds the output of this step

back Into the MapReduce task for another
Iteration

= Problem: Where’d the points-to list go?
= Solution: Mapper emits (n, points-to) as well

46 Way To Innovation




SIARZRIE

This algorithm starts from one node

Subsequent iterations include many more nodes
of the graph as the frontier advances
BiRxazZ11E?

= Yes! Eventually, routes between nodes will stop being

discovered and no better distances will be found. When
distance is the same, we stop

= Mapper should emit (n,D) to ensure that “current
distance” IS carried into the reducer

2y Way To Innovation




MapReducesCHIBFS(1)

BgE—1TRE, WF:

F—FORNEIR AL
RIELE, BWAZIES:

1<tab>2,3|0|GRAY/source
2<tab>1,3,4,5|inf| Inull
3<tab>1,4,2|inf] Inull
4<tab>2,3|inf]| Inull
5<tab>2|inf| Inull

inf
2 @ inf

inf

source<tab>adjacency_list|distance from_the_source|color|parentNode

48
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MapReducescHIBFS(2) I @&

Intermediate output 1:

1
Reducer 1: (part-r-00000) R @ inf
2<tab>1,3,4,5,|1|GRAY/|1
5<tab>2,|inf| Inull

Reducer 2: (part-r-00001)
3<tab>1,4,2,|1|GRAY/|1

i 1
Reducer 3: (part-r-00002) 3 @am

1<tab>2,3,|0|BLACK]source
4<tab>2,3,|inf] Inull
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MapReduceSCINBFS(3)

Intermediate output 2:

Reducer 1: (part-r-00000)
2<tab>1,3,4,5,|1|BLACK|1
5<tab>2,|]2|GRAY |2

Reducer 2: (part-r-00001)
3<tab>1,4,2,|1|BLACK|1

Reducer 3: (part-r-00002)
1<tab>2,3,|0|BLACK]|source
4<tab>2,3,]2|GRAY|2

50 Way To Innovation




Final output:

Reducer 1: (part-r-00000)
2<tab>1,3,4,5,|1|BLACK|1
5<tab>2,|2|BLACK]2

Reducer 2: (part-r-00001)
3<tab>1,4,2,|1|BLACK|1

Reducer 3: (part-r-00002)
1<tab>2,3,|0|BLACK]|source
4<tab>2,3,|2|BLACK]2
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52

i
LT
Client |<*—
Client ¢——-[ JobTracker J‘—’ SCI::':M
Client |e— /T\
Heartbeat Heartbeat Heartbeat
( / \ r * r \ \
TaskTracker TaskTracker TaskTracker
Map task Map task Map task Map task Map task Map task
Reduce Reduce Reduce
task task task
\ ) " S % S
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HBIMapReducefVEIRE

Y s

+» Maximum Cluster Size — 4000 Nodes

+» Maximum Concurrent Tasks — 40000

» Coarse synchronization in Job Tracker
B RA5RN
» Fatlure kills all gueued and running jobs
» Jobs need to be resubmitted by users

=== ]eS )i
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YARN
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YARN

YARN%ZIKixLJr,EEﬂ‘E%ﬁEMapReduce SfgrhjobTracker

R E=EI08E, R EEMEEE/ miE5 B
§EEZE1¢F EUE%E’]ResourceManagerW 581 NFE
FH9ApplicationMaster,

¥4 JobTrackerfdm N EEBINELS FF

+ Global Resource Manager — 858 RS 1E

+ Application Master — {EMVEE S5z (one per
application).

Tasktracker
» NodeManager (NM)
YARN #5577 5T1F MapReduce NAHIFERE.
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ResourceManager: £BHIRREEE, BEPEERERBHE—II—,
SRR RR—EEMNDEEE

®©® © ©

@

IEE FIRAIER
[Enhiats ApplicationMaster

73

1535 NodeManager

RIFDECHEE

NodeManager: ZNMEEFFEZ, AREOASTRNRESEER

@

© ® ®© ©

56

ERERMCHRAT RINEIRER

BT RENTRESEE

117 NodeManager B985 : JZa)] Container

1B ApplicationMasterfbIE{ESS

SEEHEMRNRRSS, XEFHEAFRE—TUARFHNSIT TR LR

/2258
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Ui [

ApplicationMaster: SIEN BiEFEyarn ERYSSLA:
o  BPMNAREENN—: MR, Spark, GAEMNEEFHISIE
o  ANFERERMEIERIRE (core, memory) , 3BozaMEbtask

o ZEH NMIBE: Boi/fELE task, task 21=/F1E container BBE, AM 13
E1=177E container EE@E

Container: YARN HRpYRREIHSR, HE 1z R tRIZHER]
o FET CPU. Memory HXIFEIN— 1285

o - MESETIRERMR, BizE5REEERA1Z container RfEIRRYE
IR
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YARNEIT{ER

Container

- Container

Vg

j\@

Node
Manager

® |®

Node
Manager

Resource

>
Manager

Node
Manager

o/
(]

Container
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YARNZRIEE RS

=+
F/SZ

ResourceManager

DelegationToken
Context Renewer

Security

Applications
Manager

ApplicationToken
YarnScheduler SecretManager

NodesListManager

ClientService

ContainerToken
SecretManager

il cs DelegationToken
PEicaOnVaster SecretManager
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ApplicationMasterService
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YARNZH

RIFEE

o sl

EMapReducevIFOYARNH

, RFEESAYENRIER

ZIK_
LN El
> EIRAER

YARNBI R R E S BEH
IXENAYTmiE iR BY, kBT\J:
Ey’jj A%’V‘t&i B ﬁ'ﬁﬁ
QISR BYMERRYOFRSS B RIS
1%
RFRTMEE
YARNEMRVI—4E, REBmE
RIBRDB S, AENZ,
YARNF R IRRNERATES
2= (Container), MAEE\
(Slot),

>

60

M, ~EAY2YARNKEH

7 E IRV RIE R B R IR
F: ARAEREELENRE

ODE REMOVED e B BB R — 57 6 e FER

PRI IR
NODE_ADDED ﬁr% TT o ﬁﬁgﬁ;ﬁ'rﬁ ﬁéh" A
APPLICATION_ADDED ;mﬁl + ;Iililf:*. FE DS
APPLICATION REMOVED - LI IF IR ELER FEMIELE

a2 By AMBY & Containersf 7ol

CONTAINER _EXPIRED Containerte it H4k

R Mz RINMEY B Containeril 1) H

NODE_UPDATE LEkiEm Ve, W02 g 1 A

Containera YARNAR R RS, FETED
T I —TEE R, SREREZEEE 7 slot 15
tt,, ContainerZREsISOIE, BEIIRE.
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YARNZRE],
- WEBEEVH (Z0)

O RiEDEENAERER (RMS)
@ MNAEFRBRESESES (AM)

. RRATIEIHH —

.....

BAPIZELR, ATRE, &/N&EAKBE |

+ BRIRIESHSHH ammwymw
O RRFILEES—XM)
@ RRELA

ﬂmmm{gz
| ["ask
U A e A2 B4 TAHNHQEEEEP it iz

.u.:uu .;I.lwu: Goog|eTE FREESED A=

| F—ERMRIAVERFREE,

BRALA T B, #lA2 powRg | Al *h_ﬁ,—EXR}:'ﬂF‘(MeSOS YARN)
E=EEZRTFE(Omega),
YARNEZE_{{: FIFO, Capacity
Fair=fEEss
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VARNZSEEESE (1)

YahooFF & HZ I EEE

LARAS 79E31ﬁiz' 53\3931 -y /I\BA§ UTIRZEJ\IEE_{EH%U—.E
FOsEF_LERR.

AT REEERIREY, AIEERIRRIREELE,

Capacity SchedulerEEEHG LA TEA:
BEIFIE

Riatk

ZEE

LRIk

ISR FTECE A,
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VARNZEEEs o) EE

BREERE=R

1819 1% & ResourceManagerJe& HfY/etc/hadoop/conflyarn-site.xml (

HDPEYCDHY¥ &) MHREIEREASERERS.

AERERINREE R YARN RMEHTH
letc/hadoop/conf/capacity-scheduler. xmldh, X EEESEESHIATE
BUX N, SEEEERESUX NG EEE NHmSEHERA
BeE, EERAPRECERRME yarn.admin.acl/EHEE.

yarn rmadmin -refreshQueues
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. iay (5 )
YARNZRIEESE (3)

IXERAS

YARNAEIEERTTEG, 8—1MIIINSERRE 7 IR3ZENZNS
HIN AR SRR IRE L. AR LA RER(ER SRR EIHE
R, PINAFPNEIEEFSGE. SiRFERIIEEREIRNERRERTR.

! ! |
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YARNZE,

=r (4)

X

RIS
BASUZSRERR: IrF-(leaf) BAZIFOAZ (parent) AZY

LT RRARRZENERE. IS S EZRIAFIFOMFFA
5, (18 CASERIEZN AR,

HFINRETRAGIZ FHEZNA. AT A=BEE Mm-S,

TERI A oot NETHEHTHR, BNRTEHES.

B PAFIFI-FBAS, EIERRAIUAAAERNAREREESE5H
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YARNZSRIEEEE (5)

it

A1)

ERAIIFHR T BB BREHR T INIZEDE,

ANEVE ST

RNFIFERMERZ AN R, XSWRE—MRRAATLUZSFIR

HYEA.

B—1PER. 8—1PRXFIRIE T BrIFATILA—MEHRRY S THE
Fr. BAFIRNAFFERE—IRIERIMAISERE (BE ST

FIHIFNEE = E1H

rootfAFISFNEE

BTSSR 2 RIRE)

ENNFFIFERBEE,

F— RN EERIRFIN ARSI Z .
HFBAFIAEF—NEERR ABRYFIZR (RIRESRBE Z1NRF)FLAFIFO
, FEHToELEAPNRREERE,

R TVEERIR
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YARNEEFE=S (6)

ER -

BT ACLRFRBIA A1)

aIaESIFIERA T BRE FPAIEE LKL,

iz

B FINGIL, (BREACLIREIEILIRIERNGIL, Fi

BHFASIR,

BN ETEERHN T ERIR

AN
HESR

HEIERT

BEREESRMRITARAITTERRELEFFEZSUFIFOTIRIZ TR

7 \;§<E$/'ﬁl}?

FEREE— M ERRHKNEIE KBS THBEPIIARNA, =7

REINFUARRFARERBIABENTIZF, F+
e A ERFEHIToES. ATERESE=REN
sRMHERILAABSEL
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MapReducef1YARNsdt, il &

2: get new application

MapReduce
program

4: submit application

cient JUM

client node

|, 2: get new job ID
Reduce |1:runj 4:submit]
“;; ed un JG_P__’ | 4: submit job JobTracker ) : initialize job
dient JVM b:retrieve
dientnode input splits .~ trackeghode
3: copy job . 7 heartbeat ;
fesources (returns task) }
v ’
Shared  *
F||.95y5[em e TaskTracker
(e.q., HDFS) 8: retrieve job
resources .
9: IaunchE
h 4
child JYM
Child
10: runé
v
MapTask
or
ReduceTask
tasktracker node

" resou

5a: start container .+

ResourceManager

I ;ger node

8 allocate resources
NodeManager "
3: copy job
resources
.............. NodeManager
9b: launch
v .
B input splits task JUM
'Shared v 10: retrieve job resources :
Filesystem < YarnChild
(e.q., HDFS) :
1M:run
v
MapTask
or
ReduceTask
node manager node
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MapReduceFIYARNXJEY &

Fault Tolerance and Availability

» Resource Manager
- No single point of failure — state saved in ZooKeeper
« Application Masters are restarted automatically on RM restart

= Application Master
» Optional failover via application-specific checkpoint

» MapReduce applications pick up where they left off via state saved
in HDFS

Wire Compatibility
= Protocols are wire-compatible

+~ Old clients can talk to new servers
= Rolling upgrades
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YARNFS37H5

2 #FiRMapReducedMISMERRITRT

» Tez — Generic framework to run a complex DAG
HBase on YARN (HOYA)

« Machine Learning: Spark

«  Graph processing: Giraph

Real-time processing: Storm
- Run all on the same Hadoop cluster!

OTHER
(Search)

1\
Y| BATCH [INTERACTIVE[| ONLNE [f STREAMING [ GRAPH [ IN-MEMORY
|- (MapReduce) (Tez) (HBase) Storm, 54,...) (Giraph) (Spark) (Weave...)
YARN (Cluster Resource Management)
¢
R HDFS2 (Redundant, Reliable Storage)

gV - LAV AL

HPC MPI
(OpenMPI)




SPARK
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Spark 24

> Spark2UC Berkeley AMP labFrFFRRYZEHadoop MapReduce RUIE A
HOFTITEAESE,

> Spark E F map-reduce B AWM o H X1t &, H B Hadoop
MapReduceFTEBEMIR, FHAEFIEEE LMTT R AR,
. anE&m) , O EBERRESHEIEIERAZHSR;

> SparkA<EFMapReducefI2Job g H LR o] LR FERFET,
MNTABEZEIESHDFS, EtSparkfe®E FHhiE BT 2RISR 51188

2HIEFEIRAHImap reduceIETE,
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. =]
Project Goals ~aI

Generality : diverse workloads, operators, job sizes
Low latency : sub-second
Fault tolerance : faults shouldn’t be special case

Simplicity: often comes from generality

Spark
SUEENle lterative

(discretized MapReduce
streams)

Spark (RDDs)

Fine-grained task execution model Hadoop 1.0: 90,000 LOC
multitenancy, data locality, elasticity Hadoop 20 220’000 LOC
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Codebase Details

Spark core: 16,000 LOC

Operators: 2000 Scheduler: 2500
Interpreter:

Block manager: Networking: 1200 3300 LOC

2700
Accumulators: 200 Broadcast: 3500

Hadoop 1/O: Mesos backend: Standalone backend:
400 LOC 700 LOC 1700 LOC
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Spark A EBS RS

Streaming
(Pregel on Spark)] (Hive on Spark) Spark

Map Reduce

it JB37
HDFS Amazon S3, Hypertable, HBase, etc
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Spark R RS

» Shark ( Hive on Spark)

1) Shark&EzA L3t 27ESparkBONEERERE IR HAIHve—1ERY
HiveQlap<#E [, Shark{EFE 7 HiveRIAPISRSLEIQuery Parsing
#0 Logic Plan Generation,
2) EfaR9PhysicalPlan executionpERFSparkft&EHadoop MapReduce,
3) BIFELESharks%{, Sharke]LABsiERFHEFEFERIRDD,
SCIEIEER, HMINPRSERIEERIGER,
4) Shark B UDFRFBE N REEEIFERIEIEDTTZEI&EXE, (H155QL
HEEEizEoeesarr—ic, &ANWRDDHIES R,

> Spark streaming: #9i27ESpark L4ME StreamFHEAIIESE,

1) ¥Stream#Eo A/ RS A AR (JUFD) |, LAS{Ubatch#it E4MTE
A975 TUSRAMEIXNES R,
2) Spark Streamingt@§2fESpark £, —HHEEREASparkBIRIER I TS5 |2
(100ms+) AILABTFSLRIitE, S—AmEiEttETFRecordfIE B IEIE
Z8 (qAStorm) , Spark#HUREE S ZMESIISIEIE,
3) MIEEREN S FEECH RN FRE I ST IR IEAS EIE
iR FE 7 —LEEH BRI EIE S D ITRMTER A,
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Spark#%

Resilient Distributed

Alr

Dataset (RDD)s 4o fpEESE

> RDDESparkiy s

e iy G Ay iy

» RDDEZS parkg—d@/

EANHR, XDl AFRHRER

DHOE S, BRTEHEDTX, AR

FASB R TIREORIEES, FRASIEER IR

[SAIRDDLE, RDDIARZER] FAILAY,

» RDDEJLAcacheR|NfFH, BIXXIRDDAIEERIRIEZCG

H9ZER, ERIUAFRREIREFES, T—EETLUIEZEMA
FmAN, 8% 7 Map ?educeﬁﬁﬁ’ﬂﬁ%@}%’ﬁ .

77
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RDD¥R R 5IE

=Tl (55 )

> BeASEMT R LA

> LL%W%@%E’JE‘D

> KWBERNEE,
> Al LR HIFEER s (NE.

> e oY,

> RDD/E'\%‘EM%RT 11%_JZLQTransformatlons}ﬂ’ﬁﬁ* =, T
X iRIEElincageEF1TE
FEE, RS IHE T

AR EHED
» RDD APIZLER:

BlEEFTI SR M A B SENT
> RDDHIEIES

LAY, B

XHF A A

TH. B XHIE

EXTR,

ZOlIEELN(map, filter, join, etc),

MES) Rit(TE

Ro

18I SRR AN HEMESR

JO

_|7

A el

X5Hadoop MapReduce 2—##9,
> RDDERIFIIRY, ERFA R BolEN g 2708,

78
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RDDHY A Bk
RODDERFEIZELT

> MHadoop RS (8 5HadoopFEBNETFER LK) WA (
FHIROHDFS) BlzE,

> MAZRDDAEHRISEIFTRDD,
THEXRE—MMHadoop XGRS AR RDDRY L, 4i: val file =
spark.textFile("hdfs://.."), fileZEF2ZRDD (sLhraHadoopRDDSL
#5) RDDRYELHRSRIE

RODE™HMITELT:

> LRI E(Transformations) (#0: map, filter, groupBy, joinE) &
LazyRY, ERLERMN—TRDDEERERFZ— T RODHYURIEANES £
AT, SparkEIBRIFEIRE(FI RRICRFBRIXFHIURIE, FHAEX
T, RESEIBActionsBIFIIRIRS R BRIERRNT SIRE T

> 12E(Actions) (4: count, collect, saveZk), Actionsi{EER[o|Z
ReIERDDEIESEIFER S F, Actions2ft& Spark/SanitERI5
ESR
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EF B K TransformationflAcionil F R~

map(f: T = U) RDD|[T] = RDD|[U]
filter(f : T = Bool) RDD|[T] = RDD|T]
flatMap(f : T = Seq[U]) RDDI[T] = RDD|U]
sample(fraction : Float) RDD|[T] = RDD|T] (Deterministic sampling)
groupByKey() RDDI[(K, V)] = RDD[(K, Seq[V])]
reduceByKey(f : (V,V)=V) RDD[(K, V)] = RDD[(K, V)]
Transformations union() (RDD|[T],RDDI[T]) = RDD|T]
join() (RDD[(K, V)],RDDI[(K, W)]) = RDDI[(K, (V, W))]
cogroup() (RDD[(K, V)],RDD[(K, W)]) = RDDI(K, (Seq[V], Seq[W]))]
crossProduct() (RDD[T],RDD[U]) = RDDI(T, U)]
mapValues(f :V = W) RDD[(K, V)] = RDD[(K, W)] (Preserves partitioning)
sort(c : Comparator[K]) RDD[(K, V)] = RDDI(K, V)]
partitionBy(p : Partitioner[K]) : RDD[(K, V)] = RDD[(K, V)]
count() RDD|T] = Long
collect( RDD[T] = Seq|T]
Actions RDD[T]=T

lookup(k : K

)

reduce(f: (T,T)=T)
)

save(path : String)

RDD[(K, V)] = Seq[V] (On hash/range partitioned RDDs)
Outputs RDD to a storage system, e.g., HDFS

Way To Innovation




{EFTERDD LRI (&F)

RDD1 RDD2

saveAsTextFile
> HDFS

map(+1)

Partitions
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RDDIRBIE: 5 C

\ QE ﬂ LB AL Narrow Dc/pcndcncies: WldL [?cpcndcncics:
/ [ :

TRIRERERE, Taes wlE R
FERRIOKE, RODZEMIK = m B\ | e

;Eﬁ;é %ﬁ L\)\—Fl_}la\'j%q] mép. filter V‘A—grf)upByKey
([ —ae — -i
> Z2kii(Narrow Dependencies) Ca— — |

— P RODHRJ|EHR—FRODHKEIA, FMH— (—r| S
MNQRDDIIS K FF— P FRODIIHEEEZANRROD  |g—t | copartiioned | )
MDY F—DFRODAIDE, tAmap, fiter, union  — nien D Cea It
IRENF= A AR g
> TBUHE(Wide Dependencies) .

— A FRODEIS AT LRODIZAD KHFFENEK |
| Bt R E— N RDDEI— N KX Ri— N FRDDHY
ZNMX, GgroupByKeySEtENIF= AL SRk /E;




RDD Stage

> sparkigalobz f[e=iBlob&4 2 >Stage, £ StageZ (B2 B MKERAY,
StageZ BRI X ZBiMRL 7 DAG (BELHE]) .

> XSWFREAER, SparkaREZHERDDEIRFIER)— 1 Stage; MXIF 5=
K, BERZSHEHERshuffletlE, SparkiBEEshuffleiExE X Hstage
H9IB 5,




84

RDDHIE 77 i 22 i (&

RODA]J AR UBIERE A— 1 KRHOEER (Array) |, BEXNMEHEESHESEEF LR, BiE L
RDDHIE N X AY—Partition,

£ SparkB9H{TigiEd, RDDEH—" 1M TransfomationB8F 2 5, H&EEIgAction&Fi#
TR AR,

06 90 om

- \ -
~N

RDD2
I

e F8=Rh—RTH, =S RDDEE AI— 1 HAIRDD, RDDZ @I Lineage =4 K ¥
KER, AT N @ L ERRERDD,

RODEHWXI D RZ D Ko mEIEENZ TR, n K2 MNMZEMS, TeIE957H
DXEYPIE LAIERE—RAFFE. XRREREBENNMA, UL LEREILEIERITE (
immutable) SEAIRFEEKRTIEY 7K.

BLRDDERITEMNHFEIER, ESXAHAAN—EEHENNAFISEEZEIES ZXIN, INREIE
REBEEIE, TLUECache(\REEFHIE,

Way To Innovation




RODEHEHFHEE

> Y12, RODWRSLHR ER— 1 oIS, FiEEBlock. NodeE
HIBRES AR, LANEARITTEIRER.

> —RDDR2—Ar X, TYiEHdEFE L, RODINEN 2 XN NAYHE—
“MBlock, BlockAJUARETERF, ZNRFABE A LIFERI#E E, 519
Blockmr ZiEERDDITEEIEINI— 1 F&, EELAPYTUE—
BlockAUiEft2g, teJLAFE— 13BN (#a0, BIiTmapREXTE 121
BIFHTITE)

> NRZMHDFSEIMBFEE N ANEUER, FOERIBHDFSHRIEEED o
RESFHITEIES X, HDFSHAJ—Blockxd Mz SparkAg— 1 X,

> SparkZiFE N X, #IEEIY SparkEOARIEE R EEN D XEERES]
ERSMEMLT &, FIa0, TiEEHash X (IRBBEIEIHIKeyEE Hash
8, HashiBHHENTTEMAB— 12X Z2A) FRangen X (BETFRE—
HIECEINEIEMAE—DX) FoXKES,

yg==}
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Spark R A5 14

SH

SparkBERXJit&RER,

B8 RIREEMEER

SB=HHERRLI. =

FERYMEZEE YARNFIMesos, Spark on YARNHIRFLEHIE]

v

Spark Driver

SparkContext

'
.

Whnrker

Executor launcher

S N=KES . Spark Driver, Worker, YARN,

Y

HehDriver programfaZ=gRDDAE R TS, FhdtiT

ESEE, Workerfass(ESHIHAT, YARNGESIHE

RIRAVAEFFI 7 B,
86

Executor Cache

Executors...

Worker

Executors. ..

Way To Innovation

MRDDE#H L5 R AIEE N Spark
HEITRE:

1.RDD#aEE : #932RDDZ BRI
MK Z, BRODEFEIRAMERRIE
B INE],

2AEEZAEE: RIETRITERR
BRI TESIRRE, FRHES
B TIRESHHAT ENFIA R,
3(ESBITE: BEASETINE
. PUTESFHREITESER,

4 Shuffleldf2: BBz EE
?ﬁém%ﬁﬁj, F=EHITShuffleg
SIHEERIKE: NEMESI
EHCEER,




miEREO O

> SparkiBIT SRIZIES S B TVEERDDAIIRIE, B EUREEIRTS
RODXYZR, MSEUESEAVRIERZNITRDDIYSRAIEE,

> Spark#1Hadoop MapReducezE1ll, B Master(Z= 1Ll F MapReduce A9
Jobtracker)fWorkers(Sparkg9Slave TYET )8R, FEBFwmBERISpark
Efé]’f&?gﬁ Driveri2fz, DirverigF=iEzmasterfte X 7 XIFRDDRYEE

> WorkersfZfiEE& #UED
RINZBEBHERNF,
BT EIET S L
HFIPHEHE, HZBl
ZIXFRDD Y2 /ERT ,
RIBZUIED HIEEH
TR EIERE,
ERGHTINEIED F.
R[4 R #IERDD B
NFEES,

InputData

InputData
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import org.apache.spark.SparkConf
import org.apache.spark.SparkContext

object WordCount {
def main(args: Array[String]) {
val conf = new SparkConf()
conf.setAppName("WordCount")
val sc = new SparkContext(conf)

val file = "hdfs://127.0.0.1:9000/file.txt"
val lines = sc.textFile(file)

val words = lines.flatMap(_.split("\\s+"))
val wordCount = words.countByValue()

printin(wordCount)

BAT

Hic{TSparkitss, B EILAMEITRIARE. TR,

spark-submit --class "demo.WordCount" SparkDemo-1.0-SNAPSHOT.jar

H Ardemo.WordCount /& main & # T 7E ffjobject, T SparkDemo-1.0-SNAPSHOT.jarst /& 471 H >k ifjart .

88 Way To Innovation




SH

1 package org.apache.spark EBE?M]ﬁﬁ—ﬁ\f“eﬁEEQCharCountﬁr%jj@, Eﬁ*ﬁ%?e/_’m\
z | Ba-zF{H9%1FEE9RDD, XHIHRDD#HIT T MapFiReduce
[ T cala.math. mndoed BIFTES I HINE, REBERE. BENBAT:

et |

9% * @author machong[]
12~ object SparkCharCount {
13 def main(args: Array[String]) {

14

15 var partitionsSize = 2;

16

17 val conf = new SparkConf().setAppName("Spark CharCount")
18 conf.setMaster(“local[l]")

19 val spark = new SparkContext(conf)

21 val rdd = spark.parallelize(data, partitionSize).map{c ==
2. (c, 1)

23 h

2 val rddl = new PairRDDFunctions(rdd).reduceByKey( + )
26 rddl.collect

28 spark.stop()

29 Y

31 def data = {
val dataSize = .

33
34 val charTable = "abedefghijklmnopgrstuvwxyz";

35 val data = MutableList[String]()

37 for (1 =- 1 to datasize) {

38 val idx = (Math.random() * charTable.length).asInstance0Of[Int]
39 data += (charTable.charAt({idx).toString)

18 }

41 data

12 }
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sANG
[ ¢

Spark T/EHFE

RDD Objects DAGScheduler TaskScheduler Worker
| = Cluster
| DAG Task
= Yo > Block
— =% | manager
rddl.join(rdd2) split graph into launch tasks via execute tasks
.groupBy(..)
Eiiter stages of tasks cluster manager
_ submit each retry failed or store and serve
build operator DAG stage as ready straggling tasks blocks
stage
failed
el about
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SH

DAGScheduler 1
.'\-\.,‘.H.\ }é

A
I
., [
TaskSet Executor ey s

.\-M.N'H.\.J:{-F 2

Events

resourceOQffer .
TaskScheduler Tasksethgr 3

reviveOffers

91

r
. LY
/ /
F ’ y
! /
) I %,
/
/
-'l. &
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
-
Executorl

A Selected task

makeOffers
Executor Events

Scheduler

DAGSchedulerfa st SRR ESEE
ng

. SchedulerBackendfaz=E

Executorsi@(s, #HiMITEXRRIE
B, FamBESHEIWFFRER
FlExecutor,
TaskSetManagerfas=XJ— 1 TER
FESHITEIRE, HPSREET
?%EQ%&Z?EZ!H&'I‘EEJ‘@:%%S‘E%&E’\J
155,
TaskSchedulerfaz= X TaskSetidt T
EE, BITEERRIAE laskSet
k. BRR—rHNsE, &
B DAGScheduler,
SchedulerBackend#[
TaskSetManagerBgSiese, 3d
Egecutor*mas@’%ﬁ?&%@i&ﬁ%
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FEHE '

EFETEIER

RDD.collect ExeCUtOrJ:TGEJZE/J
Executorialfsg
SchedulerBackendgdig5<,
[ | B ENTESH=E5E)
avd
S 2 A TT?skRunner?ﬁz I TIESS A

Shuffled Funl(parent iterator) Fun1(parent iterator)
RDOD

fETaskRunnerd & 5151155
MEXEERFIINW, A
Mapped parent.iterator map(f) parent iterator map(f) 7|E E}E 7': H 9&%5&@&%@? 'R‘z
RDD A9 ar NP, STk
B TFERITESEIUNG

|
Pgmlleﬂﬂﬂe 5% / ;B/j__\t?ji%j:ﬂfj__
ctionRDD ShuffleMapTaskakResultTask
AIrunyziz,
EQ#L’_ 5T tb):4 fi%ﬁi@i
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S31 ()
Spark5Hadoop BN EL St

> SparkFEIFHEREINGEF, NTFERIZENERES.
> SparkttHadoopBEFE *E’J};ﬁ{’ﬁ*ﬂ' , ELCEEA.

1) Transformations 1{Ez=HY.

map, filter, flatMap, sample, groupByKey, reduceByKey, union, join,
cogroup, mapValues, sort,partionByZ=ZFhiR{EZERY,

2) Actions 1E{Ez=EY:

Count, collect, reduce, lookup, saveZEZFhactionsigfE,

> FET RZEREEREABBRHadoopApF i E—HY
Data Shuffle—f&sl, FFEILAaEE, ¥C, I=HIEIESRAY
=FiE, pXF, wEEELEHadoopERIE.

> BEEH,
TEo A HIREIT SR B checkpointSRECHIEEE, McheckpointE /A=
1) checkpoint data

2) logging the updates,
PRI LA SR RS TURSE A 15

> RTHE,

Sparki@igiE2MHEERIScala, Java, Python APIRZZER ShellsRiZES A,

TN
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Spar ki [5] L

MELAE RGHI L

Response Time Throughput Response
Code Size (lines) (sec) (MB/s/node) Time (min)
140000 20 T = /BT N w
| 2 % = S
120000 — H E 30 4"%_ 2% %
100000 — LI S— 25 -
E~ & 20— —
80000 — E 20 - G
60000 AGraphX 10— E- E 55— —— §
- Streaming o E 15 ——Bw
40000 LS Shark (SQL) aE 2 10
Eo = 10—
20000 I ] i
i 5
u T o T m - ! ﬁ 5
— =7 = L =z =
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