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3.3 TexHonorus Map-Reduce
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TekcToBast paclunppoBKa BUAEO:

MPOCTbIE 3AAAYUN

MNnaH:
e WordCount Ha nceBAoOKoAE;
e WordCount B cTtagusx;
e OTnaaxka nokanbHo;
e 3aryckaem Bce Be3je 1 cpasy;
e CunHAS n30neHTa.

WordCount Ha nceBgokoje

OgaHa 13 3aja4, Ha kKoTopor 06bAcHAT MapReduce, - WordCount. Tak, Hanpumep, Yy Hac eCTb TEKCTOBbIV

AOKYMEHT, Mbl 6epe|v| M3 HEro BCe CJ10Ba U CHNTAEM CKOJIbKO pPa3 KaXXa0e C/1I0BO BCTPEYAETCA.

MNorosopum o MeTtogonorn MapReduce v 0 ToM, Kak 6yayT BbirnsgeTb Mmannep (map) u peatocep (reduce). B

KayecTBe A3blka ncnonb3syem Python (MoxHO ncnonb3soBaTth Shell).

O6paTtnTe BHMMaHWe Ha NpuMepbl:

def map(doc
for word in doc
yield word, 1

def reduce(word, values
yield word, sum(values

JaHHbI KO He ABASieTCs KOAOM Ha Python. 3To nceBAOKOA, UNMOCTPUPYHOLWWIA NAeto.


https://edu.slurm.io/courses/data-engineer-p3?from=step
https://edu.slurm.io/courses/data-engineer-p3?from=step

B map 419 JokyMeHTOB 1 GaiiioB Mbl Mepebripaem C/10Ba 1 BO3BpaLLaeM napy «k/to4y-3HayeHue», rae KoY -

C/I0BO, 3HAUEHMe - eNHNLLA.

B reduce, NocKkobKy NPOM30MAET COPTUPOBKA 1 FPYNMAMPOBKA MO KAOYaM, 4151 KaXAOro C/I0Ba BCE eANHULbI
npuayT B popmMe Habopa 3TUX CaMbIX egnHNL,. Tak, 13 reduce Mbl MOXEM BO3BpaLLaTb Mapy «kaou-3HauYeHme,

rae K14 - ¢10BO, 3HayveHme - CyMMa BCex eaAnHNL.

WordCount B ctagusax

PaCCMOTpI/IM rnpumep T0ro, Kak ornmcaHHoOE Bbllle BbIrNAANT MO CTaANAM!

MapReduce - Word Count

Mapping Reducing

This, 1
quick, 1

s o

This quick brown
fox jumps over

This quick brown

fox jumps over thelazy dog. brown, 1
the lazy dog.

A dogis a man's

best friend. Adag s a man's jumps, 1

best friend.

brown, 1 m brown, 1

(s
fox, 1 “ fox, 1
- jumps, 1 jumps, 1
the, 1 over, 1 over, 1
the, 1 the, 1
—n .1 .
dog, 1

fox, 1

over, 1

Y Hac eCTb TEKCT. DTOT TEeKCT MO YMONYaHUIO pa3bmnBaeTcsa Ha 610kn. Kaxabivi Marnep npuxoanT B CBOW H610K.
BHYTpv Mannepa Mbl AN KaXA0ro c1oBa reHepupyem napy. Nocne atoro nponcxoamt shuffing, n gaHHble no
Knro4Yam GopMUPYHOTCA Ha peatocepax. B pamkax pearocepa Mbl BCe CX10MbIBAaeM W NMOyYaeM KOHEYHbIN
pesynbTar.

OTnagka nokasibHO

UT06bl NOA06HOE OTNAAMTL IOKANIbHO HaM MOMOXEeT TEXHOIOrUS, KOTopas Ha3blBaeTcs «Hadoop Streaming».

3TO NOAX0A, NO3BOJIALLMIA MCATb NMPOLECCUHT HA JID60M f3bIKe.

UT06bI NOKANBHO CUMYNMPOBAThL TO, KaK 3TO ByAeT 3anyckaTbcs B Hadoop-CTPUMUHTE, Mbl MOXeM NpoYnTaTh
dalin, ckopMUTb ero B Manmnep, NOTOM CZeNlaTb COPTUPOBKY MO KUY, HAaNpaBUTb BCe 3TO B peatocep, U

COXPaHUTb JaHHble 13 peatocepa B BbIXOAHOW dalin:

~$ cat input_file.txt | python3 mapper.py | sort -k1,1 | python3 reducer.py > output file.tx

PaCCMOTpI/IM BapnaHT KoJa 1 TO, KaK OH MOXET BbIMNMAAETb:

Alacritty

" F‘réssr? for help #!/usr/bin/env python

import sys
</Experiments/slurm/hadoop/
81-wordcount/ line sys.stdin:k
mapper2.py* .oken line.strip().split
reducer?2.py* goken + "\t1'
B2-students/
notebooks/
76-0.txt
cleanup.sh*

Ha Bxoz npunneTarT JaHHbIE B CTaHAapTHbIVI BBOA. Mbl nepe6|/|paeM CTPOYKN Ha CTaHA4apPTHOM BBO/E,

pa3brBaeM no npobenam 1 neyataem CTaHAAPTHbLIV BbIBOA (CNOBO, CUMBO Tabynaumn, eANHNYKA).

B peatocepe Bce 6yAeT HECKOIbKO C/IOXKHee:


https://hadoop.apache.org/docs/r1.2.1/streaming.html

Alacritty

8/reducer2.py #

" Press ? for help #!/usr/bin/env python

import sys
</Experiments/slurm/hadoop/
v m B1-wordcount/
& mapper2.py* prev_key = None
= reducer2.py* sum = 0
82-students/ 5
notebooks/ line sys.stdin:
76-8.txt key, value = line.split("\t")
@ cleanup.sh* key != prev_key prev_key
print(prev_key, sum)
sum = @
sum += 1
prev_key = key

key != prev_key prev_key
18 prinﬂ(prev,key, sum)

Hawm npunNeTarT AaHHblIE, CTrPYNMNMMPOBaHHbIE MO K/JAKOYaM Ha CTaHAapTHbIVI BBOA. Hy)KHO MOHATbL, KOraa
3aKOHYWICA OANH KJTKOY W noLuen ,D,pyI'OI\/JI. Ecnn knroy nomeHsancs, Mol CyMMWPYEM TO, UTO 6bIN0 [0 3TOoro u

BbIBOAMM NPOMEXYTOUHbIN pe3ynbTaT. 34ecCb MOXeT 6bITh off-by-one error.

[NpoTecTrpyem NoKaabHO:

Alacritty

meow-nofer@pikachu JRTARERUENETAININIOEL S cat 76-8.txt | python3 mapper.py | sort -k1,1 | pyt]
file.txt

Jusr/bin/python3: can't open file '/home/meow-nofer/Experiments/slurm/hadoop/mapper.py': [Errno 2] No

Jusr/bin/python3: can't open file '/home/meow-nofer/Experiments/slurm/hadoop/reducer.py': [Errno 2] No

meow-nofer@pikachu JRIASGESLENAYEINNVAEGGL cat 76-0.txt | python3 81-wordcount/mapper2.py |
ordcount/reducer?.py > output file.txt
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[aHHbBIN NpuMep - NprMep NoKanbHOW OTnagKkm koga. 3anyctum B Hadoop.

Ans Toro, 4Yto6bl BCe CpaboTano, Ham HYy>XXHO akTUBMPOBaTb Hadoop-CTPUMUHT, @ UMeHHO yka3aTb Hadoop'y

KOZ, KOTOPbIA Mbl 3aMyCKaeMm, TO eCTb, COOTBETCTBYHOLLMNIA AXKAPHUK:

~$ export HADOOP_STREAMING_JAR=$HADOOP_HOME/share/hadoop/tools/lib/hadoop-streaming-2.7.3.ja

3KCI'IOpTI/IpyEM NnyTb B Ka4eCTBe NepeMeHHOro okpyxeHums, UTObbI HE KOMMNACTUTb ANMNHHbIE CTPOYKN.

PaccMoTpuM Ha npumepe:



meow-nofer@pikachu JEASTEISTIENAEINE VALY export HADOOP_STREAMING_JAR=$HADOOP_HOME/share/hadoop/tools/1ib/hadoop-strea

ming-2.7.3.jarl]

HADOOP_STREAMING_JAR yka3biBaeT Ha Hadoop_Streaming

3anyckaem Bce Be3je U cpasy

3anycTuM BbluncieHUs Ha Hadoop. 9ToO MOXHO cAenatb AByMsi Crocobamu:

Yepes MapReduce:

~$ hadoop jar $HADOOP_STREAMING JAR \
-input /user/meow-nofer/input \
-output /user/meow-nofer/output \
-mapper ./0l1-wordcount/mapper.py \
-reducer ./@1-wordcount/reducer.py

Takum 06pa3om Mbl GOPCUM UCMNONb30BaHMe AedOoNTHOro Weaynepa.

Yepes YARN:

~$ yarn jar $HADOOP_STREAMING_JAR \
-input /user/meow-nofer/input \
-output /user/meow-nofer/output \
-mapper mapper2.py \
-reducer reducer2.py \
-file @1-wordcount/mapper2.py \
-file @1-wordcount/reducer2.py

Mbl yKa3blBaeM 3anycCcK AXapHWMKa 414 HadOOp-CTpI/IMVIHF, dajiee yKasblBaeM KaTanorm an4 BXO4HbIX U
BbIXOAHbIX AaHHbIX. BOo BXOAHOM KaTanore YXXe NexnT qDaMn C TEKCTOM, MNPV 3TOM BbIXOAHOIO KaTasiora
cyLectBoBaTb HE AOJIXKHO. [anee, Mol yKa3blBaeM, Kakad KOMaHAa A0J/DKHa 3alyCKkaTbCA B Ka4eCTBe Mariepa u

peatocepa.

YT06bI 3TOT KOZ 3anyCTU/ICS, HAM HY>XHO KOJ CKONMPOBAaTb AOMNONHUTENbHO B 06/1aK0, Ha BOpKepbl. LlaHHas
KoHUuenuua Ha3biBaeTca «Distributed cache».

BOHpOCZ UTo AenaTb, ecn Python NCroJsib3yeT AOMNOJIHNTETbHbIE 3aBUCMOCTIN?

OTBeT: eCTb ABa BapMaHTa: IMb0 Mbl 4OrOBapVBaeMcsi C IH0AbMU, NOAAEPKMBAOLLMMN KacTep, U CTaBMM
3aBMCMMOCTM Ha BCE HOAbI, Ha KOTOPbIX ByAyT 3anyckaTbcs Bce job'bl, 160 Mbl MOXEM NCMONb30BaTb PasHble
TPHOKW. Hanpumep, apx1BrpoBaTh 3aBUCUMOCTU KOZA 1 OTNPaBUTb BMecTe ¢ job'oli B distributed cache. YTobbl

3anycTUTb job’y cHavana Hy>KHO YCTaHOBUTbL OKPYXKEHWe, a MOTOM — Marrnep 1 pegrocep.

PaccmoTpum npumep:

Alacritty

meow-nofer@pikachu JRFASGEISUENEYEAINVAELLLI hdfs dfs -1 /user/meow-nofer

-1: Unknown command

meow-nofer@pikachu JRFASOEISUENETAMNNVAERLL W hdfs dfs -1s /user/meow-nofer

Found 1 items

drwxr-xr-x - meow-nofer supergroup @ 2023-86-18 15:13 /user/meow-nofer/input
meow-nofer@pikachu hdfs dfs -1s /user/meow-nofer/input

Found 1 items

-rw-r--r-- 1 meow-nofer supergroup 627169 20823-86-18 15:13 [user/meow-nofer/input/76-6.txt
meow-nofer@pikachu SIS eIt e A TA P yarn jar $HADOOP_STREAMING_JAR \|j

Kak Mbl y>xe roBopuIv, eCTb KaTanor input, a kataaora output y Hac cnewymanbHO HeT. B kaTanore input nexumT

Haw darin. 3anyctum MapReduce job'y:



Alacritty

meow-nofer@pikachu JEFASCERUENEYAANNVAELGGE hdfs dfs -1 /user/meow-nofer

-1: Unknown command

meow-nofer@pikachu JRASCEISUENMETAININVAELLGWE hdfs dfs -1s /user/meow-nofer

Found 1 items
drwxr-xr-x - meow-nofer supergroup B 2023-86-108 15:13 /user/meow-nofer/input

meow-nofer@pikachu RIASCERUENAYSNVAELLGLEY hdfs dfs -1s /user/meow-nofer/input

Found 1 items
-rw-r--r-- 1 meow-nofer supergroup 627169 2023-86-10 15:13 /user/meow-nofer/input/76-8.txt

meow-nofer@pikachy JRFIAT e NI yarn jar $HADOOP_STREAMING_JAR \|j

-input /user/meow-nofer/input \
-output /user/meow-nofer/output \
-mapper "python mapper2.py" \
-reducer "python reducer2.py" \

-file @1-wordcount/mapper2.py \
-file B1-wordcount/reducer?2.py

23/86/10 16:13:51 WARN streaming.StreamJob: -file option is deprecated, please use generic option -fil

23/86/18 16:13:51 WARN util.NativeCodeloader: Unable to load native-hadoop library for your platform... using builtin-java clas
ses where applicable
packageJobJar: [@1-wordcount/mapper2.py, 81-wordcount/reducer2.py, /tmp/hadoop-unjar2937116062587779142/] [] /tmp/streamjob5171
233889422138234. jar tmpDir=null
:13:57 INFO client.RMProxy: Connecting to ResourceManager at /6.8.8.8:8832
:13:51 INFO client.RMProxy: Connecting to ResourceManager at /6.6.0.8:8632
:13:52 INFO mapred.FileInputFormat: Total input paths to process : 1
:13:52 INFO mapreduce.JobSubmitter: number of splits:2
:13:52 INFO mapreduce.JobSubmitter: Submitting tokens for job: job_1686461966326_0882
:13:52 INFO impl.YarnClientImpl: Submitted application application_1686401966326_0062
:13:52 INFO mapreduce.Job: The url to track the job: http://pikachu.localdomain:8688/proxy/application_1686461966326

:13:52 INFO mapreduce.Job: Running job: job_1686481966326_8662
:13:57 INFO mapreduce.Job: Job job_1686481966326_8082 running in uber mode : false
:13:57 INFO mapreduce.Job: map 8% reduce 8%

BMAMM,QTOQTO:N)yX63aC86MMTMﬂOCb

Ecaum mbl 3angem B Ul YARN, TO yBUAMM, UTO 34eCb eCTb job'a:

L - - - -
.‘Q’hadaap Application application_1686401966326_0002
- Cluster Kill Application
About
Nodes User: meow-nofer
Node Labels Name: streamjob5171233889422138234.jar
Applications Application Type: MAPREDUCE
NEW Application Tags:
E';\BVMTTAP{T[’]\‘G YarnApplicationState: RUNNING: AM has registered with RM and started running.
ACCEPTED Queue: default
RUNNING FinalStatus Reported by AM: Application has not completed yet.
FINISHED Started: Sat Jun 10 16:13:52 +0300 2023
Eﬁlﬂfg Elapsed: 13sec
I Tracking URL: ApplicationMaster
Scheduler Diagnostics:
» Tools
Application Metrics
Total Resource Preempted: <memory:0, vCores:0>
Total Number of Non-AM Containers Preempted: 0
Total Number of AM Containers Preempted: 0
Resource Preempted from Current Attempt:  <memory:0, vCores:0>
Number of Non-AM Containers Preempted from Current Attempt: 0
Aggregate Resource Allocation: 67512 MB-seconds, 18 vcore-seconds
Show 20 v entries Search:
Attempt ID - Node Logs Blacklisted Nodes
appattempt_1686401966326_0002_000001 Sat Jun 10 16:13 http://pikachu localdomain 8042  Logs 0

OHa yxe 0Tpa60Tana, Mnmcasia rno cragnam:

Alacritty

-file B1-wordcount/mapper?.p

-file B1-wordcount/reducer2.py

23/66/10 16:13:51 WARN streaming.StreamJob: -file option is deprecated, please use generic option -f
23/86/18 16:13:51 WARN util.NativeCodelLoader: Unable to load native-hadoop library for your platform
ses where applicable

packageJobJar: [81-wordcount/mapper2.py, B1-wordcount/reducer?.py, /tmp/hadoop-unjar2937116882587779
233889422138234. jar tmpDir=null

23/86/10 16:13:51 INFO client.RMProxy: Connecting to ResourceManager at /0.6.06.0:8
23/66/10 16:13:51 INFO client.RMProxy: Connecting to ResourceManager at /0.6.06.0:8
23/66/18 16:13:52 INFO mapred.FileInputFormat: Total input paths to process : 1
23/86/18 16:13:52 INFO mapreduce.JobSubmitter: number of splits:2

23/86/18 16:13:52 INFO mapreduce.JobSubmitter: Submitting tokens for job: jobh_1686481966326_0662
23/86/18 16:13:52 INFO impl.YarnClientImpl: Submitted application application_1686481966326_6682

23/86/18 16:13:52 INFO mapred.FileInputFormat: Total input paths to process : 1
23/06/18 16:13:52 INFO mapreduce.JobSubmitter: number of splits:2
23/06/18 16:13:52 INFO mapreduce.JobSubmitter: Submitting tokens for job: job_1686481966326_80862
23/66/18 16:13:52 INFO impl.YarnClientImpl: Submitted application application_1686481966326_0082
23/06/18 16:13:52 INFO mapreduce.Job: The url to track the job: http://pikachu.localdomain:8688/proxy/application_1686401966326
_0002/
23/06/18 16:13:52 INFO mapreduce.Job: Running job: job_1686461966326_6062
16:13:57 INFO mapreduce.Job: Job job_16864081966326_08082 running in uber mode : false
16:13:57 INFO mapreduce.Job: map 0% reduce 8%
16:14:81 INFO mapreduce.Job: map 56% reduce 0%
16:14:04 INFO mapreduce.Job: map 108% reduce 8%
16:14:87 INFO mapreduce.Job: map*188% reduce 168%
16:14:87 INFO mapreduce.Job: Job job_1686481966326_6802 completed successfully
16:14:87 INFO mapreduce.Job: Counters: 49
File System Counters
RIIE ber of bytes read=1061962
1:zsh 2:nvim- 3:[tmux]* "pikachu" 16:14 18-nioH-23

832

1: Alacrity] Trunar

B HEKOTOPbIX CUTYaLMAX peAtocep MOXET 3aMnyCTUTLCS, YeM oTpaboTanu Bce Mannepbi:



Reduce shuffle bytes=1061968
Reduce input records=114204
Reduce output records=14278
Spilled Records=228408
Shuffled Maps =2
Failed Shuffles=8
Merged Map outputs=2
GC time elapsed (ms)=174
CPU time spent (ms)=5868
Physical memory (bytes) snapshot=789311488
Virtual memory (bytes) snapshot=5742612480
Total committed heap usage (bytes)=543162368
Shuffle Errors
BAD_ID=0
CONNECTION=8
I0_ERROR=0
WRONG_LENGTH=0
WRONG_MAP=8
WRONG_REDUCE=0
File Input Format Counters
Bytes Read=631265
File Output Format Counters
Bytes Written=164263
23/06/10 16:14:87 INFO streaming.StreamJob: Output directory: /user/meow-nofer/output
ELERN IR VB ~/Experiments/slurm/hadoop
[B] B:zsh T:zsh 2:nvim- 3:zsh*

Mockonbky job'a oTpaboTana, y Hac A0/IXXeH MNOsSBUTLCSA KaTanor «output», B KOTOPOM A0/IKEH NexXaTb

pesynbTaT:

Merged Map outputs=2
GC time elapsed (ms)=174
CPU time spent (ms)=5660
Physical memory (bytes) snapshot=789311488
Virtual memory (bytes) snapshot=5742612480
Total committed heap usage (bytes)=543162368
Shuffle Errors
BAD_ID=8
CONNECTION=8
I0_ERROR=8
WRONG_LENGTH=0
WRONG_MAP=8
WRONG_REDUCE=0
File Input Format Counters
Bytes Read=631265
File Output Format Counters
Bytes Written=164263
23/86/18 16:14:87 INFO streaming.StreamJob: Output directory: /user/meow-nofer/output
meow-nofer@pikachu hdfs dfs -1s /user/meow-nofer/output
Found 2 items
-rw-r--r-- 1 meow-nofer supergroup 8 2623-86-10 16:14 [user/meow-nofer/output/_SUCCESS
-rw-r--r-- 1 meow-nofer supergroup 164263 2023-86-18 16:14 [user/meow-nofer/output/part-60000

LR IS LE T ~/Experiments/slurm/hadoop I

NlexuT Tam cneaytolLee:

o ®Pavin «SUCCESS». [laHHbIli dalin co3gaeTcs, YTO6bl COO6LMTL O 3aBepLUeHnn paboTsl job'bl. Ecin
faHHOro darna HeT, 3HaUNT KaKoW-TO NpoLecc Bee eLle paboTaeT. ITO BaXHbIi MEXaHN3M

CUHXPOHM3aunm!
o daiin «part-00000».
Hannuyne nnwb ogHoro ¢aina rosoput o paboTe BCEro nLLb OLHOIro BOpKepa.

Ckavaem dpann «part-00000» 1 MOCMOTPYUM Ha ero coAepXxrmoe:



Alacritty

I 4
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$5,000) 1
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Mbl BUAM pe3ynbTaTt TOro, Kakoe C/1oBO 1 B KaKOM Ko/1im4ecTBe OHO HaM BCTpeYanoCb B MCXOAHOM ¢a|7|ne.

CuHSASA nN3os1eHTa

Pewnm 3agauy:
Y Hac ecTb Tabenb C OLEHKAMU:

Holmes
Lopez
Holmes
Wilson
Robinson
Weber
Sanders
Ball
Butler
Wilson
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OTNNYHMKOM CUHNTAETCS CTYAEeHT, y KOTOPOro cpefHuii 6ann Bolwe 4.5. Kak HariTn BCex OT/INYHUKOB?
PewleHue;

Ecnv npuknHyTb Ha MapReduce, TO Ha BXOZe Mbl MOXeM BblAaBaTb Napbl 415 CTYAeHTOB (CTyAeHT-OLeHKa).
Mpv 3TOM fJaHHbIe caMu CrpynnupyroTcs rno kadam B Reducer. B Reducer mbl 6epem Bce 3Ha4eHWs, KOTopble
ANA JaHHOTo K/toYa NpuieTenu, cumtaem Ana HUX cpefHee. Ecnm cpegHee nonyvyeHHoe 3HaveHve Bhille 4.5,

TO Mbl BbIBOAMM pe3yNnbTaT 4J1A 3TOro CTyAeHTa:



# mapper
map(x, score) -
emit (x, score)

# reducer

reduce(x, scores) -

avg = average(scores)

if avg >= 4.5:
emit(x, avg)

Mouyemy «CUHAA N30NeHTa»?

ECTb LUYTKa, YTO BCE MOXHO MOUNHUTL CUHEN N30/IEHTOM, @ €CZIN MOYMHUTBL He MOoy4YaeTcs, 3HaUNT Bbl MPOCTO
Masio B3s/I1 N301eHTbI. DTO aNNeropusi OTAMYHO UaNtCTprpyeT MapReduce. IM MOXHO pelunTb nto6yHo

3aZlayy, a eIV 3aZa4a He peLlaeTcs, To ciesyeT B3sThb elle 6onblie MapReduce.

EAMHCTBeHHbIVI MUWHYC: BCe 6yp,eT 3alncbiBaTbCA Ha ANCK.

Kak BaM ypok?  (as o N W3yuun, nanee >
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