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20004 Lucene T2 M E A|&
— open source information retrieval software library
— by Doug Cutting
e 200383 Nutch Z=2HME A|At
— by Doug Cutting and Mike Cafarella.
— Lucenez= 0| &%l search engine= Ot 0| H X!
— scheduler, fetcher, parser, indexer ...
+ =
— NDEFS (Nutch Distributed File System) - Hadoop

— Tika (content analyzer)

e E X|
- O

— no location server
— highly scalable and robust
— politeness & quality



발표자
프레젠테이션 노트
http://en.wikipedia.org/wiki/Nutch
http://www.webreference.com/programming/lucene/2.html
http://weblogs.java.net/blog/tomwhite/archive/2005/09/mapreduce.html#more 
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발표자
프레젠테이션 노트
nutch는 기능별로 서버가 분리되어 있지 않음
모든 서버가 저장소 & fetcher & parser 역할을 동시에 할 수 있음
map reduce job 설정에 따라 flexible하게 설정 가능
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발표자
프레젠테이션 노트
nutch를 기능적으로 분리한 것
실제 서버가 저렇게 나눠져 있는 것은 아님
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NutchQ| =4l

crawl cycle

{ invert link H index }

MapReduce in Nutch — Doug Cutting ‘05


발표자
프레젠테이션 노트
inject : crawl db에 url을 삽입
아래 작업들을 반복
generate : crawl db로부터 fetch 대상 url을 생성
fetch : 실제 contents를 fetch하여 segment에 저장
parse : segment에 저장된 contents를 parsing
update : parsing된 결과를 crawl db에 업데이트
invert links : linkDB 업데이트



Data Structure : Crawl Datum

 http://nutch.apache.org/about.html| Version: 7

field value
Status 1 (db_unfetched)
Fetch time Tue Jul 05 14:45:28 KST 2011
Modified time Thu Jan 01 09:00:00 KST 1970

Retries since fetch 0
Retry interval interval 2592000 seconds (30 days)

Score 1.2089841
Signature 77adfc117e5ba9c0c29274c89c86753a
Metadata _pst_: success(1), lastModified=0

e Status

« db_unfetched, db_fetched, db_gone, linked,
« fetch_success, fetch_fail, fetch_gone



Data Structure : Crawl DB internal

URL CrawlDatum
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발표자
프레젠테이션 노트
data : <URL, CrawlDatum>을 저장, URL 순으로 정렬
index : URL중 일부를 offset과 함께 저장



Data Structure : Crawl DB file distribution
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data file
dfs.block.size=64MB
dfs.replication=3



Data Structure : Crawl DB

4 crawl
4 | crawldb I
' 4 cument _ .data.crc
| l"._-p?aFtT """ N L Jindex.crc .
: ' 1| iL]data BYOKB |
} P part-00001 | | [ index 3KB |
; P oparto0002 | T
partitioned 1 )i part-00003
by url hash™ .

» DBMS =& 2 OfL|1, Cheot IS
— d &9 NehM @l random access
— update &7}



발표자
프레젠테이션 노트
hadoop map file 로 구성되어 있음


Map Reduce Diagram

input

(a.com/2, fetch_success)

(a.com/2, linked)

(a.com/2, linked)

(b.com/2, fetch_fail)

(b.com/1, fetch_success)

(a.com/1, fetch_success)

output

(a.com/1, fetch_success)

reduce() (a.com/2, fetch_success,
inlink:2)

(b.com/1, fetch_success)

(b.com/2, fetch_success)




Map Reduce in Nutch

e Score?} =8 =02 HE??
e Politeness= X|7|X}?7?
 Score AlAF2 O{EA|??



Algorithm: Inject

e Crawl DBOf| url& &' ¢
 MapReducel : Input Url& DB formate = Hzt
— input : url list
— Map (line) = <url, CrawlDatum>
— Reduce() : identity
— output : YA| It 0| Cl|HEZ|
 MapReduce2: 7| & Crawl DB2} merge
— input: A HEKY jobo| LAl 212t 7| & DB ot =
— Map() : identity
— Reduce() : CrawlDatumZ S}LtQ| entry2 ot
— output : |22 2| Crawl DB


발표자
프레젠테이션 노트
fetchtime을 가장 최근 time으로 유지


Algorithm: Generate (1/2)

e CrawlDBYA| HIE2T URLES AH

— 88 JdxE 471 URL = Score7l =2 N 7|2 MEH
« MapReducel: fetchet CHA urlE2 M7

— input : Crawl DB files

— Map() : if BEF2<E K >now, invert to <CrawlDatum, url>
 partitioned by url hash(!) to randomize
« sorted by score

— Reduce()
e score =09 &2 ™M&ESI, N / reduceTask B2 ==
e ALSIH score =22 N JE =ZSX|= UL

— output : 822 url N7Y list <CrawlDatum, url>




Algorithm: Generate (2/2)

 MapReduce2: fetch& =H]|
— input : score =2 2 HEZl <CrawlDatum, url> N}
— Map() : invert to <url, CrawlDataum>

 partition by host for politeness
« sorted by url hash

— Reduce() : identity
e reduce taskQ| 7| == fetcherQ| 7j=Et32

— output: fetcha url list I}t = <url,CrawlDatum>
e = hosto| url=2 =t file2
- url2 HESHA H=
o fetcherQ| 74=0t= It Z L}E

« Zit= oif" A[H2| Segment CI|HEZ|0f] MY



발표자
프레젠테이션 노트
url이 도메인 순으로 뭉치는 것을 방지하기 위해 url의 hash 로 정렬


What is Segment?
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crawldb
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segments
20110704183818
20110704183848
20110704184038
20110704184401
20110704184838
20110704185016
0110704185156
0110704185655
20110704190156
20110704190613

content
crawl_fetch
crawl_generate
crawl_parse
parse_data
parse_text




Algorithm: Fetch

« MapReduce: I{|O|X| & ZE35}I0 content X%t
— input: <url, CrawlDatum>
 partitioned by host, sorted by url hash
* score A= LESHX HS
— Map(url, CrawlDatum) — <url, FetcherOutput>
» multi-threaded, async map implementation
* FetcherOutput : <CrawlDatum, Content>

— Reduce() : identity

— output : & 79| o}
o <url, CrawlDatum> : 2A| &EjE update
e <url, Content> : raw html= A&t


발표자
프레젠테이션 노트
file을 inputsplit으로 쪼개지 않음


Fetcher for politeness
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발표자
프레젠테이션 노트
queue 기반 fetcher
Map<String, FetchItemQueue> queues
FetchItemQueue
host당 하나의 queue를 생성
FetchItemQueue는 단순한 SynchronizedList 로 구현
각 queue에서 politeness 설정 (crawl delay 등등)
one producer – many consumer 구조
producer : threadCount * 50 를 유지하도록 file에서 url을 읽어서 queue에 공급
consumer : 지금 방문이 가능한 queue에서 item을 꺼내서 방문 수행
실제 fetch 작업은 protocol plugin에게 맡김
politeness 를 지키기 위해 busy waiting


Algorithm: Parse

« MapReduce: parse content
— input : <url, Content> files from Fetch

— Map(url, Content) — <url, Parse>
* Nutch parser plugins AtE
e Parse: <ParseText, ParseData>

— Reduce() : identity
— output: M| 7o L2 X%
e <url, CrawlDatum> for outlinks.

e <url, ParseData>
e <url, ParseText>



Result of Parser

generate ]—)[ fetch H parse H update h
L[ invert link H index ]

, content

. crawl_fetch

. crawl_generafe

. crawl_parse

, parse_data—"

. parse_text

\

http://xlos2. cafe?d. com/test,/pagea_a. htm] versiqg < UI’|, CrawlDatum>

status: 67 (linked)

FetcCh Time: Tue Jul 05 15:25:27 KsT 2011
Modified time: Thu Jan 01 09:00:00 K5T 1970

Retries since fetch: 0
Retry interval: 2592000
Score: O.loebob6by
Signature: null
Metadata:

seconds (30 days)

http://x1os2.cafe2d4. com/test/pagea. html version: 5 <UI’|, ParseData>

Status: success{1,0)
Title: page a
outlinks: 2

outlink: tourl: http://xlos2.cafe2d4.com/test/index. html anchor: home

outlink: tourl: http:ffx1052.cafeE#.cnmftestfpagea_a.hth anchor: pagea_:
Content Metadata: ETag="3eB32f-b2-4a74bf09c3f00" Content-Length=178 Last-Mc
Parse Metadata: ChareEncodingForConversion=utf-8 originalcharencoding=utf-8

nttp://blog.Tootactory.t1,/2007/03,/twice-speed- <LHL Stﬂru;>

http://clien.career.co.kr/ E=l9dd 24 AS o0 =15

http://nutch. apache. or
http://wiki.apache.or
http://www. apache. org

http://www. apache. org/dyn/closer.cgi/nutch/ Apache Download Mirre

—

?fmai1iﬂg_11st5.htm1 Nutch Mailing Lists {
nutch/ FrontPage - Nutch wiki Search: N
welcome to The aApache software Foundatior



발표자
프레젠테이션 노트
crawl_parse : 문서에서 발견된 anchor 정보
parse_data: page title, outlink, contentMeta, parseMeta, parseStatus
parse_text : indexing, searching 그리고 snippet을 생성할 때 사용된다



Algorithm: Update

« MapReduce: fetch Z1}Z Crawl DBZ gt &l

— input : <url, CrawlDatum>
o AKX} Crawl DB, SegmentLl{2| crawl Z1}, parse Z1}

— Map() : identity

— Reduce() : merges all entries into a single new entry
e 7|E status A1tE fetch 21t2 SO
e scoreES T AH|AH

— output : Aj22 Crawl db <url, CrawlDatum>




Algorithm: Invert Links (1/2) qfﬁiﬂ ffl]f[ ) (o}

e ParseDataE F & O{A inlinkE A4 LinkDBO]| update

http://xlos2.cafe24. com/test,/pagea. html| version: 5

Status: success(1,0)
Title: page a

outlinks: 2
w17 | w2 n ) e http:fﬁx1nsl.cafe24.cumfte5tfindex.htm1|aﬂchnr: home
outlink: tourl: http:fﬁx1052.cafe24.cumftestfpagea_a.htm anchor: page;
Content Metadata: ETag="3e832T-b2-4a74bf09c3f00" Content-Length=178 Last-
Parse Metadata: CharEncodingForConversion=utf-8 originalCharEncoding=utf-

ParseData

Inlinks:

fromuelslhttp: //xlos2. cafe24. com/test,/pagea. html||lanchor : _home |€
fromurl:http://xTosZ. cateld. com/Test /pageb. html anchor: home

Inlinks



Data Structure : Link DB

» Crawl DBQ} OFXIZHX| 2 MU S9| &t

=]

4 | crawl 0|2 37
, crawldb i
_ | .data.crc
4 | linkdb . -
| .index.crc 1KB

4 |, current 4
ata 323KB
, part-00000 —

. segments | index s

— data : <URL, InLinks>2 A& URL =02 MH

http://issues. apache.org/jira/browse/NUTCH Inlinks:
fromurl: http://nutch. apache.org/ anchor: Jlira
fromurl: http://nutch. apache.org/mailing_lists.htm] anchor: Jira

http:ff?ackrabbit.apache.nrgf Inlinks:
fromur]: http:ffwww.apache.nrgfdyﬂfc1059r.cEifﬂutchf anchor: Jackrabbit
fromurl: http://www. apache.org/ anchor: Jackrabbit



발표자
프레젠테이션 노트
hadoop map file 로 구성되어 있음


Algorithm: Invert Links (2/2)

e MapReducel: Segment?| ParseDatal||A{| inlinks= A|4AF

— input : <url,ParseData>

— Map(srcUrl, ParseData> — <destUrl, Inlinks>
 Inlinks: <srcUrl, anchorText>*
o Z2tZ+O| outlinkd]| CHSH SFLEL| InlinksE A A
o Ij|O|X| SILIH outlinkE K|35t

— Reduce() appends inlinks

— output : <url, Inlinks>

 MapReduce2: 7| £ linkDBO|| merge

— input: & H K jobl| Zi} + 7|& LinkDB

— Map(url, Inlinks)

— Reduce() appends inlinks

— output : Aj 22 linkDB



Algorithm: Index

« MapReduce : Lucene indexes 4474

— input : CrawlDB, LinkDB, Z|&Z $=2!3t segment=
» <url, ParseData> from parse, for title, metadata, etc.
o <url, ParseText> from parse, for text
e <url, Inlinks> from invert, for anchors
o <url, CrawlDatum> from fetch, for fetch date

— Map() : identity
— Reduce() : Lucene DocumentE M
« 7|20 EXSI= Nutch indexing plugins 2 A&
— output : build Lucene index; copy to fs at end



H3F 2 Score A|4Ak

e Nutcho| Ht2 2 A 22| 7|82 score
Score& A AHSHZ| 2|t Scoring Filter Plug-in
— 2t crawling ™ 2F OFC} ScoreFilter interface & +9
— AKXl nutch0j| = Adaptive OPIC MMEZF0| ALS &
— = 7} O|AQO| ScoreFilterE sA| 8 & 7t
— ScoreFilter interface

* 872| method
e Breath first, OPIC & LC}¥st Mef= L

rok
ot
1>
$0
rir
1>
HA


발표자
프레젠테이션 노트
다음 이 시간에..


Scoring Filter (1/5)

1. void injectedScore(Text url, CrawlDatum datum)
l Inject

2. void initialScore(Text url, CrawlDatum datum)

generate fetch

5. float generatorSortValue(Text url,
CrawlDatum datum, float initSort)

7. void
r updateDbScore(....)
parse J—> update

{ invert link H index J

8. float indexerScore(...)

3. void passScoreBeforeParsing(Text url,
CrawlDatum datum, Content content)

4. void passScoreAfterParsing(Text url,
Content content, Parse parse)

6. CrawlDatum
distributeScoreToOutlinks(...)



발표자
프레젠테이션 노트
injectedScore () : 건드리지 않음
initialScore() : 그냥 0으로 만든다
generatorSortValue() : 그냥 initSort 값을 곱해줌 generate할 때 첫 mapreduce job mapper에서 사용됨
void passScoreBeforeParsing(Text url, CrawlDatum datum, Content content) : datum (원본 문서)의 점수를 꺼내어 cotent meta data에 임시 저장
void passScoreAfterParsing(Text url, Content content, Parse parse) : content의 meta data에 저장한 점수 (원본의 점수)를 parse data의 meta data에 저장



Scoring Filter (2/5)

5. float generatorSortValue( -
Text url, CrawlDatum datum, float initSort)

7t 2= mapper| Al AFE

745 7

— generate THA|O| N H+Z

AU = A0 Lol =
- &E 20 S0f M2 2

! http://a.com/1.html 10 !

http://a.com/2.html 10
http://a.com/3.html 10
http://a.com/4.html 10
\__http://a.com/5.html 10 J
http://a.com/6.html 10
http://b.com/1.html
http://c.com/1.html 8

=

—Tl=

XA ?
a =
* ¢t hostOf A Lt [ topN 27t LIL= = EX| ?

http://a.com/1.html
http://a.com/2.html
http://a.com/3.html

http://a.com/4.html
http://a.com/5.html
http://a.com/6.html

|

http://b.com/1.html
http://c.com/1.html




Scoring Filter (3/5)

6. CrawlDatum distributeScoreToOutlinks(...)
- A= Mo "5 oA Hiz™ At
—  parameters
. Text fromUrl
. ParseData parseData
— AKX O] M2 scoreE M%E
. Collection<Entry<Text, CrawlDatum> > targets
- Ol M0 Lt2 outlink=2| &gt
. CrawlDatum adjust
- O] 2A19| &2l CrawlDatum HH
. int allCount
- E2 ZMUM L2 FH outlinke| i~
—  targetsQ| V= HMotE = US

0.5
1 targetl
HE 0.5

target2



Scoring Filter (4/5)

/. void updateDbScore(...)
—  7|& score?} inlink=2| scoreE 7|HIS 2 score A} Al Al
— parameters

. Text url
. CrawlDatum old
- EX2| O|F HEf §E&
° CrawlDatum datum
- fetch A8 Z&oh 7HY X2 24 &
. List<CrawlDatum> inlinked
— S1Xl| update batchOf| A &2 inlink §E =

0.3
1> <n|ink1
1.7

HE 0.4

inlink2




Scoring Filter (5/5)

8. float indexerScore(...)
— lucenel| MES boost ErE ALt
— parameters

e Text url

e NutchDocument doc
— lucene document

e CrawlDatum dbDatum
e CrawlDatum fetchDatum
« Parse parse
e Inlinks inlinks
— LinkDBEEEH 7[HL ZE inlink 82
e float initScore



WebGraph (1/6)

« 7|& Adaptive OPIC

— scoreZ} A&XHo 2 SItst= EX
e PageRank

- A% 213 W3E E3t abusing

 WebGraph

- 2| &= 7IX| X E slidst A|2-& Scoring algorithm

— OF4 nutch0| SAH2 2 HELX|=



WebGraph (2/6)

- 7|2 708
— node: ZF FA]
— edge: link

— RankOneScore (ROS)
= 1/# of total node

0.33

0.33

0.33




WebGraph (3/6)

e Jteration 1 .
— X 7| InlinkScore=1 0 0.33 0
— OutlinkScore (OS) Al Al
_InlinkScore
~ #0fOutLinks 10
B C
0.33 0.33
\//

1.0



WebGraph (4/6)

o [teration 1 A
H| A 0.33
— InlinkScore (IS) A|Al . R .
— O]|™ scores= 1125} X| &2
IS = (1—df )+ (df x(>_ 1S +ROS))
« df (damping factor) = 0.85 10
e ROS=0.33 '
B C
0.33 0.33
>1.71 >0.86
\//

1.0



WebGraph (5/6)

e [teration 2

A
0.5 1.28 0.5
-0.6 0.64
1.0
->1.71
B C
1.71 0.86
/\¥//
1.0

3086

A
1.28

0.6 -21.89 0.64

1.71
B C

1.71 0.86
2>1.71 -20.97
/\¥//
0.86
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WebGraph (6/6)

o Iteration 102| &
- £7] o] Mzglo] FL 24
00 EL Ha7} HyjE .
— iterationg = HA| M7 A 2.92
converge&
‘YM +a
7 < w+p| B C
— | 300 1.64
\//

1 2 3 45 6 7 8 9 10




Loops (optional)

« Spam site X||A
— web graph0| A link cycleg &S

— H|&0
e« X0

o

0f < 37| W=0f 3~4 depth =7 X| T A
Xl loop= web graphQj| A X| A

- 7H40 dsH[7F B2 0|2 = H[F

A

~_

Al

—



WebGraph &M

 WebGraph
— Inlink DB, Outlink DB, Node DB A M
* Loops
—~-A>B>C>A2Z2 loopE &I
— WA= looplf Zatk|E= linke N 2|
e LinkRank
— iteration (default 102))= =HAl M= AAL
e ScoreUpdater

— Crawl|DBO| scoreE ®OH|0|E
— WebGraphOf| A] 24 L[ X| &2 urlQ| score= clear
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= d
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7|E} 2 — Url Pattern X 2|

e Url Normalizer
— scope =2| 7I's
 partition / fetcher/ crawldb/ linkdb/ inject/ outlink ...

o Url Filter
— file2 22|
— domain, prefix, suffix, regex-urlfilter
 -W.(gif|GIF|jpg|/PG|png|PNG)$ // skip image file
¢ EOOl Y S
# accept hosts in naver.com
+http://([a-z0-9]*W.)*naver.com/.*
# skip everything else


발표자
프레젠테이션 노트
fetcher : redirect url 처리할 때
crawldb : crawldb에 새로운 url을 업데이트 할 때
outlink : parsing 결과를 생성할 때



Nutch 2.0

 Web-graph & page repository -> ORM layer
— CrawlDB, LinkDB, Segments& 2%l
— HE 2 Segments 22| E Il
— HBase
* Next step
— Re-crawl algorithm
— Crawler Trap X 2|
- =2 X7 7§, mirror detection

— Template detection
— Spam & junk K| O



NutchQ| &HChA

e Pros
— Highly scalable, Highly modular

_ O O}XAM
o O

IT L— L

— W= batch 2

— ™2k 9l scheduling

o Cons

- e = B2 7[AH7ER
« OIHME 28l x| replication=3 §X|

— AA|ZF 2 4|0|E E7F (HDFS file 7|EH2| DB)

— url = html match7} £%fst

— Name node, job tracker &0l A| =& HX]
o 34Xl hadoop?l| oA



Conclusions

« & BF=0{%l open source search engine
- =tk XMe| 280 = H =t
A™0| ZtHEHSED modular =l 2 x

° Il—II:'! VS EI—X"



Reference

e nutch wiki
— http://wiki.apache.org/nutch/
- QR =0| 2aij=l &

* Nutch as a Web mining platform by Andrze;
Biatecki 2010

— http://www.slideshare.net/abial/nutch-as-a-web-
data-mining-platform

 MapReduce in Nutch by Doug Cutting 2005
— http://frutch.free.fr/docs/mapred.pdf
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