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Abstract: Web crawlers must collect Web data while performing tasks such as detecting crawled URLs and
preventing consecutive accesses to a particular Web server. Parallel-distributed crawling is carried out at a
high speed for the enormous number of URLs existing on the Web. However, in order to crawl efficiently, a
crawler must realize load balancing between computers in addition to reducing time and space complexities
in the crawling process. The Web crawler proposed in this paper crawls the Web using producer-consumer
modules, which compose the crawler, and it realizes load balancing per module and not per crawled Web
site. In other words, it realizes load balancing that is appropriate to certain computer resources necessary
for the modules that compose the Web crawler; in this way, it improves biases in computation loads and
memory utilization between computers. Moreover, the crawler is able to crawl the Web on a large scale
while conserving resources, because the modules that manage host names or URLs are implemented by data
structures that are temporally and spatially efficient.
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Table 1 Our solutions for the requirements of a crawler.
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Fig. 1 The benefit of load balancing on function level.
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Fig. 3 A switcher and a virtual module.

Switcher 1

List 2 Switcher Example

1: procedure SWITCHER(data)
2: return f(data) > data DPIZIZIE U Tlikde @ BT
3: end procedure
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7 RV AT DT 72 AHTRE SNz R s
A ERMET A, O =) v I L nas,
PageRank DM CTHIET A&, MLy ra— FR—=2
BTHIIMREL I D SRFERCPETE S [20]. 7
robots.txt & meta ¥ 7 DR ATy, DNS ~O Ak
RIEF vy adD, [ERIEE L7 URL OR)FEMN 2 EHE
BrEFE 18| 24 Y AT RBEOAIZEABEL, 7u0—1)
BT A URL 28R (Rt 9 4. KiEd URL
RHRA NG EMRT 2080 %, (h) Duplicated URL
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Table 3 List of modules which compose our crawler.

TV a—H srEREG | AT o — K
(a) Scheduler P 2
(b) Scheduler Timer Free 1
(c) robots.txt Downloader Free 1
(d) Downloader Free 1
(e) HTML Parser Free 1
(f) URL Format Filter Free 1
(g) Explicit URL Filter Free 1
(h) Duplicated URL Checker URL 1
(i) Host Data Cache Host 4
(j) Domain Name Resolver Free 1
(k) robots.txt Processor Host 2
(1) Data Store Free 1
(m) Seeder Single 0

0) robotsFlag = 1(3)
¢ . g ropots ss;ré)er
“[f Processor

(1) IPARIREH
robotsFlag = 0, 2

(h)
Duplicated
() URL Checker
Downloader

Data 3
E (2) IPAM | ecolver) 91
PRR ©@
robots. txtd 1 R Explicit
URL Filter
DL#& T 5&A LEE
) béZ)FI T b(tUS)FI
i - robotsFlag robotsFlag
D g3 robotsflag = robggtxt =2 =0 URL%c?rmat
. W) Downloader W . Filter
fobatstt | "OPX9] gk robotsFlag = 1,90
(k)
ob robots.txt OBt B
Processor K Lol Y Processor W @©
> Data Store HTML Parser
DLFH DLFJE

X 4 FJa— VORISR

Fig. 4 The data connections between modules.
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o TWwWb., ZNOEDONERIREEZ R WEY 2 — Vi
EOFTEEO EDAL Y FTEATLTOMER W, 2L 2
X Web X—=2% 5w 20— N LML ZD N — AL
IPIERIREE & 35709, EREORIHE CUE I §5 2k
MHTE5D,

KIZ, WEIREZ RO E Y 2 — )V I3F 3 D EUIE O
HHHAYIP, Host, URL ODWEFNHTRLTHA, 4 ET
HHLZ-L)IE, SRS5DEY 2 — VO FI 4 HULEE 12
BWTEET— DNy v aflilil ko TNy ¥ andEd
5. 728 21E Scheduler 13 IP 7 FLAZ k27 a—1) »
TR A N 2T 50T, h(IP) O TULEOH Y
Pz i kv, F72, Host Data Cache 378 2 b
T eI AR EET 5 DT, h(Host) DETHEITILER
V. robots.txt Processor & [A#£T# 4. Duplicated URL
Checker (¥ URL Z 45 & 4 20 TH 555, h(URL) D
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ETHHSEIITR .,

%3, Seeder |ZB L TIFEHEFETS NS L EHE L 72 URL
7% Scheduler IZANIENTLE ) 720, 72721 DODAL Y
R7ZZFCTET SN LEDSH Y, 3K 3 TII Single & il
LTwa,

5.2 {EY 21— ILOFRRR

KEITIE, 70—FOBREILICHHELTE 22— L%
L TW L, EEPHPETRWEY 2 — VIZEI L TIEEE
Bla— K% & HITRT.

5.2.1 7A—-U2JR5I1—7

s —=) YAV 2a—F 3R 0—-TF Db EELRE
Bewz s, RArva—J1%, W—IP7 FLA%HE>D
F—NANDT 7 L AR & EERRL LT 22 2% 0(1)
DIMFEECRIFTHLIENTE L. THIFKALIHE
FIRELIZATF V2 =T [20] & & W b L7-9 2 C,
robots.txt @ Crawl-delay |ZXJIe &4, 4 T CHP L7z
aEI B L) EFEATTEL L)L b D
T#HAb. # 3 12H 5 (a) Scheduler & (b) Scheduler Timer
LWV 2O0DEV A - VTIOMREEZEIH L TW5E, K
WTRE—IP 7 FL A 2 RIET 7 &AWL 5 7
ELCHATS.

7T A L% Algorithm 1 1278 L7z, Scheduler & 2
DDOAIF 2 — g8, qf ZFDO. ¢ \ZiEra—1) ¥ 7isHr
L {E A SN2 URL IZ3IET % CrawlingData 25 AT &
N, ¢ IEF 7 a—FPEET, H5VIETI—KT L
CrawlingData 2 AJJ &M %. Z 72 Scheduler &, 50
IHCLEDY Y »a— FEFEURL Y A b o, ly, ... 0Ly
#Fo., HH12o0) A MHFIZIEFE—IP 7 KL 2D Web
F—NOURL A2 2L EETNAVI S ICERL, 4
WY 0= FPEFTENLDIZ/721 o0 A MIEE
N5 URLDOKI% D L) ICHIETE. 1509 A il
Bl o0 — KPS T LTROY A MOAFHI &7 yua— R
BT AR5 WO 2 L TRILT 7 & ARG % {5-3F
5.

Algorithm 1 TU, ¢f AT ENZZURL %, £EDYJ Ak
BT 207 —7 )V ng,n,...,nu_1 2B LTHET
%. URL DA A MAITHIET 5 IP 7 FL ALK E B
L, HIZXZHEBRMEDS i OBE, Ly, (moa 1) °E D URL %
BT 2 A NOBEGHTHA. Ex s IP 25 FE—RF4HE I
AT EEH BN, HmETEMRLTOE—) A MIFELIP
7 RLVAOURLD&EENH I LIIR WV, 22T, &Y
A=K KDoAzl LTap=c+m (modL) &
L2l &I, {ly, 1 <m<L-1} DV A MDY H, m AV
SWIJ A RMPS URL Z#A8 L T <. 72721, robots.txt
|2 Crawl-delay 25i% € SN TV A A, fEErmzEd &
IICHFEZ & IFTY A MK LT < (Algorithm 1 @
15, 21 47H). Crawl-delay 25i¢%E S ML TV AR WA,
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Algorithm 1 (a) Scheduler

Algorithm 2 (b) Scheduler Timer

Fyoa— RERE URL YA S o, ly, ..l

BHE D no,na, ., na—1 (TXT 0 THIHIAL)
HEDOAT v 7 c (-1 TWiL)
BAES Y v a— Ko URL #: p (0 THIHHL)

1: procedure SCHEDULER(data : CrawlingData, id : int)

2: if id =0 then
NewURL(data)
else if id =1 then
p=p—1

3 b g8 ~O A & L
4

5:

6: end if

7

8

9

b qf ~OAT) % QL

if p =0 then
return GoNext()
end if

10: end procedure

12: procedure NEWURL(data : CrawlingData)
13: r = data.ipAddress D7 7% L 32 bit #H 73! (modH)
14: if n,. < c then

15: ny = ¢+ [data.crawlDelay /5]

16: end if

17: if n, > ¢+ L then

18: return null > URL I3#3E
19: end if

20: i = n,(modL)
21: n, = n, + [data.crawlDelay /5]
22: l; = l; Udata

23: end procedure

24:

25: procedure GONEXT

26: m =1

27: while m <L —1 do

28: c=c+1

29: i = ¢(modL)

30: if |l;] # 0 then

31: =1

32: li=¢

33: p =l

34: return [

35: end if

36: sleep(5 seconds) > 5 MAL Yy MR
37: m=m-+1

38: end while

39: return null >ARYTHE—=FOURLM»12b %0

40: end procedure

" ngy F—7 ) D & Crawl-delaylc &3 W T
i =] URL®D;E NS % RE
A Nt N > ny ]
o TZ v
9y 2 s & 5 =
g' — W S o © o + L
o 1 T = @ = o
g &y g # % Z 3
o §m S 5 S & %
2 7 = &
N e I T 2
- - - N ;
1 - -
T
¥y va—Fkg

BIETH5Xi BEL
5 A¥7Ya—7OBRER
Fig. 5 The conceptual diagram of the scheduler.

© 2013 Information Processing Society of Japan

1: procedure SCHEDULERTIMER(list:List<CrawlingData>)
> 5 ALy FEIE
> CrawlingData # 1 232y

2: sleep(5 seconds)
3: return list.toArray()
4: end procedure

CrawlingData @ crawlDelay (2 5 #05#I Il & L TREE S
NTWB7z0#EFELTY A MIEHINTAL, YA RS
ARELTHMNT A ENRNTE VYA URL I30i%ET 5.
EELA—VTHNE, 70— Y FPICHERBT A2
EHIRETE % [20).

72, ¢¢ IZATIE N7z CrawlingData DB AR 5 2 &
T, ¥ oa— e T L2 URL#AHET S LTE
5. ., NOEURLDOF Y U — RPETLIZLRD) A
FEMT A, KD IEMEICE, {, 1<m<L-1}DJ A
FD9 B, 7% URL 242 m B /NS W) A bD g
T YU—= RPFETENE LTI T 5. £ LT, Scheduler
DR\ FHE £ 72 Scheduler Timer (31 A F2SH ) & T
o 5 P EFET 5 (Algorithm 2). PLEOEHEICLD,
FCIP 7 FLAD URL AT 557 10— FIZR(KT
b5 MBI EPRIEENSL. 2B, Crawl-delay ik
SNTWALHARENEEZEZ, 200 X MERIETEICD 5/
ST DU ENH D (Algorithm 1 @ 36 477H). BERIC
I3 Crawl-delay 2%a%%E LTV 72\ URL TY A b h%f
LTHILDT, COMPETEINLDRIITMTHA.

L ED 0%, Scheduler Timer THRAFE L TWA &
U= FPE S FEFEINGEVEVIREDRDH L. F
72, 12DV A MADY T YO — FHPETRTET LeTh
ERO) A MIHEE LN &b, ¥ ru— FEEIE
WR=TUPKR IV Ay 7% bBEV)RENH L. LH
L, ZOREZIETNZEET A Scheduler DA A5 ¥ A
Bares I ETHEMESNG. ¥ 6IE, 64 RY
YRAZBWTRHEAFEL TWTSH, oS > A8 XA T
35T oa— FOSETHR O RESERE VNS5 TH 5.

T, KA Va—J@37+—HARK70=1) v 7R
71— 7T L \vAs, SCHE (8] & [AFkIC PageRank
DTS AL, ALY yu— =V THNE
MEELE LD SRER CPETE S, 7272 L RankMass [8]
1%, PageRank D RFEN #5TE L2267 0—-1) 7 LT
W7o, AFEL) ReigEsEkc& s, Larl, 7
7 THEENDT 7 L APLE R T2, AFELFIHEET
%5,

RFELOFHEFEREIXO0N) THY, /797745 X~
ANDT 72 ZASLBER G IPT FLADNY ¥ 2T
EITHZ L THESICHINGMETTHI LN TES. L
EHEENESELZETr U= v UHEER L PageRank
BRED ML — P+ 72 TE 25 [20].
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5.2.2 E# URL D&t

HE#H URL oM id (h) Duplicated URL Checker 5%
S LRU % v v ¥ 2 & BloomFilter TEHT 5. 7u—1)
Y7 H@ URL EHHIE A X vy a7 T X4
THIFERRIETE A I EHONTEY [3], Ar/u—7
TIHLRUF Yy a2z Hwah, LRUFY v 22 bdh5
1172 URL 1 Bloom Filter [4] \Z4&#8 L CEEHIREZ1T .
Bloom Filter (& False Positive % #F&3 AU 1) (2R ZE
MErHR LT — Y ETHh LD, su—Y rradn
BWNR— USRS A UREMEEH H05, 70— Y TER
THNILTEERLETESL, 2B, TOEIV2—VIIX
fik [18] THEZE L 72 F5D 9 B Stable Bloom Filter [5] D3
WL E v 20 1) 12385 @ Bloom Filter % FIV72 %
D T% % . Stable Bloom Filter |& False Positive & False
Negative D 35T 525, WEDFEERVPLET H
ZEELRFEL TWwb. —75 Bloom Filter & V272354 1%
False Negative 3584 & T HEZICEEHIBR S L5 A%, False
Positive M |41 Stable Bloom Filter & V) FAL9 5.

T TY X LDOMEE Algorithm 3 12/~ L72. LRU
¥ ¥ v ¥ 2 & Bloom Filter ZJEIZHEREL, EHELMIIEHF
NTWigGaRR7u—) 743, Y5512 &FFNTWw
Lol YyAlXru—1) 7554, LRUF Y v ahb
JBWH & 72 URL & Bloom Filter (381 & dus 37 S 4
Frains 2L RAESI NS,

5.2.3 KX FE I EDBERDRE

BRIRIEIC L 2 F =8Ny KR Web R=IY DT 7+
A Z &2 robots.txt ZHEFR T A Z & EEET S 720, KA T
ZATHIE T %5 IP 7 R L AR robots.txt OF M & v o 721
Wik d 27— IMENLETH L. Ay u—F T
LFHNHFT 5~ T A B F7— 5 #5ETdH 5 Hat-trie [11] &
Key-Value X b L — U HIZF A THIEE L, (i) Host Data
Cache THIHL T 5.

ZZTIE,DNSF v v ot LTOFIHEZBEEL T, A&
P2 Key & L, 12D Key T&124/51 O int % Value

Algorithm 3 (h) Duplicated URL Checker

1: procedure DUPLICATEDURLCHECKER(data: CrawlingData)
if data.url 78 LRU J A MI&E TN T 5 then

LRU Y A MO data.url & JEHEIZHEE)
>ru—=1 Y7 Lewn

3
4 return null

5: end if

6: LRU ) A F DSETHIZ data.url %3871
7 if LRU V) X M 2% &4 —/\ then

8 LRU J A F ®FJE % Hlkk L T BloomFilter |23
9: end if

10: if Bloom Filter |2 data.url 2547 L T\ % then

11: return null >UA—=Y T LN
12: else

13: return data >r7u—=9)rr55
14: end if

15: end procedure
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EETHY, 1 ALy FTOE— 7 MR put (380 30 75
[ml, get (X 100 /50 % 8 2 72*°,

Host Data Cache €3 2 — )W id 4 FEEDO AT F 2 — ¢},
4, ¢, ¢4 ¥, ¢} 121 Duplicated URL Checker 7%* 5
70— 7 L <SR SN/ URL % F52 Crawling-
Data 0SAJ) &M 5. KA 4% FWT Hat-trie % L,
IP7 FLARF v v ¥ a3 TWz4Ed CrawlingData
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4. B D Switcher A% ipAddress X robotsFlag Ot 12
HEOWT, IR DY;41X Domain Name Resolver,
robots.txt % fR¥F L T2 % 54513 robots.txt Processor, &
55 ThH WA, Scheduler £ Y 2 — WV ICHERET 5.

¢i 121 Domain Name Resolver |2 & o THRIfFTE S
7z CrawlingData 2SA I &1 5. FUARR D Z2HN 728
A 120K 2 T ipAddress O & Hat-trie |23 X A& Crawl-
ingData # 2D F FH I3 5. 11 Scheduler @ ¢§ 12 A
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¢4 121d Scheduler Timer 2251 &, #7 »0— K2)SH]

140 25
—Put
120 +| — Get
g — Memory 20
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Fig. 6 The performance of hat-trie for storing and searching

o n
n n

host names.

*4 “Laboratory for Web Algorithmics,” A5G
(http://law.di.unimi.it/index.php)

B RIZR SN AR T IE Java O GC IC X 28EEIETH Y, 5
ILEER O vy Concurrent GC 2 FIH 2 2 L THEHTE 5.
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Seeder TH 5. Seeder |FHEEYHFIZ /2721 B UTEIfEL,
Aickd 5Nz — FURLty F2H&K AT S, KX T
33— Pty bOBEFGEZOWTIEIFR L\,

6. FHMmZEER

REETIEPHSE L 72 Web 7 10— 5 OFEAMi 28R 12D W Tl
X5, FHlCIERERE KRS & E G R FERT ISR E L7
AT F 7o, ERLIEREATZERT ISR E S BT AR 1S
1 FE Web ZE[ # f4E L, $$mﬁﬂﬁt% JEIE LR D
S5ARA Web Z2RIIZx LTCT 7 AT 50— v FEE
#47-72. Web 7 01— F & QueueLinker i3 & 2 Java T
FEEINTBY, 23— FEIEZ T —FH5 2% 6,000 17
mehﬁa%ﬁ#ﬁﬁwwﬁféé.%%&@th7
7.

’-EWeb 70— I 2BfE S 2L54, £EY 2—IZD

*6 “HttpComponents HttpClient Overview,” AT
(http://hc.apache.org/httpcomponents-client-ga/
index.html)

© 2013 Information Processing Society of Japan

*T “soup Java HTML Parser, with best of DOM, CSS, and
jquery,” AFE (http://jsoup.org/)
*8  “Public Suffix List,” AT4% (http://publicsuffix.org/)
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Fig. 7 The number of downloaded pages Fig. 8 The number of downloaded pages Fig. 9 The number of downloaded pages

per second (2 computers).
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Timer ORI % 0 FHICRREL TV 5D

6.1 ERRIECLET1-IDEE

EBRBEAE 10 £ TR 4 1IRT. BRREAFENICE
Ay —=FK1Bkra—0)r7 7 —FK8HEPEREINTY
B, F72, ENLEHGTIERTICERE SRR 4 B ITK
A8 Web H — /N2 HESE L 72, RAH Web - —/N1Z Web 1) ~
77— % O uk-2007-05*9% f\vy, Web ~<_— % BB
Lfﬁmﬂwwmm%ﬁﬁT%%@f%% AR — N
OREFZIE, BEPOYILTF AL v FCTEET X 2 A4
AT Web = 3® microhttpd *10% v 7z, FARH S
& NI [#iE SINET4* U T s TB Y, FEtetHms 5%
WHENTVWDLAL v FOT v 7 71E3 T, SINET4
FT10Gbps T I N TV 5

EETIX, Scheduler EYV 2 —Vaidb AT YBH L~
AE )= RORZEN KT, Fyoru—KNLT—7 2
35 Data Store EY 22— VE AL —3 ) — FORKIZ
BT MOEY 2 —NiFTRTDra—Y v 7 ) —
FCOEETT A L&) BT, EBRTIZ1 207 10—
1) ) — FZ &2 Downloader % 200 A L v K CilFl45
BEITL, BYOEY 2 —MIKru—1) 7 ) —FTL
21 ALy FCOEFEST L7z, RIERMOBE X R 5
72812, Downloader 284 77 > 1 — K L7z Web _— ¥ 1&[d]
—DEE R o HTML Parser 2Y0LH4 2 X 9512 L 7.
DLEoB#EIZLY, ¥ ru— FEEEL URL 2% < ¢

*9 “Laboratory for Web Algorithmics,” AT
(http://law.di.unimi.it /index.php)

*10 “GNU libmicrohttpd,” AF4E (http://www.gnu.org/
software/libmicrohttpd/)

AL [EAEd A v U —2 (SINET4, 44 4%y k- 7+—)], AT
J& (http://www.sinet.ad.jp/)
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per second (4 computers).

per second (8 computers).
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Thhb.
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HANDEI 22— VTHESINTBY), ZNETNDEY 22—
WEINy v asrE R T EFEITT 5700, H4Y
4 N & URL BB TR S v, Y50 b4
TWVEMERE L D L VEME T, URL 250.30%,
14 N&DT3.0%TH - 72
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& (CLERAEN ) BT AETH Y, A P RX—2D Web ~

FIHLET 5. FA MEORY XK 11 LR LICAR 5.
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* 4 AitEROMRE

Table 4 Experimental environment.

YA ) —F APL=V/—=F ra—=9rr7/—=F | KH Web =N/ —F
CPU Intel Xeon L7555 x4 | AMD Opteron 8381 HE x4 | Intel Xeon E5530 x2 Intel Xeon E5530 x2
AE) 512GB 256 GB 16 GB 16 GB
HDD 24TB 100 TB 2TB 2TB
oS CentOS 5 CentOS 5 CentOS 5 CentOS 5
Network 1 Gbps 10 Gbps 1 Gbps 10 Gbps
[ SINET 4 \ 15,000 15,000,000 15,000 15,000,000
| socs i::;gg — | 1500000 3:323 ~~———~—""| 1500000
[ mxmE#Exytv—2 | 13,500 { 13,500 {
¢ 13000 | 14,000,000 R /___,/- 14,000,000 .
10Gbps 10Gbps < 12,500 13,500,000 g & 12,500 13,500,000 &
3ALvF $ 12,000 S $ 12,000 ’__// ]
2 11,500 | 13,000,000 11,500 | 13,000,000
' — 11,000 ~— AR 11,000 - A g |
ya—vyy 10,000 ‘ ; ‘ ‘ 12,000,000 10,000 e : 12,000,000
(512GB #EY) 1) — 10Gbps/1# ) ,000, ) ,000,
E @l 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
S MBS (URLKIIETY—H) MBS (URLKIIETY—H)

BEMEAXE
10 FHE#EOR v T — 7 BEEER

Fig. 10 Network connections

MRS 2T

11 2% Web 7 10— 5 DA 0HY
4 M- URL % (8 &1F)
Fig. 11 The number of handled sites

and URLs (our crawler,

between the computers.

8 computers).
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LTV, a7 N ThOH AT <A AufER 70—
FhEF =TV —=AbTAHI LT, TEHEEL LA A,
Kex 2 HITORBIE Web 7— % OFIHDILD S Z & %
WFEL T A,

BE ARWIIEO—EIL, R [ Web HHa T B
V7 by 7 OWFZERRSE] B X OB e (PR 3
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12 FA MFET Web 7 10— 5 OB4
DAY 4 M- URL 4 (8 &)

Fig. 12 The number of handled sites
and URLs (site-based crawler,

8 computers).
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