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ABSTRACT

ABSTRACT

SPIDER 1s a program which can auto collect informations from internet. SPIDER
can collect data for search engines, also can be a Directional information collector,
collects specifically informations from some web sites, such as HR informations,

house rent informations.

In this paper, use JAVA implements a breadth-first algorithm multi-thread
SPDIER. This paper expatiates some major problems of SPIDER: why to use
breadth-first crawling strategy, and how to implement breadth-first crawling; why to
use multi-threading, and how to implement multi-thread; data structure; HTML code
parse. etc.

This SPIDER can collect URLs from onc web site, and store URLs into

database.
[KEY WORD] SPIDER: JAVA: Breadth First Search; multi-threads.
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PR (p)=C 17+ (1-C)ZCEin(p)PR (p oou t (C) i
Hrp T vk dmnm i, C< 1 2HEWEINT, in (p ) AETRRN p R
M4, out (C) A ULIAI C HiBEHISE & 24T PageRank B 0 2% € i 748 %
SRR, AN 5 W) TUE A PageRank R 5E UL FOANME, FEAL 561k
#F PageRank {H K H UL [ 7 B E4Z 25T U7 ).

2442 HITS B

HITS J5i2@ X T AN EE LA Authority FI1 Hub. Authority 27— MU
DU TH A FL e o 5 I FH B B, B AR T B AN AR, X DL 5 1 i A kK
Wiz M T ) Authority {HHK; Hub Z7n—4> Web T4 ] H & 02 0 A £,
R 32 DUTAT T HH REAEL. 9 0L (1 P AEGEOR, 3 Hub B8k, BT Hub B/ B9 DL
A BB T FE ) B LT A AR, BRI A T B 15 R S A 0T B A )
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5 SRR

Y& . HITS (Hyperlink- Induced Top ic Search) H.i/ & F/H HubdAuthority J7i%:
(1148 & J5i%. Authority ﬂ%T—”’f“A[ﬂ]ﬁﬂiH DLt 5| FH i E s, BPZ o e A B .
Hub E7x—~ Web UL $5 [n) H & v i (&, BIZ o 9 H . Hkn b
A q ﬁiéﬁfﬁﬁtmﬁﬁi%ﬁ? LR AR R 5 3. &R 51 2R 1R 2 W 1t
M n AN TVE S RREE, T S Fonaliatm S FinA#E S 5 I b1 F 5|
HS MMk s REE— 1N ERMES T.LLT FF) Hub MITATISE VL, LA
OB TR T R e V2,11 SRy 3 v Py B s AR E | TER—
N BEWMESG=V1,V2,EDX V1 PR —ANTE v, FHH(v) BB
() Hub fE, XF V2 R AL u, H 4 (u) FoRM T Authority fH. IR H (v ) =
A =1, ¥ u PITARKQ) KREBELER A @), X v BATAKQ) KEMLEH H
(v), RIGMIEA A ), H(v), WA ERSTHHE FREHE, A4 W, H(O)
16/ 8

Aw)y=Zv:(v,u) EEH(v)(1)
Hy)=Zv:(v,u) EEA(v)(2)

(1) T H MR Z ) Hub 1810, W0 ICHEAE <3 HH V389 hnBP AL E
I A T E R e M T Hub 2. Q) BT — M 4R
VFZ B0 0T, T Hub B2 AH NG INER Hub B39 00 4% M s 5B
% 0T )AL AR 2 0. B AR T e A A B SR R 25 R8T B R 1 &5 A4 R DL T 22 [1A]
WG HRR, (HZ288 T S @AM, AR EF, 2 HILR R e
WA . R A, RSP EREE A PageRank {HEL Authority Bl A Hub
BUEE, 1505 2% 5 Bl o0 T A0 B e A 1K R R B 1 K .

245 BETFINEFEINEEREER

LR Web A5 L BE R 70 A1 BT 502 W AR 22 S T AH ] 1) 194 3 704 8 5C
b TS [ P AR 20 2 3 AR AT AR — 8 AR, ﬁli’]#ﬁ A SR
[t 2 2 SN 2R TE L (R ZRad fe vh, DK SEAHALUHE SR 28 “ 20567 | T dess
A EAE AR FR A S DU TH] S At B Hh 5 TR RE SRS BT HY B3R, THIJPJL]?FII1 L
(EIX PR 00 T 28 5 18 K 7 [m) AE U] = 2] AR e, S I 28 € He 80 5 e 5 L T
IV ) 2 Ji5 7 REFR AT IO = A 5 D THURR 29 AR SR [BIR, X6 2R 2K B4 ) Tl (B AR 2
AR AR OME, H Q WA R, P iR B Lol 2 5 > i v H AR Q
(B ARG AR [FIR T EL C IE A AR 2 T ). HANIX S R G AN A AE T2
HRCEEARAT A, 1T HAE I ZRd B R REn 1 HA Ho dad.

24.6 T EEERNEENRE
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TR BB AR L BB

F UL 2 > 1y 28 € s i v SR ) Q UrE W LAiE & ), He
HIGEAL v H bR o (f)agi. ., Diligent SF4EH THT “iBia " 1948
TG, eI A MU U ) web “TESTIE]” KA VHES H bR iU PR, R
BOT W) AR AR R 7 13T “ifsild” moaR s iy L5 B 2 A Hig ]
GBI RN | R RGBSR AR AR IUSEH) web &
Ky, PRI by s B AT SR R .
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o= ARG KO KRR

B=F REBRARIEHLI

3.1 RGLHJKT

SPIDER L FKHL KA B e A A T WM 2% _E B LIAZ V1T A 11, XS 11 DL AR %
T B AP R AL, B GON W — N, PR — B C AL RF CURL) .
BATOT U 285 f— AN M(V,E), I8 1 DA i 15 5 4R VL AT 1] FY
HERE R SE E, SPIDER IEZMRE—TW i s, WEL, WHhHE M, 5150
B i —ANT 05 Vi, s T — e AR

N TIER EARBK, —4 SPIDER DZi#g et i 2 R, A DM IE R
HhAE 2% P E] T A, A G 0] GEAER T 8K A0 I TA) Py 3y 50 28 i oL, {H
W OTEH 2wtk z K, WiRIE SPIDER /7 LR T4, AR JLTA
REZ¢ il FrDAIRATTPR § SPIDER 45 0 T4 FL s ol —ANuk pt e — AN BT 3k 11,
M8 H 2 AR AT, KUk SPIDER T2 AeAE 4 PR A B ) P 45 01

1 SPIDER FE i o] B — A~ o, DAZ5 4T DL R JLI3E A A #1 . i HR ™ o1 g,
A i EUM TP AL I URL, R H X 40 28 Wk A URL &) ik #k URL.

3.2 SPIDER k&g

JEME B B Fp =00 = A5 ARG AT, A5 RE im,  Eds il 55 dim

& —~ SPIDER fL:5HATHEREBE— Nl s, — MR Fi— 2N 2T URL %
BeIO DL, JFHEAT Web TUfENT, 9335y URL FRILHEE . URL S48 K
URL PAKIFF A2 E s 7, RIEAE SPIDER AT4540 4T3 LAY Down f5 /5, fEl%
W i 1%

SPIDER % ' Jim & K 0] (11 Pp iRl 45 K FH Java [14eF2 [Rl 22 5K synchronized,
(EEE M 553 hohk URL BEATZe A7 e | REGUAEHHE L. SPIDER HIAT 554047 Al
1155 1 B i AR s 2 e+ — A~ URL BAA: 415540 AT8m H9 URL BAZI A7 T a5 A
URL; 1T 5% i 5 3 )2 3 0501 URL. 73X % URL PAFI B R ek, 3
URL #&4k. URL #iA. URL ARE&EEFEE. WL SPIDER L 300 11 o F2HEE
FE % Web T, “FI45 4774 2000 2> URL [12], FRIOETE#ASR H W A2
P 5 A IX e URL B — € MR8, REHCE L I P A7 =5 01K H H
BRF AR ., W2 K 8 PR R . S, RECESUIE T
B, IS KH URL He4a (1 pyk 8 A — o B B bl CLP4 22 () M IR) 1) 2 I
(BTSSR ANIE FH T KRR K AL ) SPIDER.
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E ﬁﬁ% iﬁ*' ff%iﬂ Jgiﬁ'
| BFiEs

--------------------------------------

JDBC+

4] 3.2 SPIDER &k & £

3.3 FEZENREIRR () wit

--------------------

SPIDERWorker 28: %842k HLM2E, RIS URL, R85 31 URL
ANV HTML ACHS,  F ] HTML ACH5 30 F At B 52 BAH o6 b FE

SPIDERManager 7%: %R H T-44¢ il SPIDERWorker Zf% .

UrlQueueManager 25: 1Z2EH T4k URL 55 BA%1, ECAT4 URL, URL

TH FAER

UrlParse 22: HT-### HTML, FREUIFS3E URL.

DateBaseConnect 22: HH T2 HEE0E FRiZ 5 .

3.4 SPIDER T1Eit#2

M5 5E 9145 URL INAZ URL 2547 FA41 .

DRI IR, FFEhF

@F e 2 FE M URL 515 PAAI

P 4T45 URL. R JA R URL F4k ™
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o= ARG KO KRR

UL, SRJEMHTMTL, FRIGESER: URLs. A ZRECEI URL JpHx bk, 754
e ARl , SRS VEVREE A URLs, #5i% URLs ol ANAERENTIO URL Hhht .
HAIMIXSE URL 22 & 2t Paal, anlye s W A 2| URL S5455 BA A1 .

DA LLPAT T IRS, HIEIGRFAE L.

¥ 9] 4G URLs N
ANFIZERF A

l

Al 5 BhIE L2k

e
l

M URL 545 A
B 3REAL 55 URL

l

& URL & pv
(] HTML A5

l

> | fENT HTML, 3k
H{ URLs

l

T o AT il

5 | BT R
hy a5 kb

¥ URLs AT
URL “5:£F A A1)
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TR R AR B8

EUE RGothSwit

4.1 SPIDER #g1& 57 1f

{3 SPIDER R MR Jyz0: (1) 2 SPIDER FEFei& vl i VA K FE R ;
(2) i'5— P HRBH R, EE Y —ADNEDT R )N TR . 2 RS TR —
MO 2, MIERY SPIDER FEI7 020 AEME U5 I HEH KM Web ¥hri. &
KGR AEH T AR IR B k. KRR, M AN B R s AT I
FROGRIAI AR, (BAERRG vt P IR Z 4, ERT —asir 24
14, B2, ZEAREHHHEAFER. RAEX—IREPE—NEESEH
CUHERR, 10— MR e B 3w, BT LA F— M. R
%A M) SPIDER F ¢ Al FH 2 2 f4

/]~ SPIDER £& FE A2 M7 (1Y 25 56 e 3R HU URLs (455, 1K 3R B2 () URLs
MA—A 3L URL ZA5 B

URL 1 5RAE |
URL 2 | i
| URL 3
\ 120
23
( 5o
URLEA |
< 4.1

K 4.1 Ton T IZRGNEHZFE P SLI RS . 2R 1| M URL BAZI| P 3REX
—4AL4 URL 1, A< FEO8MWA) HTML, f#frH Hmte & URLs, A G
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B RGN

BB IX e URLs SN AR URL PAZIH 2. SRJGERFE 1| &M URL BAFI R 3REUHT
ff) URL, F#k HTML fXf4, FEMEATHE URLs, #HIMAZF] URL BAYIP %, Tk
FE 2 [ 4 F8CE RN ) URL 2 %R 1) HTML 1589, fi#tfr i URLs DA Z|
SRBAIP . DLIRSRHE, 2N I A2 50 e B T4

4.2 BITHREEDH

& 4.2.1

PR A A48 S S ) TG H B e A1) 2 R ml el B i — b A I A I Tl . |
FEAL A A SEAT IR e i B2 T A, P CASCTC R e 2 1T FEAL G A
o SEHLA RS A2 Se3RHRAIEA URL XN HTML AGH B T 1) URLs. A Jfk
YGRBUX YL URLs XMW [ HTML H ) URLs, 4iX—Z31# ] URLs #B T &
thocka, aRECF —REifE . WX s Oy 2WsE ) BT B I8 T .

sl 4.2.1, 0 a fCERYIEE URL, bed KL a 3REUK 3 4> URLs, efg J LA
b 3KHLF) URLs, PAIMZEHE. HSAIXIL URLs sRELENT 5t 2 abedefghijklmnop
XEE— M. M3REE b 1) URLs 2 )5, ALY L iriXe URLs, 172
SRR b ZE Rl — 2P ed XV () URLs. 4iX—)= URLs &#fbrsc)a,
5 F—JZ URLs.

I AL SC A SR S v 4.2.2 oo
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TR BB AR L BB

() |2 -j><
il
il
J
k

G SIS,

Gﬁ),
=BT i

e
{2 -
™ e
D)
% 4.2.2

<] 4.2.2 5128 T AR ] BERY, URL S6FF A AR IR . S — N HER ¥
#I4h URL: a IIAZIZERAS . SBANTHER, f#fT a X Y. HTML 38EX URLs:
bed, [FRIETMIER a. SH=NHHER, f@EHT b X HTML 3RHEX URLs: efg, [i] ]
F% URL: bo ZFHUUANHER, f#EHT e XN HTML 38HU URLs: nop, FHMIER e
WX FE AT G RS B 4.2.1 1) AT 5% .

4.3 URL BN, RTFIRTE

4.3.1 URL ¥hEY

5T HTML RS, FAIT0T LAAE . HTML GRS, b iz 7] A ik
Fe, RI2MI href pRBR LI . Fefl1mr 23R HTML 1R (1) URLs, i
n] DU 4K href FREEKIE R H 1
<li><a href=movie 2004/html/6664.html target=_blank> =59 i
20090531 |[</a><em>5-31</em></l1>

<li><a href="movie 2004/html/2088.html?2009528224729 html" target="_blank">
K A [331, T Lk 303 Bt ]</a></li>

la



B ARG

M M2 AG 40, — MK href FR25 2 UL href=3X FE 0 2L LR IKT o {H AN TA] 1 A
vl href=J5 N EFT A A . bl href="url”iIX £,  FATTHE T LA 1o A H
5|5 2 [0 i A AR FREL URL; G028 & href="url"3X P, FRATTik 7 Sk B
51455 Z T A %ﬁﬂi%ﬁﬂi URL; i#fYYE href=url, FRA1FGE LIS N TFiHbR
i, TR I A R R TR > .

LRk, BATTEREN 5T KHE 70 (F) URLs. {H7245 4% URLs /il id 12
AL, B Il javascript KL I . XSRS AU FRE, A AER
B

4.3.2 URL f&#f

A SR I R, T RE AN HhhE B 4 k. P LR 4] URL A
fi ottt SR AH XL . A L TR S e R A o ek ik, AT IE. R
JfERT KR URL ik n] g8 2 — e se ik, 835 4 javascript 3O css
WAL X SR LK) URL J& L3R EL HTML ACHS 1K), R AT fEiE1T URL f# .
FITCAFRAT 177 2 5 950X 88 URLs. #A )5 #1k17T URL i HEALEE, & /anA 2| URL
R BAA

A1 AENCAT BRTIAE W] — ks p A o7 EE el i 4 g 36t 70 (1) B B2, R IE. SPIDER. &\ 7E
it N AT, BRI HERf AR S 88 5% URL A Wrka 8% /2 545 n i 4h. 1 RFC X} URL )&
ST AN, URL [#% 2 M [protocol://host:port/path?query], — M i . &, ] — B4 5k PN fip
1 LA . URL 1) host s AH [H] 1, BT AT A host VL SR g 4] Bt i 2 7 45
)k A AR HE. BE— 2P R I AR 22 KB X sl o — 00 3R H ST Y — A ML,
PIT LB T P17 20 A A 00 200 503 T 9T host (194 Al m] 01, host 1948 20—k [k AV 2
S il B R AR 2RI K S ) AR L 2RI R U com |edulgovinet| Bl S 4]
JURRZR Y, B LABATTI ok n 28 B9 255 e i o ) A B nb 5 e /B DURC, BB 5 URL
(1) host 27540 & Ik Hy, A A B 2 75 3k A 1) 1) BB

433 URL 1%75

A h%5fF URLs WEHAER 2, WR KA List KAFGEAEHR 195 H A A7
A FrCLRSERF URLs AFABURFE T, 8ot 2 NAFEIX, HTmIBAA
AFIHAE URLs. URL Z5fFPAS vt = Beal: B —Boh— List, K MAS
320 URL. X List PEYECH ik 20, WK List A2 @9 A 2SI 2 E R
FHiE 1% List, DMEINAGHT B URLs; 25 B EE A, M3 — B ok 2y,
W28 — BN I EHR A ABOE R s 20 = Beth o —A> List, MIXH4EdfT %% URL,
1% List W URL ANERY, R 2ds PR 2 BEAFA
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TR R AR AL B85

1 4.3.3 5278 T URL “EH5F A4

#= X JAFENURL
=

-.——-f','

I — EHARL
V'
| :0 |
RFNIRL S NURL :}
-
< 4.3.3
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A RGKI

ERE R

5.1 B TH

#1E RS2 winXP;JAVA BP9 E T.H /& eclipse-SDK-3.2.1-win32; (¥
JFjE MYSQL 5 5.0.51a.

5.2 JEH Tk

XN HRAR A H R, SCILERFELE java FH MM Ti%: —Fg HHEE K
Thread Z5; —FPJ& 5L Runnable ¥z 1. FKH T 8 —Fh ik

public class SpiderWorker implements Runnable {

ERX PR UINESLILES run()IX AN 7iE. WEKPDTIERE T — M
W, X PEbE B R MPATIE A,

EIXAMEIA L, o4 ) URL S5f5 ASI ALK — 4> URL. [A24 URL A4
o IO 2 oA AR RS i FI RIS DL ITUARERX WS T —Midh:

s = nall;

while (s == null) {

s = urlQueueManager.getWalitQueue () ;

}
MR FA 3R] URL #dkscn) URL S5£7RASI) B .

ME R4 URL LU, £S#ilix > URL 5206 W) HTML 183 . BEA&
I H getHtml(String sourse url)iX N /i

HttpURLConnection connection = null;

InputStreamReader in = null;

BufferedReader br = null;

URL url = null;

url = new URL (sourse url);

connection = (HttpURLConnection)
url.openConnection() ;

connection.connect () :

// AT TFIFE S U A A\t -
in = new InputStreamReader (url.openStream()):;
br = new BufferedReader (in);

skrang of

21



TR R ARl 630

while ((c = br.readLine(})) != null) |
html . append(c) ;

1
return html.toString() ;

XAk A JAVA BT URL IXAME, 0T EAUH4E ) URL ik
XA — AL, 2R openStream()iX /™ /A1 HTML 4CAS O E0E i,
IR e Pl AT AT R E R A 4 pY String 744 H, BEH] StringBuffer R X 4857 Ff
RN C ) HTML 484

453 HTML AR BLJE , B4R Url Parse 3X /28 H T Y 0 K fiddr
HTML.

5.3 URL fi##h

M HTML {0332 URLs, =28t £ R 457 1 Y href “F 487 HR K SE
. A F—A HTML 4GS, FRFHREA M href=FFF 8, RFIEREN T i
RIGHINT R i+ AL B LRG]S, By S5aEmE EAE, BT
Nof VPR R4 A AN URL (28 1EARIC « G S5 1 href AR 51 ER S -5 e BT
(43, LA T a A v LA 440 & href BRI, ELRIEA HTML AR T s
(1) href Frid BRI o, #RAEZE.

<a href="http://www.tom365.com/" class="focu"> 19 I </a><a
href="movie 2004/mlist/1 1.html’ target= self> #)) {F K  </a><a
href=movie 2004/mlist/2 1.html target= self> R i K </a><a
href=movie 2004/mlist/3 1.html >% {5 iy </a>

{ﬁllﬁn FHIHEEB: HTML A8 . AT &R href=tric, SRJ5FIBIH S i+1 (728
WS, B DARATTAT PLARER i+1 L3058 2 NG| S HM B . 2 A HX B
?‘fj'?l*%llﬂﬂa URL. M7eiX—2#fEE, WRFEA RN “  class="JTh.
AT S R href=AR25, FIWFE O i+1 A0 — D515, B CAIRATT AR i+1
frENEH 2 MRS .. XP LU RFER R R ECh ¢ target=" TT45,
AT AR EEAG R href=Ff%E. XML href={EHEATA TS, Frel A
WA AL |5 BN G 5 g, T LRI A IXFME S . BATHE LA R T <
25, LR AR B A RAE 9 X URL )45 bR id .

T2 href=J5 MRS G| S50 JAVA A, HoAd RS 00 (A CHE Jy =CAH ] .

public wvoid getHref UrlsList (String html text, String fromURL,

UrlQueueManager urlQueueManager, int biaoji) {

22
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// ¥ NURLEAZ
List<String> SEEEEEEESNENE — new ArrayList<String>():

String url = "";

.f’:a'f HTMIL ||JIJ_IIJ_-|11( h:EI+J1
boolean haveHref = html text.contains("href");

while (haveHref) |
html text =html text.substring(html text.indexOf ("href=")

il -

// = href= JGLL " FLEH
iF (PR == html text.charAt (0))
html text = html text.substring(l);
url = html text.substring(0, html text.indexOf ("\""));
url = addURLhost (fromURL, url);
if (isSitelInsideUrl (url, urlQueueManager)) {
if (!urlQueuneManager.isContainUrl (url)) {

sitelnsidelirls.add (url) ;

f
haveHref = html text.contains ("href"):;

I
urlQueueManager.waitQueueAdd (sitelnsidelrls) ;

)
fERES URL SO K2 Ja, A BXde URL fettxdhhl, ib/e4ix
ELEE|

<a href=../mlist/1 1.html target=_ self >z/J{E Jy </a>

<a href=" http://so.tom365.com/search.asp">TOM365</a>

i b i) HTML AGRS, an S HE 2K 1) URL 24../mlist/1_ 1. html X R,
RO g AH AT itk o FRATTHT L L A0 g 456 itk o fi WiaX AN AH % s ik 9 4¢ URL A
http://www.tom365.com/movie 2004/html/6664.html. HRIEAHRTH

BRI, IR BB, B EATT LLAS 3 1K AL ik (g £ stk o

http://www.tom365.com/mlist/1 1.html. tbu{g EIMAIEE 2 # URL,
B SCENTMUE R, ARl T RUAErE b L6 il

PRI AE g R ) URL Huhik DS, BT 20 HB3 M TEIE. IR%Z URL €
AT ] B SCHFAS & HTML 30, Tt —2% CSS 30, B RAR G0, B0

23
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FOREE: “#” T, IRV —BL javascript {8 . (ZIXM G I8 H
P 55X 48 URLs.

R BEATAUS . AU F R URL R R B 5 " css", "rar',

" zip"IX M8 J5 LA AT FI W
'/ B arl PEFELT FER R, WA
if (url.tolowerCase() .contains(".css")
| | url.tolLowerCase () .contains(".rar") ||
url.eontains ("4™)

|| il «Sdntarns (Y.22p™) || trl.eontarng (M javascript™) )

return false;
}

1 3E5C )5 1Y URLSs, wﬂﬁﬁ‘r‘:{i@ﬁm URL 8& a4 URL. — & B A
— [ 5k N Y URL 1) host 24 [RIZ e — 2001 . By DLERATTA] LU oL A iy URLs 7 Je 75
A8 08 01 host LRI LA T .
T ACHS & host JA.com G L. HAth A ol 4RRS ] PASSHE.
. nos _.*-_'L?’I /II‘_r « SCITH

if (urlQueueManager.initURL.contains(".com")) {

String str = urlQueueManager.initURL.substring(0,
urlQueueManager.initURL.indexOf(".com")) ;

if (url.contains{str.substringi{str.lastIndexDf{".")) + ".com™)} {
return true;

}
A 2R 2 i PWURLIU I A B 22 A7 FA A1

5.4 URL PA%I| &8

5.4.1 URL ;HEALIE

URL JHEACH, F2H LRU S0 - MDS5 Hs 46 5056 SEILAY - [R5 URLs
MECERAEE B, AT WA NAEN. RIEHEE MD5 H 46k 5 34 URL X
T hash . XA~ hash B EEAHN B2/, TTRA A WAFE TS . T Ho-
AR T LR AR /DN, 0T AZBEANT

SRJE XA URL 71 T PA S ) 2472 [A] B LRULinkedHashMap 2K SEHLHY . 3IX A
Map JEH L, B EWIKER XA URL, XFFHH URL £ K, ]

24
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DUR B R4 URL. ‘B BEAMED -

public class LRULinkedHashMap<K, V> extends LinkedHashMap<K, V> {

private static final long serialVersionUID = 1L;

private final int maxCapacity;

private static final float DEFAULT LOAD FACTOR = 0.75f;

private final Lock lock = new ReentrantLock():

public LRULinkedHashMap (int maxCapacity) {

super (maxCapacity, DEFAULT LOAD FACTOR, true);

this.maxCapacity = maxCapacity;

@Override
protected boolean removeEldestEntry(java.util.
eldest) {

return size() > maxCapacity:;

public V get (Cbject key) |
try |
Lotk Logk{):
return super.get (key) ;
} finally |
loek . anlockl) ;

dOverride
public V put (K key, V wvalue) {
try |
ek sloglk);
return super.put(key, value);
} £inally

laock.unlock() ;

HTXA map LU, i< H URL 24 2afilbfiE. [

25
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GIEARE . WIFER—A URL, {Hige 2 /a — M aE"/ ", MLl
WA RS XA T URL REALAIN, 2SUNEATARZ—4 URL. LIk
TSR 23 Ja T B "/ =, #3E1T URL 2 5| .

public synchronized boclean isContainUrl (String url)

if {url.endsWith(™/ ™)) {
url = url.substring(0, url.length() - 1):

booclean b =
1RULinkedHashMap.containsKey (Url Md5.MD5Encode (url));
1RULinkedHashMap.put (Url Md5.MD3Encode{(url), true);

return b;

}

5.4.2 URL Z£45FBA%I 4R

XF URL ZERFPAA B4 35 2 4> M IECH URLs; A+ B imhn A URLs.

{HIE R4 URL EF/AAISIER B R, L IAEF URL SF7AASevt pl 3 Be
. 2 BT WA URL 2847 X, F—ETERFER X .

AL B4 2 AN 5K 58 OB BRI AC#% - 1NN URL Z2 47 K AKHT,
WH R, BEAEX O AFEIMARIEIRE. BEARSEE Fike, MEA
AT — 2 H 1. H waitQueueDecrease()iX N EREL, FEATF AL AT HL
WEHR AR BIEARE . R sk 0 Bocs, BHIARIEARE, Ak
MHER FARA 0 HICER . AWER X MEE, BIF AT

2 BAASEILR JAVA AR .

public synchronized wvoid waitQueueDecrease() {

try {
Statement stmt = null;

while (waitQueueFron.sizel() > 0) {

try |
stmt = DateBaseConnect.conn() .createStatement (};
while (waitQueueFron.get(0).size() > 0) |{
String url = (String)walitQueueFron.get (0).get(0);
waltQueueFron.get (0) .remove (0) ;
stmt.execute ("insert intoc middlegueue (url) wvalues('"
4 prel R W™

stmt.execute ("insert into databasegueus (url) wvalues('"
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MW EAFAX T L E, FERBRHEIEFENASMARZ A X . i
waitQueue Add()iX R EICK SC IR . FARIRSEIR vk MBI i L4 2= 25 4%
o, PR EEE RS B 2 A RIS AR . X MYSQL BdiRFE, mrLA
fEH LIMIT XK. WRAAZIE e Fomit 25 &584E, AR KICKRH
IOANZIHUH 247X o AR5 MHBR 504 P b ax 25 4850

iR B ARSEIL JAVA 4K
public synchronized wvoid waitQueueAdd ()

String sgl = "SELECT * FROM middlequeue LIMIT 25;";
Statement stmt = null;

ResultSet res = null;

try |
stmt = DateBaseConnect.conn() .createStatement() ;
res = stmt.executeQuery(sgl):;

while (res.next()) {

waltQueueBack.add (res.getString ("url") ) ;

}

stmt.execute ("delete from middlequeue limit 25");

5.4.3 EREEIT

X MYSQL HdeFEmiit. FRESL T 2 MK, 7098 middlequeue
databasequeue. middlequeue ZF1 databasequeue AT — 1Bt URL, [}
EAE AR, RO fE AR URL AT K . Middlequeue Hl T URL S5£7BAAI Y
F A6 5r . 17 databasequeue i k€ AR 7124745 2 T H URLs.

JAVA F& R4 2 [ 3845 /2 i JDBC SEHL) . T2 JAVA P2y
MY SQL %3 P HA s o

public static Connection conn(}
Connection conn = null;

try |

// & Connector/JUKE)

Class. forName ("com.mysgl. jdbc.Driver") .newInstance() ;

// HSLF|MySQLINHERR

27



TR

SEARHEMV 718 3

conn = DriverManager.getConnection(
"jdbc:mysgl://localhost:3306/mysgl™, "root"™,
nEGEYY
} catch (Exception ex) {

System.out.println("Error + exgoestring{) ) ;

return conn;
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url
http://www. csdn. net/images/favicon ico
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hitp://hi.csdnnet/my.html N
http: //job. cedn net/Con001_ProjectManage/lob/MyR esume. aspx
http://writeblog. cedn net/
hitp://we.csdn. net/my/
hitp://club book.csdn net/people/myclub. aspx
http: //download. cadn.net/user/" '+ useiName +"
http://news.csdn.net
http://hi.csdn net
http://bbs.cedn net
http: //blog. cedn.net
http://download. csdn. net
ion http: //book.csdn net
ion_type | http.//wz csdn net
| http: //lve. cedrinet
_http: //prcsdn.net
¥ http://shop. csdn net
hitp.//training.csdn.net
http: //dachang csdn.net
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http://java.csdn.net
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anyByid http://database, csdn.net
|Byid http: //dotnet. csdn. net
http://cto.cadn net
| http://webdey.cadn.net

K 6.1 HsmpiziTa R

B 6.1 AEzstled k) URLs 458 . 0t http://www. csdn. net/ [
HTML {5 .
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<{base target="_blank" />
<link [[R35="images/favicon.ico” rel="SHORTCUT ICON" />
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<{meta http-equiv="¥-UA-Compatible" content="IE=EmulatelE7" />
¢link rel="stylesheet” [JE4i="http://csdning.cn/wuw/css/main.css" type="text/css"

—1
i K|

X e —B5e# URL, {HZH host #[R#]%G URL A—%L, FN'ERE%N
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System.out.println (" "+ biaoji+"EIT");

=NotFoundException: http://www.cesdn.:

At Sun.net.www.protocol.http.HotpURLCon:

at jJava.net.URL.openStream (Unknown Sour

at com.splder.Spiderlorker.getHtml (Spids

at com.spider.Spideriiorker.run(Spidexrlo;

at java.lang.Thread.run (Unknown Source)
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ABSTRACT

Crawling the web 1s deceptively simple: the basic algorithm 1s (a)Fetch a page (b)
Parse 1t to extract all hinked URLs (c¢) For all the URLs not seen before, repeat
(a)—(c). However, the size of the web (estimated at over 4 billion pages) and its rate
of change (estimated at 7% per week) move this plan from a trivial programming
exercise to a serious algorithmic and system design challenge. Indeed, these two
factors alone 1mply that for a reasonably fresh and complete crawl of the web, step (a)
must be executed about a thousand times per second, and thus the membership test
(c) must be done well over ten thousand times per second against a set too large to

store in main memory. This requires a distributed architecture, which further
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complicates the membership test.

A crucial way to speed up the test is to cache, that is, to store in main memory a
(dynamic) subset of the “seen” URLs. The main goal of this paper is to carcfully
investigate several URL caching techniques for web crawling. We consider both
practical algorithms: random replacement, static cache, LRU, and CLOCK, and
theoretical limits: clairvoyant caching and infinite cache. We performed about 1,800
simulations using these algorithms with various cache sizes, using actual log data
extracted from a massive 33 day web crawl that issued over one billion HTTP
requests. Our main conclusion is that caching is very effective — in our setup, a cache
of roughly 50,000 entries can achieve a hit rate of almost 80%. Interestingly, this
cache size falls at a critical point: a substantially smaller cache is much less effective
while a substantially larger cache brings little additional benefit. We conjecture that
such critical points are inherent to our problem and venture an explanation for this

phenomenon.
1. INTRODUCTION

A recent Pew Foundation study [31] states that “Search engines have become an
indispensable utility for Internet users” and estimates that as of mud-2002, slightly
over 50% of all Americans have used web search to find information. Hence, the
technology that powers web search is of enormous practical interest. In this paper,
we concentrate on one aspect of the search technology, namely the process of

collecting web pages that eventually constitute the search engine corpus.

Search engines collect pages in many ways, among them direct URL submission,
paid inclusion, and URL extraction from nonweb sources, but the bulk of the corpus

i1s obtained by recursively exploring the web, a process known as crawling or

SPIDERing. The basic algorithm 1s
(a) Fetch a page
(b) Parse 1t to extract all linked URLs
(¢) For all the URLSs not seen before, repeat (a)c)

Crawling typically starts from a set of seed URLSs, made up of URLSs obtained

by other means as described above and/or made up of URLs collected during
previous crawls. Sometimes crawls are started from a single well connected page, or

a directory such as yahoo.com, but in this case a relatively large portion of the
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web (estimated at over 20%) is never reached. Sec [9] for a discussion of the graph

structure of the web that leads to this phenomenon.

If we view web pages as nodes in a graph, and hyperlinks as directed edges
among these nodes, then crawling becomes a process known in mathematical circles
as graph traversal. Various strategies for graph traversal differ in their choice of
which node among the nodes not yet explored to explore next. Two standard
strategies for graph traversal are Depth First Search (DFS) and Breadth First Search
(BFS) — they are easy to implement and taught in many introductory algorithms

classes. (See for instance [34]).

However, crawling the web 1s not a trivial programming exercise but a serious

algorithmic and system design challenge because of the following two factors.

1. The web i1s very large. Currently, Google [20] claims to have indexed over 3
billion pages. Various studies [3, 27, 28] have indicated that, historically, the web
has doubled every 9-12 months.

2. Web pages are changing rapidly. If “change”™ means “any change”, then about
40% of all web pages change weekly [12]. Even if we consider only pages that
change by a third or more, about 7% of all web pages change weekly [17].

These two factors imply that to obtain a reasonably fresh and 679 complete
snapshot of the web, a search engine must crawl at least 100 million pages per day.
Therefore, step (a) must be executed about 1,000 times per second, and the
membership test in step (c¢) must be done well over ten thousand times per second,
against a set of URLs that is too large to store in main memory. In addition, crawlers
typically use a distributed architecture to crawl more pages in parallel, which further
complicates the membership test: it i1s possible that the membership question can

only be answered by a peer node, not locally.

A crucial way to speed up the membership test is to cache a (dynamic) subset of
the “seen” URLs in main memory. The main goal of this paper i1s to investigate in
depth several URL caching techniques for web crawling. We examined four
practical techniques: random replacement, static cache, LRU, and CLOCK, and
compared them against two theoretical limits: clairvoyant caching and infinite cache
when run against a trace of a web crawl that issued over one billion HTTP requests.
We found that simple caching techniques are extremely effective even at relatively

small cache sizes such as 50,000 entries and show how these caches can be
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implemented very efficiently.

The paper 1s organized as follows: Section 2 discusses the various crawling
solutions proposed in the literature and how caching fits in their model. Section 3
presents an introduction to caching techniques and describes several theoretical and
practical algorithms for caching. We implemented these algorithms under the
experimental setup described in Section 4. The results of our simulations are
depicted and discussed in Section 5, and our recommendations for practical
algorithms and data structures for URL caching are presented in Section 6. Section 7

contains our conclusions and directions for further research.
2. CRAWLING

Web crawlers are almost as old as the web itself, and numerous crawling systems

have been described in the literature. In this section, we present a brief survey of
these crawlers (in historical order) and then discuss why most of these crawlers

could benefit from URL caching.

The crawler used by the Internet Archive [10] employs multiple crawling
processes, each of which performs an exhaustive crawl of 64 hosts at a time. The
crawling processes save non-local URLs to disk; at the end of a crawl, a batch job

adds these URLSs to the per-host seed sets of the next crawl.

The original Google crawler, described in [7], implements the different crawler
components as different processes. A single URL server process maintains the set of
URLs to download; crawling processes fetch pages; indexing processes extract
words and links; and URL resolver processes convert relative into absolute URLs,
which are then fed to the URL Server. The various processes communicate via the

file system.

For the experiments described in this paper, we used the Mercator web crawler
[22, 29]. Mercator uses a set of independent, communicating web crawler processes.
Each crawler process 1s responsible for a subset of all web servers; the assignment of
URLs to crawler processes is based on a hash of the URL’s host component. A
crawler that discovers an URL for which it 1s not responsible sends this URL via
TCP to the crawler that is responsible for it, batching URLSs together to minimize

TCP overhead. We describe Mercator in more detail in Section 4.

Cho and Garcia-Molina’s crawler [13] 1s similar to Mercator. The system is
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composed of multiple independent, communicating web crawler processes (called
“C-procs”). Cho and Garcia-Molina consider different schemes for partitioning the
URL space, including URL-based (assigning an URL to a C-proc based on a hash of
the entire URL), site-based (assigning an URL to a C-proc based on a hash of the
URL’s host part), and hierarchical (assigning an URL to a C-proc based on some
property of the URL, such as its top-level domain).

The WebFountain crawler [16] i1s also composed of a set of independent,
communicating crawling processes (the “ants™”). An ant that discovers an URL for
which it 1s not responsible, sends this URL to a dedicated process (the “controller™),

which forwards the URL to the appropriate ant.

UbiCrawler (formerly known as Trovatore) [4, 5] 1s again composed of multiple
independent, communicating web crawler processes. It also employs a controller
process which oversees the crawling processes, detects process failures, and initiates

fail-over to other crawling processes.

Shkapenyuk and Suel’s crawler [35] is similar to Google’s; the different crawler
components are implemented as different processes. A “crawling application™
maintains the set of URLs to be downloaded, and schedules the order in which to
download them. It sends download requests to a “crawl manager”, which forwards
them to a pool of “downloader” processes. The downloader processes fetch the pages
and save them to an NFS-mounted file system. The crawling application reads those

saved pages, extracts any links contained within them, and adds them to the set of

URLs to be downloaded.

Any web crawler must maintain a collection of URLs that are to be downloaded.
Moreover, since it would be unacceptable to download the same URL over and over,
it must have a way to avoid adding URLSs to the collection more than once. Typically,
avoldance 1s achieved by maintaming a set of discovered URLs, covering the URLs
in the frontier as well as those that have already been downloaded. If this set is too
large to fit in memory (which it often is, given that there are billions of valid URLS),
it 1s stored on disk and caching popular URLs in memory i1s a win: Caching allows
the crawler to discard a large fraction of the URLs without having to consult the

disk-based set.

Many of the distributed web crawlers described above, namely Mercator [29],

WebFountain [16], UbiCrawler[4], and Cho and Molina’s crawler [13], are
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comprised of cooperating crawling processes, each of which downloads web pages,
extracts their links, and sends these links to the peer crawling process responsible for
it. However, there 1s no need to send a URL to a peer crawling process more than
once. Maintaining a cache of URLs and consulting that cache before sending a URL
to a peer crawler goes a long way toward reducing transmissions to peer crawlers, as

we show in the remainder of this paper.
3. CACHING

In most computer systems, memory 1s hierarchical, that is, there exist two or more
levels of memory, representing different tradeoffs between size and speed. For
instance, in a typical workstation there 1s a very small but very fast on-chip memory,
a larger but slower RAM memory, and a very large and much slower disk memory.
In a network environment, the hierarchy continues with network accessible storage
and so on. Caching 1s the i1dea of storing frequently used items from a slower
memory in a faster memory. In the right circumstances, caching greatly improves the
performance of the overall system and hence it 1s a fundamental technique in the
design of operating systems, discussed at length in any standard textbook [21, 37]. In

the web context, caching is ofien mentioned

in the context of a web proxy caching web pages [26, Chapter 11]. In our web
crawler context, since the number of visited URLs becomes too large to store in
main memory, we store the collection of visited URLs on disk, and cache a small

portion in main memory.

Caching terminology is as follows: the cache 1s memory used to store equal
sized atomic items. A cache has size K if it can store at most K items.1 At each unit of
time, the cache receives a request for an item. If the requested item 1s in the cache,
the situation 1s called a hif and no further action 1s needed. Otherwise, the situation 1s
called a miss or a fault. If the cache has fewer than K items, the missed item is added
to the cache. Otherwise, the algorithm must choose either to evict an item from the
cache to make room for the missed item, or not to add the missed item. The caching
policy or caching algorithm decides which item to evict. The goal of the caching

algorithm is to minimize the number of misses.

Clearly, the larger the cache, the easier it 1s to avoid misses. Therefore, the
performance of a caching algorithm 1s characterized by the miss ratio for a given size

cache. In general, caching is successful for two reasons:
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__ Non-uniformity of requests. Some requests are much more popular than others.
In our context, for mstance, a link to yahoo.com i1s a much more common

occurrence than a link to the authors’™ home pages.

_ Temporal correlation or locality of reference. Current requests are more likely
to duplicate requests made in the recent past than requests made long ago. The latter
terminology comes from the computer memory model — data needed now is likely to
be close in the address space to data recently needed. In our context, temporal
correlation occurs first because links tend to be repeated on the same page — we
found that on average about 30% are duplicates, cf. Section 4.2, and second, because
pages on a given host tend to be explored sequentially and they tend to share many
links. For example, many pages on a Computer Science department server are likely
to share links to other Computer Science departments in the world, notorious

papers, etc.

Because of these two factors, a cache that contains popular requests and recent
requests 1s likely to perform better than an arbitrary cache. Caching algorithms try to

capture this intuition in various ways.

We now describe some standard caching algorithms, whose performance we

evaluate in Section 5.
3.1 Infinite cache (INFINITE)

This 1s a theoretical algorithm that assumes that the size of the cache is larger

than the number of distinct requests.
3.2 Clairvoyant caching (MIN)

More than 35 years ago, Laszl'o Belady [2] showed that if the entire sequence
of requests 1s known in advance (in other words, the algorithm 1s clairvoyant), then
the best strategy 1s to evict the item whose next request is farthest away in time. This
theoretical algorithm is denoted MIN because it achieves the minimum number of

misses on any sequence and thus it provides a tight bound on performance.
3.3 Least recently used (LRU)

The LRU algorithm evicts the item in the cache that has not been requested for
the longest time. The intuition for LRU is that an item that has not been needed for a
long time in the past will likely not be needed for a long time in the future, and

therefore the number of misses will be minimized in the spirit of Belady’s algorithm.
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Despite the admonition that “past performance i1s no guarantee of future results”,
sadly verified by the current state of the stock markets, in practice, LRU is generally
very cffective. However, it requires maintaining a priority qucue of requests. This
queue has a processing time cost and a memory cost. The latter is usually ignored in

caching situations where the items are large.
3.4 CLOCK

CLOCK 1s a popular approximation of LRU, invented in the late sixties [15]. An

of size K. The array is viewed as a circle, that is, the first location follows the last. A
clock handle points to one item in the cache. When a request X arrives, if the item X
is in the cache, then its mark bit i1s turned on. Otherwise, the handle moves
sequentially through the array, turning the mark bits off, until an unmarked location

is found. The cache item corresponding to the unmarked location is evicted and
replaced by X.

3.5 Random replacement (RANDOM)

Random replacement (RANDOM) completely ignores the past. If the item
requested 1s not in the cache, then a random item from the cache i1s evicted and

replaced.

In most practical situations, random replacement performs worse than CLOCK
but not much worse. Our results exhibit a similar pattern, as we show in Section 3.

RANDOM can be implemented without any extra space cost; see Section 6.
3.6 Static caching (STATIC)

[f we assume that each item has a certain fixed probability of being requested,
independently of the previous history of requests, then at any point in time the
probability of a hit in a cache of size Kk is maximized if the cache contains the K items

that have the highest probability of being requested.

There are two issues with this approach: the first 1s that in general these
probabilities are not known in advance; the second is that the independence of
requests, although mathematically appealing, 1s antithetical to the locality of

reference present i most practical situations.

In our case, the first issue can be finessed: we might assume that the most

popular K URLs discovered in a previous crawl are pretty much the K most popular
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URLs in the current crawl. (There are also efficient techniques for discovering the
most popular items in a stream of data [18, 1, 11]. Therefore, an on-line approach
might work as well.) Of course, for simulation purposes we can do a first pass over
our input to determine the K most popular URLs, and then preload the cache with

these URLs, which 1s what we did in our experiments.

The second issue above i1s the very reason we decided to test STATIC: if
STATIC performs well, then the conclusion is that there 1s little locality of reference.
If STATIC performs relatively poorly, then we can conclude that our data manifests

substantial locality of reference, that is, successive requests are highly correlated.
4. EXPERIMENTAL SETUP

We now describe the experiment we conducted to generate the crawl trace fed
into our tests of the various algorithms. We conducted a large web crawl using an
instrumented version of the Mercator web crawler [29]. We first describe the

Mercator crawler architecture, and then report on our crawl.
4.1 Mercator crawler architecture
A Mercator crawling system consists of a number of crawling processes, usually

running on separate machines. Each crawling process 1s responsible for a subset of
all web servers, and consists of a number of worker threads (typically 500)

responsible for downloading and processing pages from these servers.

Each worker thread repeatedly performs the following operations: it obtains a
URL from the URL Frontier, which is a diskbased data structure maintaining the set
of URLs to be downloaded; downloads the corresponding page using HTTP into a
buffer (called a RewindInputStream or RIS for short); and, if the page 1s an HTML
page, extracts all links from the page. The stream of extracted links 1s converted into
absolute URLs and run through the URL Filter, which discards some URLs based on
syntactic properties. For example, it discards all URLs belonging to web servers that

contacted us and asked not be crawled.

The URL stream then flows into the Host Splitter, which assigns URLs to
crawling processes using a hash of the URL’s host name. Since most links are
relative, most of the URLs (81.5% in our experiment) will be assigned to the local
crawling process; the others are sent in batches via TCP to the appropriate peer

crawling processes. Both the stream of local URLs and the stream of URLs
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received from peer crawlers flow into the Duplicate URL Eliminator (DUE). The
DUE discards URLs that have been discovered previously. The new URLs are
forwarded to the URL Frontier for future download. In order to eliminate duplicate
URLs, the DUE must maintain the set of all URLs discovered so far. Given that
today’s web contains several billion valid URLs, the memory requirements to
maintain such a set are significant. Mercator can be configured to maintain this set as
a distributed in-memory hash table (where each crawling process maintains the
subset of URLs assigned to 1t); however, this DUE implementation (which reduces
URLs to 8-byte checksums, and uses the first 3 bytes of the checksum to index into
the hash table) requires about 5.2 bytes per URL, meaning that it takes over 5 GB of
RAM per crawling machine to maintain a set of 1 billion URLs per machine. These
memory requirements are too steep in many settings, and in fact, they exceeded the
hardware available to us for this experiment. Therefore, we used an alternative DUE
implementation that buffers incoming URLs in memory, but keeps the bulk of URLs
(or rather, their 8-byte checksums) m sorted order on disk. Whenever the m-memory
buffer fills up, it is merged into the disk file (which is a very expensive operation

due to disk latency) and newly discovered URLs are passed on to the Frontier.

Both the disk-based DUE and the Host Splitter benefit from URL caching.
Adding a cache to the disk-based DUE makes it possible to discard incoming URLSs
that hit in the cache (and thus are duplicates) instead of adding them to the
in-memory buffer. As a result, the in-memory buffer fills more slowly and 1s merged
less frequently into the disk file, thereby reducing the penalty imposed by disk
latency. Adding a cache to the Host Splitter makes it possible to discard incoming
duplicate URLs instead of sending them to the peer node, thereby reducing the
amount of network traffic. This reduction i1s particularly important in a scenario
where the individual crawling machines are not connected via a high-speed LAN (as
they were in our experiment), but are instead globally distributed. In such a setting,

cach crawler would be responsible for web servers “close to it™.

Mercator performs an approximation of a breadth-first search traversal of the
web graph. Each of the (typically 500) threads in each process operates in parallel,
which introduces a certain amount of non-determinism to the traversal. More
importantly, the scheduling of downloads i1s moderated by Mercator’s politeness
policy, which limits the load placed by the crawler on any particular web server.

Mercator’s politeness policy guarantees that no server ever receives multiple
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requests from Mercator in parallel; in addition, it guarantees that the next request to a
server will only be issued after a multiple (typically 10 ) of the time it took to
answer the previous request has passed. Such a politeness policy is essential to any
large-scale web crawler; otherwise the crawler’s operator becomes inundated with

complaints.
4.2 Our web crawl

Our crawling hardware consisted of four Compaq XP1000 workstations, each
one equipped with a 667 MHz Alpha processor, 1.5 GB of RAM, 144 GB of disk2,
and a 100 Mbit/sec Ethernet connection. The machines were located at the Palo Alto

[nternet Exchange, quite close to the Internet’s backbone.

The crawl ran from July 12 until September 3, 2002, although it was actively
crawling only for 33 days: the downtimes were due to various hardware and network
failures. During the crawl, the four machines performed 1.04 billion download
attempts, 784 million of which resulted in successful downloads. 429 million of the
successfully downloaded documents were HTML pages. These pages contained
about 26.83 billion links, equivalent to an average of 62.55 links per page; however,
the median number of links per page was only 23, suggesting that the average is
inflated by some pages with a very high number of links. Earlier studies reported
only an average of 8 links [9] or 17 links per page [33]. We offer three explanations
as to why we found more links per page. First, we configured Mercator to not limit
itself to URLs found in anchor tags, but rather to extract URLs from all tags that
may contain them (e.g. image tags). This configuration increases both the mean and
the median number of links per page. Second, we configured it to download pages
up to 16 MB in size (a setting that 1s significantly higher than usual), making it
possible to encounter pages with tens of thousands of links. Third, most studies
report the number of unique links per page. The numbers above include duplicate
copies of a link on a page. If we only consider unique links3 per page, then the

average number of links 1s 42.74 and the median 1s 17.

The links extracted from these HTML pages, plus about 38 million HTTP
redirections that were encountered during the crawl, flowed into the Host Splitter. In
order to test the effectiveness of various caching algorithms, we instrumented
Mercator’s Host Splitter component to log all incoming URLs to disk. The Host

Splitters on the four crawlers received and logged a total of 26.86 billion URLs.
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After completion of the crawl, we condensed the Host Splitter logs. We hashed
cach URL to a 64-bit fingerprint [32, 8]. Fingerprinting is a probabilistic technique;
there 1s a small chance that two URLs have the same fingerprint. We made sure there
were no such unintentional collisions by sorting the original URL logs and counting
the number of unique URLs. We then compared this number to the number of
unique fingerprints, which we determined using an in-memory hash table on a
very-large-memory machine. This data reduction step left us with four condensed
host splitter logs (one per crawling machine), ranging from 51 GB to 57 GB in size

and containing between 6.4 and 7.1 billion URLs.

In order to explore the effectiveness of caching with respect to inter-process
communication m a distributed crawler, we also extracted a sub-trace of the Host
Splitter logs that contained only those URLs that were sent to peer crawlers. These
logs contained 4.92 billion URLs, or about 19.5% of all URLs. We condensed the
sub-trace logs in the same fashion. We then used the condensed logs for our

simulations.
5. SIMULATION RESULTS
We studied the effects of caching with respect to two streams of URLs:

1. A trace of all URLs extracted from the pages assigned to a particular machine.

We refer to this as the full trace.

2. A trace of all URLs extracted from the pages assigned to a particular machine
that were sent to one of the other machines for processing. We refer to this trace as

the cross subtrace, since 1t 1s a subset of the full trace.

The reason for exploring both these choices 1s that, depending on other
architectural decisions, it might make sense to cache only the URLs to be sent to

other machines or to use a separate cache just for this purpose.

We fed each trace into implementations of each of the caching algorithms
described above, configured with a wide range of cache sizes. We performed about
[,800 such experiments. We first describe the algorithm implementations, and then

present our simulation results.
5.1 Algorithm implementations

The implementation of each algorithm is straightforward. We use a hash table to

find each item in the cache. We also keep a separate data structure of the cache items,

46



SRS

so that we can choose one for eviction. For RANDOM, this data structure is simply a
list. For CLOCK, it is a list and a clock handle, and the items also contain “mark”
bits. For LRU, it is a heap, organized by last access time. STATIC nceds no cxtra
data structure, since it never evicts items. MIN is more complicated since for each
item in the cache, MIN needs to know when the next request for that item will be.
We therefore describe MIN in more detail. Let A be the trace or sequence of
requests, that is, At is the item requested at time t. We create a second sequence Nt
containing the time when At next appears in A. If there is no further request for At

after time t, we set Nt = 1. Formally,

To generate the sequence Nt, we read the trace A backwards, that is, from tmax
down to 0, and use a hash table with key At and value t. For each item At, we probe
the hash table. If it is not found, we set Nt = 1and store (Af; t) in the table. If it is
found, we retrieve (At; t0), set Nt = 10, and replace (At; tO) by (At; t) in the hash
table. Given Nt, implementing MIN is casy: we read At and Nt in parallel, and hence
for each item requested, we know when it will be requested next. We tag each item
in the cache with the time when it will be requested next, and if necessary, cvict the

item with the highest value for its next request, using a heap to identify itquickly.
5.2 Results

We present the results for only one crawling host. The results for the other three
hosts are quasi-identical. Figure 2 shows the miss rate over the entire trace (that is,
the percentage of misses out of all requests to the cache) as a function of the size of
the cache. We look at cache sizes from k = 20 to k = 225. In Figure 3 we present the
same data relative to the miss-rate of MIN, the optimum off-line algorithm. The

same simulations for the cross-trace are depicted in Figures 4 and 5.

For both traces, LRU and CLOCK perform almost identically and only slightly
worse than the 1ideal MIN, except in the critical region discussed below. RANDOM
1s only shlightly inferior to CLOCK and LRU, while STATIC is generally much
worse. Therefore, we conclude that there is considerable locality of reference in the
trace, as explained in Section 3.6. For very large caches, STATIC appears to do
better than MIN. However, this 1s just an artifact of our accounting scheme: we only
charge for misses and STATIC is not charged for the initial loading of the cache. If
STATIC were instead charged k misses for the initial loading of its cache, then its

miss rate would be of course worse than MINs.
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6. CONCLUSIONS AND FUTURE DIRECTIONS

After running about 1,800 simulations over a trace containing 26.86 billion
URLs, our main conclusion is that URL caching is very effective — in our setup, a
cache of roughly 50,000 entries can achieve a hit rate of almost 80%. Interestingly,
this size 1s a critical point, that 1s, a substantially smaller cache 1s ineffectual while a
substantially larger cache brings little additional benefit. For practical purposes our
investigation 1s complete: In view of our discussion 1n Section 3.2, we recommend a
cache size of between 100 to 500 entries per crawling thread. All caching strategies
perform roughly the same; we recommend using either CLOCK or RANDOM,
implemented using a scatter table with circular chains. Thus, for 500 crawling
threads, this cache will be about 2MB — completely insignificant compared to other
data structures needed in a crawler. If the intent is only to reduce cross machine
traffic in a distributed crawler, then a slightly smaller cache could be used. In either

case, the goal should be to have a miss rate lower than 20%.

However, there are some open questions, worthy of further research. The first
open problem is to what extent the crawl order strategy (graph traversal method)
affects the caching performance. Various strategies have been proposed [14], but
there are indications [30] that after a short period from the beginning of the crawl the
general strategy does not matter much. Hence, we believe that caching performance
will be very similar for any alternative crawling strategy. We can try to implement
other strategies ourselves, but ideally we would use independent crawls.
Unfortunately, crawling on web scale 1s not a simple endeavor, and it 1s unlikely that

we can obtain crawl logs from commercial search engines.

In view of the observed fact that the size of the cache needed to achieve top
performance depends on the number of threads, the second question 1s whether
having a per-thread cache makes sense. In general, but not always, a global cache
performs better than a collection of separate caches, because common items need to
be stored only once. However, this assertion needs to be verified in the URL caching

context.

The third open question concerns the explanation we propose in Section 5
rcgarding the scope of the links encountered on a given host. If our model is correct
then it has certain implications regarding the appropriate model for the web graph, a

topic of considerable interest among a wide variety of scientists: mathematicians,
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physicists, and computer scientists. We hope that our paper will stimulate research to
estimate the cache performance under various models. Models where caching
performs well due to corrclation of links on a given host arc probably closer to
reality. We are making our URL traces available for this research by donating them
to the Internet Archive.
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Zi Nt, AT MIN B T2 JATRIN 38 AcFINE 85 AT T4 415
RIGIH, RAVEEA A BHE TS HaE K. INTHEE S5 K i A dRd
FATH, WERAHE, @I T - REASEREERIE, H-— A4k
AR
5.2 £t

BATRANE DR FENE 8. HAh 3 ANENAS 8T LU HE .

= 1



TR BB AR A B i

Figure2 Ron | LRFE—DTETHIEEL (X8, cache P EEIE K 2K
B L) o IATMEE cache K/ k=2 IR 7)) B k=(2 [1] 25 IXJ7) - Figure3
PRATREIL T AR EER ST MIN ()RR . Figured M 5 Gk | —FF 14U
T cross—trace.

XfT#R#E, LRU A CLOCK a7 JLF—#, HZMWMIEEAELR) MIN 25—
W T R I EEIG SR X . RANDOM M2 BE 1145 F CLOCK # LRU,
SR STATIC 1 i B 5E Z= 0k

XFTHEH K cache, STATIC LLIFE4FT MIN. {HZ, X2 ANEY)
a0 T IRATH TR TS FRATT A2 8 20k H STATICS ¥ £ % cache F 1Y
L GEEE .

6. SEFARKREBHEE

B2 4T K2y 1800 YA RE L — MR U4 268.6 12.H) URLs, FRATH 3
Zii & URL caching AEF A 20-7E JATHIHLEIEL, — MU 55 K20 5000 AL
() cache 1] LLIE R K2 80%IPHE 14 . ABRAYE, XK ZE—NIETEAL, B
EU, — MR cache ZURIBZE, — N K cache ANGERGINPERE . X SLfR H
PIBATHA S AT £ 5.2 faPIANTEE, FA1558 e LI —
> cache A/NFE 100 22 500 DAL JrfA [ caching Mg JL-F—FF; A TG H
CLOCK 3¢ RANDOM, it — PN IEHEN 701U table >KSCHL. RlIE, X1 500
MEHZFE, XA cache ¥4 72— N RZ 2MB )58 4= 1) 7] 200 Hh Lb gyl I€ e e
PPt 2 0 EL A (R B s S5 4 . AR ) JUE 22 gD a3 A U HL 22 18] (19 A8 AL
%, MBAT L — DD — 5 cache. X TATLT—HPiEod, BirEERFE D
+ 20%.

B2, HRZBFEZVHEWRE, ERE—DW5. B8 MR R,
AT L IR F SRAR 52 W caching (55 %P RISHIZIN, (H2HLZRMIE
B IR A — B, — ARSI ANSCEE . I, FATAHLS caching SEILIRAHR,
XFFATATHOMEA T ks o FRATTAT AR SR EATT B LRI AS [R] B ey, {HJE 2EAH
HIFATRE SEBR AL IE R . AN, TERZE EIRITANE i 1055 )y, XA
AMBPANFRAG WAL Z G A H &S 30

HFARZE RIS, kB i A HERE R cache R/ RS, BB
) R RN RN cache FIAE X WHF, AARERE, —EA cache
LEJLAN 53 TF B cache BIEE & 47, FAAILRIIH R F LB EF—K. HR2IX
MAH, TEAE URL caching | F 3 H G .

ah
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FBEAEHPHe R R, K TRATHH RS 5 #rKT host 4R E )
URL 7aRl. G RILATHIBECIERE, HE A e R SR ok T 38 & A U T
web &, — PMEBEARBRE 0L BER, YR, HEIFFA.
AT B IRATT g 30T AU AN RIS cache PHREIIEIT. HEELHAT I3
R ECIE AL — 25 FEHL L B AH SR SE 23 T IS o FATTAEFRATTHY URL BR32E
S TR T I WA 45 4 A7 1

39



