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stEE (computational complexity)

PILTU X LDORHEREDFHBHRE
» BFRETEE (time complexity)

» PRIFTEE (space complexity)

> PIEHE

» RBSTRE

F—5—R&C
> ADE n DIBKRICH U THEEDIBNT 2EEZZDRED
H TR

» fl: O(n),0(n?),0(nlogn)
» KDIEFEICE. Tf(n) EA—=F—g(n)s &
BB f(n) B g(n) CHLT f(n) =0(g9(n)) & H3
EEC ong BMEELT. |f(n)| < Clg(n)| (Vn > no)
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FESTEE

> XHEEFE (logarithmic time)
» ZIEIEFE (polynomial time)
» 1B#BFR) (exponential time)

le+08 T T >
O(log n) f e
Oo(n) — e
1e+07 | O(n log n) . =
O(n**2) —— yd
[ on=3) | je
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» public/private/hybrid

» U—ERRE: SaaS/PaaS/laaS

|  enduser | |webserviceuser |
the Internet web applications
web seavice
web services provigder
platform
infra user
cloud e .
nfrasiructure | utility computing
| infraprovider |

users view

services view
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typical cloud network topology
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MapReduce
MapReduce: Google B LICEINTOTSIVIETIL

Dean, Jeff and Ghemawat, Sanjay.

MapReduce: Simplified Data Processing on Large Clusters.
OSDI'04. San Francisco, CA. December 2004.
http://labs.google.com/papers/mapreduce.html

ARRSA kD MapReduce B EZDERD SIERLLTWND

Bt KRIET — 502

» 8. AFERED CPU ZFIALTT—F B L7zL)

» N\—ROIPEREZRHEIHRCFALEL
MapReduce D XU w ~

> WFIHBRLIED BENME

> MiEXREE

» /ORI a2—-UVT

> RREERAR
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MapReduce 7OV S VIETIL

Map/Reduce

Lisp PbDREKEEENSD TP A T 7
SRAME: tREVSAD T EE
PEMEB(CEL TV
SRS (C (FFERITOIRE

v

v

v

v

Map/Reduce in Lisp
(map square '(1234)) — (149 16)
(reduce + '(1 49 16)) — 30
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Map/Reduce in MapReduce
map(in_key, in_value) — list(out_key, intermediate_value)
> key/value X7 Dty bEANIC, BID key/value RFPZER
reduce(out_key, list(intermediate_value)) — list(out_value)
» map() TERSNIRBRZREL. FED key [CXHIET B value
EN—Y ULiRERT

Pl: XEADEEDOERBEDN DY b

map(String input_key, String input_value):
// input_key: document name
// input_value: document contents
for each word w in input_value:
EmitIntermediate(w, "1");

reduce (String output_key, Iterator intermediate_values):
// output_key: a word
// output_values: a list of counts
int result = 0;
for each v in intermediate_values:
result += Parselnt(v);
Emit (AsString(result));
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Z DD IEFRH

> DB grep

» map: FENY—VI[CIVYFITBRITELEN

» reduce: @I LARL)
» URL 77O CREEBEHDV b

» map: web access log D5 < URL,1 > ZHAH

» reduce: @— URL OEEENEL < URL, count > Z4RK
> reverse web-link graph

» map: source [CEEXND link HS. < target, source > ZH N
» reduce: target Z link 9% source list < target, list(source) >

ZER
» BAVTYVIR
» map: RFIAXYVKCTEFRNDEEDS < word,doclD > %
HBAH
> reduce: HEDRBZBSTRFaXVYKIR S
< word, list(docI D) > =4,
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MapReduce Execution Overview

User \\
Prograny

(1) fork .- oy foik €1) fork
- —~ -
Master )
_(7_4/- L@
- "assign
assign reduce .
S— N map '
G\ orke;rj i
split 0 T
gl o (51 emote B_&)d_'_,
split2 [ e~ T ) local write o
 roer )
split 3 — -
split4
<‘A orket> |
Input Map Intermediate files
files phase (on local disks)

’/
'\5 corker

Wle?l)

Reduce
phase

(6) write

Output
files

source: MapReduce: Simplified Data Processing on Large Clusters
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MapReduce Execution

Input

Intermediate | kl:v kl:v k2:v ‘ ‘ kl:v ‘ k3:v kdiv ‘ kdv kS:v ‘ kd:v ‘ kl:v k3:v ‘

Grouped ‘kl:\-’,\-’,\-’,\" k2:wv ‘kS:\-’,\-’ kdv,vv
| T

owpa| | [ [ [ |

k3:v ‘

source: MapReduce: Simplified Data Processing on Large Clusters
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MapReduce Parallel Execution

r-r—-r——-—=—-—=-—=-—=-=-= bl r-r-———-—=-==- = r—-————-=—-—=-=-= -
| Map Task 1 | | Map Task 2 | I Map Task 3 |
| o o !
| . | o '
[ I Lo !
[ o Lo '
| o o !
| o o !
| klv klv k2w | 1| k3w kdw kdw k3w |l | kd v klw k3w |
| Partitioning Functlcn 1 | Partitioning Function I | Partitioning Funetion I
el

Sort and Group
k2w kdwww k3w

Sort and Group
klwvyvy | k3w

|
|
|
|
|
|
|
|
Reduce Task 2 !

source: MapReduce: Simplified Data Processing on Large Clusters
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Task Granularity and Pipelining

> Y RDISHRIE: Map Y RO >> YI VU
> BERIRESRE DR
» map EfTZY v LTINS TS4 VEFT
» ETRIECEHNO0— RISV IVJ TR
» BRG] 2,000 EOVY YT, 200,000 map/5,000 reduce tasks

Process Time - >

User Program |MapReduce() ... wait ...
Master Assign tasks to worker machines...
Worker 1 Map | Map 3

Worker 2 Map 2

Worker 3

Worker 4

source: MapReduce: Simplified Data Processing on Large Clusters
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[EsEiEs

worker DEFE
» BEANR/\— N E— ~THEZRY
> WELY YD map task ZHEBNHBTUTEST
» BRIEO—HILT 1 RVICHBDDTIRT LT task HERITIT S
> ETDPOD reduce task ZBET
» master M\ task & T Z EE 1R

1800 B89 1600 BEOR Y YHHEL THIERBKR T UIcE&
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MapReduce status

Started: Fri Mov 7 09:51:07 2003 -- up 0 hr 00 min 18 sec

MapReduce status: MR _Indexer-beta6-large-2003 10 28 00 03

323 workers; 0 deaths Counters
Type |Shards Done Active | Input{MB) Done(IMB) Output{(MB) Variable DMinute
Map | 13853 0| 323 8789346 1314.4 717.0 Mapped 795
shale | s500| o 323)  717.0 0.0 0.0 GD)
Reduce| 500 0 0 0.0 0.0 0.0 Shuffle 0.0
(MB/s)
100 Output W%

30 (MB/s)

80 doc- ]
_— indesc-hits 145825686 |1
% docs-

';g:_ 60 deed 506631
S % dups-in-
§ a0 index- 0
E 30 merge
20 e
operator- 508192
10 calls
£3 g 2 < g mr-
= élit:e duce Shard @ - e operator- 506631

Asshmarka

source: MapReduce: Simplified Data Processing on Large Clusters
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MapReduce status

MapReduce status: MR _Indexer-beta6-large-2003 10 28 00 03

Started: Fri Nov 7 09:51:07 2003 -- up 0 hr 05 mn 07 sec

1707 workers; 1 deaths Counters
Type |Shards Done Active |Input(MB) Done(MB) Output(MB) Variable Minute
Map 13853| 1857| 1707| 878934.6| 1919958 113936.6 Mapped 699 1
Shuffle | 500 0] 500 1139366 571137 571137 (MB/s)
Reduce| 500/ 0 o] 571137 0.0 0.0 Shufle 3495
MBfs)
100 Output 00
50 (MBYs) )
® doc- 15004411944
- index-hits
8 70 3
o oCcs-
—é 60 indexed 17290135
: 50 dups-in-
E 40 index- 0
ﬁ 30 merge
20 ar-
operator-| 17331371
10 calls
= B 2 3 g i
= Reduce Shard “|operator-| 17290135
outvuts

source: MapReduce: Simplified Data Processing on Large Clusters
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MapReduce status

MapReduce status: MR_Indexer-beta6-large-2003 10 28 00 03

Started: Fri Nov 7 09:51:07 2003 -- up 0 hr 10 min 18 sec
1707 workers; 1 deaths

Type |Shards Done Active | Input(MB) Done(lVB) Output(MB)
Map 13853| 5354 1707| 878934.6| 406020.1 241058.2
Shuffle 500 0| 500/ 241058.2| 196362.5 196362.5
Reduce| 500 0 0| 196362.5 0.0 0.0
100
90
80
-
H
8
H
3
-
e
8
5
5

o
g
o~
Reduce Shard

Counters

Variahle

Minute

Mapped
MBis)

704.4

Shuffle
MBis)

3718

Output
(MB/s)

0.0

doc-
index-hits

5000364228

docs-
indexed

17300709

dups-in-
index-
merge

mr-
operator-
calls

173424393

mr-

g
*|operator-

outputs

source: MapReduce: Simplified Data Processing on Large Clusters

17300709
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MapReduce status

MapReduce status: MR_Indexer-beta6-large-2003 10 28 00 03

Started: Fri Nov 7 09:51:07 2003 -- up 0 hr 15 mun 31 sec
1707 workers; 1 deaths

Type |Shards Done Active Input(MB)|Done(MB)| Output(MB)
Idap 13853| 8841| 1707| 878934.6| 621608.5 369459.8
Shuffle 500 0| 3500| 369459.8| 326986.8 326986.8
Reduce| 500 0 0] 326986.8 0.0 0.0

100

90

80

-
k-

Percent Conpleted
g 2 2

g
S

g

&
Reduce Shard

g
]

400

source: MapReduce: Simplified Data Processing on Large Clusters

Counters
Variable Minute
Mapped
QEBSS) 706.5
Shuffle
QMBls) 419.2
Cutput
QfBf5) ue
doc-
index-hits 4982870667
docs-
indexed 172259926
dups-in-
mndex- 0
merge
mr-
operator-| 17272056
calls

g

‘|operator-| 17229926
outputs
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MapReduce status

MapReduce status: MR _Indexer-beta6-large-2003 10 28 00 03

Started: Fri Nov 7 09:51:07 2003 -- up 0 hr 29 min 45 sec
1707 workers; 1 deaths

Type |Shards| Done|Active Input(MB) Done(MB)|Output{IVIB)
Map | 13853|13853 0| 878934.6| 878934.6| 5234992
Shuffle 500| 195| 305| 523499.2| 523389.6| 523389.6
Reduce| 500 0| 195| 523389.6 2685.2 27426

=

0

Percent Conpleted

00

100

=
2
&

Reduce Shard

300

400

source: MapReduce: Simplified Data Processing on Large Clusters

Counters
Variable | Minute
Mapped
(MB/s) e
Shuffle
(MB/s) b3
Output
QMBis) 457
doc- .
indesehits 2313178(10:
docs-
indexed BEE
dups-in-
index- 0
merge
-
merge- |1954105
calls

©|merge- 1954105
outputs
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MapRed

uce status

MapReduce status: MR_Indexer-beta6-large-2003_10 28 00 03

Started: Fri Nov 7 09:51:07 2003 -- up 0 hr 31 min 34 sec
1707 workers; 1 deaths

Type

Shards | Done |Active | Input(MB)

Done(MB) | Output(MB)

MMap

13853|13853 0| 8789346

8789346 5234932

Shuffle

500( 500 0| 5234992

523499.5 523499.5

Reduce

500 0] 500| 5234995

1338378 136929.6

N
=1

0

Percent Conpleted

0C>

2
2
&
Reduce Shard

100

0
400
R00

Counters
Variable| Minute
Mapped

(MB/s) e
Shuffle 01
(MMB/s)

Output

(MB/s) 12388
doc-

index-hits Y[
docs-

indexed L
dups-in-

index- 0
merge

mr-

merge- |51738599
calls

merge- |51738599
outputs

source: MapReduce: Simplified Data Processing on Large Clusters
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MapRed

uce status

MapReduce status: MR_Indexer-beta6-large-2003_10 28 00 03

Started: Fri Nov 7 09:51:07 2003 -- up 0 hr 33 min 22 sec
1707 workers; 1 deaths

Type

Shards | Done |Active |Input(MB) | Done(MB) | Output{IVIB)

Map
Shuffle

1385313853 0| 8789346| 8789346 5234992
500/ 500 0| 523499.2| 523499.5 523499.5

Reduce

500 0| 500| 523499.5| 2632833 269351.2

1

=]

0

Percent Conpleted

0O

2
=3

&
Reduce Shard

100
300

400

source: MapReduce: Simplified Data Processing on Large Clusters

Counters
Variable| Minute
Mapped
(B/s) oy
Shuffle
(2dB/s) ol
Output
QME/s) 1225.1
doc-
index-hits of&
docs-
indexed .
dups-in-
index- 0
merge
mr-
merge- 51842100
calls

g |mr-

“lmerge- 51842100
outputs

32/
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MapReduce status

MapReduce status: MR _Indexer-beta6-large-2003 10 28 00 03

Started: Fri Nov 7 09:51.07 2003 -- up 0 hr 35 min 08 sec
1707 workers; 1 deaths

Type |Shards| Done Active Input(MB) Done(MB) Output(MB)
Idap 13853|13853 0| 878934.6| 878934.6 523499.2
Shuffle 500 500 0| 523499.2| 52349395 5234995
Reduce| 500 0] 500 523499.5| 390447.6 399457.2

"
o

0

Percent Conmpleted

OO

3
3
&

Reduce Shard

100
300
400
el

outouts

source: MapReduce: Simplified Data Processing on Large Clusters

Counters o
Variable| Minute
Mapped

(MB/s) o
Shuffle

(MB/s) e
Cutput

(MBJs) 1222.0
doc-

(
index-hits UL
docs-
indexed 0
dups-in-
index- 0
merge
mr-
merge- 51640600
calls

“|merge- |51640600

33
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MapReduce status

MapReduce status: MR _Indexer-beta6-large-2003 10 28 00 03

Started: Fri Now 7 0951
1707 workers; 1 deaths

07 2003 -- up O hr 37 min 01 sec

Type |Shards| Done|Active Input(MB)|Done(MB)|Output(MB)
Map 13853|13853 0| 878934.6| 878934.6 523499.2
Shuffle 500/ 500 0| 523499.2| 5204686 520468.6
Reduce| 500 406 94| 520468.6| 512265.2 514373.3

1

=

0

Percent Conpleted

00

100

=
S
&

Reduce Shard

300
400

500

Counters

Variable | Minute
Mapped

(2B/s) ol
Shuffle

(MB/s) o
Output

QMEBSS) 849.5
doc-

index-hits UM
docs-

indexed b
dups-in-

index- 0
merge

mr-

merge- 35083350
calls

merge- [35083350
outputs

source: MapReduce: Simplified Data Processing on Large Clusters
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MapReduce

status

MapReduce status: MR _Indexer-beta6-large-2003 10 28 00 03

Started: Fri Nov 7 09:51:07 2003 -- up 0 hr 38 min 56 sec

1707 workers; 1

deaths

Type |Shards
ap 13853
Shuffle 500

Done
13853
500

Active Input(MB) | Done(MB) | Output(MB)
0| 878934.6| 878934.6 523499.2
0| 523499.2| 5197818 519781.8

Reduce 500

498

2| 519781.8| 5193947 519440.7

"
o

0

Percent Conpleted

00

o
s
&

Reduce Shard

300

100
400

Counters
Variable
Mapped
(MB/s)
Shuffle
(MB/s)
Output
MB/s)
doc-
index-hits
docs-
indexed
dups-in-
index-
merge
nr-
merge-

calls

2
*|merge-

outputs

source: MapReduce: Simplified Data Processing on Large Clusters

Minute

0.0

00

9.4

0

394792

394792

105¢
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MapReduce status

MapReduce status: MR _Indexer-beta6-large-2003 10 28 00 03

Started: Fri Nov 7 09:51.07 2003 -- up 0 hr 40 min 43 sec

1707 workers; 1 deaths

Type |Shards| Done Active Input(MB) Done(MB) Output(MB)
Idap 1385313853 0| 878934.6| 878934.6
Shuffle 500 500 0| 523499.2| 5197743
Reduce| 500] 499 1| 519774.3| 5197352

"
o

0

Percent Conmpleted

DO

100

3
3
&

Reduce Shard

300

400

F00.

Counters
Variable
Mapped
(MB/s)

Minute

0.0

Shuffle
(MB/s)

0.0

COutput
(MB/s)
doc-
index-hits
docs-
indexed

105

dups-in-
index-
merge

g

merge-
calls

merge-
outouts

source: MapReduce: Simplified Data Processing on Large Clusters

73442

73442
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TLRET

L) worker D'\ 2 E IR THFRE] [C KERFE
» AV 3 TOEE
» TARUODYIRIS—
» ZOMDER: CPU cache H' disable TN TLVer—2 B!

FRRR: SEAIBIR T < T, backup tasks Z#2E)
» B<IRT UTE task DIERE A

Y 3 TR TR O KIBREHE (AT
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O—hHYF+1 D&l

Master D RT3 21— VI RY Y —
» GFS [CAATZ 70 IIL7 0y O DBEDMEZRBLEHE
» A% 64MB 8L (GFS block size) [CE)
> ADT—YDBRENHD VY VEIES Y DI map task ZE|
HTD
PR AFEDOYIIYNO—NILET « RODSANZFTMHAH
» IHREFNE SYIDRAYFHARKNILRY DICTED
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RARLI—RODORFvT

Map/Reduce BEENNFICHRHED L I—RDBTO S v 213352
ENHD
» REENT: TNy T UTRRBRRT DOLRELN. Z58
RBZWNHEDHE W
» Segmentation Fault DFEA4HF
» VOFILINYRSHSEVYRY—(C UDP )\T v L ERE(E
» JIBDD L I— RESEBAD
» Master (JEULI—RDAREN2@EIDE
> RD worker [CZFDLI—KRERFvIITBLSIER

MR U—RN=FT A ES1TS DI\ Tt
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ZDfbDERE(L

» & reduce /\—T 1 Y3 VATY—hkENIBEFZREE

» DET—H DEME

» Combiner: TRGIBRZENLTRY kD -0 FER2EIRE
» TNV ITPTFRNAOO—-AILETRIE

» A—FERDHDVIHFAETIEE
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BT

1800 BOVY Y VU SR Y Z{E o e tResHbZ X
> 4GB of memory

v

Dual-processor 2GHz Xeons with Hyperthreading
Dual 160GB IDE disks
Gigabit Ethernet per machine

v

v

» Bisection bandwidth approximately 100Gbps
2BEONYFI—D

» MR_Grep: 10'° 100B LO—RZZXF vV L THED/(F—V
ZRELET

» MR Sort: 10'° 100B L O—R%Y —k (TeraSort XV F < —
DDETIVEFIR)
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MR_Grep

> O—NHU T« BB

» 1800 BOVY Y YN 1TB DT —F%Z&RA 31GB/s TaRAAM

> SERONIE 5vIR1 Y FARNLRY ST 1068 /s 12
> VY3 T THBBEOA —/ Iy RAKEL

30000
W
~
2 20000
-
3
o
5 10000
0 T T T T T ]
0 m 40 0 a0 100 120
Seconds

source: MapReduce: Simplified Data Processing on Large Clusters
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MR_Sort

» backup task [C KX D5 T R D Ki@iaiE

> MEEMEDRER

Input (MB/e)

(MB/s)

Shuffle

Output (MB/s)

20000 — Done:
839 s

10000 —

UL UL
0 200 40O 60O BOD 10001200
20000 —

10000 —

T T T T T
0 200 400 B0O BOD 10001200
20000 —

10000 <

o T T T T T T
0 200 400 B00 BOO 10001200
Seconds

20000

10000

20000 —

10000

20000 -

10000

. Done:
1235 &

T T T T T
G 200 400 B00 300 10001200

T T T T
G 200 400 600 8OO 10001240

T T T
0 200 400 600 800 10001200
Seconds

20000 o Done:
886 s

10000

o N

T T T T T T
0 200 400 600 BUO|10001200
20000

10000

0 T T T[T T
0 200 400 600 BOO[10001200
20000 —

10000

T T T T T
0 200 400 600 800 10001200
Seconds

Normal(left) No backup tasks(middle) 200 processes killed(right)

source: MapReduce: Simplified Data Processing on Large Clusters
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Hadoop MapReduce

» Hadoop

» Apache DA—TYVY—-2RVY D kD 77OVIo~

» JavaV IO DI PIOL—LD—D

» Google D GFS 87 7 1 LY 27T A% Mapreduce &£

» RKRRT -9 TSy kDA —LAELTAEKHASNTWVS
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WordCount in Hadoop MapReduce

package org.myorg;

import
import

import
import
import
import
import

java.io.IOException;
java.util.x*;

org.

org
org

org

apache

.apache
.apache
org.
.apache

apache

.hadoop.
.hadoop.
.hadoop.
.hadoop.
.hadoop.

public class WordCount {

fs.Path;
conf.x*;
io.*;
mapred. *;
util.*;

(1/3)

public static class Map extends MapReduceBase implements Mapper<LongWritable,
Text, Text, IntWritable> {
private final static IntWritable one = new IntWritable(1);
private Text word = new Text();

public void map(LongWritable key, Text value, OutputCollector<Text, IntWritable> output,
Reporter reporter) throws IOException {
String line = value.toString();
StringTokenizer tokenizer = new StringTokenizer(line);
while (tokenizer.hasMoreTokens()) {
word.set (tokenizer.nextToken());
output.collect (word, one);
}
}
s
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WordCount in Hadoop MapReduce (2/3)

public static class Reduce extends MapReduceBase implements Reducer<Text, IntWritable,
Text, IntWritable> {
public void reduce (Text key, Iterator<IntWritable> values, OutputCollector<Text, IntWritable>
output, Reporter reporter) throws IOException {

int sum = 0;

while (values.hasNext()) {
sum += values.next().get();

}

output.collect(key, new IntWritable(sum));
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WordCount in Hadoop MapReduce (3/3)

public

static void main(String[] args) throws Exception {

JobConf conf = new JobConf (WordCount.class);

conf.

conf.
conf.

conf.
conf.
conf

conf.
conf.

setJobName ("wordcount") ;

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

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

.setReducerClass(Reduce.class) ;

setInputFormat (TextInputFormat.class);
setOutputFormat (TextOutputFormat.class);

FileInputFormat.setInputPaths(conf, new Path(args[0]));
FileOutputFormat.setOutputPath(conf, new Path(args[1]));

JobClient.runJob(conf) ;
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WordCount in Ruby

Ruby T MapReduce (FV\UIE%Z L THD

% cat wc-data.txt

Hello World Bye World

Hello Hadoop Goodbye Hadoop

% cat wc-data.txt | ruby wc-map.rb | sort | ruby wc-reduce.rb
bye 1

goodbye 1

hadoop 2

hello 2

world 2
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WordCount in Ruby: Map

#!/usr/bin/env ruby
#
# word-count map task: input <text>, output a list of <word, 1>

ARGF.each_line do |linel|
words = line.split(/\W+/)
words.each do |wordl|
if word.length < 20 && word.length > 2
printf "%s\t1\n", word.downcase
end
end
end
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WordCount in Ruby: Reduce

#!/usr/bin/env ruby
#

# word-count reduce task: input a list of <word, count>, output <word, count>

# assuming the input is sorted by key
current_word = nil

current_count = 0

word = nil

ARGF.each_line do |linel
word, count = line.split

if current_word == word
current_count += count.to_i
else
if current_word != nil
printf "%s\t/%d\n", current_word, current_count
end

current_word = word
current_count = count.to_i

end
end
if current_word == word

printf "%s\t%d\n", current_word, current_count
end
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MapReduce & &
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BARLIN— b BIRT—<
A. D« FRT 1« 7BAERSBIRD Pageview SV F VT
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RE A Do FTNRT 4 PBEARZEBIRD Pageview SV F VT

T—%: D4 FNRT 1« 7AREBROT —% Pageview T—%
» wikimedia DT 2T —IHD 5D 1 FRFT « P BEARGEBIRE (T
ZIREL LB D,
» LT — Y IEER:
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Ty b

>

project encoded_pagetitle requests size
> project: wikimedia D70V 10 +& (RERT—HTREE
T'ja")
encoded_pagetitle: URI TV J—R&ENER—IF1 ML
requests: X—IDUH TR ~OE
size: R—I D)\ ¥

% head -n 10 20140616-22/pagecounts-20140616-00

ja
ja
ja
ja
ja
ja
ja
ja
ja
ja

$10

$10 1 8922

%22B%220RDERLESS 1 13777

%22BLUE%22_A_TRIBUTE_TO_YUTAKA_OZAKI 1 21159
%22HAPPYY,22_Coming_Century,_20th_Century_Forever 1 21326
%22LUCKY?%22_20th_Century,_Coming_Century_to_be_continued... 1 0
%22X%22_plosion_GUNDAM_SEED 2 50386

%26C 1 16485

%26 _ (LE4)B8%80%E9%9D%92/E7%AAY88%E3781%AE/LE3%82%A2),E37%83%ABLE3%83%90%E3%83%A0) 1 12635
%26_ (LE6%BC%AB%ET94%BB) 1 0

% head -n 10 20140616-22/pagecounts-20140616-00 | ./urldecode.rb

ja
ja
ja
ja
ja
ja
ja
ja
ja
ja

ugn 1 0
"$10" 1 8922

""B"ORDERLESS" 1 13777

""BLUE" _A_TRIBUTE_TO_YUTAKA_0ZAKI" 1 21159
""HAPPY"_Coming_Century,_20th_Century_Forever" 1 21326
""LUCKY"_20th_Century,_Coming_Century_to_be_continued..." 1 0
""X"_plosion_GUNDAM_SEED" 2 50386

"&C" 1 16485

" _(—BBOTIINA)" 1 12635
"&_(GEED" 1 0
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FARILDTFI—-RROUT~

» 94 MLEI—EBYRIVI—REhTW3
» ruby @ CGl.unescape() T UTF-8 [CEIRTED

#!/usr/bin/env ruby
require ’cgi’
re = /7 (D\w\.1+)\s+(\S+)\s+(\d+)\s+(\d+)/

ARGF.each_line do |linel
if re.match(line)
project, title, requests, bytes = $~.captures
decoded_title = CGI.unescape(title)
print "#{project} \"#{decoded_title}\" #{requests} #{bytes}\n"
end
end
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278 A Pageview 5

VxR VI@ER

» A-1 Pageview N Y hHTRAE
» ER=YO 1BBEADU D TR MABEEST U,
T70ov k~
» X8EFUOTRN, Y @& CCDF. log-log T7OW ~
» A2 BEB XV 1BEEHHIS YOI IR N~ Y T 10 Zidd
» by 10 DRBRERICT D

%% CCDF

rank 6/16 6/17 6/18 6/19 6/20 6/21 6/22 total
1 ||a" llbll llcll Ild|l llell ||fll "gll IIXII
2 ||h" lli n llj n llk|l lll" V|mll "nll llyll
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» SYFVIEENIDDZVNKSEBRELS Y

FVIDRE
HeEZEZREIRT S
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BIBMEE: PageRank

% cat sample-links.txt
# PageID: OutLinks

1: 2 3 4 5 7
2: 1

3: 1 2

4: 2 3 5

5: 1 3 4 6

6: 1 5

7: 5

% ruby pagerank.rb -f 1.0 sample-links.txt

reading input...

initializing... 7 pages dampingfactor:1.00 thresh:0.000001
iteration:1 diff_sum:0.661905 rank_sum: 1.000000
iteration:2 diff_sum:0.383333 rank_sum: 1.000000

iteration:20 diff_sum:0.000002 rank_sum: 1.000000
iteration:21 diff_sum:0.000001 rank_sum: 1.000000
[1] 1 0.303514

[2] 5 0.178914
[3] 2 0.166134
[4] 3 0.140575
[5] 4 0.105431
[6] 7 0.060703
[7]1 6 0.044728
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BIEIDRE: PageRank code (1/4)

require ’optparse’

d = 0.85 # damping factor (recommended value: 0.85)
thresh = 0.000001 # convergence threshold

OptionParser.new {lopt|
opt.on(’-f VAL’, Float) {lv| d = v}
opt.on(’-t VAL’, Float) {|v| thresh = v}
opt.parse! (ARGV)

}

outdegree = Hash.new # outdegree[id]: outdegree of each page
inlinks = Hash.new # inlinks[id] [srcO, srcl, ...]: inlinks of each page
rank = Hash.new # rank[id]: pagerank of each page
last_rank = Hash.new # last_rank[id]: pagerank at the last stage
dangling nodes = Array.new # dangling pages: pages without outgoing link
# read a page-link file: each line is "src_id dst_id_1 dst_id_2 ..."
ARGF.each_line do |linel

pages = line.split(/\D+/) # extract list of numbers

next if line[0] == ?# || pages.empty?

src = pages.shift.to_i # the first column is the src
outdegree[src] = pages.length
if outdegreel[src] ==
dangling_nodes.push src
end
pages.each do |pgl
dst = pg.to_i

inlinks[dst] |l= []
inlinks[dst] .push src
end
end
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BIEIDRE: PageRank code (2/4)

# initialize
# sanity check: if dst node isn’t defined as src, create one as a dangling node
inlinks.each_key do |jl
if loutdegree.has_key?(j)
# create the corresponding src as a dangling node
outdegree[j] = 0
dangling_nodes.push j
end
end

n = outdegree.length # total number of nodes
# initialize the pagerank of each page with 1/n
outdegree.each_key do |i|l # loop through all pages
rank[i] = 1.0 / n
end
$stderr.printf " %d pages dampingfactor:%.2f thresh:%f\n", n, d, thresh
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BIEDES: PageRank code (3/4)

# compute pagerank by power method

k = 0 # iteration number

begin
rank_sum = 0.0 # sum of pagerank of all pages: should be 1.0
diff_sum = 0.0 # sum of differences from the last round
last_rank = rank.clone # copy the entire hash of pagerank

# compute dangling ranks

danglingranks = 0.0

dangling_nodes.each do |il| # loop through dangling pages
danglingranks += last_rank[i]

end

# compute page rank
outdegree.each_key do |il # loop through all pages
inranks = 0.0
# for all incoming links for i, compute
# inranks = sum (rank[j]/outdegree[j])
if inlinks([i] != nil
inlinks[i].each do |jl
inranks += last_rank[j] / outdegreel[j]
end
end

rank[i] = d * (inranks + danglingranks / n) + (1.0 - d) / n
rank_sum += rank[i]

diff = last_rank[i] - rank[i]
diff_sum += diff.abs
end

Kk += 1
$stderr.printf "iteration:%d diff_sum:%f rank_sum: %f\n", k, diff_sum, rank_sum
end while diff_sum > thresh 61/64



BIEIOEB: PageRank code (4/4)

# print pagerank in the decreasing order of the rank
# format: [position] id pagerank

i=0

rank.sort_by{lk, v| -v}.each do |k, vl
i+=1
printf "[%d] %d %f\n", i, k, v

end
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