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F 120 BRESVYFVY

» BRI T A
> R=I3SVD
» ;B8 PageRank
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» 1994 Yahoo! R—% )LEHE&
- R—SLDKEET (5 Lo~
» RPDIFEDTEEDBRICADZEEOT A ~E LT

» 1995 Altavista
» RRIVIYVOERF,. ORy MMckd00-UVY, %553

P

» 2I\LETREMET I 28

» 1998 Google B —E RFHtE

» Google H' PageRank [CED < OMw MMZKB2BRFTY —E BB
» ER—IJDODARZE[CRDIF7ZEY

38



» T4LOKUER
» AFICXDER. 748
» BREEHRT—ILULERWN
» ORy LB
» BEIBIIC web ZXKEBIL TT — I N—RZ/ERK
> web page BDIBKICHEWETRIC
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» web page ZINET D
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» Web page h5F¥—"T— RZihd
» ¥—D—RH5 Web page N\DERE1 VT v I R%EER
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PageRank: 77177

» Web R—I DU VOBREGFHSER-IESIYFVT
» R—YIDVFIUYEESRLBRN

'

e

source: L. Page, et al. The pagerank citation ranking: Bringing order to the web. 1998.
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PageRank & XA

» REBGNR—I(F, Z<DOR=Ihs5UVvIENd
» REBGR—IDS5D) VD HBEDEL
» R=IJADYVIHMBEZ DL, BRDY YD DMEILRED
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> —

/\&3\ ~a
\

source: L. Page, et al. The pagerank citation ranking: Bringing order to the web. 1998.
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PageRank & XA
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A
0.4

0.2

N\

0.4

source: L. Page, et al. The pagerank citation ranking: Bringing order to the web. 1998.
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Matrix Notation (src — dst)
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» BRI
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PageRank 77JLO1J X A

EROMEREI SWBH T, ER—IDSVINPRRT DX TERZ
B’ORY
» case: node with outlinks (> 0)
» d DEET, /—RADYYIZS VY LITER
» (1—d) ODHERT, SVYFLR/ —RICIvVT
» case: dangling node (no outlink)
» SVYSTLR/—RICYv VT

A'=dA+ (1 —-d)[1/N]
d: damping factor (= 0.85)
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NEFKRCKDEE

» EBEBERITIHDNRELBDEXTEYBELSHEEN WK
> NEFRICKDERIBR U (T KB
parameters:

d: dampig_factor = 0.85
thresh: convergence_threshold = 0.000001

initialize:
for i
r[i] = 1/N
loop:
e =0
for i
new_r[i] = d * (sum_inlink(r[j]/degreel[j]) + sum_dangling(r[j])/N)
+ (1 - d)/N
e += |new_r[i] - r[ill
r = new_r

while e > thresh

17 /38



PageRank MUK
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Convergence of PageRank Computation
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source: L. Page, et al. The pagerank citation ranking: Bringing order to the web. 1998.
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google servers

google system in 1998 and a current data center
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SE0EE: 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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SBIDEZE: PageRank code (1/4)

require ’optparse’

= 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) {lv| 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

22
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SBOIDEE: 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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SEIDEZB: PageRank code (3/4)

# compute pagerank by power method
= 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 24 /38



SBIDEE: 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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AIEIMDEE: k-means clustering

% ruby k-means.rb km-data.txt > km-results.txt

6000
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4000 | o X |
> 3000 [ . S . .
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X
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k-means clustering results

» YEMBIC & > TRERHMIER D
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T T T T 6000

cluster 1 cluster 1
cluster 2 cluster 2
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4000 4000 -
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x
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L ox i
L W
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¢ « " & x
E = ] *
1000 ‘g 1000 * x
o4 %5
0 0
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000

X X
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HYFILD—K (1/2)

k = 3 # k clusters
re = /7 (\d+)\s+(\d+)/
INFINITY = Ox7fffffff

# read data
nodes = Array.new # array of array for data points: [x, y, cluster_index]
centroids = Array.new # array of array for centroids: [x, y]
ARGF.each_line do |linel
if re.match(line)
¢ = rand(k) # randomly assign initial cluster
nodes.push [$1.to_i, $2.to_i, c]
end
end

round = 0
begin
updated = false

# assignment step: assign each node to the closest centroid
if round !'= 0 # skip assignment for the 1st round
nodes.each do |nodel|
dist2 = INFINITY # square of dsistance to the closest centroid
cluster = 0 # closest cluster index
for i in (0 .. k - 1)
d2 = (node[0] - centroids[i][0])#*2 + (node[1] - centroids[i] [1])x*2
if d2 < dist2
dist2 = d2
cluster = i
end
end
node[2] = cluster
end
end
28
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HYFILD—K (2/2)

# update step: compute new centroids
sums = Array.new (k)
clsize = Array.new(k)
for i in (0 .. k - 1)
sums[i] = [0, 0]
clsize[i] = 0

end
nodes.each do |nodel
i = node([2]

sums [i] [0] += node[0]
sums [i] [1] += node[1]
clsize[i] += 1

end

for i in (0 .. k - 1)
newcenter = [Float(sums[i][0]) / clsize[i], Float(sums[i][1]) / clsize[il]
if round == 0 || newcenter[0] != centroids[i]l[0] || newcenter[1] !'= centroids[il[1]
centroids[i] = newcenter
updated = true
end
end

round += 1
end while updated == true
# print the results

nodes.each do |nodel

puts "#{node[0]}\t#{node [1]}\t#{node[2]}"
end
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gnuplot script

set key left

set xrange [0:6000]
set yrange [0:6000]
set xlabel "X"

set ylabel "Y"

plot "km-results.txt" using 1:($3==07$2:1/0) title "cluster 1" with points, \
"km-results.txt" using 1:($3==17$2:1/0) title "cluster 2" with points, \
"km-results.txt" using 1:($3==27$2:1/0) title "cluster 3" with points
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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:
http://dumps.wikimedia.org/other/pagecounts-raw/

> S Pageview ¥—%: 20140616-22.zip (609MB &%
3GB)

» 1 BFRIE D Pageview 7—% 1185 (2014 &£ 6 A 16 B-22 B)
» ATV 3 VF—H vk 20140601-15.zip (1.3GB fRRE
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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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SRR A Pageview SVFVIHERE

» A-1 Pageview 1Y b HiEE
» ER=IOD 1:BENPDY Y IR NEEEES L. %% CCDF
T70Ov k
» XEEUOIT RN, Y @& CCDF. log-log T70v ~
» A2 BEEBLV 1 BEAEGSHSUI IR NNy T 10 Zidd
» by 10 DRBERERICT S

rank 6/16 6/17 6/18 6/19 6/20 6/21 6/22 total
1 ngn npn nen ngn gt nen ngn nyn
2 "hn nin "j n nn nyn "yt npn uyu

» A3BRIMY T 10 [CDOVWTSYF VI D#BZTOY ~
> XHICHRE, YBCSVYFYIZEED

» SYFVIEDDDDZVESEBRELPS VXY IDRE
Hh7EEZHZIKXRT D
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