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PageRank O O 0O 0O 0O O

gbobobobobobobobobobobobobobo
gooog

» case: node with outlinks (> 0)

» 000000000 DO0O0O0O0ODO0ODOOODOO
» (1-d)000000000000O0O0ODO0O0OO0

» case: dangling node (no outlink)
» JO0O0O0bOoobooobon

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

» D000 bO0o0boobooboooboobooboboooboon
» D000 ooooooooobobon

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])
+ (1 - d)/N
e += |new_r[i] - r[i]]
r = new_r

while e > thresh
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source: L. Page, et al. The pagerank citation ranking: Bringing order to the web. 1998.
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00000 : 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



0000 O: 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) {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
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0000O: 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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0000 O: 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 24 /42



0000 O: 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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goooob.:gogod

» D000 0OOo0obooobooobobon

» DO0000D000000 e00ODOOOODOOD
» DO0O0000O000000O0bOO0O0O0O0bO000o0oo0on

% ruby naivebayes.rb
classifying "quick rabbit" => good
classifying "quick money" => bad
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goooob.:goooboooooon

0D0000000000000000000000000000
n
P(C) [T P(xilC)
i=1

» P(C): 000000000

» [[",P(x|C): 00DDOOOOOOOOOOO0O00000
00o00000000000000

» 0002000000000 threshD O OO0
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goooob.:ggoooboogd

» 0O0googooog

# create a classifier instance
cl = NaiveBayes.new

# training

cl.train(’Nobody owns the water.’,’good’)

cl.train(’the quick rabbit jumps fences’,’good’)
cl.train(’buy pharmaceuticals now’,’bad’)
cl.train(’make quick money at the online casino’,’bad’)
cl.train(’the quick brown fox jumps’,’good’)

# classify
sample_data = [ "quick rabbit", "quick money" ]

sample_data.each do |[s]|

print "classifying \"#{s}\" => "

puts cl.classify(s, default="unknown")
end
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OO00000: Classifier Class (1/2)

# feature extraction
def getwords(doc)

words = doc.split(/\W+/)

words.map!{|w| w.downcase}

words.select{|w| w.length < 20 && w.length > 2 }.uniq
end

# base class for classifier
class Classifier
def initialize
# initialize arrays for feature counts, category counts
efc, @cc = {}, {}
end

def getfeatures(doc)
getwords (doc)
end

# increment feature/category count
def incf(f, cat)

efclf] |1= {}

@fc[f][cat] |I=0

@fc[f][cat] += 1
end

# increment category count
def incc(cat)

@cclcat] II=0

@cclcat] += 1
end
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O0O00000: Classifier Class (2/2)

def fprob(f,cat)
if catcount(cat) ==
return 0.0
end

# the total number of times this feature appeared in this
# category divided by the total number of items in this category
Float(fcount(f, cat)) / catcount(cat)

end

def weightedprob(f, cat, weight=1.0, ap=0.5)

# calculate current probability

basicprob = fprob(f, cat)

# count the number of times this feature has appeared in all categories

totals = 0

categories.each do |cl

totals += fcount(f,c)

end

# calculate the weighted average

((weight * ap) + (totals * basicprob)) / (weight + totals)
end

def train(item, cat)
features = getfeatures(item)
features.each do |fl

incf (f, cat)

end
incc(cat)

end

end
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000000 : NaiveBayes Class

# naive baysian classifier
class NaiveBayes < Classifier
def initialize
super
Qthresholds = {}
end

def docprob(item, cat)
features = getfeatures(item)
# multiply the probabilities of all the features together
p=1.0
features.each do |fl
p *= weightedprob(f, cat)
end
return p
end

def prob(item, cat)
catprob = Float(catcount(cat)) / totalcount
docprob = docprob(item, cat)
return docprob * catprob

end

def classify(item, default=nil)
# find the category with the highest probability
probs, max, best = {}, 0.0, nil
categories.each do |cat|
probs[cat] = prob(item, cat)
if probs[cat] > max
max = probs[cat]
best = cat
end
end
# make sure the probability exceeds threshold*next best 31/42
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OO2 00ddooooad

» D0 oOooooobooon

» DO0O0000O0000000O0

Mon Tue Wed Thu Fri Sat Sun

Mon | 1.000 0.990 0.975 0.995 0.985 0.880 0.820
Tue | 0.990 1.000 0.967 0978 0977 0.890 0.844
Wed | 0.975 0.967 1.000 0.976 0.954 0.802 0.751
Thu | 0995 0.978 0.976 1.000 0.984 0.848 0.788
Fri 0.985 0.977 0.954 0.984 1.000 0.868 0.816

Sat | 0.880 0.890 0.802 0.848 0.868 1.000 0.984
Sun | 0.820 0.844 0.751 0.788 0.816 0.984 1.000
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» A-l0000000000
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ooogoooo
» A-1-2 WikipediaOODOOOOOOODOOO
» A-2 PageRank O O O
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OO0 A. Wikipedia [0 PageRank [ [

O000: wikipeda DOOOO0O0O0OOOO (57000000)
» created by Henry Haselgrove
(http://haselgrove.id.au/wikipedia.htm)

» 0000000000 00000000
» JO0000oo1ooooooooooobobbboooo

» links-simple-sorted.zip: 00 0000 (323MB U OO 1GB)
» JO0O0O0oooooooo
» format: from : toq, too, ...to,

> titles-sorted.zip: 0O O00OO00O (28MB OO O 106MB)
» n00000000 n00OOO0OO (1 origin)

% head -3 links-simple-sorted.txt

1: 1664968

2: 3 747213 1664968 1691047 4095634 5535664

3: 9 77935 79583 84707 564578 594898 681805 681886 835470 ...
%
% sed -n ’2713439p’ titles-sorted.txt
Keio-Gijuku_University
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» J00: 000000000000 boboboboboobo
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» A-2-1 PageRank 0 O0OO00O00O0O 3000000000

» JO00O000O: 00 PageRankD OOO IDODOOODODOO
» 00000000 0000bO00O0

» damping factor:0.85 thresh:0.000001 OO O O0O0O0O
» D00 8GBO iMacOU 500 (D00 26BOOOOODOO
oooo)
» A2 000000000000
» JOO00O00bObO0o0oooon

» JO0O0O0Oooooo
» PageRank 0O O O0OD0OOCOOOO

» Joggg
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