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- Le:tuar: oldlers fo be subject of Remington “Bitten by Magic,” the second book in Kelly M.
= St Lawrence County has second-highest Ashley's Sisters of Fate series, Is out today.
August unemployment rate in the state
= Ogdensburg man pleads guilty to meth A follow up to her fantasy romance novel, “The
possession Fur Flies,” which was released in May, Mrs.
= Community Gallery Project on display at Ashley's new book centers on the passion of
Ogdensburg International Airport
Alexa, a witch, and Wilhelm, a vampire.
In “Bitten by Magic” Alexa is required to marry
Wilhelm in order to settle a dispute.
“It's a paranormal romance,” Mrs. Ashley, who
writes under the pen name Kelliea Ashley, said. “If anybody likes the witches and the vampires =
Connect withUs

and the werewolves that's what it is.”

) RSO
But Mrs. Ashley cautioned, “It's not Twilight,” referring to the popular book and movie series.
“My vamplires don't sparkle.”

Born in Gouverneur, Mrs. Ashley currently lives in Ogdensburg and said she draws inspiration
from the north country as settings for her novels.

“All of my books have a north country feel,” she said. “Even with the vampires and werewolves.”

Mrs. Ashley said she originally intended to write the Sisters of Fate series as a trilogy, but was
pushed by her editor at Breathless Press to explore the characters further and extend it.

“It's open ended,” she said, so readers can expect more tales of forbidden love between witches,
vampires and werewolves.

Mrs. Ashley said she has been writing since she was 13 but it was her husband, Joshua, who
finally convinced her to find a publisher for her novels in 2012.

Her latest book is available as an e-book at breathlesspress.com, amazon.com,
allromanceebooks.com, Apple I-Books and bookstrand.com.

“As long as [people] read them and get away from their everyday life, that's what 'm shooting,”
Mrs. Ashley said. “I'm not looking to get rich; I'm just looking to put my work out there.”
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What is a segment?

"A segment is a part of a web page
containing the elements that belong together...

... visually,
semantically,
and in purpose.”
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Category

Approaches

Name

Document type

Publication

DOM-only

VIPS

HEPS

Web page

Web page

Cai et al.,
"Extracting Content Structure for
Web Pages based on Visual
Representation”, 2003

Manabe et al.,
"Extracting Logical Hierarchical
Structure of HTML Documents

Based on Headings", 2015

Visual

Cormier et al.

MMDetection

Web page

Photo

Cormier et al.,
"Purely vision-based
segmentation of web pages for
assistive technology"”, 2016

Chen et al.,
"MMDetection: Open mmlab

detection toolbox and
benchmark"”, 2019

Hybrid

Meier et al.

Newspaper page

Meier et al.,
"Fully convolutional neural
networks for newspaper article
segmentation”, 2017
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Segments are regarded as clusters of atomic elements:
o pixels
e edgesfine and edgescoarse (Canny edge detection)
e nodes (in the DOM tree)
e characters

—> Precision (Pg3), Recall (Rg3) and F-score (Fg3) can be calculated between
two segmentations

—> different atomic elements cover variety of algorithm performance aspects

Kiesel et al., "Web Page Segmentation from First Principles”, 2020
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Terms

Precision: how many of the elements in an algorithm segment
also belong to one segment in the ground truth?

Recall: how many of the elements in a ground truth segment
are grouped together in one algorithm segment?

F-score: harmonic mean of precision and recall

10
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Consistency and reproducibility

e Webis Web Segments 2020 based on Webis Web Archive 17

e high level of completeness and reproduction accuracy within
Webis Web Archiver

e archived pages can be reproduced in automated Chromium
browser

e any segmentation algorithm written in JavaScript can be run
on the archived web page — highly consistent input

—> Contribution: TypeScript/JavaScript port of VIPS
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Approaches, Evaluations and Results



Overview

Evaluation of all algorithms + single-segment baseline
against the ground truth

Parameter analyses: VIPS and Cormier et al.
Visual/hybrid segmentations fit to DOM nodes
Cross-evaluation (algorithm similarity)

Min-vote ensemble (combining algorithm segmentations)

15



DOM-only approach: VIPS

<) | Visual Block E E Visual Separator
?J Extraction I - Detection

Visval mumm
CSS — e font
Info
For any node
that fails
_‘__ f ? é% granularity <: C% j Content Structure
equirement? < | . Construction

Vision Based Check new nodes

Content Structure

Deng Cai, Shipeng Yu, Ji-Rong Wen, Wei-Ying Ma,
"Extracting Content Structure for Web Pages based on Visual Representation”, 2003
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Info
For any node
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_ ‘__ f ? é% granularity <: C% j Content Structure
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Content Structure

e fixed set of rules down to element level

Deng Cai, Shipeng Yu, Ji-Rong Wen, Wei-Ying Ma,
"Extracting Content Structure for Web Pages based on Visual Representation”, 2003
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DOM-only approach: VIPS

rules
l

» f—
T %
ree . Visual Block E E Visual Separator
G0 Extraction Detection
Visual o pont
CSS — 'l m=-en ﬁ 1

/ﬁ\ All succeed

Vision Based
Content Structure

For any node
that fails

<$:::::j (:A§%;2\\ j Content Structure

< | . Construction

Check new nodes

granularity
equirement?

l

PDoC

e fixed set of rules down to element level

o Permitted Degree of Coherence (PDoC) influences granularity

Deng Cai, Shipeng Yu, Ji-Rong Wen, Wei-Ying Ma,
"Extracting Content Structure for Web Pages based on Visual Representation”, 2003
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Results: VIPS

pixels characters
PDoC | #segments Ppgs Rys Fys Ppys Rpys Fps
8 80.2 0.46 0.36 0.32 0.93 0.41 0.50
5 13.5 0.35 0.70 0.38 0.74 0.76 0.68
A - 66.7 - 0.11 +0.34 + 0.06 - 0.19 + 0.35 + 0.18

e oversegmentation (ground truth: 9.1 segments)
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PDoC | #segments Ppgs Rys Fys Ppys Rpys Fps
8 80.2 0.46 0.36 0.32 0.93 0.41 0.50
5 13.5 0.35 0.70 0.38 0.74 0.76 0.68
A - 66.7 - 0.11 +0.34 + 0.06 - 0.19 + 0.35 + 0.18

e oversegmentation (ground truth: 9.1 segments)

—> high precision, low recall, low F-score
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5 13.5 0.35 0.70 0.38 0.74 0.76 0.68
A - 66.7 - 0.11 +0.34 + 0.06 - 0.19 + 0.35 + 0.18
Reason:

e PDoC > 6 applies rules targeting specific element types
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Results: VIPS

pixels characters
PDoC | #segments Ppgs Rys Fys Ppys Rpys Fps
8 80.2 0.46 0.36 0.32 0.93 0.41 0.50
5 13.5 0.35 0.70 0.38 0.74 0.76 0.68
A - 66.7 - 0.11 +0.34 + 0.06 - 0.19 + 0.35 + 0.18

Reason:
e PDoC > 6 applies rules targeting specific element types

—> outdated, detrimental to segmentation quality
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Results: VIPS

pixels characters

PDoC | # segments Ppgs Rys Fys Ppgs Rps Fps

8 80.2 0.46 0.36 0.32 0.93 0.41 0.50
5 13.5 0.35 0.70 0.38 0.74 0.76 0.68

A - 66.7 - 0.11 + 0.34 + 0.06 - 0.19 + 0.35 + 0.18

Downloads  Documentation | GetInvolved  Help

« ReflectionFunctionAbstract:getNamespaceName ReflectionFunctionAbstract:getNumberOfRequiredParameters »

Reflection

) ReflectionFunctionAbstract
Change language: |English v

Edit Report a Bug

Example:
HTML <code> element

ReflectionFunctionAbstract::getNumberOfParameters

(PHP 5 >=5.3.0, PHP 7)
ReflectionFunctionAbstract::getNumberOfParameters — Gets number of parameters

Description

public int ReflectionFunctionAbstract::getNumberOfParameters ( void )

Get the number of parameters that a function defines, both optional and required.
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Results: VIPS

pixels characters
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Reflection
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Edit Report a Bug
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Description
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Get the number of parameters that a function defines, both optional and required.
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Results: VIPS
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PDoC 5:

e applied rules target only coarse page divisions
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—> oversegmentation reduced; lower precision, but much higher recall, increased F53
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Results: VIPS

pixels characters
PDoC | #segments Ppgs Rys Fys Ppys Rpys Fps
8 80.2 0.46 0.36 0.32 0.93 0.41 0.50
5 13.5 0.35 0.70 0.38 0.74 0.76 0.68
A - 66.7 - 0.11 + 0.34 + 0.06 - 0.19 + 0.35 + 0.18

PDoC 5:
e applied rules target only coarse page divisions
—> oversegmentation reduced; lower precision, but much higher recall, increased F53

—> VIPS (PDoC 5) is best single algorithm
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Results: Cormier et al.

pixels characters
Parameters | # segments PB3 RB3 FB3 ‘ PB3 RB3 FB3
(best) ~ Smin =45 px 38.0 ‘ 0.34 0.77 0.36 ‘ 0.67 0.78 0.62
tr=512 px
VIPS
(PDoC 5) ‘ 13.5 ‘ 0.35 0.70 0.38 ‘ 0.74 0.76 0.68

Primary observations:

o Purely visual approach comes close to VIPS' performance
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Results: Cormier et al.

pixels characters
Parameters | # segments PB3 RB3 FB3 ‘ PB3 RB3 FB3
(best) ~ Smin =45 px 38.0 ‘ 0.34 0.77 0.36 ‘ 0.67 0.78 0.62
tr=512 px
VIPS
(PDoC 5) ‘ 13.5 ‘ 0.35 0.70 0.38 ‘ 0.74 0.76 0.68

Primary observations:
o Purely visual approach comes close to VIPS' performance
e but: needs more than 3x segment count to come close

—> expresses fundamentally different operation (visual vs. DOM-based)
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(worst)

(best)

Results: Cormier et al.

pixels characters
Parameters | # segments PB3 RB3 FB3 PB3 RB3 FB3
Smin = 90 pX 18.4 0.29 0.86 0.35 0.60 0.87 0.63
tr = 256 px
Smin = 45 pX 38.0 0.34 0.77 0.36 0.67 0.78 0.62
tr=512 px
A +19.6 +0.05 - 0.09 +0.01 +0.07 - 0.09 - 0.0
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ults: Cormier et al.

pixels characters

Parameters | # segments PB3 RB3 FB3 PB3 RB3 FB3

(worst) ~ Smin = 90 pX 18.4 0.29 0.86 0.35 0.60 0.87 0.63
t = 256 px

(best) St DPY 1 380 0.34 0.77 0.36 0.67 0.78 0.62

A + 19.6 + 0.05 - 0.09 + 0.01 + 0.07 - 0.09 - 0.01

Oops! Transposed numbers send Homeland Security callers to sex line

An inadvertent switching of numbers on a top govemment official’s business card puts callers in contact with sex chat ine.

Indicted ex-UTA board member wants judge, not jury, to decide his fate
Denni 1 215t- 14y

A former Utah Transit Authority board member who allegedly misrepresented more than $1 million on a commuter rall land
deal wants a Judge — not a jury — to decide his fate.

Parameters:

Fight over licorice leads to felony charge
o PR Lip 1
A man accused of violenty assaulting another man all over pieces of licorice now faces serious charges.

Ogden signs agreement with European outdoor sports firms

A Utah cly s staking its claim as a hub for the outdoor Industry.

e t;(max. line length for probability estimation)
S {256, 512} pX (2) Smin = 45,1 — 256 px

Oops! Transposed numbers send Homeland Security callers to sex line
PatR LIP 21st-2
An inadvertent switching of numbers on a top govemment offlars business card puts callrs In contact with sex chat ine.

Indicted ex-UTA board member wants judge, not jury, to decide his fate
Denri ¢

A former Utah Transit Authority board member who allegedly misrepresented more than $1 milion on a commuter railland
deal wants a judge — not a jury — to decide his fate.

e increasing t;finds extended lines across
larger gaps

A man accused of violenty assaulling another man all over pleces of icorice now faces serious charges.

Ogden signs agreement with European outdoor sports firms

A Utah ciy s staking its ciaim as a hub for the outdoor industry.

Load More Stories

25 (b) Smin = 45,1 = 512 px



Results: Cormier et al.

pixels characters

Parameters | # segments PB3 RB3 FB3 PB3 RB3 FB3

(worst) ~ Smin = 90 pX 18.4 0.29 0.86 0.35 0.60 0.87 0.63
tr = 256 px

(best) ~ Smin =45 pX 38.0 0.34 0.77 0.36 0.67 0.78 0.62
tr=512 px

A +19.6 +0.05 - 0.09 +0.0T +0.07 - 0.09 - 0.0

Parameters:

e Smin (Minimum segment border length)
€ {45, 90} px
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Results: Cormier et al.

pixels characters

Parameters | # segments PB3 RB3 FB3 PB3 RB3 FB3

(worst) ~ Smin = 90 pX 18.4 0.29 0.86 0.35 0.60 0.87 0.63
tr = 256 px

(best) ~ Smin =45 pX 38.0 0.34 0.77 0.36 0.67 0.78 0.62
tr=512 px

A +19.6 +0.05 - 0.09 +0.0T +0.07 - 0.09 - 0.0

Parameters:

e Smin (Minimum segment border length)
€ {45, 90} px

o influences segmentation granularity
directly

(b) Smin = 45,1 = 256 px

e Interaction with
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Results: Cormier et al. - DOM fitting

pixels characters

Variant | # segments Ppys Rys Fpys ‘ Ppgs Rpys Fpgs
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o pixels: consistently lower Pgs; and therefore Fgys than for all other atomic elements
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pixels characters

PB3 RB3 FB3 ‘ PB3 RB3 FB3

Variant ‘ # segments

o pixels: consistently lower Pgs; and therefore Fgys than for all other atomic elements
e primary culprit: blank space

e correct segmentation of blank space important for some uses (e.g. design
mining), irrelevant for others (e.g. text extraction tasks)
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Results: Cormier et al. - DOM fitting

pixels characters

PB3 RB3 FB3 ‘ PB3 RB3 FB3

Variant ‘ # segments

pixels: consistently lower Pgs and therefore F3 than for all other atomic elements
primary culprit: blank space

correct segmentation of blank space important for some uses (e.g. design
mining), irrelevant for others (e.g. text extraction tasks)

can be somewhat mitigated by fitting to DOM nodes
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Results: Cormier et al. - DOM fitting

pixels characters

PB3 RB3 FB3 ‘ PB3 RB3 FB3

Variant | # segments

e human segmentations are fit to DOM nodes (containment
threshold 8, = 0.75)
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Results: Cormier et al. - DOM fitting

pixels characters

Variant | # segments Ppys Rys Fpys ‘ Ppgs Rpys Fpgs

e human segmentations are fit to DOM nodes (containment
threshold 8, = 0.75)

—> fair treatment: fit visual/hybrid algorithms to DOM nodes,
too
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Results: Cormier et al. - DOM fitting

pixels characters
Variant | # segments Ppys Rys Fpys Ppgs Rpys Fpgs
best 38.0 0.34 0.77 0.36 0.67 0.78 0.62
best, fitted 16.8 0.42 0.77 0.38 0.68 0.81 0.65
A -21.2 + 0.08 - + 0.02 +0.01 +0.03 + 0.03

e Reduced oversegmentation and increased precision (pixels)
and recall (characters)
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Results: Cormier et al. - DOM fitting

pixels characters
Variant ‘#segments Ppys Rys Fpys ‘ Ppgs Rpys Fpgs
best,fitted‘ 16.8 ‘ 0.42 0.77 0.38 ‘ 0.68 0.81 0.65
VIPS ‘ 13.5 ‘ 0.35 0.70 0.38 ‘ 0.74 0.76 0.68

(PDoC 5)

e Reduced oversegmentation and increased precision (pixels)
and recall (characters)

—> [y matches VIPS for pixels and comes closer for characters
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Visual approach: MMDetection



Visual approach: MMDetection

e NOT a Web Page Segmentation
algorithm!
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... in fact, not an algorithm by itself
— machine learning toolkit

designed for real-world object detection
and instance segmentation (i.e. segmenting real-world images)

offers high-performance, pre-trained, state-of-the-art neural network
models
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Visual approach: MMDetection
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EH: B

e ...infact, not an algorithm by itself
— machine learning toolkit

e designed for real-world object detection
and instance segmentation (i.e. segmenting real-world images)

e offers high-performance, pre-trained, state-of-the-art neural network
models

e currently leads Microsoft COCO challenge in instance segmentation

—> transfer to Web Page Segmentation possible?
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Results: MMDetection

pixels characters
Variant | # segments Ppys Rys Fpys Ppgs Rpys Fpgs
original 252.2 0.47 0.41 0.33 0.80 0.44 0.48
VIPS ‘ 13.5 ‘ 0.35 0.70 0.38 0.74 0.76 0.68

(PDoC 5)

e Real-world image segmentation does not directly transfer well
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pixels characters
Variant | # segments Ppys Rys Fpys Ppgs Rpys Fpgs
original 252.2 0.47 0.41 0.33 0.80 0.44 0.48
VIPS ‘ 13.5 ‘ 0.35 0.70 0.38 0.74 0.76 0.68

(PDoC 5)

e Real-world image segmentation does not directly transfer well

e massive oversegmentation
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Results: MMDetection
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Variant | # segments Ppys Rys Fpys Ppgs Rpys Fpgs
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pixels characters
Variant | # segments Ppys Rys Fpys Ppgs Rpys Fpgs
original 252.2 0.47 0.41 0.33 0.80 0.44 0.48
VIPS
(PDoC 5) ‘ 13.5 ‘ 0.35 0.70 0.38 0.74 0.76 0.68
Reasons:

e segmenting real-world objects found in images on web pages
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Results: MMDetection

pixels characters
Variant | # segments Ppys Rys Fpys Ppgs Rpys Fpgs
original 252.2 0.47 0.41 0.33 0.80 0.44 0.48
VIPS
(PDoC 5) ‘ 13.5 ‘ 0.35 0.70 0.38 0.74 0.76 0.68
Reasons:

e segmenting real-world objects found in images on web pages

e neural network model not trained on web pages

33



Results: MMDetection - DOM fitting

pixels characters
Variant | # segments Ppys Rys Fpys Ppgs Rpys Fpgs
original 252.2 0.47 0.41 0.33 0.80 0.44 0.48
fitted 14.7 0.67 0.38 0.35 0.80 0.54 0.56
A -237.5 +0.20 - 0.03 +0.02 - +0.10 +0.08
(Pl‘)/f)”cs 5 13.5 0.35 0.70 0.38 0.74 0.76 0.68
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Results: MMDetection

- DOM fitting

pixels characters
Variant | # segments Ppys Rys Fpys Ppgs Rpys Fpgs
original 252.2 0.47 0.41 0.33 0.80 0.44 0.48
fitted 14.7 0.67 0.38 0.35 0.80 0.54 0.56
A -237.5 +0.20 - 0.03 +0.02 - +0.10 +0.08
(Pl‘)/f)”cs 5 13.5 0.35 0.70 0.38 0.74 0.76 0.68

e 94.2% reduction in segment count

e best precision for pixels across all single algorithms

o Fp3approaches VIPS for pixels
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Further experiments



Algorithm cross-evaluation
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Algorithm cross-evaluation

e Fp3expresses segmentation similarity
(interpreted as quality when comparing to ground truth)
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Algorithm cross-evaluation

e Fp3expresses segmentation similarity
(interpreted as quality when comparing to ground truth)

—> possibility of expressing similarity between algorithms

FB3 S
S* VIPS HEPS Cormier MMDet.
VIPS 1.00 0.41 0.31
HEPS 0.41 1.00 0.31
Cormier 0.51 0.50 0.37
MMDet. 0.31 0.31 1.00

pixels

FB3 S
S* VIPS HEPS Cormier MMDet.
VIPS 1.00 0.48 0.60 0.41
HEPS 0.48 1.00 0.43 0.36
Cormier 0.60 0.43 1.00 0.40
MMDet. 0.41 0.36 0.40 1.00
characters
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Min-vote ensemble

e Applying segmentation fusion (used in ground truth creation)
to algorithm segmentations
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e Applying segmentation fusion (used in ground truth creation)
to algorithm segmentations

e Min-vote@n, n€ [1, 2, 3, 4] = number of algorithm
segmentations that put a given element in a segment

e Initially evaluated for paper with unoptimized parameters
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Min-vote ensemble

Applying segmentation fusion (used in ground truth creation)
to algorithm segmentations

Min-vote@n, n € [1, 2, 3, 4] = number of algorithm
segmentations that put a given element in a segment

Initially evaluated for paper with unoptimized parameters

now: optimized parameters, fitted segmentations — what
improvements do we see?

37
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Results: Min-vote ensemble

pixels characters
Variant | # segments Ppgs ‘ Rps ‘ Figs Pp: ‘ Rps ‘ Fps
unogti:n;ized 32.9 0.39 0.64 0.38 0.76 0.68 0.65
optimized 16.0 0.37 0.77 0.40 0.71 0.80 0.69
A - 16.9 - 0.02 + 0.13 + 0.02 - 0.05 + 0.12 + 0.04
(Pl\)/:)PCS5) 13.5 0.35 0.70 0.38 0.74 0.76 0.68

e influence of optimized parameters and fitting
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Results: Min-vote ensemble

pixels characters
Variant | # segments Ppgs ‘ Rps ‘ Figs Pp: ‘ Rps ‘ Fps
“”Ogti:”“zized 32.9 0.39 0.64 0.38 0.76 0.68 0.65
optimized 16.0 0.37 0.77 0.40 0.71 0.80 0.69
A - 16.9 - 0.02 +0.13 +0.02 - 0.05 +0.12 + 0.04
(Pl‘)/f)”cs5) 13.5 0.35 0.70 0.38 0.74 0.76 0.68

e influence of optimized parameters and fitting
e segment count cut in half, only minor losses in precision

e Min-vote@2 beats VIPS, provides best overall results
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Summary - Ranking

pixels characters
Approach /| , ¢ P R F P R F
Variant segments B3 B3 B’ B B’ B
Minvole@2 | 16,0 0.37 0.77 0.40 0.71 0.80 0.69

(optimized)
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Summary - Ranking

pixels characters

Approach /

Variant # segments Pps Rps Figs Pp: Rp; Fpgs
Min-vote@2

(optimized) 16.0 0.37 0.77 0.40 0.71 0.80 0.69

VIPS
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pixels characters
Approach /
Variant # segments Pps Rps Figs Pp: Rp; Fpgs
Min-vote@2
(optimized) 16.0 0.37 0.77 0.40 0.71 0.80 0.69
VIPS
(PDoC 5) 13.5 0.35 0.70 0.38 0.74 0.76 0.68
Cormier et al.
(i = 45 x 16.8 0.42 0.77 0.38 0.68 0.81 0.65
fitted)
MM Detection
(fitted) 14.7 0.67 0.38 0.35 0.80 0.54 0.56
HEPS 35.8 0.39 0.54 0.32 0.72 0.50 0.50
Meier et al. 7.0 0.56 0.39 0.26 0.66 0.48 0.42

(fitted)
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Summary: Contributions

First implementation of VIPS in TypeScript/JavaScript (ported
from Java)

First comparison of segmentation performance on large dataset
Analyses of all algorithms, with in-depth parameter discussions:
e VIPS: Highlighting relationship between PDoC and rules
o Cormier et al.: Revealing parameter interactions

Promising combination of DOM information with visual
segmentation, has benefits beyond fair evaluation treatment
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There are more approaches to be evaluated!
Analysis of performance by web page genre

DOM-based segmentations: incorporate HTML5/ARIA tags

New hybrid approaches combining visual segmentation
strategies with DOM information
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Thank youl!



