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Introduction

You affect theworld by what you browse

1.1 Motivation

WWW the Web

consumed the largest percentage of bandwidth
on the network
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1.2 Background Knowledge

Upper Layer



Request
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Lower Layer

Arguments
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1.3 Challenges of Our Study



1.4 ThesisClaim

subjective
objectively



what-if

1.5 Thesis Organization



Part I

Web PerformanceAnalysis Based on
User Exper iences





Overview of Par t I

analysis





Initial Platform

Theonly way to know how customerssee
your business is to look at it through their
eyes

2.1 Introduction
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2.2 Platform Set-up

2.2.1 Browser Plugin

waiting time
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2.2.2 Packet Level Capture
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2.3 Measurement

2.3.1 Metr ics and Methodology
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2.3.2 Measurement Result



2.3.2.1 Wireless vs. Wired Client

2.3.2.2 Student Residence A

tDNS tT CPRT T tDataTrans

2.3.2.3 Student Residence B

fast retransmit retransmission timeout
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YouTube RTT in Wireless
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YouTube RTT in Ethernet
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2.4 Related Work
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2.5 Discussion



2.6 Conclusion





On theRelationship between QoS and
QoE for Web Sessions

If your actions inspireothers to dream
more, learn more, do more and becomemore,
you area leader

3.1 Introduction

3.2 Measurement Set-up

3.2.1 Architecture
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3.2.2 Metr ics
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3.2.3 Methodology
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3.3 Controlled Exper iment

ADSL EUR STEX



3.3.1 Global Analysis
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3.3.2 Discussion of Cluster ing Number

>

3.4 HomeUsers Surfing in theWild

feedback button

poor
good

3.4.1 Global Analysis
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3.4.2 Discussion of Cluster ing Number
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3.4.3 Per-Client Analysis

we want to compare the KPIs of good and
poor Web sessions on a per-user basis to see if we can identify commonalities among the different
users
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3.4.4 Session Anomaly Analysis
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thesameWeb page
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3.6 Related Work

future work leaving the
connection level of analysis

3.7 Conclusion
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Distr ibuted Analysis and Diagnosis of
Web Per formance

Theonly thing that will redeemmankind is
cooperation

4.1 Introduction

4.2 System Design



4.2.1 High-Level Algor ithm Descr iption
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4.2.2 Architecture
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Cluster ing

4.2.2.2 Public Coordinator

active peer list test



4.2.3 Selected Features
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4.3 Real Wor ld Deployments
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4.3.1 Evaluations



Measurement Locations Connection Type CPU/MEM
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loop
$URL ← web list
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$URL
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4-hour 0.1

Test Scenario ClusterID Cluster1 Cluster2 Cluster3 Cluster4
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4.3.2 CaseStudies

4.3.2.1 HomeNetwork Compar isons

local network
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4.3.2.2 Impact of DNSResolution
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clusterID DNS TCP HTTP EUR HOME1 HOME2 NAP TOT.
444.89 480.69 32
82.89 221.66

clusterID DNS TCP HTTP EUR HOME1 HOME2 NAP TOT.

447.61 511.37 33

78.13 204.64

clusterID DNS TCP HTTP EUR HOME1 HOME2 NAP TOT.
471.10 468.06 17
391.00 442.71 16
89.11 230.41
75.99 199.80

Single

clusterID tcp EUR HOME1 HOME2 NAP
15
11
27

28.75 57 47 55

Panther Express CDNetworks

ChineNet Guangdong
Province Network

4.4 Conclusions



Locations IP Hit(%) Org.

77.67.3.x 89.1 Panther Express Corp

91.202.200.x 65.4 CDNetworks network
93.188.131.x 25.7 Panther ExpressCorp.

93.188.128.x 52.7 Panther ExpressCorp.
174.35.6.x 9.7 CDNETWORKS
174.35.7.x 8.8 CDNETWORKS
174.35.4.x 7.9 CDNETWORKS
174.35.5.x 5.5 CDNETWORKS

HOME2

58.63.236.x 92.1 ChinaNet Guangdong ProvinceNetwork
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Part I I

Troubleshooting Web Sessions in theWild





Overview of Par t I I

human-analysis

automatic





Design of theTool

You cannot solvea problemfrom thesame
consciousnessthat created it. You must learn
to see theworld anew

5.1 Architecture Descr iption

FireLog

5.1.1 Client Side

Object monitor ing



Page monitor ing

User feedback

Pr ivacy policy
first

second

Data dispatching
key browsing events

single-thread
asynchronous



synchronous

Others

5.1.2 Server Side



5.2 Metr ic I llustration

t1

t1 t2 DNS delay
dns t1;2

t3

t4

TCP connecting (or handshake) delay tcp t3;4

t6

t
′

6

t
′

8 t
′

7
t8

t6;8 HTTP query delays http t6;8

t9

5.3 Tool Evaluation

browsing overhead time accuracy



Browsing Overhead:

Timestamp Accuracy:
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Root Cause Analysis of Web Per formance

Computersare useless. They can only give
you answers

6.1 Introduction

fully loaded



6.2 Diagnosis Scheme

6.2.1 Proposed Heur istic

6.2.1.1 Main Scheme

Client sidediagnosis

Network and server side diagnosis

thms



Algor ithm 1

Input: P PLT tsi
star t tsi

end
httpi

tcpi p N B
Output:

function
I dle← nul l
C.App.Scor e← nul l
Ser v.Scor e← nul l
for all i ∈ P doP

I dle← (P; tsi
star t ; tsi

end)

C.App.Scor e←
P

I dle
P L T

if C.App.Scor e ≥ thc then
return

H TTP ←
P

httpi

N

TCP ←
P

tcpi p

# i p
if H TTP ≥ thms then ⊲

Ser v.Scor e← H T T P
T CP

if Ser v.Scor e ≥ ths then
return

else
tcpi p

base ← (dataset)
T ← ± 5 ⊲

Res← P; T ; tcpi p
base

if Res 6= nul l then
return Res

if N ≥ th
′

si ze B ≥ th
′′

si ze then
return

return ⊲

Other factor diagnosis

6.2.1.2 Network Case



Algor ithm 2
Input: dataset
Output:

function dataset
if tcpi p dataset then

return tcpi p
⊲

B aseL ist i p ← nul l
for all ip do ⊲

tcpi p
base ← tcpi p

10%th httpi p
10%th

tcpi p
base basel ine

return tcpi p
base

Algor ithm 3

Input: P T tcpi p
base

Output:
function P; T ; tcpi p

base
U ← nul l ⊲

V ← nul l ⊲

∆ ← nul l ⊲

for ip ∈ P do
∆ ← tcpi p − tcpi p

base ⊲

∆ U
if mean(U) ≤ thms then ⊲

return nul l
for ip ∈ T do

if tcpi p
base ≤ tcpgoogle

base + thms then ⊲

∆ ← tcpi p − tcpi p
base ⊲

∆ V
min max V ⊲

if V then
return nul l

F1 ←
mean(U)− mean(V)

stddev(V) ⊲

F2 ←
mean(V)
mean(U) ⊲

if F1 ≤ thF 1 F2 ≥ thF 2 then
return

else
return



minimum maximum
≥ 5

F1

F2

threshold description

thc

thm s

ths

th
′

si z e

th
′′

si z e

thF 1

thF 2

6.2.1.3 Flow-chart Interpretation

tree-based

before
DNSproblem





80
mid-box

6.2.2 Tuning of Threshold

thc

0.2



0 20 40 60 80 100
10

3

10
4

10
5

Ctrl.CPU (%)

M
e

d
.L

o
a

d
 (

m
s

)

 

 

yahoo.com
akamai.com
TestPage

0 0.2 0.4 0.6 0.8 1
0.2

0.3

0.4

0.5

0.6

0.7

0.8

C.App.Score

C
D

F

Yahoo Page

 

 

30%−100%CPU Limit

20%CPU Limit

10%CPU Limit

0 0.2 0.4 0.6 0.8 1
0.2

0.3

0.4

0.5

0.6

0.7

0.8

C.App.Score

C
D

F

Yahoo Page

 

 

30%−100%CPU Limit

20%CPU Limit

10%CPU Limit

0 0.2 0.4 0.6 0.8 1
0.2

0.3

0.4

0.5

0.6

0.7

0.8

C.App.Score

C
D

F

Yahoo Page

 

 

30%−100%CPU Limit

20%CPU Limit

10%CPU Limit

thc

thc = 0.2

thms

thms = 100

136 271

ths network server

100
1.0 4.0



0 20 40 60
0

50

100

150

200

250

300

time (sec)

P
in

g
.R

T
T

 t
o

 G
W

 (
m

s
)

1 1.5 2 2.5 3 3.5 4
0

20

40

60

80

100

Serv.Score  Threshold

D
e

te
ct

 a
s

 ’l
o

c
a

l n
e

tw
’ (

%
)

 

 

google
yahoo
youtube
akamai

ths

ths 1 2
2.5

2.5

thF 1 = 1 thF 2 = 0.5

86 663.19



6.3 “ Wild” Deployment

6.3.1 Measurement and Dataset

# page # domain # obj ect # page # domain # obj ect
A(F R)
B (F R)
C(CN )

6.3.2 Limitation Analysis

21% 29% 32%
28% 39%
21% 44%

6.3.2.1 Client L imitation

0.2
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User A
User B
User C

6.3.2.2 Network Performance

t i p
base

t i p
base > tcpgoogle

base + 100 ms

6.3.2.3 Server SideCause
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6.3.2.4 More Discussions of Server Side Interaction

Server side behavior

server-side limited

serv.offset

net.rtt

0 500
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300

< 100

0 > 300

200

Impact on user exper iences
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it allows us to discover such interesting domain
and reveal details of their server-side interactions



6.3.3 Discussion
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P
tcp

P
http N r:Obj D L :Obj B ytes D L :B ytes

Cl ient:L imi t 0.83
Ser v:Side:L imi t 0.44

N etw: L imi t 0.60

6.4 Compar ison With Other Related Work

[C:App:Scor e; TCP; H TTP; N r:]

C.App.Scor e TCP
H TTP
N r.

four

same
clustering can beconsidered

as a complement for our diagnosis heuristic

Client SideL imited Pages

Cluster I D C:App:Scor e TCP H TTP N r: Tot:Page

1533 ms 231
10954 ms

6.5 Related Work
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6.6 Conclusions
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Part I I I

A New Method For Analysis of theWeb
Browsing





Overview of Par t I I I

a single
entity





Critical Path Method for Web Analysis

A project without a critical path is like a
ship without a rudder

7.1 Introduction

all

Cr itical Path Method

key elements
what-if

any
project with interdependent activities can apply this method of analysis

project activities

This process determines which activities are “ critical” (i.e. on the longest path) and which have “ total float”
(i.e. can bedelayed without making theproject longer)



7.2 Object Download Activities

tdns

t tcp

thttp

tdata

tdata:end

tdns

undefined
t tcp undefined

tstar t tend

tstar t = min(tdns; t tcp; thttp)

tend = max(tdata; tdata:end)

tstar t tend

7.3 Dependency Discovery

tstar t tend



7.3.1 Dependency Definition

one object depends on a list of other objects if downloading the former
children object can only occur when thedownloads of all the latter parent objects arefinished

1) ReferenceDependency

2) Redirection Dependency

3) Blocking Dependency

4) Inferred Dependency

7.3.2 Dependency Identification

{ }

6



immediately after

hidden

finish before

F = max(tend(A); tend(B )) − min(tstar t (A); tstar t (B ))

TA = tend(A) − tstar t (A)

TB = tend(B ) − tstar t (B )

F :

(
< TA + TB : parallel running

≥ TA + TB : not in parallel



same random-
ness

7.3.3 Algor ithm for dependency extraction

tstar t (i ) tend(i ) P1(i ) P2(i )
P3(i ) i

Notation Meaning

tst a r t (i ) i
ten d (i ) i
P1(i ) i
P2(i ) i
P3(i ) i
E xpl i ci tPar ent(i ) i
B lockPar ent(i ) i i
I nf er Par ent(i ) i
Par entSet(i ) i

i i



Algor ithm 4
Input: tstar t (i ) tend(i )
Output: Par entSet(i )

function
tstar t (i )

for i ∈ sor ted obj ects do
B lockPar ent(i ) ← nul l

Expl ici tPar ent(i )
i

for all j tstar t (j ) > tend(i ) && j =∈ Expl ici tPar ent(i ) do
j Par entSet(i )

Algor ithm 5
Input: tstar t (i ) tend(i )
Output: B lockPar ent(i )

function
for i ∈ sor ted obj ects do

B lockChi ldr en ← nul l
B lockPar ent(i ) ← nul l
if P1(i ) ≥ max1 P2(i ) ≥ max2 P3(i ) ≥ max3 then

for all J tstar t (i ) do
J tend(J )

x ← argmin
i

(tstar t (i )) ∀i =∈ B lockChi ldr en tstar t (i ) ≥ tend(J.pop)

if tstar t (x) − tend(J.pop) < δ then
B lockPar ent(x) ← J.pop

x B lockChi ldr en ⊲ x

Algor ithm 6
Input: Par entSet(i )
Output: I nf er Par ent(i )

function
for i Par entSet(i ) 6= nul l do

Par entSet(i ) ← (i ; Par entSet(i ))
I nf er Par ent(i ); Par entSet(i ) ← (i ; Par entSet(i ))
if 6= then

Selected← (i ; Par entSet(i ))
Selected I nf er Par ent(i )

Par entSet(i ) ← nul l ⊲

imme-
diately after

10 δ



Algor ithm 7
function i Par entSet(i )

for j Par entSet(i ) do
for all do

if ∃ i ; j then
j Par entSet(i )

return Par entSet(i )

function i Par entSet(i )
Par ents(i ) ← nul l
for j Par entSet(i ) do

for all do
if ∃ j tend(j ) > tend(x) + α x ∈ Par entSet(i ) x 6= j then

j Par entSet(i )
j Par ents(i )

return Par ents(i ) Par entSet(i )

function i Par entSet(i )
Selected← nul l
for j ∈ Par entSet(i ) do

tstar t (i ) tend(j )
(tstar t (i ) − tend(j )) ⊲ > θ

if tend(j ) tstar t (i ) > β then
j Selected

return Selected

i union
Expl ici tPar ent(i ) B lockPar ent(i ) I nf er Par ent(i )

7.4 Cr itical Path Extraction

V E V
E i → j



Name Description Value
max1 6
max2 8
max3 256
δ 10
α 1
β 0:7
θ ten d (par ent) tst a r t (chi ld) 80%

E i j

downloading delay client delay

Ti i Ti ;j

i j i Ti = tend(i ) −
tstar t (i )

all
tend(3) > max(tend(1); tend(2))

T3;4

T1;4 T2;4

T1;4 = T2;4 = 0.01

root leaves

Cr itical Path

7.5 Exper iment Results

7.5.1 Instrumenting



levenshtein edit distance

7.5.2 CaseStudy

7.5.2.1 Google Page

◦

◦

◦

◦

◦

◦



◦

7.5.2.2 Wikipedia Page

◦

◦

◦

◦



◦

7.6 Usageof Cr itical Path Method

“ activities in thispath should havea direct impact
on the whole project”

7.6.1 PerformancePrediction

What-if

7.6.1.1 What-if RTT Change
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7.6.1.2 What-if Using Cache
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10%

7.6.2 PerformanceDiagnosis



what-if



4.7 5:1− 4:7
5:1 = 8%

7.6.3 Key Object Extractor

>
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7.7 Discussion

similarity

Gbase G1 distances

D ist(G1; Gbase) = Del(G1; Gbase) + Add(G1; Gbase)
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Add(G1; Gbase) G1 Gbase

G1

Gbase Gbase G1

β

>

0 10 20 30 40 50
0

2

4

6

8

10

12

14
Google  Page

 

 

Number of Shared Sess ions

A
vg

.T
re

e
.D

is
ta

n
ce

Corr.Thr.=0.7
Corr.Thr.=0.9



7.8 Related Work

Character ization of Web traffic

Performance Modeling

Performance Improvements





Conclusions for Par t I I I

15%





Conclusion

The true sign of intelligence is not
knowledgebut imagination

8.1 Evaluation of theThesis Work

Our initial platform which combines measurements at both higher user’s level and lower net-
work level can greatly reduce the gap between user’s subjective QoE (Quality of Experience)
and objectively measured QoS(Quality of Service)

Different kinds of clustering techniques can beadopted to study the Web performance

Using traditional centralized clustering helps us to reveal the relationship between user
level satisfaction (QoE) and lower network level (QoS) metrics

Distributed clustering provides scalable approach to use the measurements performed of
different users



We propose root cause analysis model based on passive measurements from user’s wild brows-
ing. Our method is implemented via the Mozilla development interfaces and stores the data in
a database

Sharing browsing experiences help usdevelop a novel approach in theanalysis of theWeb page
browsing. Our novel approach named Critical Path Method can be useful for the Web per-
formance analysis in several scenarios including providing what-if predictions and key object
extraction

15%

8.2 Future Work

Tool Development



10.8% 46.9%

Model Development

correlation does not necessarily imply causality
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WWW Web



A.1.2 Objectifs de la Thèse

subjective
objectivement
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End Client
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raw data
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Web Browser

Network 

Interface
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Exempled’Utilisation
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Conclusion de la partie I
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A.2.2 Dépannage des sessionsWeb
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# page # domain # obj ect # page # domain # obj ect
A(F R)
B (F R)
C(CN )

21% 29% 32%
28% 39%
21% 44%

Conclusion de la partie I I

A.2.3 Nouvelleméthode d’analysede la navigation Web
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Conclusion de la partie I I I



A.3 Conclusion

A.3.1 Contr ibutions

Notre plateforme initiale, qui combine des mesures au niveau de l’utilisateur et au niveau du
réseau, peut réduire considérablement l’écart entre la QoE subjective de l’utilisateur (Quality
of Experience) et la QoSmesuré objectivement (Quality of Service).

Différents typesdetechniquesdeclustering peuvent êtreadoptéespour étudier lesperformances
Web

Nous proposons des modèle d’analyse de causes profondes basés sur des mesures passives de
navigation de l’utilisateur. Notre méthode est basée sur les interfaces de développement de
Mozilla et stocke les données dans une base dedonnées.



Le partage des expériences de navigation nous à aidé à développer une nouvelle approche
dans l’analyse de la navigation de pages Web. Notre nouvelle approche, appelée méthode du
chemin critique, peut être utile pour l’analyse des performances Web dans plusieurs scénarios,
y compris la production deprédictions what-if et l’extraction d’objet clé

A.3.2 Perspectives

Développement d’outil

Développement du modèle






