                                                            𝑁 Google-Chrome v
{"name": "X-Cache", "value": "MISS, HIT"}, {"name": "X-App-Cache", "value": "HIT"}, {"name": "X-Served-By", "value": "cache-iad2132-IAD, cache-cdg20761-CDG"}, "serverIPAddress": "151.101.120.175" detailedDomains cache-cdg20761-CDG {"wwwName":"tumblr.com", "requestedProtocol":"QUIC", "machine":"lili25", "adBlocker":"Yes", "networkIface":"FIBER", "browserUsed":"chrome_v75", "hostName":"assets.tumblr.com", "country":"United States", cdn":"Verizon" , "geohash": [-97.822, 37.751], "nbResH1":0, "nbResH2":0, "nbResQ":65, "nbResP":0, "nbRes":65} networkPath AS3215 -AS5511 -AS1299 -AS10310 -AS203070 Orange -OpenTransit -TeliaNet -Yahoo Oath Holdings -Yahoo France 9.08 ms -9.12 ms -10.78 ms -42.12 ms -10.71 ms . Nous avons aussi défini une nouvelle métrique Web, le Time for Full Visual À partir de plus de 18 trillions de mesures effectuées pendant 2,5 ans sur les 10,000 sites Web les plus visités (selon la classification Alexa), nous avons utilisé des techniques statistiques pour identifier les paramètres clés qualifiant et quantifiant la qualité de la navigation Web. Cet ensemble de facteurs a été confirmé par un processus d'apprentissage automatique, donnant en sortie un ensemble de règles pour prédire les temps de chargement des pages Web. des fluctuations dans les temps de chargement sont fréquentes, nous avons utilisé des modèles de de Markov cachées suivant un processus de Dirichlet hiérarchique (HDP-HMM) pour modèle et ainsi augmenter le taux de prédiction correspondant. L'évaluation de notre modèle basé sur un arbre de décision sur des sites Web jamais mesurés montre que nous pouvons prédire correctement la qualité de travaux visent ainsi à permettre aux opérateurs de réseaux et aux fournisseurs de la Qualité de Service (QoS) offerte à leurs clients Future Internet Metrology : Characterization, Quantification and Quality Artificial Intelligence, QoE, QoS, Prediction.
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                                                                          length: facenama.com
Q 1 Q 3 (Q 3 -Q 1 ) IQ (Q 3 + (1.5 * IQ) (Q 3 + (3 * IQ) 𝐹𝑃 ≤ 𝑇𝐹𝑉𝑅 ≤ 𝑃𝐿𝑇 𝜆 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ 𝐴𝐷𝑆𝐿 < 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ 𝑊𝑖-𝐹𝑖 < 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ 𝐹𝑖𝑏𝑒𝑟                                   scrollHeight 2% ≤ 𝑞𝑢𝑖𝑐𝑃𝑟𝑜𝑡𝑜𝑐𝑜𝑙𝑆ℎ𝑎𝑟𝑒 ≤ 63.94% Ʌ 𝑟𝑒𝑞𝑢𝑒𝑠𝑡𝑒𝑑𝑃𝑟𝑜𝑡𝑜𝑐𝑜𝑙 = 𝑄𝑢𝑖𝑐 𝑅𝑒𝑝𝑒𝑎𝑡 Ʌ { 𝑎𝑙𝑒𝑥𝑎𝑅𝑎𝑛𝑘𝑖𝑛𝑔 ≤ 42 Ʌ (𝑚𝑎𝑖𝑛𝑊𝑒𝑏𝑃𝑎𝑔𝑒𝑅𝑇𝑇 ≤ 18𝑚𝑠)} 𝑚𝑎𝑖𝑛𝑊𝑒𝑏𝑃𝑎𝑔𝑒𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛 = 𝑁𝐴 ˅ 𝐸𝑈 Ʌ 𝑟𝑒𝑞𝑢𝑒𝑠𝑡𝑒𝑑𝑃𝑟𝑜𝑡𝑜𝑐𝑜𝑙 = 𝑄𝑢𝑖𝑐 𝑅𝑒𝑝𝑒𝑎𝑡 Ʌ 𝑛𝑒𝑡𝑤𝑜𝑟𝑘𝐴𝑐𝑐𝑒𝑠𝑠 = 𝐹𝑖𝑏𝑒𝑟 Ʌ {𝑑𝑜𝑤𝑛𝑙𝑜𝑎𝑑𝑒𝑑𝑂𝑏𝑗𝑒𝑐𝑡𝑠 ≤ 21}                                        𝑋 𝐾 𝐶 𝜇 𝐾 𝐾 = 5                                              𝐾 = 3 𝑛𝑒𝑡𝑤𝑜𝑟𝑘𝐴𝑐𝑐𝑒𝑠𝑠 = 𝐹𝑖𝑏𝑒𝑟 Ʌ 𝐻𝑇𝑇𝑃2 -𝑅𝑒𝑝𝑙𝑖𝑒𝑠 = 100% Ʌ 𝑑𝑜𝑤𝑛𝑙𝑜𝑎𝑑𝑒𝑑𝑂𝑏𝑗𝑒𝑐𝑡𝑠 ≤ 7 Ʌ {(𝑟𝑒𝑞𝑢𝑒𝑠𝑡𝑒𝑑𝑃𝑟𝑜𝑡𝑜𝑐𝑜𝑙 = 𝐻𝑇𝑇𝑃/2) ˅ (𝑟𝑒𝑞𝑢𝑒𝑠𝑡𝑒𝑑𝑃𝑟𝑜𝑡𝑜𝑐𝑜𝑙 = 𝑄𝑈𝐼𝐶)} networkAccess = ADSL Ʌ 𝐻𝑇𝑇𝑃2 -𝑅𝑒𝑝𝑙𝑖𝑒𝑠 ≠ 100% Ʌ {𝑑𝑜𝑤𝑛𝑙𝑜𝑎𝑑𝑒𝑑𝑂𝑏𝑗𝑒𝑐𝑡𝑠 ≥ 8} 𝐾 = 4 𝑛𝑒𝑡𝑤𝑜𝑟𝑘𝐴𝑐𝑐𝑒𝑠𝑠 = 𝐹𝑖𝑏𝑒𝑟 Ʌ 2 ≥ 𝑑𝑜𝑚𝑎𝑖𝑛𝑠𝐼𝑛𝐸𝑢𝑟𝑜𝑝𝑒 ≥ 1 Ʌ 𝑑𝑜𝑤𝑛𝑙𝑜𝑎𝑑𝑒𝑑𝑂𝑏𝑗𝑒𝑐𝑡𝑠𝐹𝑟𝑜𝑚𝐸𝑢𝑟𝑜𝑝𝑒 ≥ 12 Ʌ {𝑑𝑜𝑤𝑛𝑙𝑜𝑎𝑑𝑒𝑑𝑂𝑏𝑗𝑒𝑐𝑡𝑠𝐹𝑟𝑜𝑚𝐴𝑠𝑖𝑎 ≤ 6} 𝑆𝑡𝑎𝑡𝑒 2 𝑆𝑡𝑎𝑡𝑒 4 𝑆𝑡𝑎𝑡𝑒 7 𝑆𝑡𝑎𝑡𝑒 9 𝐾 = 4 𝑆𝑡𝑎𝑡𝑒 1 ∈ {𝑆𝑡𝑎𝑡𝑒 2 ˅ 𝑆𝑡𝑎𝑡𝑒 7 } 𝑆𝑡𝑎𝑡𝑒 3 ∈ {𝑆𝑡𝑎𝑡𝑒 2 ˅ 𝑆𝑡𝑎𝑡𝑒 4 ˅ 𝑆𝑡𝑎𝑡𝑒 7 } 𝑆𝑡𝑎𝑡𝑒 5 ∈ {𝑆𝑡𝑎𝑡𝑒 4 ˅ 𝑆𝑡𝑎𝑡𝑒 9 } 𝑆𝑡𝑎𝑡𝑒 6 ∈ {𝑆𝑡𝑎𝑡𝑒 7 ˅ 𝑆𝑡𝑎𝑡𝑒 9 } 𝑆𝑡𝑎𝑡𝑒 8 ∈ {𝑆𝑡𝑎𝑡𝑒 7 ˅ 𝑆𝑡𝑎𝑡𝑒 9 } 𝑆𝑡𝑎𝑡𝑒 5 𝐾 = 4 𝑆𝑡𝑎𝑡𝑒 5 𝐶 1 𝐶 2 𝐶 3 𝐶 4 𝐶 1 → RTT ≤ 18ms Ʌ { 𝑑𝑜𝑤𝑛𝑙𝑜𝑎𝑑𝑒𝑑𝐸𝑢𝑟𝑜𝑝𝑒𝑂𝑏𝑗𝑒𝑐𝑡𝑠 ≥ 12 Ʌ (𝑑𝑜𝑤𝑛𝑙𝑜𝑎𝑑𝑒𝑑𝐴𝑠𝑖𝑎𝑂𝑏𝑗𝑒𝑐𝑡𝑠 ≤ 6)} 𝐶 2 → 18ms ≤ RTT ≤ 27ms Ʌ {𝑑𝑜𝑤𝑛𝑙𝑜𝑎𝑑𝑒𝑑𝐸𝑢𝑟𝑜𝑝𝑒𝑂𝑏𝑗𝑒𝑐𝑡𝑠 ≥ 12} 𝐶 3 → 27ms ≤ RTT ≤ 41.7ms Ʌ 𝑑𝑜𝑤𝑛𝑙𝑜𝑎𝑑𝑒𝑑𝑁𝑜𝑟𝑡ℎ𝐴𝑚𝑒𝑟𝑖𝑐𝑎𝑂𝑏𝑗𝑒𝑐𝑡𝑠 ≥ 12 Ʌ {𝑑𝑜𝑤𝑛𝑙𝑜𝑎𝑑𝑒𝑑𝐴𝑠𝑖𝑎𝑂𝑏𝑗𝑒𝑐𝑡𝑠 ≥ 6} 𝐶 4 → 41.7ms ≤ RTT ≤ 44ms Ʌ {𝑑𝑜𝑤𝑛𝑙𝑜𝑎𝑑𝑒𝑑𝐴𝑠𝑖𝑎𝑂𝑏𝑗𝑒𝑐𝑡𝑠 ≥ 17} 𝑆𝑡𝑎𝑡𝑒 5 ∈ {𝑆𝑡𝑎𝑡𝑒 4 ˅ 𝑆𝑡𝑎𝑡𝑒 9 } 𝑆𝑡𝑎𝑡𝑒 5 ∈ {𝑆𝑡𝑎𝑡𝑒 4 } (𝐶 1 , 𝐶 2 ) ∈ {𝑆𝑡𝑎𝑡𝑒 4 } 𝑆𝑡𝑎𝑡𝑒 5 ∈ {𝑆𝑡𝑎𝑡𝑒 9 } (𝐶 3 , 𝐶 4 ) ∈ {𝑆𝑡𝑎𝑡𝑒 9 } 𝑆𝑡𝑎𝑡𝑒 4 𝑆𝑡𝑎𝑡𝑒 9 𝐶 1 𝐶 2 𝐶 3 𝐶 4 𝑆𝑡𝑎𝑡𝑒 4 𝐸𝑛𝑟𝑖𝑐ℎ𝑒𝑑 𝐺𝑜𝑜𝑑 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 = (𝐶 1 𝑟𝑢𝑙𝑒𝑠) ∪ (𝐶 2 𝑟𝑢𝑙𝑒𝑠) ∪ (𝐺𝑜𝑜𝑑 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑅𝑢𝑙𝑒𝑠) = 𝑛𝑒𝑡𝑤𝑜𝑟𝑘𝐴𝑐𝑐𝑒𝑠𝑠 = 𝐹𝑖𝑏𝑒𝑟 Ʌ 2 ≥ 𝑑𝑜𝑚𝑎𝑖𝑛𝑠𝐼𝑛𝐸𝑢𝑟𝑜𝑝𝑒 ≥ 1 Ʌ 𝑑𝑜𝑤𝑛𝑙𝑜𝑎𝑑𝑒𝑑𝑂𝑏𝑗𝑒𝑐𝑡𝑠𝐹𝑟𝑜𝑚𝐸𝑢𝑟𝑜𝑝𝑒 ≥ 12 Ʌ {𝑑𝑜𝑤𝑛𝑙𝑜𝑎𝑑𝑒𝑑𝑂𝑏𝑗𝑒𝑐𝑡𝑠𝐹𝑟𝑜𝑚𝐴𝑠𝑖𝑎 ≤ 6} ˅ 𝑅𝑇𝑇 ≤ 18𝑚𝑠                                                                                                  2% ≤ 𝑇𝑎𝑢𝑥𝑅𝑒𝑐𝑒𝑝𝑡𝑖𝑜𝑛𝑄𝑈𝐼𝐶 ≤ 63.94% Ʌ 𝑝𝑟𝑜𝑡𝑜𝑐𝑜𝑙𝑒𝐷𝑒𝑚𝑎𝑛𝑑é = 𝑄𝑢𝑖𝑐 𝑅𝑒𝑝𝑒𝑎𝑡 Ʌ { 𝑅𝑎𝑛𝑔𝐴𝑙𝑒𝑥𝑎 ≤ 42 Ʌ (𝑇𝑒𝑚𝑝𝑠𝑅𝑒𝑝𝑜𝑛𝑠𝑒𝑃𝑎𝑔𝑒𝑃𝑟𝑖𝑛𝑐𝑖𝑝𝑎𝑙𝑒 ≤ 18𝑚𝑠)} 𝑙𝑜𝑐𝑎𝑙𝑖𝑠𝑎𝑡𝑖𝑜𝑛𝑃𝑎𝑔𝑒𝑃𝑟𝑖𝑛𝑐𝑖𝑝𝑎𝑙𝑒 = 𝑁𝐴 ˅ 𝐸𝑈 Ʌ 𝑝𝑟𝑜𝑡𝑜𝑐𝑜𝑙𝑒𝐷𝑒𝑚𝑎𝑛𝑑é = 𝑄𝑢𝑖𝑐 𝑅𝑒𝑝𝑒𝑎𝑡 Ʌ 𝑎𝑐𝑐è𝑠𝑅é𝑠𝑒𝑎𝑢 = 𝐹𝑖𝑏𝑟𝑒 Ʌ {𝑛𝑜𝑚𝑏𝑟𝑒𝑂𝑏𝑗𝑒𝑐𝑡𝑠 ≤ 21}
Web browsing is one of the main Internet services where a wide set of actors are involved and evolves constantly. New Internet protocols, Content Delivery Networks (CDN) or web browsers' utions are meant to improve web pages' loading times. In order to better understand the Quality of Experience (QoE) perceived by end-users, it is of prime importance to identify how web pages' content is composed and delivered as well as providing a nt QoE metric. In this thesis, we have designed a new tool, Web View, meant to perform automatic Web browsing and measures several aspects of the system. We have also introduced a new web metric, the Time for Full Visual From more than 18 Trillion measurements performed over 2.5 years on the Top 10,000 Alexa websites, we have used statistical techniques to identify the key parameters qualifying and quantifying web browsing quality. This set of factors has been confirmed by process, which gives as output the set of rules to predict web pages' loading times. fluctuations in loading times happen regularly, have used the Hierarchical Dirich Markov Model (HDP-HMM) to based models in order to increase the correctness in prediction rates. The evaluation of our decision tree based model on never assessed websites shows that we can correctly predict web browsing quality. This work aims at helping network oper providers to increase the Quality of Service (QoS) offered to their customers. Characterization, Quantification and Prediction of 10,000 Alexa websites, we have used statistical techniques to identify the key parameters qualifying and quantifying web browsing quality. This set of factors has been confirmed by a machine learning process, which gives as output the set of rules to predict web pages' loading times. For websites where fluctuations in loading times happen regularly, we have used the Hierarchical Dirichlet Process Hidden HMM) to enrich our rulesbased models in order to increase the correctness in

The evaluation of our decision treebased model on never assessed websites shows that we can correctly predict web browsing quality. This work aims at helping network operators and service providers to increase the Quality of Service (QoS)

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  𝐴𝑇𝐹 𝑤𝑖𝑡 ℎ𝑜𝑢𝑡 _𝑎𝑑𝑏𝑙𝑜𝑐𝑘 < 𝑃𝐿𝑇 𝑤𝑖𝑡 ℎ_𝑎𝑑𝑏𝑙𝑜𝑐𝑘 < 𝑃𝐿𝑇 𝑤𝑖𝑡 ℎ𝑜𝑢𝑡 _𝑎𝑑𝑏𝑙𝑜𝑐𝑘

	0: PerformanceResourceTiming {initiatorType: "img", nextHopProtocol: "h2", workerStart: 0, redirectStart: 0, redirectEnd: 0, …} 1: PerformanceResourceTiming {initiatorType: "script", nextHopProtocol: "h2", workerStart: 0, redirectStart: 0, redirectEnd: 0, …}
	𝐴𝑇𝐹 ≤ 𝑃𝐿𝑇 window.document.getElementsByTagName('*').length	𝑥, 𝑦
		X-Cache (𝑥, 𝑦) (𝑥, 𝑦)
	MISS		𝐴𝑇𝐹 > 𝑃𝐿𝑇 (𝑥, 𝑦)
			offsetTop
	offsetWidth HIT		
	innerHeight	innerWidth X-Cache	HIT
					X-
	Cache	HIT			2.2.77.19
	length: 5		
	__proto__: Array(0)	
	𝐴𝑇𝐹 < 𝑃𝐿𝑇	(𝑥, 𝑦) HIT	
		sportbreizh.com experts-exchange.com cdiscount.com 𝑘 𝑘 ATF with ad block 𝐴𝑇𝐹 𝑤𝑖𝑡 ℎ_𝑎𝑑𝑏𝑙𝑜𝑐𝑘 < 𝐴𝑇𝐹 𝑤𝑖𝑡 ℎ𝑜𝑢𝑡 _𝑎𝑑𝑏𝑙𝑜𝑐𝑘 washingtontimes.com rfi.fr stackoverflow.com android.com google.com Loading with ad block PLT with ad block 𝐴𝑇𝐹 𝑤𝑖𝑡 ℎ_𝑎𝑑𝑏𝑙𝑜𝑐𝑘 Loading without ad block ATF without ad block PLT without ad block {𝑜𝑏𝑗𝑒𝑐𝑡𝑁𝑎𝑚𝑒, 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑆𝑖𝑛𝑐𝑒𝑁𝑎𝑣𝑖𝑔𝑎𝑡𝑖𝑜𝑛𝑆𝑡𝑎𝑟𝑡}
		Loading with ad block	𝑆𝑛 12 ATF with ad block	𝑆𝑛 13	PLT-W3C with ad block
	𝑆𝑛 𝑘-1	𝑆𝑛 𝑘 Loading without ad block	ImageMagick ATF without ad block	compare PLT-W3C no ad block
		chrome.devtools.network.getHAR()
	𝑆𝑛 1 extensions.netmonitor.har 𝑆𝑛 2	𝑆𝑛 2	𝑆𝑛 1 httpVersion	𝑆𝑛 3
	𝑆𝑛 13 serverIPAddress gt-ie9-a2995951ca.js 𝑆𝑛 12	𝑘	𝑘	𝑆𝑛 1 , … , 𝑆𝑛 𝑘
					𝑆𝑛 1	𝑆𝑛 2
	offsetTop	offsetWidth	

  Navigation Web, Intelligence Artificielle La navigation Web est l'un des principaux services de l'Internet où un large éventail d'acteurs est impliqué et évolue de manière constante. Les nouveaux protocoles de l'Internet, les réseaux de diffusion de contenu (CDN) ou encore les évolutions des différents navigateurs Web sont destinés à améliorer les temps de chargement des mieux comprendre la Qualité d'Expérience (QoE) perçue par les utilisateurs, il est donc essentiel d'identifier comment le contenu des pages est constitué et délivré et de fournir une métrique de QoE pertinente. Dans cette thèse, nous avons c un nouvel outil, Web View, destiné à effectuer des sessions de navigation Web automatisées et mesurant de nombreuses informations l'écosystème du Web. Nous avons aussi défini une nouvelle métrique Web, le Time for Full Visual Rendering (TFVR). À partir de plus de 18 trillions de mesures effectuées pendant 2,5 ans sur les 10,000 sites Web les plus visités (selon la
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