%5 MANENMIZTHMIO KPHTHE

‘é@}%“é EAAHNIKH AHMOKPATIA

Acvppata Aiktua kat Kwvnrol
YrtoAoyilopol
Mapia MNamadomouAn

Tunuo Emotiuncg YrnoAoylotwyv
MNavenotnulo Kpntng



Xpnuatodotnon

To apov ekALOEUTIKO UALKO €xeL avamtuxOel ota mAaiola tou
ekmaldevutikol £pyou tou dLbdaokovta.

To €pyo «Avoikta Akadnpaikd Mafipata oto Navenotiuio KpRtne»
EXeL xpnuatodotroel povo tn avadlapopdpwon Tou EKTTOLOEUTIKOU UALKOU.

To €pyo vAomoleital oto rAaiolo tou Emxelpnolakol Mpoypappatod
«Ekmaiidevon kot Ata Blou Mabnon» kot ocuyxpnpatodoteital oo tnv
Evpwrnaikni Evwon (Evpwmaiko Kowvwviko Tapeio) kot amod eBvikoug

NOPOUC.

Evpwmnaikn ‘Evwon
Evpwmnaiké Kowvwviké Tapegio

ENIXEIPHXIAKO MPOrPAMMA
EKMAIAEYZH KAI AIA BIOY MAGHEH

ENEVOVON TNV UOLVWVid TNE YVWON

YNOYPTEIO MAIAEIAL KAl OPHIKEYMATQN
EIAIKH YNHPEXZIA AIAXEIPIXHE

Me ™ ouyxpnparodotnon tng EAAadag kat tng Evpwnaikig ‘Evwong

= EXNA

EE=] 7 Jnpsypoppo o w ovimutn




2nUelwpa adsrodotnonc

To apov UALKO dratiBetal pe Toug 6poug TG adetag xpriong Creative Commons
Avadopa, Mn Epmopikiy Xprion, Oxt Mapaywyo Epyo 4.0 [1] 1) petayeveotepn, AeBvrig
Exkbdoon. Efaipouvral ta aurors?\n épya Tpitwv 1.). dwrtoypadieg, Staypaupata K.A.T.,
TOL OTTIOLOL EUTIEPLEXOVTOL OE QUTO KoL T ortoia avadepovtal Hadl e TOUG OPOUG xpnonq
TOUG 01O «2nueiwpa Xpnong Epywv Tpitwv».

[1] http://creativecommons.org/licenses/by-nc-nd/4.0/ ‘@@@@\

Qq Mn Epmnopwkn opiletal n xpnon:
mou dev nspt}\auBava QLLECO I EUECO OLKOVOLLLKO OPEAOG artd TNV XPron Tou €pyou, yla To
Slavopea tou €pyou kol adelodoyo
— Tou dev mep\apBavel olkovoulkn cuvaAlayn wg tpolnoBeon ya tn XpAon n npocfoaon oto
Epyo
— Tou Sev mpoomopilel oto Stavopea Tou €pyou Kol adeLoSOX0 EUUETO OLKOVOLLLKO 0¢deAOG (Tt .
Stapnpuioelg) amod tnv npoBoAn Tou €pyou o€ SLASIKTUOKO TOTIO

O dwaovxo¢ Umopel va rmapexeL otov adelodoxo Eexwploth adeLa va XpnoLUOTIOLEL TO
£PYO Yl EUTIOPLKN XPron, epooov auto tou {NtnO«L.


http://creativecommons.org/licenses/by-nc-nd/4.0/

Evaluation of the user engagement and
satisfaction in video streaming
applications



METPLKEG

Startup delay: to xpoviko didotnua avapeoa otnv Evapén mpoBoAng
Bivteo katl tnVv evapén avamnapaywync Bivieo

[AnSoc¢ Kol StapkeLo «TIAYWUATWY» TOU Bilvteo
Data rate /avaAuon katd tn dtdpkela tou Streaming
AN\ayEg oto data rate katd tn Stdpkela Tou streaming

Tporoc Anénc tn¢ avarnapoywync (m.x., oo Tov xpnotn, N €€ attiog
KAToLou TpoBARMATOC). 2TNV Mepimtwon ANENC TN avamopaywyng
gtautiac evoc mpoBAnuatoc (.., diktvo o cuudopnon,
arnevepyornoinon dienadng WiFi)

XapaKTNPLOTLKA Xprong tng epappoync amo tov xpnotn (aplduoc
eTLOKEPEWV, SLAPKEL, CUXVOTNTO, TUTIOC TIEPLEXOUEVOU )



Evépyelec/yeyovota ntpoc
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ovayvwplon
gkkivnon ebapuoync
evapén mpoBoAnc Bivteo (o xpNotng eMIAEYEL TNV avamapaywyn Kamolou Bivteo)

evapén avarapoywync Bivteo (n avanapaywyn Tou emAeypeEvou Bivteo
EekLvael)

Anén avarnapaywync Bivteo (amo tov xpriotn n anpocpeva Aoyw mtpoBAnpatoc)
TEPUATIOUOG EGAPUOYNG

toavon avaropaywync Pivteo amno tov Xprotn

«rtaywua» avarapaywync Bivteo yla evrtapievon (buffering)

ouveEXLon avamrapaywync Bivteo (HeTd ano navon/maywua)

uetaBaon o€ oplougvo onueio tou Pivteo

gedaytotortoinon ntpoBoAnc Bivteo (amo tov xpnotn N aAAn edboappoyn)
gnlotpo@n otnv npoBoAn Bivteo petd ano eAaxlotonoinon

aAdayn avaAvonc Bivteo

Antodoon Siktuou



Monitoring Approaches

 Active probing
e Logcat at client

» Logs at server (e.g., HTTP server logs)



Kataypadn punvupatwv (logging systems)

To Android map€xet Evav pnxaviopo ylo. tTnv cuAAoyn Kat tpoBoAn
LNVUUATWY, LE OKOTIO TOV EVTOTILOUO ohaApdTwy. Ta pnvopoto
neptAapBavouv:

— unvupata ouotruatog (ry., stack trace otnv nepintwon evog
AdBoucg/exception)

— unvouata twy epapuoywy (to onola ypadovtal HEow tng KAaong Log).

Ta pnvopata ypddovtal o€ Vo CUVOAO OO KUKALKOUC EVTOULEUTEC
(buffers).

H evtoAn logcat emiotpédel To meplexopevo avtwy twv buffers, evw to
epyoAeio ddms napexet to GUI yia tnv mpoBoAn Twv HNVUUATWY O
TPAYMATLKO XpOVO, 0TNV 080VvN Tou UTtoAOYLOTH.

O epappoyec Android €xouv tnv Suvatotnta vo. ekTEAOUV EVIOAEC KoL Val
Stapalouv KeELPEVO IOV eMIOTPEPETAL HEOW TWV powV Stdin kat stderr. Eto,
ua epappoyn Android €xeL tnv Suvatotnto va eKTEAEL TTEPLOSLKA TNV
evtoAn logcat, va avayvwpilel Ta véa pnvopata mou ypadtnkav oToug
buffers, kat va ta avaAvEL.



AnpodlAn epyaleia emonteiog SIKTUOU:

PING

2telvel taketa ECHO_REQUEST tou mpwtokoAiov ICMP (Internet
Control Message Protocol) og évav uno)\ovtcm N 6u<tuou<n OUOKEUI TTOU

Xpnotluomolel to mpwtokoAAo IP, ekpatleovtac we AmavtNOELS
ECHO RESPONSE maketa tou ICMP

Metpdel tnv kaBuotépnon LeT' emotpodn¢ (round trip delay) &
OLTLWAELO TIAKETWV

OAec ot ouokeueq ETUMTESOU OIKTUOU UAOTIOLOUV TO npwromMo ICMP
KOlL OLTTAVTOUV OTOL LNVU pHota ECHO REQUEST ‘Etol, yia tnv uerpncn TOoU
RTT ko tou packet loss o€ éva povomatt petafy 500 TEpp.OLTLKwV QpKEL
VOl TPEXEL OTO EVA TEPUATIKO N EVTOAN PING. 210 AAAO TEPUATLKO bev
QTTOLTE(TAL N EYKATAOTAON N N EKTEAEON ELOLIKOU AOYLOULKOU SLKTUOKWV
LETPNOEWV. Tal LNVUUOTO TLIOU OVTAAAQCOOVTOL EXOUV OUYKEKPLULEVO
LEyeboc (mou pnopei va dtadopormoleital amo auTta nou
avtaAldocoovtol ota nAaiolo Tne umtnpeoiag) kat peyaAltepn
NPOTEPALOTNTA. AUTO EXEL ETIUTTWOELC OTNV AKPLBELA TWV LETPACEWV
kaBuotepnonc.



AnpodtAn epyaAeia EMOMTELOG OLKTUOU:
Iperf

* Métpnon tng pubuanodoonc (throughput) pe pogg TCP kat
UDP tunuatwv (segments)

e PuBuitovtoc dladopec MAPAUETPOUC KOL XOLPAKTNPLOTLKA TOU
TCP/UDP mpwtokoAAou, o Xpotng UIMopEL va EKTEAEOCEL EVaV
aplOpo armno tests kot va LeTpriosL tTnv pubuamodoon,
StaBeolpotnta, kaBuotEpnon, Stakupovon kKabuotEpnong
(jitter) kot amwAELO TTAKETWV



AnpodtAn epyaAeia EMOMTELOG OLKTUOU:
MobiPerf

Edappoyn yla tnv HETpNon tng SIKTUaKAC armodoonc o€ KIVNTEC OUCKEVEC.

O xpnotng unopet va ekteAel: ping, traceroute, DNS lookup, UDP burst,
HTTP, TCP speed test

Ava takta xpovika dtaotnpata, to MobiPerf ekteAet avta ta tests
OLUTOMOTO OTO TIOLPOLOKAVLO

UDP burst test: n anwAewa maketwv, n AdBog oelpd TOKETWY, KoL N
Sdltakupavon kabBuotépnaong (jitter)

HTTP test: {nteito kot Ao BAVETAL pLol OUYKEKPLUEVN LoTOOEALO O KOl
LLETPLETOL O OYKOC TWV HedoEVWV TTou eARdPONoaV Kal To XPOVOC TToU
XPELAOTNKE yla TNV ANYPn Twv dedopevwy

TCP speed test: tnv puBupanodoon pag pong TCP

To UDP burst test kat to TCP speed test eival opola pe ta tests mou ektelet
10 iperf, opwg emotpédouv oto TEAOG Tou test pa avadopd He Toug
LECOUC OPOUC TWV UETPOUUEVWYV TAPUUETPWV, O avtiBeon ue to iperf mou
ETULOTPEDPEL avaPopEC rteptodika (1.)., KaBe deutepOAETTO).



NDT (Network Diagnostic Tool)

[MapExel eva eEEALYUEVO TEOT VLA TNV LETPNON KoL TNV SLAyvwon tNng
puBuamnodoonc (throughput)

Aev avadépel amAa tnv upload speed kat download speed, aAld
npoodLlopilel kat mota tpoBARpata epLopi{ouv AUTEC TLC TOXUTNTEC,
Stakpivovtacg ta poBARuata puOULONCG TNG TEPUATLKAC CUCKEUNG
aro ta npoBAnpata otnv SiKTuakn vrtodoun

Extelel Suo tests puBuanodoonc (client-to-server & server-to-client)
ouVvoALkn¢ dtapketac 20sec

2tnv Slapkela Twv test npokaAeital cupudopnon oto Siktuo,
AOTTWVOVTOC TNV TTOLOTNTA UTtNPEecioc o€ AAAEC EPAPLOYEC TTOU
TPEXOUV OTNV TEPLLATLKI) OUOKEUN N XpNOLLOoTIoloUV To HLKTUO

— Aev eival katdAAnAo epyaAeio ylo cUVEXN ETTOTTELA KATA TNV
SdlapkeLa TG umtnpeoiog

— Mmnopet va xpnolpomnotnBel cupumANPWUATIKA



Logcat parser

e Avaluvon tTwv 6e60UEVWV/UNVUHATWY TIOU KAToypAadovTal 0ToV
client kata tn SLapkeLla TNC UTINPECLOC

e AMO tn popdn €VOC LNVUUOTOC OVOYVWPLIETOL L0l EVEPYELD TOU
XPNOTN N KATTOLO YEYOVOC.

e Avayvwpilovtal TLUEC TIAPAUETPWY TTOU EVOEXOUEVWC
neptlapBavovtal oto pRvupa (m.x., avadlvon Bivteo, TUMocg Ko
KwOLKOC AdBouc), kaBwc Kal 0 XpOVoC Tou CUVEPN N
gVEpyeLa,/yeyovoc.



MeBodoloyia

NAatdopua (testbed) nepapdtwv

Anploupyla oevoplwyv Kol Ttpooopoiwaon
oevopilwyv (EKTEAECN TIELPAUATWV) VIO TNV
ouAAoyn dedoEvwY Ao TOUC UNXAVIOUOUC
enomtelag (ry ota logeats, logs, active probing)

Mpo-eneéepyaoia dedopcvwy
AvaAuon twv 0e00oUEVWVY

Dominant parameters on user engagement &
user satisfaction (QoE)

Prediction of user engageent & user satisfaction



Evaluation of the user engagement and
satisfaction in video streaming
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Npo-enetepyacio dedbopuevwv

e Toa 6edopeva tou CUAAEYOVTOL OTTO TOV NXOVIOUO ETTOTITELOLC
npostoualovtal ylo avaiuon.

e Aappavovtotl umtoPn {NTHUATO OXETLKA UE TOL TIOALPAKATW:

— €yKupa SLooTANOTO TIHWV

— povadec

— KAlpokol

— Kataypadn xpovou

— OUYXPOVLOUO LETAEL SLAPOPETLKWY CUCKELWV

— amewkovion/kwdikomoilnon Twv pn-aplOunTikwyv deSopEvwy

— TIEPUTTWOELC Katd TN dLdpkela emornteiac & cuAloync dedopevwy
* QMWAELOC TLUWV 1 AKPOLWV TILWV
e tepuUTTWOoELG akpaiwv (“abnormal”) yeyovotwy



2evaplo

®* Apaotnpiotnta xpriotn (ry pause, replay, fast-forward, rewind)
e Ewoepyouevn kKAnon

o Amrevepyoroinon éiertapnc WiFi oto Android smartphone

e AuoAettoupylia tou onueiov npooBaonc (AP)

* ANYN pe xapnAn loxy onuatog

e Metadoptwon (download) apyeiou

o Avarnapaywyn cAAwv rmoAupueowv ouveyouc¢ ponc (streaming
multimedia)

o EkTEAEON SlEPYOLWY AMALTNTIKWY OE UTTOAOYLOTIKOUG TTOPOUC



Our approach for predicting the QoE:

Develop user-centric, service-oriented models based on network
metrics

* Apply machine learning and data mining algorithms, such as:

Decision Trees, Support Vector Regression, Artificial Neural
Networks, Gaussian Naive Bayes

 Find the set of predictors that minimizes the mean absolute error
of a model (feature selection)

* Train the models based on empirical measurements collected
from field studies

We have demonstrated this methodology for VolIP, audio & video
streaming
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MLQOE: QoE prediction based on machine learning (ML) algorithms

Takes as input the training set of
the performance estimation loop,
cross-validates it, and reports the
best model dynamically.

Estimates the performance of the best
model in each fold and reports (as
output) the mean error for the dataset.

DatasetF (input)

Model Selection
FoldsF,, F, .. F, excludingF;

Fl F2 Fi

FoldsF,, F, .. F, ‘

. Train
Normalizatio
Model

| Equal disjoint subsets of F
F, Fy F, Fi Fr
F-F;
Best
Model :
. Mean Train . [ | Mean | |
Predictor Error Model Predictor Error |

Performance Estimation

_ F-F,
\\

Can be easily extended to include other ML algorithms




User utility functions QoS
» Achievable data rate

Weber-Fechner Law » Throughput, delay, packet loss
QX hypothesis * Number of resource units
— , TDMA: time slots
OFDMA: frequency — time

: | © & O QoE
§ with techno-socio-economic-psychological terms

Preference on QOE or price
i} Price, willingness to pay

——  Perceived QOE (e.g., opinion score)
o « Intrinsic indicators towards a service provider
F(Ry(2)) — wy Vi(2) — wpe e.g., its brand name, perceived value/reliability
mi(zic) = 0 \ content (size, searching mechanisms)
Name Formula
Dinear wi R (2) To define user experience is a very hard

Exponential wp (t — e~ "Hi(2))

Tosarithmic | wrhn (R (2] —q) | Problem & to monetize it even harder!
[soelastic | wg (h(R;(2)+q)" —1)
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Npo-enetepyacio dedbopuevwv

e Toa dedopéva mou GUAAEYOVTOL ATTO TOV UNXOVLOMO ETTOTITELOC TIPOETOLUA{OVTOL YL
avaAuon.

e AapBavovtat vrtoPn {NTAMATO OXETIKA LE TA TIAPAKATW:
— €ykupa SLaoTApaTo TLHLWV
— Hovadeg
—  KAlpaka
— Kataypoadn xpovou
— OUYXPOVILOUO UETOEL SLaPOPETIKWY OUOKEU WV
— amnekovion/kKwdikomoilnon Twv pun-opBunTikwyv S€Sopévwv
— TIEPUTTWOELG KaTA T Sldpkela emomrteiag & ouAloyng dedopévwy
* QMWAELAC TLUWV 1 OKPALWVY TILWV

* TMepuTtwoelg akpaiwv (“abnormal’”) yeyovotwv



2evaplo

®* Apaotnpiotnta xpriotn (ry pause, replay, fast-forward, rewind)
e Ewoepyouevn kKAnon

» Anevepyoroinon diertaprc WiFi oto Android smartphone

e AuoAettoupylia tou onueiov npooBaonc (AP)

* ANYN pe xapnAn oyl onuatog

 Metadoptwon (download) apyeiou

o Avanapaywyn aAAwv noAuvugéowv cuveXoU¢ porc¢ (Streaming
multimedia)

o EkTeEAEON SlEPYAOLWY ATIALTNTIKWY OE UTTOAOYLOTIKOUG TTOPOUC



Our approach for predicting the QoE:

Develop user-centric, service-oriented models based on network
metrics

* Apply machine learning and data mining algorithms, such as:

Decision Trees, Support Vector Regression, Artificial Neural
Networks, Gaussian Naive Bayes

 Find the set of predictors that minimizes the mean absolute error
of a model (feature selection)

* Train the models based on empirical measurements collected
from field studies

We have demonstrated this methodology for VolIP, audio & video
streaming
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MLQOE: QoE prediction based on machine learning (ML) algorithms

Takes as input the training set of
the performance estimation loop,
cross-validates it, and reports the
best model dynamically.

Estimates the performance of the best
model in each fold and reports (as
output) the mean error for the dataset.

DatasetF (input)

Model Selection
FoldsF,, F, .. F, excludingF;

Fl F2 Fi

FoldsF,, F, .. F, ‘

. Train
Normalizatio
Model

| Equal disjoint subsets of F
F, Fy F, Fi Fr
F-F;
Best
Model :
. Mean Train . [ | Mean | |
Predictor Error Model Predictor Error |

Performance Estimation

_ F-F,
\\

Can be easily extended to include other ML algorithms




User utility functions QoS
» Achievable data rate

Weber-Fechner Law » Throughput, delay, packet loss
QX hypothesis * Number of resource units
— , TDMA: time slots
OFDMA: frequency — time

: | © & O QoE
§ with techno-socio-economic-psychological terms

Preference on QOE or price
i} Price, willingness to pay

——  Perceived QOE (e.g., opinion score)
o « Intrinsic indicators towards a service provider
F(Ry(2)) — wy Vi(2) — wpe e.g., its brand name, perceived value/reliability
mi(zic) = 0 \ content (size, searching mechanisms)
Name Formula
Dinear wi R (2) To define user experience is a very hard

Exponential wp (t — e~ "Hi(2))

Tosarithmic | wrhn (R (2] —q) | Problem & to monetize it even harder!
[soelastic | wg (h(R;(2)+q)" —1)
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TéAog Evotntog

EMIXEIPHEZIAKO MPOTPAMMA
EKMAIAEYZH KAI AIA BIOY MAGHZH 5 EznA
Xywone

YTIOYPTEID NAIAEIAT & BPHEKEYMATON, IOAITIEMOY & ABAHTIEMOY
EvpwnaikiEvwon EIAIKH YMHPEZIA AIAXEIPIZHE

Evpwaiké Kowwviks Tapeio

= I D)

Me T cuyxpnpatodétnon T ENadac kat Tng Evpwmaikiic Evwong



