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Tém tat: Cung cap chét lugng trai nghiém (Quality of
Experience —QoE) dap tng nhu cau nguoi dung la yéu
cau rat quan trong d6i véi cac nha cung cap dich vu ng
dung Web. Nhiéu thach thic dit ra d6i voi giam sat va
danh gia QoE do van chua c6 mot mo hinh phu hop cho
dinh luong QoE. Cac nghién ciru t6i nay chu yeu tép
trung vao cai thién QoE v& cac tham so lién quan den
thoi gian, mdi quan hé twong tac gitra QoS va QoE, mdi
quan hé gitta QoE va MOS (Mean Opinion Scores). Tuy
nhién, van d¢ giam sat QoE theo thoi gian thuc van chua
dugc quan tim ding murc. Mt khac, hau hét cac mo hinh
QoE t6i nay déu duya trén cac tham sé do ITU dé xuét cho
mang va ung dung da phuong tién, chua c6 mo hinh cho
tng dung Web. Dua trén co sé cac tham sb theo tiéu
chuin cua ITU, bai bao nay dé xuit mot mo hinh tham
chiéu cho giam sat va danh gia QoE cho tmg dung Web.
M©6 hinh tham chiéu WebQoE-RefMod ¢6 cac dic trung:
1) Xéac dinh tap hd so tham chiéu dé so sanh, danh gia
QOE, 2) Xac dinh tap cic diém do tham chiéu, 3) Tinh
gi4 tri QoE 1a ham cua cac chi s6 KPI va KQI, 4) Giam
sat va danh gia QoE theo cong thic tinh thong ké khoang
cach tdi gia tri Ref-QoE.

Trr khoa: Ung dung Web, QoS, QoE, giam sat QoE,
danh gia dinh lugng QoE
l. MO PAU

Mang Internet dang phat t trién theo hudng chuyen tur
cung cap thong tin truyen théng sang cung cap dich vu
[1]. Viéc chuyén dol nay tao ra nhung co hoi day tiém
ning cho phat trién va cung cap cac dich vu maoi trén
Internet. Mat khac, cac tring dung Web da phat trién tir cac
trang Web tinh don 1¢ sang céc hé thong c6 do phuc tap
cao, ¢ tinh dong va giau ndi dung thong tin hon, dac biét
la c&c noi dung da phu‘o’ng tién. Ngay cang c6 nhiéu tng
dung Web chira dyng cac ndi dung da phuong ti¢n nhu
cac dong video truc tuyén (Video Streaming). Theo 50
liéu théng ké dua ra trong [2], lvu lugng Internet todn cau
ndm 2015 c6 chtra téi 70% noi dung la dong video truc
tuyen va dy bao s€ ting téi 82% trong ndm 2020. Mot
phan quan trong trong luu lugng dong video truc tuyen la
cac dich vy nhu Netfix, YouTube, MyTV, v.v. bao gom
ca video theo yéu cau (Video On Demand), Internet
Television (IPTV).
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Céc yéu t6 tac dong den Su gia tang cua cac tng dung
va dich vu trén Internet gom:

- Sy phat trién cua ha ting mang va cong nghé (vi du
cac giao thtcc mang va cdng nghé mang méi), ha
tang dién toan dam may [3] st dung cho luu trit va
Xt ly mét lugng 16n di liéu trén mang;

- Sy phét trién cua cac ung dung trén nén Web sir
dung trinh duyét Ia chuan dé truy nhap hau hét cac
dich vu Internet hién nay;

- Su phét trién cua cdc mang cung cap noi dung sé
(Content Delivery Networks);

- Sy phét trién cua cac thiét bi di dong co truy nhap
Internet moi lic, moi noi.

Yéu cau ludn dat ra dbi véi cac nha cung cép dich vu
mang (Network Service Providers hay Internet Service
Providers) la kiém soat va bao dam chét lugng dich vy
(QoS — Quality of Service) cling nhu chat lwong trai
nghi¢m cho nguoi dung dich vu (QoE — Quality of
Experience) dé duy tri khich hang va ting doanh thu.

QoS la nhirng tham sé lién quan dén hiéu nang mang
(thong lugng, bang thong, do tré, ty lé mat g6i) biéu thi
kha nang mang hd trg va dap ing cac yéu cau ky thuat vé
chat luong cua ting dung ngudi dung.

Ngugc lai voi QoS, QoE dugc xem nhu cam nhan chu
quan cua nguoi dung ve chat lugng dich vu dugc nha
mang cung cap. Theo nghia rong, QoE dugc xem la tac
dong, hiéu nang cua viéc truyén tai noi dung théng tin trén
mang [1]. Khai niém va dinh nghia vé QoE thay doi trong
thoi gian qua. Tuy nhién, mot dinh nghia tong hop vé
QoE da dugc dua ra boi Cong ddng Chét lwong mang
Chéu Au (EU Qualinet Community) [4] nhu sau:

“Chat lweong trai nghiém (QOE) la Cap do hai long
hogc thay phién toai cia nguoi ding doi véi mot dich vy
hogc mgt ung dung Do la két qUa cua viéc dap ung sw
mong doi Ciia nguoi ding Vé tinh nang va/hodc cong dung
cua ung dung hogc dich vu dudi géc dé cd nhin nguoi
dung va trgng thai hién tai cia ho. Trong ngir canh dich
vy truyen théng, QOE chju dnh huong cua dich vy, ngi
dung, thiét by, #mg dung va nga canh si dung”.

Véi dinh nghla trén, QoE khong chi phu thugc vao
hiéu nang mang va chu0| cung cap dich vy, ma con phu
thudc vao nhiéu yeu t6 khac nhu noi dung, ang dung,
mong doi cia ngudi dung, muc dich cua he va ngit canh
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st dung. Cac tng dung va dich vu khac nhau c6 thé co
cac QoE khéac nhau [5].

Cong dong mang va céc nha cung cép dich vu mang
da dan nhan thirc duoc tam quan trong cua QOE thay vi
chi quan tam dén QoS [l 5, 6, 7]. Nhu da néu ¢ trén, yéu
cau ddi véi nha cung cap dich vu mang 1a gidm sat va do
luong dugc chat luong trai nghlem dich vu QoE. Tuy
nhién, md hinh giam sat QoE cho cac dich vu vq ung dung
khac nhau c6 thé rat khac nhau [8]. Céc chi so danh gia
QOE va cach thirc do luong cac chi s6 nay ciing khac nhau
[9, 6, 7, 10]. Thach thuc dat ra 12 liéu cd thé dua ra dwoc
mot md hinh tham chiéu chung dé gidm sat va danh gla
QoE ciing nhu cach thirc do luong cac chi So dé danh gia.
Mat khac, md hinh nay can dap tng yéu cau cho mang
méi va ieng dung mai [1, 8].

Cung cép chat luong trai nghiém (Quality of
Expenence —QoE) dap tng nhu cau nguoi ding la mot
yéu cau hét siic quan trong ddi vai cac nha cung céap dich
vu tng dung Web. Tuy nhién, qua khao sat cua cac tac gia
cho thay, van chua ¢c6 mot mé hinh phu hop cho dinh
lugng QOE. Cac nghién ctu t6i nay chi yeu tap trung vao
ci thién QOE ve cac tham so lién quan den thoi gian [2, 6,
7,9, 10], moi quan h¢ tuong tac gitra QoS va QoE [1, 3, 6,
8], moi quan hé gitra QoE va MOS (Mean Opinion
Scores) [4, 5, 8].

Nhiéu théph tht’rc dit ra d6i voi gidm sat va danh gia
QOE, song van d¢ giam sat QoE theo thoi glan thuc van
chua dugce quan tam dung muc. Hau hét cac mo hinh QoE
t6i nay déu dua trén cac tham sé do ITU dé xuat cho
mang va tng dung da phuong tién, chuwa ¢c6 mod hinh cho
ung dung Web [8].

Trén co sd d6, bai bao nay dé xuat mot md hinh tham
chiéu cho glam sat va danh gid QoE cho tng dung Web
dua trén co so cac tham sb theo tiéu chuan cua ITU. Mo
hinh tham chiéu WebQoE-RefMod dugc bai bao dé& xuét
c6 cac dac trung sau:

- 1) Xac dinh tap hd so tham chiéu dé so sanh, danh
gid QoE.

- 2) Xac dinh tap cac diém do tham chiéu,
- 3) Tinh gi4 tri QoE la ham cua cac chi s KPI va

KQl,

-4) Gidm sat va danh gia QoE theo cong thic tinh
thong ké khoang cach téi gia tri Ref-QoE.

WebQoE-RefMod 1a mo hinh dau tién dua ra ¥ tudng
vé tap hd so tham chiéu (Reference Profile) ding dé so
sanh danh gla cac gia tri QoE do duogc theo thoi glan thuc
trén mang va ciing 1a mo hinh dau tién dua ra ¥ tuong
danh gia theo cong thuc tinh thong ké khoang cach téi gia
tri Ref-QoE.

Noi dung tiép theo cua bai bao gom: Phan 2 trinh bay
cac nghlen ctru lién quan, Phan 3 trinh bay mé hinh tham
Chleu giam sat va danh gia QoE cho ting dung Web, Phan

4 1a mot so thir nghigm voi MOS, Phan 5 1a két luan va
huéng phét trién tiép.

Il. CAC NGHIEN CUPU LIEN QUAN

Mic di QoE c6 tam quan trong ddi véi cac nha cung
cap dich vu mang, song Ccéc nghlen cliu vé QOE t6i nay
van cha yéu tap trung vao cac md hinh do chét lugng dich
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vy nhu IPTV hay dong video (Streamlng Video) [11].
Van con rat it mé hinh QoE cho céc (ng dung Web.

Trong céc san pham trinh duyét nhu Google va
Mozilla, da c6 nhiing phuong thue dugc dua ra nham ting
QoE bang cach tang toc do truyén tai noi dung, giam kich
thudc ndi dung [12]. Giao thuc HTTP/2 dd dugc dua ra
bai hiép hoi Web Performance Group [13]. HTTP/2 ting
téc thoi gian tai trang thong qua viéc s dung truyén tai
noi dung nhi phan thay vi ndi dung vin ban, nén phan tiéu
dé dé giam tai du thira, ép may chu phan hdi cha dong cho
trinh duyét [13]. Mot phuong thirc nén ciing da dugc dua
ra boi Google ndm 2016 1a tao ra dinh dang anh méi cho
phép giam 26% so véi anh PNG truyén thong [13].

Cho t6i nay, QoE van con duoc hiéu theo cac céch
khac nhau. Khai niém QoE duoc chap nhan phé bién nhat
Ia su thé mirc d6 cam nhan cta ngudi dung vé chat lugng
cua mét dich vu hay mang. Tuy nhién, khai niém nay
mang tinh cha quan cia mdi nguoi dung. Do vay, can c6
mot dinh nghia QOE mang tinh khach quan hon. Da c6
nhiéu dinh nghia v& QoE khac nhau da dugc dua ra (xem
[5]). Tu goc do khach quan va trén quan diém cua nha
cung cap dich vu mang, mot khai niém vé QoE dugc ITU
dua ra nhu sau: “QOE la mic do Chap nhdn cho m¢t dich
vu ung dung, bao ham cac yeu t6 danh hwong trén toan
tuyen dau cuéi tir mang, ha tang dich vy, thiét bi dau
cuoi” [14].

ba c6 mot s6 md hinh QoE cho g dung Web dugc
dé xuét, dién hinh nhu mé hinh QoE cua Schatz va Egger
[15], m6 hinh twong tac QoE [16], md hinh quan hé QoS-
QOE [17],... M6 hinh trong [15] nghién cuu su lién hé
gitra QoS va QoE nhan duoc dua trén ham du doan QoE
sir dung céac chi s6 hiéu nang chinh (Key Performance
Indicators — KPI) song Vviéc xac dinh QoE van phuy thudc
nhiéu vao yéu t6 con ngudi, tic dong cua ngit canh dich
vu. Trong [16], cac tac gid dwa ra mo6 hinh anh xa gitra
nhu cau chat lugng dich vu két hop vai yéu té6 cong nghé,
chi ra mdi quan hé twong tac giﬁfa chiing tao nén QoE.
Trong [17], c4c t&c gia dua ra m6 hinh quan hé Q0S-QoE
xem xét su lién quan gitra bang thong, thoi glan cho dich
vu V6i su hai long cua nguoi dung. Mot s6 md hinh khéc
dua ra moi quan hé gitra Web QoE va thoi gian phan hoi
Web, thoi gian tai trang (Page Load Time), thoi gian biéu
thi trén man hinh trinh duyét,...

Mot md hinh QoE cho ung dung Web dang dugc
nhiéu nghién cu méi day quan tam. Trong [11], mot mod
hinh QoE d}IQC goi la QQEWA dugc dé xugt Vi viéc tich
hop cac cau tric tao ra th¢ diém can bang (Balanced
Scorecard) cho QoE téng thé trén quan diém nguoi thiét
ké Web. Md hinh tich hop chi s6 KPI (Key Performance
Indicators) va chi sb KQI (Key Quality Indicators). Mo
hinh trong [7] xem xét van dé danh gia QoE trén co s& cac
dai luong do nhu ATF (Above The Fold), PLT (Page
Load Time), thyc hi¢n phan tich chi s6 toc do (SI — Speed
Index) dé xem xét moi quan h¢ gitra SI va MOS (Mean
Opinion Scores). Cac tac gia trong [9] dé& xuit mot he
thong do luong hiéu ning Web véi cac cong cy do hi¢u
ning Web, do phuc tap, thoi gian biéu dién Web. Bai bao
[6] dua ra phuong thuc do hiéu nang Web va Web QoE
trong mang di dong véi viéc sur dung cac dac trung nhu
thoi glan két ndi TCP, thoi gian TTFB (Time To First
Byte), cac tham s6 QoE nhu PLT (Page Load Time) va
ATF (Above The Fold) time. Bai bao [8] chi ra moi quan
hé giita cac tham sb QOE trong mot hé théng mang, méi
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quan hé gitra QoE va cac gia tri MOS (Mean Opinion
Scores).

Sy ra doi cia cac giao thac méi nham tang. tc trinh
duy¢t Web nhu HTTP/2, QUIC da thuc day nhiéu nghlen
ctru vé QoE cho tng dung Web [18] bién hinh 1 cac
cong trinh nghién ctru nhu: tang toc trinh duyét Web va
cai thién Web QoE trén di dong [19], m6 hinh héa Web
QOE trén trinh duyét Web [20], nghién ctru anh huéng cua
bién do1 bang thong mang t61 Web QoE [21, 22], nghién
ctru vé anh huéng cua cac yéu td nhu hién thi truc quan
(Visual Appeal) va d6 kha dung (Usuability) t6i Web QoE
[23, 24], c4c nghién ctu vé tac dong cua thoi gian cho téi
Web QoE [18, 25, 26, 27]. Mot s6 mo hinh xem xét QoE
dua theo phién [28], hay dua trén tac vu [29].

C6 thé phan loai cac md hinh Web QoE theo hai loai
chinh l1a: 1) Mé hinh Web QoE dua trén cac do luong
trinh duyét hay dua theo Page Load Time (PLT) [30, 17,
31], dinh nghia mot ham QOE cta PLT va tong hop cac
tham sé thiét ké vao mot bang tham chiéu; 2) M0 hinh
dua theo dir ki¢n (Data-driven), st dung cac tham s6 thoi
gian lam dac trung va ap dung hoc may dé phén tich dir
liéu [32, 33, 27].

Lién quan dén QoE, to chtrc tiéu chuan quéc té (1SO -
International Standard Organisation) va Hi¢p hoi vién
thong thé gigi (ITU - International Telecommunications
Union) ciing dua ra mot Sé‘khuyén nghi nhu ISO 9241-11
[34], Khuyén nghi P.801 vé MOS (Mean Opinion Scores)
[35], Khuyén nghi G.1031 vé cac tham s QoE cho trinh
duyét Web [36], Khuyén nghi G.1080 vé QOE cho trng
dung IPTV [37], tiéu chuan ISO/IEC TR 9126-3 cho cac
chi s6 trong thiét ké va chat lwgng san pham [38].

l1l. MO HINH THAM CHIEU GIAM SAT VA DANH

GIA QOE CHO IPNG DUNG WEB

Y tuong cua md hinh tham chiéu giam sat va danh gia
QoOE cho ung dung Web (WebQoE-RefMod) dugc xay
dung dya theo m6 hinh QOEWA [11]. M6 hinh WebQoE-
RefMod ciing sir dung cac chi so KPI (Key Performance
Indicators) va KQI (Key Quality Indicators) nhu mé hinh
QOEWA. Tuy nhién, mé hinh QOEWA la md hinh dua

- M6 hinh WebQoE-RefMod dwa ra mot tap hd so
binh thuoéng (Normal Profile) duoc goi la tap tham
chiéu (Reference Profile) cho cac diém do QoE, so
sanh tap dit liéu do dugc véi tap hd so binh thuong
dé giam sat va danh gia QoE

- M6 hinh WebQoE-RefMod xac dinh mot tap diém
do tham chiéu cho tmg dung Web.

A. M6 hinh WebQoE-RefMod

. M6 hinh WebQoE-RefMod dugc md ta trén hinh 1,
gom céc thanh phan sau:

- Thiét lap tép. ho so tham chiéu: Can ctr tdp cdc diém
do tham chiéu duoc xac dinh tir thoi diém thlet lap
dich vu tng dung Web, thuc hién do céc chi s6 KPI
va KQI. Tinh toan gia tri Ref-QoE dua trén cac chi
s6 KPI va KQIL

- Do dir lidu tai cac diém tham chiéu: Thyc hién thu
thap dir lidu tai cac di€m do tham chiéu phuc vu cho
tinh toan QoE.

- Tinh gia tri QoE 1a ham cia KPI va KQI

- Gidm sat va danh gia QoE: So sanh QoE tinh dugc
véi gid tri QOE tham chiéu (Ref-QoE) dé xac dinh
muc d6 chat lugng trai nghiém dich vu cho Ung
dung Web theo yéu cau.

- Két qua danh gia QoE: Hién thi két qua gidm sat va
danh gia QoE
B. Thiét ldp cdc diém giam sét
M6 hinh tong quat cung cap tng dung Web dugc md
ta trén hinh 2 gom 4 mien mang: Mién cung cap noi dung
Web, mién cung cap dich vu Web, mién cung cap dich vu
mang va mién nguoi st dung tng dung Web.

Dua theo cac khuyén ngh1 cua tiéu chuan ITU [36], ta
c6 thé xac dinh ra 5 vi tri giam sat chat luong dich vu (cac
diém giam sat — Check Point CP) nhu trén hinh 3 cho
chudi cung cap dich vu tng dung Web. Céc diém giam sat
CPi 1a cic diem tham chicéu dé do di ligu cho 4 mién
mang nhu mo ta trén hinh 2. M6t hé thong gidm sat QoE

Thiét lap tép 'h(‘“) SO
tham chiéu

Po di¥ liéu tai c?c
diém tham chiéu

Tinh QoE = f(KPI,
KQl)

Két qua danh gia
QoE

Giam sat va danh
gia QoE

Hinh 1. M6 hinh tham chiéu gidm sét va danh gié QoE

theo dir ki¢n (data-driven model), sir dung cac tap dir ligu
huan luyén dé dy doan QoE.

M0 hinh WebQoE-RefMod khac biét so véi mo hinh
QOEWA [11] ¢ hai ddc diem sau:
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tap trung s& thyc hig¢n thu thap dit liéu do duoc tai cac
diém tham chiéu phuc vu tinh todn QoE cho tng dung
Web.
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Ngwoi dung
Web

Nha cung cap
ha tang mang

Mié&n 4 Mi&n 3

Nha cung cap
dich vu Web

Mién 2

Nha cung cap
ndi dung Web

Mién 1

Hinh 2. M6 hinh cung cép dich vu Web véi bén mién mang

X 1 I I I
| I I |
. | I I |
2‘3:;}0" ! Mangtruynhap | Mang truc IP : Nha cung cép : Nha cung cép
| I I |
! Web : | | dichvuWeb | ndidung Web
CP5 CP4 CP3 CP2 CP1

Hinh 3. M6 hinh cung cép dich

vu Web véi bén mién mang

Bdng 1. Vi tri va mé ta cac diém do giam sdat QoE cho dich vu IPTV (theo ITU [37])

Tén diém do Vi tri Mb ti

Piém do 1 Diém giita mién cung cip ndi dung | Gam sat chat lugng ndi dung (video, audio), xac
va mién cung cap dich vu thue dir liéu metadata.

Diém do 2 Diém gitta mién cung cép dich vu | Giam sat chat lugng ludng dit lidu gbc, phan phbi
va mién cung cap ha tang mang dich vu.

Diém do 3 Diém gitta mién 161 IP (IP Core) va | Gidm sét cac tham sb hiéu ning lién quan 16p
mang truy nhdp (IP Edge | mang IP (Network Performance Monitoring).
Networks).

Piém do 4 Piém gitta mang truy nhdp va mién | Gidm sat chét luong luf")ng dit liéu, chét luong
mang cua nguoi dung. audio-visual, cac thudc tinh dich vu.

Diém do 5 Diém gilta giao dién mang nguoi | End-point, li€n quan truc tiép t6i QoE ngudi
dung va thi€t bi nguoi dung. dung cuoi.

Bang 1 md ta vi du vé& cac diém do giam sat chat
lugng ung dung IPTV theo ITU [37].
C. Po dit ligu tgi cdc diém tham chiéu

Cin cir cac tiéu chuan nhu ISO 9241- 11 [34],
ISO/IEC TR 9126- 3 [38] va OASIS [35], ta x4c dinh c4c
chi s6 KPI gom F1, F2, F3, F4, F5 va cac chi so6 vé d6 kha
dung F6, F7, F8, F9 nhu da néu trong [11].

Céc tap chi s6 KPI va KQI dugc xac dinh nhu sau.

KPI Score = { Flobj, F2obj, F3obj, F4obj, F5obj,
F6obj, F7obj, F8obj, F9abj }

KQI Score = { Flsub, F2sub, F3sub, F4sub, F5sub,
F6sub, F7sub, F8sub, F9sub }
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Trong do6: “obj” biéu thj cac chi s6 khach quan, “sub”

biéu thi c4c chi sé cha quan.

KPI biéu thi cac chi s khach quan, thuong dugc tham
chiéu theo cac tham s6 QoS ciia mang nhu d9 tré, d¢ rung
tr&, ty 16 mét goi,... [36, 39].

~ KQI biéu thj céc chi s chii quan, duoc thyc hién chit
yéu qua danh gia MOS (Mean Opinion Scores) [35] v6i 5
thang bac la: (1) bad, (2) poor, (3) fair, (4) good, (5)
excellent.

Theo [34, 35, 38], cac tham s6 Fi duoc dinh nghia nhur
trén Bang 2.
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Bdng 2. Cdc chi sé F biéu thi KPI, KQI

Chisé | KPI/KQI Mo ta
F1 Hiéu nang Hai 1ong véi thoi gian tir khi giri yéu cau téi khi nhan dugc phan hoi
F2 Do tin cay Hai 1ong véi thoi gian tir khi giri yéu cau téi khi nhan dugc phan hoi
F3 Tinh sin sang Hai 1ong véi sb tac vu thanh cong trong 1 khoang thoi gian
F4 Kha nang truy cap Hai long vei tinh sin sang cta tng dung
F5 Kha nang thanh cong Hai 1ong vai ty 1¢ phan hdi nhan dwoc sau khi yéu cau tac vu
F6 Kha nang hoc Hai long véi sy don gian va chirc nang trg gilp
F7 Kha ning hoat dong Hai 1ong vai sb giao dich thuc hién nhat quéan
F8 Do kha dung vé sb tac vu | Hai 1ong vai sb tac vu thanh cong trong mét khoang thoi gian da cho
F9 Do kha dung vé higu qua | Hai 1ong véi thoi gian ¢é nhan mot phan héi tir hd trg nguoi ding
o
S
) \ Fe
Tinh KPI Bwéc 1
(ttr cac dir liéu do =X
khach quan) § S:) Fa
Anh xa QoE
_ KPI 100%
<}
=2 =2
Tinh KQI \ §
(tr cac div lieu do KPI 100%
cha quan) Buwdc 2
<}
X7

Hinh 4. Tinh gia tri QoE

D. Tinh gia tri QoE

QoE duoc coi la mét ham cia KPI va KQI nhu da néu
trong [11]. Phuong phap tinh QoE c6 thé st dung nhu
trong [11] nhu mo ta trén hinh 4, trong do:

F. = Gi4 tri QoE do duoc thyc té (Actual Measured
QOE)
F. = Gia tri QoE dich (Target QoE).

Céc 6 tron véi con sé biéu thi 5 thang bac caia MOS
(Mean Opinion Scores) theo [35]: (1) bad, (2) poor, (3)
fair, (4) good, (5) excellent.

Nhu biéu thi trén hinh, phuong phép tinh QoE dugc
thuc hién qua hai budc:

- Budc 1: Tinh dinh luong mdi quan hé giira cac tham
s0 chi quan va khach quan tir cac dir liéu do dugc.

Cac gia tri Fa va Ft dugc tinh theo cong thire sau [11].
Fe=Fraen ™ Frcan oy
Fa=Fawe) * Faan )
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Gia tri dinh lugng QoE dugc tinh theo cong thac sau
[11]:

QoEzzn:

- Budc 2: Uéc lugng QoE theo phuong phap dua ra
trong [11]. Gia tri udc luong QoE tuong ung vadi
mot trong 5 thang bac cia MOS (Mean Opinion
Scores) la: (1) bad, (2) poor, (3) fair, (4) good, (5)
excellent.

F

a,k
|:t,k

E. Giam sadt va danh gia QoE
So do gidm sat va danh gia QoE cho mot ung dung
Web dugc biéu thi trén hinh 5.

Tép hd so tham chiéu duoc xac dinh & thoi diém thiét
lap dich vu ang dung Web. Cin ctr vao cac dit ligu do
duoc tai cac diém gidm sat, cac gia tri KPI va KQI duoc
tinh toan. Gia tri Ref-QoE dugc tinh dua trén cac chi sé
KPI va KQI.
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Trong qua trinh gidm sat va danh gid QoE thuc té,
thuc hién do dir liéu tai cac diém gidm sat, thuc hién do

Thiét lap tép hd so
tham chiéu

Ref-QoE

Mirc ngudng dugc xac dinh khi so sanh két qua giita
gia tri Ref-QoE va gia tri QoE do duogc. Theo [40], muc

Po d liéu tai cac diém
tham chiéu

JL

Tinh QoE = f(KPI, KQl)

JL

Tinh khoang cach D

JL

So sanh mdrc Nnguwdng

JL

Két qua danh gia QoE

Hinh 5. Giam sat va danh gia QoE theo khodng cach va mirc nguéng

|
|
: Web Server
|

Hinh 6. So dé thir nghiém QoE cho ting dung Web véi hai diém do giam sét

cac chi s6 KPI va KQI, tinh toan gié tri QOE dya trén cac
chi sé KPI va KQL. Tiép do, thyc hién tinh khoang céach
gitra Ref-QoE va gla tri QoE do duogc. Cac phuong phap
tinh khoang cach c6 thé ap dung phé bién la: Euclidean
hay Mahalanobis [40].

Khoang cach Euclidean giita hai diém x va p duoc
tinh nhu sau:

oo =D - (- 1)

i=1

Euclid —

Trong d6 x cac diém dir liéu do dugc, p la cac dlem dir
lieu tham chiéu cua Ref-QoE, p la sé lugng tham sb sir
dung khi tinh todn KPI va KQI.

X = (X1, X2 ..., Xp)

M= (M1, o, ., ftn)

Cong thuc tinh khoang cidch Mahalanobis xem xét dén
tinh twong quan gitra cac tham so:

Avana = (X= )T SH(X— 1) (@)

S 1a nghich dao ciia ma tran hi¢p_ phuong sai gitra X
va p Vai tro cia S ciing la trong so dé giam su khac biét
giira cac tham sb.
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ngudng thong ké c6 the xac dinh nho phan b6 thong ké F
hozc phéan bé Chi-square 32

Trong x4c sudt thong ké, ham phan bd tich luy
(Cumulative distribution function - CDF) duoc dinh nghia
nhu sau:

F() = P(D<Dy) (®)

nghia 1 x4c suét dé khoang cach D nhé hon hodc bang
mirc ngudng Dy.

Gia tri mirc ngudng c6 thé Iy tir bang phan b thong
ké F hozc phan bo Chi-square y [40].

IV. THO NGHIEM

Hinh 6 mo ta md hinh trién khai thur nghlem giam sat
va danh gla QoE cho tng dung Web véi hai diém gidm
sat CP1 va CP2.

Trong thir nghiém nay, ta thuc hién khao sat MOS
(Mean Opinion Scores) theo cac tham s6 QoS la ty 1¢ mat
g0i (Packet Loss Rate - PLR), Tré (Delay) va Bo rung tré
(Delay Jitter). Cac tham s KPI duoc coi la cac tham sb
QoS do duoc.
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Luu luvong Web (ng vai cac dich vu mang méi duoc
mo ta trong [41]. Theo [35], phan muc cac I6p QoS véi
c4c tham s6 tr&, do rung tr, ty 1& mét goi nhu trén Bang 3.

MOS = 13.96*exp(-1.133*Delay) — 8.783
MOS = 98.78%exp(-0.1219*JItter) — 94.21

MOS = 2.198*exp(-11.06*PLR) + 1.391

Bdng 3. Phdn mikc cdc I6p QoS véi cdc tham sé

Lép Delay Jitter PLR Vi du cac @ng dung
QoS
0 100 ms 50ms | 1x107° | Real-time, nhay cam véi jitter, do tré thip, co tinh twong tac cao
1 400 ms 50ms | 1x10° | Real-time, nhay cam véi jitter, tré trung binh, ¢é tinh tuong tac
2 | 100ms 50ms | 1x10° | Trao dbi dit liéu, do tr& thip, c6 tinh tuong tac cao
3 400 ms 50ms | 1x10° | Trao dbi dit liu, tré trung binh, c6 tinh twong tac
4 |1s 50ms | 1x10° | Mét goi thip
5 U U ] Best effort (U = undefined)
6 | 100 ms 50ms | 1x10° | Téc do bit cao, yeu cau khit khe mét gi thap, do tré thp, cé tinh
tuong tac cao
7 | 400 ms 50ms | 1x10° | Téc do bit cao, yéu cu khit khe mét géi thap, tr& trung binh, c6
tinh tuwong tac

Thuc hién thir nghiém véi viée dat lan luot cac gid tri
sau cho Delay, Jitter, PLR

- Delay: 0, 100, 150, 200, 250, 300, 350 va 400 ms
- Jitter: 0, 100, 150, 200, 250, 300, 350 ms

- PLR: 0, 0.025, 0.05, 0.075, 0.10, 0.125, 0.15, 0.175,
0.20, 0.225, 0.25

Bang 4 va do thi hinh 7 Ia ket qua khao sat m6i quan
h¢ gitra MOS va Delay (tinh bing gidy). Bang 5 va do thi
hinh 8 1a két qua khao sat moi quan h¢ gitra MOS va Jitter
(tinh bang gidy). Bang 6 va do thi hinh 9 la két qua khao
sat mdi quan hé gitra MOS va ty & mét goi (Packet Loss
Rate).

Bdng 4. Tinh gia tri MOS theo Delay

Delay 0 0.1 0.15 0.2 0.25 0.3 0.35 0.4
MOS 5.177 3.6816 2.9951 2.3465 1.7335 1.1543 0.6070 0.0899
Bdng 5. Tinh gid tri MOS theo Jitter
Jitter 0 0.1 0.15 0.2 0.25 0.3 0.35
MOS 4.5700 3.3732 2.7802 2.1909 1.6051 1.0229 0.4442
Bdng 6. Tinh gia tri MOS theo Pakcet Loss Rate (PLR)
PLR 0 0.025 0.05 0.075 0.10 0.125 0.15 0.175 0.20 0.225 0.25
MOS 3.59 3.06 2.66 2.35 2.12 1.95 1.81 1.71 1.64 1.58 1.53

Muc dich cua viéc thir nghiém la xem xét méi quan hé
gita QoE va QoS. Do dd, ta str dung phuong phap tinh
thong ké don gian cho QoE theo cic tham s6 QoS nhur da
chi ra trong [39] nhu sau:

QoE=a*exp(—b*QoS)+c (6
Trong d6 a va b 1a cc hé s6, QoS la cac gia tri tré, do
rung tré va ty I¢ mat goi.

Céc cong thirc twong tng biéu thi mdi quan hé glua
MOS vai tré (Delay), do rung tré (Jitter) va ty l¢ mat goi
(PLR) duoc dua ra trong [39] 1a:
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V. KET LUAN VA HPONG PHAT TRIEN TIEP

Mang Internet ngay cang phat trién, c6 thém nhiéu
dich vu @ng dung méi da dang trén nén tang IP va di
dong. Cac ung dung Web dugc st dung rong rai, co do
phtic tap ngay cang cao va ndi dung da dang, dic biét la
cac noi dung da phuong tién. Pap (ng yéu cau chat lugng
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dich vu (QoS) va chat lugng trai nghlem (QoE) cho nguoi
dung la van dé quan trong dbi vai cac nha cung cép dich
vu g dung, dién hinh Ia cac tmg dung Web truc tuyén
nhu Youtube, MyTV, IPTV,.

QoS va QoE da dugc quan tdm tir nhiéu nam, song
van chua c6 mot md hinh phi hop cho dinh luong QoE.
Céc md hinh danh gia QoE c6 thé rat khac nhau cho mdi
loai dich vy, ing dung Web.

Dé theo ddi chat luong trai nghiém QOE cho ting dung
Web theo thoi gian thuc, can ¢ mot mé hinh giam sat va
danh gid QoE truc tuyen, xem xét moi quan h¢ giira QoS
va QOoE, méi quan hé gitra QoE va MOS.

Bai bao di dé xuat mot md hinh tham chiéu cho giam
sat va danh gid QoE cho tng dung Web dya trén co so cac
tham s6 theo tiéu chuan cia ITU. M6 hinh tham chiéu
WebQoE-RefMod dugc dé xuit voi cac dic trung: xdc
dinh mot tap hé so tham chiéu QoE phuc vu cho viéc so
sanh, danh gia dinh lugng QoE trén co so S0 sanh véi mirc
QOE tham chiéu; x4c dinh mot tap cac dlem tham chiéu dé
do QoE; tinh gi4 tri QoE theo céc chi sé KPI va KQI;
giam sat va danh gia QoE theo cong thirc théng ké khoang
cach tai gia tri Ref-QoE.

Bai bdo da dua ra thu nghiém khao sat méi quan hé
gitra MOS véi cac tham s6 QoS (xap xi cho chi tiéu KPI)
gom: tré (Delay), do rung tré (Jitter), ty 1€ mat géi (PLR).

Trong khuon khé bai bao, nhitng cong viéc cu thé vé
thu thap dr liéu tai cac diém do giam sat, phuong phap do
thu thap di liéu, cach thac tinh KPI va KQI tir cac dir liu
do dugc, cach so sanh QOE va Ref- -QoE Véi mie ngudng
van con chua duoc trinh bay chi tiét. D6 1a cac chu de
nghién cuu tiép theo.

LOI CAM ON

_ Céc tac gia tran trong cam on ngudn tai tro cta dé tai
cap Nha nudéc ma so KC.01.08/16-20 cua B KH&CN
cho nhom nghién ciru.
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MONITORING AND EVALUATION OF QUALITY
OF EXPERIENCE (QoE) FOR WEB
APPLICATIONS

Abstract: Providing Quality of Experience (QoE) for
satisfying user’s requests is being an essential demand
for Web applications and service providers. Several
challenges have been posed to QOE monitoring and
evaluating, since there is still no suitable model for
quantifying QoE. Until now, research work has mainly
focused on improving QOE regarding time related
parameters, the interactive relationship between QoS and
QoE, the relationship between QoE and MOS (Mean
Opinion Scores). However, the problem of real-time QoE
monitoring still not receives adequate attention. On the
other hand, most QoE models to date are based on
parameters proposed by the ITU for networks and
multimedia applications. There is still no model for Web
applications. Based on parameters according to ITU
standards, this paper proposes a reference model for
monitoring and evaluation of QoE for Web applications.
This reference model WebQoE-RefMod has following
properties: 1) Determining a reference profile for QoE
comparison and evaluation, 2) Determining a set of
reference measurement points, 3) Calculating QoE as a
function of KPI and KQI metrics, 4) Monitoring and
evaluating QoE using a formula for the statistical
distance to the Ref-QoE values.

Keywords: Web Applications, QoS, QOE, QoE
monitoring, quantified QoE assessment.

Hoang Manh Quang. ThS. tai Dai
hoc Bach Khoa Ha Noi.

Hoc vién Cong nghé Bwu chinh
Vién théng. Linh vic nghién ciu:
Chét lwong dich vu (QoS), chat
lwong trdi nghiém (QoE), mang
may tinh, mang vién théng, do
kiém mang Iwéi.
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thoéng tin
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