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Dw doan hiéu nang aia Web Services® dung mo
hinh mang hangdei va phan tich hi quy Gaussian

Web Services Performance Prediction using Queuingetwork Model and
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Abstract: In this paper, we present a solution tesir dung, xem xét Web Services lagtmhop den va
predict the Web Services performance by using tiénh gia thi giandapung aia h thong.
Queuing Network Model to enrich the input data and Hjen nay, not s6 huéng tiép cin dr doan héu ning
Gaussian Process regression analysis implementifgeh Servicesdang duoc trién khai nghién au.
for data prediction purpose. The detailed analysigjysng tiép cin dau tién 1a thic hién dr doan théng
results of the proposed solution are also preseatetl gua mo phng. Phrong phap nay s dung ngon ng
evaluated. UML mé hinh héa cac tac nhare k¢ thong, tir do

Keywords Performance prediction, Web servicesxay drng mdé hinh cats dung (Use Case) cho Web
Gaussian Process regression analysis, QueuirBervices va Bu d6 thuc thi tng quat éa Web

Network. Servicestonging. Tiép dén cac tac gi s dung cong
] i cu md ptong SMTQA (Simulation of Multi-tiered
l. GIOI THI EU Queueing Applications) cho caé tthong duoc thiét

Web Servicesiong mdt vai trd quan wng trong ké theo kén tric multi-tiered, quao cé th du doan
cac kén tric hrong dch wi, cho phép cacidh wi c6  hiéu ning aia Web Services [2[Ju diém aia phrong
sin dugc lya clon Mot cach nhanh chondf xay drng phéap nay la cé thdu doan $m hiéu ning aia Web
mot ang ding. CO ba tac nhan chinh tham gia vai m Services bng md plong, cho ta mt uéc lugng
he thbng Web Servicesdd la Service Provider, hiéu ning aia h¢ thdng, khingdinh tinh kf thi coa b
Service Broker va Service Requester [1]. Céémhi théng trrée khi trién khai, kbic phic duoc 16i néu co.
khia @nh dé danh gia hdu ning dia Web Services Nhuoc diém cia phrong phap nay la ta phbiét duoc
nhu thoi giandaptng (response time)ydng théng tin  thiét ké chi tiét caa ke théng dé dwa vao md pbng,
truyén qua mang trongdon Vi thoi gian (throughput), hon nira khong té kiém soat mt cach tugt dbi cac
sb lugng 16i xay trongdon vi thoi gian, $ luong giao tham $ dau vao, @ng nhr trang thai @a ke théng
dich [5]... Trong bai b&o nay, tad clon cach mé hinh trong thrc t, do d6 dau vao cé th khéng chinh xac,
héa héu ning Web Services théng quadimquan ¢  dan ti dau ra khéng chinh xac. Rbng phap nay dh
giita thyi giandapuang aia Web Services vae¢ do téi  ap ding cho cac &ithbng c6 kén tricda ting (multi-
(arrival rate) [3]. Véc thu thip cac niu trongdanh gia tiered architecture).
hiéu nang la thrc hién do dac tl"(‘)”i gian dap tng aia Huéng tiép can thir hai 1a thec hién de doan heu
Web Servicesing Wi cac gia tf toc do t6i khac nhau. nping aia cac léng cong vic Web Services. Riong
Qua trinh thu thp di liéu hiéu ning nay co th thuc phap nay & dung ngdn ng thuc thi Web Services
hign dréi géc d6 nguoi dung [3], hdc drdi goc dd  \WS-BPELdé mé hinh hoa phia ngi sir dung va phia
nha qun ti hajc nha thet ké hé thong [2]. Trong  server. Kt hop v6i md hinh mng hangloi (Queuing
nghién &u nay ching toi tic hién dudi gocdd ngroi  Network) phrong phap naytua ra gia tr du doan 1a
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can trén va én dudi cua thoi gian dap ung va
Throughput [9. Véc danh gia én la not trong nhirng

wu diém cia phrong phap, né phudp véi thuc t, cho

phép nha gin tri c6 thé hinh dung vatanh giadugc

khoang hiéu nang, tr d6 dua ra chén luoc i uu hoda
phu hyp. Han ch caa phrong phap nay |a pi chi ra

dugc nhiing tai nguyén nao trongéhthbng ma céac
ludng céng véc md & trong BPEL truy 8p Sr dung,

va he théng phii danh gia ti gian sr dung trén tring

tai nguyéndo.

Huéng tiép cin thir ba, plwong phéap ¢a trén goc
nhin & phia ngoi sir dung. Thu thp cac d liéu mau
vé hiéu ning aia Web Services, said sr dung cac
mo hinh Web Services khac nhauri/M/1, M/G/1,
M/M/m, Queuing Network & hop voi mang Noron
dé phan tich tim ra cac thané sho md hinh vaw
doan héu ning [3]. Uu diém cia phrong phap nay la
khdng @én doi hoi phai biét nhiéu théng tin ¥ Web
Services &n danh gia.

Hudng tiép cin thir 4 thrc hién dr doan héu ning
Web Servicesat tang thrc thi aia h¢ thong, duoc thé
hién qua cac thac tinh \& chit lugng dch w (Quality
of Service or QoS)ua #ing thrc thi, kho tru tri cac
dich w, dau vao, ... Plrong phap nay xem xétidiéu
dau vao c6 nkiu, va mé hinh hoéaidliéu dau sr dung
phan tich Bi quy Gaussian Processitkop Vi cong
cu mo ptong ke théng thrc thi Web Servicesté du
doan héu ning [15].

Chuang t6i K thira cac nghiéntw cong b trong
[2,3,5,9,15] va & dung md hinh mng hangdoi két
hop woi Gaussian Process trongr doan héu ning
Web Services. Do §t 9t dung mang Noron ch cho
mot dau ra duy nlt, nén Kt qua du doan héu ning
cho nt gia ti duy nHit. Miac du cé ti ching minh
tinh héu qua cia mé hinh, song giaitdy doan ch
mang tinh cht trung binh, khéng gim 4nhdugc trong
mot sb trudng hyp. Cu thé, trong hai 4n do dac hiéu
nang Wi cung mdt toc do tdi, ciing thudwoc két qua
thoi gian dap tng khac nhau. Ly do la &h gian dap
rng phu thudc vaodic diém aia ke thong ti ting thoi
diém, cac y$u t phu thupc nay throng mang tinh cit
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ngau nhién gay nén néu [15]. Do d6 thoi gian dap
rng dugc xem xét ntr mot bién nciu nhién. Khac i
viéc ar dung mang Noron trong cac nghiénat trudc,
ta dua vao mé hinh nBi va sr dung phan tich &
quy Gaussian Proces$ dua ra gia tr du doan cho
thoi giandapung, dong thyi danh gia khang tin dy.

BS cuc aia bai bao #ip theo trinh bay nh sau:
trong phn Il trinh bay gii phapdé xuét; trong ptan
Il la danh gia trén € so tinh toan khang tin @y cho
ky vong; trong pAn IV trinh bay thr nghiém thyc t
da caidat; prin V 1a Kt luan va hréng nghién ¢u
tiép theo.

Il. GI Al PHAP DE XUAT

Hinh 1 md 4 tong quan qué trinh 3udc thyc hign
du doan hgu ning Web Services theo ajiphap dé
XUA.

Bwéc 1: M6 hinh hoa tin lu va nhéu dya trén cac
mau gia ti hiéu nang thu thp duogc.

Bwéc 2: Chia dr liéu dau vao thanhap huin luyén va
tap kiém chrng. Sr dung md hinh mng hangloi, dua
vao cac @ liéu trong fip huin luyén dé danh gia cac
tham $ cho md hinh. Khi c&c thané sia mang hang
doi hoan toan xadinh, ta it dau thyc hién 1am giau
dir lisu. LAy cac gia tr toc d6 téi ndim ngoai khéang
gia ti trong B dit liéu hiin luyén, va tinh toan i
giandapung, dé thuduoc bo gia ti di lisu moi.

Bwéc 3: Thuc hién phan tich & quy Gaussian
Process da trén d liéu da l1am giaugdua ra Kt qua dy
doan ki wng cho tki gian dap tng va danh gia
khoang tin @y.

Bwérc 1 Buwérc 2 Buwée 3
Kiém thi Lam giau Két qua
hiew néng JERTCRE] o |DUS | phntch | dydodn
Web Services bt hdi quy
hiéu nang
M hinh hang o Phan tich héi quy

(Gaussian Process

Hinh 1. Phrong phap ¢ doan héu ning Web
Services
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I.1. Xay dwng mo hinhdiu vao

Kiém thir hiéu ning k¢ thbng duoc s dung trong
danh gia htu ning Web Servicest¢ dam bio hiéu
nang k& théng nhr mongdoi. Trong quéa trinh Km
thir hiéu ning, ta c6 kh ning kiém soatdugc ti cua
hé thdng, c6 tie thyc hien kiém thir trong mdi tong
tai cao (nhéu yéu @u) haic méi tnrong ti thap (it
yéu du). Viéc kiém thir hiéu ning c6 tfé tién hanh
theo hai mé hinh, mé hinhar{open model), hic moé
hinh déng (close model) [3]. Trong md hinhom
nguoi st dung i hé thong & mot téc do dinh tnrée
A goi 1a tdc do toi va i hé thong khi yéu éu dugc
thyc hien. Trong md hinhiéng, $ luong ngroi sir
dung dugc phuc v trong 1§ thdng 1a & dinh. Ké thira
cac nghién ¢u trong [2,3,4,5], chung tbiasdung mé
hinh n®.

Céc Ii thuyt cia Markov va Poissodua ra Kt qua
khing dinh ring qua trinhdén c6é phan pbi xac sut
theo ham rii (phan plbi mi) la mdt qué trinh Poisson
[5]. Trong phrong phap nay, quéa trindén thyc hién
nhue sau: \6i moi toc do t6i A ta thec hign M lan, &

mdi lan tht j,(j =1LM )ta kn luot gui D yéu du,
saudo thyc hién do thoi gian dap ung aia k¢ thong
vai tirng yéu au thr k 1a R . G mdi 14n thi j ta tinh
gia tni thoi giandaprng trung binh theo congttb (1):

1
&R

ij k=1

R =

(1)

Thoi gian dap ung trung binhang Wi téc do toi
A cho #t ca cac hn do dugc tinh 1a:
M .
2 D;* R

i=1

S S
> D
i=
Ta thrc hién do dac N Ian & cac gia tr toc do t6i
khac nhau, gia trthoi gian dapung cho ndi lan the i
la R"va R duoc cho trong cong tre (1) va (2). Kt
qua dau ra @a kiém thir hiéu ning la cac B s5 liéu

)

Ri

ij

Py
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{ARERZ..R"i=LN} va {A,R|i=LN}
Dva vao I dir liéu hiéu ming thu thp ¢ trén, ta mo
hinh hoa @ liéu diu vao cho tin u va nhéu. Tin
hiéu dau vao la chung chdit ca cac plrong phap va
c6 chng:

{(AR") | i=L,N} ®3)

Nhiéu theong mang tinh cit ngiu nhién do nkiu
nguyén nhan khac nhau, vartimg dugc mé hinh héa
boi phan pléi xac sut Gauss. Do tinh dh ngiu
nhién, nhéu phii c6 ki wng 0 [15]. Dra vao cac fAu

6 lieu {A[RLR™2,.....,R" ]ji=LN } ta £ m6 hinh
héa cho ntu nhr sau: Dat ﬁi:Mii R va
j=1
N'=R -R, khi d6 ta thu duoc b 5 Ila
{AINEN'2 . NM1]i=1,N}. Bo s nay tfé hi¢n sai

sb so Wi gia tri ki vong, ching ta dungdé dic trung
cho nhéu oia tin héu. Gia ti ki vong aia nhéu la

L -1 3 Ni =0, va phrong sai la:
M &
2 1 i 2 1 ii\2 4
o =2 (N =) == 5 (NP (4)
M 4 M &

Li thuyét do tin cly phan plbi Gausg10] cho Kt
qua V6i Xac sut 95%, khang tin Gy caa ki wng gia
tri nhidu < la g4, +1.960,, =+1.9&, . NgHa 1a \bi
Xac st 95% thi khang tin diy cho ki wng thyi gian
dapung R sz nim trong khang R +1.960,, . Thuc

hién trong tr cho cac gia trtéi A,i =1,N khac ta
thu duoc bo dir liéu dau vao cho nidu. Ta § lay 80%
so liéu kiém thrr hiéu ring & mdi tnrong i thap dé
lam &p huin luyén. Con hi 20% d liéu kiém thir hiéu
nang & moi trrong &i cao lam 4p kiém ching. Viéc
phan chiap huin luyén va fip kiém ching trong t
nhu pheong phéap [3].
[1.2. Lam giau dir liéu sir dung Queuing Network
Lam giau dr liéu ding la ndt qua trinh suy én,
nheng 1a suy din c6 cn ar dya trén md hinh i@

-31-



Ca4c cong trinh nghiénu, phat trén vaing cung CNTT-TT

Web Services, ddé dat do chinh xac én thiét. Mo
hinh pt bién nhit & md hinh mang hang doi
(Queuing Network) [4]. Gi M 1a sb sb lugng hangloi
trong k¢ théng; A la tc do téi trong toan B hé
thong; p, ; 12 xac sét d¢ yéu céu aia ngroi ding vao
hangdoi j sau khi bi khoi hangdoii (p; =0); Py, la
Xac st dé yéu @u cia ngroi dung ©i khoi hé thong
sau khi cby ¢ hangdoi i; p,la xac sit dé yéu éu
cua ngroi dungdén hé théng ¢ hangdoi i. Tadanh hi
chi b cac hangioi dé chi sd cho hangloi tuong ang
v6i Web Servicesan dr doan héu ning 1a 1. Vi yéu

cau cia ngroi dung ludn phi qua Web Services nay

nén xac sit ¢ yéu du aia ngroi dungdén h¢ théng
& hangdoi 1 1a p,, =1; va xac sét nguoi ding i he
thong ¢ cac hangdei khac 1a p, =0,i=2M .Ala
toc do toi téng the & hangdoi i; v 1a ti b tham (visit
ratio) & hangdoi i (ti s tham thyc chit 1a gia ti toc do
t6i duoc chuin héa v :%). Téc do toi hangdoi i
dugc xem xét trong @i quan & véi téc do roi di &

M
cac hangioi khac ti hangdoi i A :Z/\j P, i=LM.
j=1

Khi d6 cong tlirc danh gia thi giandadputng E[R] aia
mé hinh Queuing Network nay la:

M l M l (5)
_;,Ui_/] _gai -A
v
Trongdé a, =4 i =M . Trong cong thc (5) &
\/i

tréndai luong A khong cé chsd i, y chi thoi giandap
rng cH phu thupc vao e do toi cua toan b hé thong
ma khéng ph thuc vao 6c do tsi trong tirng hang
doi [3,4]. Truée khi dua ra Kt qua du doan, ta phi di
xacdinh cac tham& a, st dung b dir liéu vao la ip

huan luyén. Goi @ 1a b tham $ trong md hinh hang

ap V-1, $ 11 (31), thang 6/2014

doi. bat f,(A4,6)=E[R la cong tlic tinh thoi gian
dap ang theo mdé hinh handoi, phu thuoc vao 1§
tham $ 8. Véi mot bo gia ti xacdinh aia tham 8 8
ta thu dwoc Kkt qui due doan A

{(4.1,(1.0)li =IN}. Tadanh gia sai & trung
binh binh pkrong trong Kt qua du doan:

ew):ﬁzm— £(4,0) ©)

i=1

Ta cton tham 8 @ sao cho gc tiéu héa ham saiés
binh phrong &(6) trong cong thc (6). Bé lam duoc
didu nay ta ap whg phrong phap Gradient liénoip
khdng tugn tinh [11]. Sau khi xadinh cac tham&
cia md hinh mng hangdoi, ta tién hanh lam giaud
dit liéu vao ti cac diém téc do téi nhu sau. bat
A A 1an luot 1a gid ti toc do t6i nho nhit, gia
tri toc do t6i 16n nhit trong &ip huin luyén. Ta § s
dung md hinh handoi dé lay thém céac fu tai téc do
téi A ndm ngoai khang [A_.., A_nd 12 chi Yéu,

t—min ?

t—max.
muc dich ladé lam giam sai $ ngai suy aia phan
tich i quy Gaussian ProcessoiCGkich thréc bo dir
lisu moi 14y thém tr mé hinh hangloi [a M, tip di
lieu moi ndy c6 dng: {A,f (A, §|j=L M} . Két hop
tap di lieu moi ndy Wi tap huan luyén ta co 4p di
ligu 1am giau teée khi dwa vao phan tich di quy
Gaussian Process.
11.3. Phan tich héi quy Gaussian Process

Sau khi cé toanddi liéu hiéu ning va dr liéu mai
dugc lam gidud bude hai, ta tire hign phan tich b
quy Gaussian Process. Phan tidh uy Gaussian
Process la ¥t cdong @ manh trong gii bai toan a
doan \6i nén ting toan bc sr dung xac xdt Bayes
[6,7,8,15]. Phép phan tickbihquy Gaussian Process
sir dung ham hgp phrong sai cé dng:

k(Am’An’e) = ksignal(/1 m’/1 n’9)+ knis e(A mA ne)(7)

Trongdo6 Ky, (4,4, 6)1a ham hép phrong sai

dac trang cho tin hu, con k. (4,,4,,6)1a ham

noise
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hiép phrong saidic trung cho nhiu, va @ 1a tp cac
bién tham é cua ham.
Theo [6] ta tra clon ham hép phrong sai nii bac
hai cho tin Ru, cdng thirc c6 ding:
_ (/]m_/]n)2

KA An0)=p> € 2 €

Bo tham $ trong cong thc (8) la 8=(p,1), dé
phan bét day la cac thamdsciaa ham hip phrong sai
ta € goi cdc tham & nay la cac siéu thamés
(hyperparamaters) [7,15]. Cong & thuyét xac sit
Bayes cho tadt qua tinh toan xac € ¢é codau ra la
thoi giandapung IQN =[R%,R?,.......R' T véi diéu kien
bo dau vao 6¢ do t6i A, =[A,A,..... A, T va bp siéu

tham $ 8 = (p,|) thoa mén céng tirc sau [6,8,15]:

o s P | N
10gp(R, Ay €)= =% R Kigna R~ 109 Kiga = l09(Zr

)

trongdo Kgignala ma tén hi¢p phrong sai [8]

Bo siéu tham & 8 tim dugc sao chadai lwong
log p(R|A,6)thé hién duoc gia ti 1on nhit. C6 thé
ap ding cac gii thuat tdi vu nhr Gradient lién bp,
Nelder-Mead simplex. Chdng toirsdung phrong
phap Gradient liéndp khong tugn tinh (Nonelinear
Conjugate Gradient) [113é tim cac siéu thamés
8 =(p,l)trong cong tic (8). Tuong tr, ta xay dng
ma tin hiép phrong sai K, cho dr liéu dau vao, thay
ham hép phrong sai tin hBu bdi ham hgp phrong sai
chung néu trong congtth (7). Muc dich bay gi cia
ta 13 dr doan ti didm diu vao i téc do t6i Ay,
goi gia tri thoi gian dap ung thrc t tai diém moi nay
la RV, Ta xem xét 4., R"*") nhu mot phin cia
b6 dir liéu vao, kich tixéc b dix liéu vao luc nay la
N+1. Ta xacdinh duoc phan phi xac sut dé xay ra
R*v6i didu kien BN tai bo dit licu R, 1a:

ap V-1, $ 11 (31), thang 6/2014

P(RN+1,’RI)
P(R)
Pai lugng P(R'|R,)goi la phan phi hau

nghiém. Theo [7] cong tirc (10) co th duoc viét lai
dudi dang:

P(R"| R)%ex{—% . R”*lmi{i“ H (D

P(R"™|R,)= (19

N+1

Trong cong tirc (11) ta c6 th biéu dién ma tén
nghich dao K., theo cac ma in K va K" dusi

dang cong titc nghich dao thanh phn va thrc hién
cac bén ddi, st thuduoc:

H) T _i _(RNH_ kTKil AR|)2
P(R™|R)= C.exr{ KKK } (12)

Trong cébng tiic (12) phan péi hau nghim
P(R"| R,)cling la nbt phan plbi Gauss. Ta&liy
gia ti ki vong va plrong sai @a phan phi hau
nghiém la Kt qua du doan. Hai gia trdo lan luot 1a:

|§N+1 — kT K&l Rl (13)
va  Oi,=k-K K 'k (14)
Bwéc 2a Bwéc 2b

Mb hinh dr  Tép huin Céc tham

liguvao  luyén ['panh gia thamés| [ Sinh dx ligu moi tir

mo hinh handoi mo hinh handoi

T A
M6 hinh —— |
hangdoi

Tap huén luyén & mé hinh nhu Dit liéu mai
Dit liéu

lam giau

Phan tich hi quy
Gaussian Proce

Két qua
du doan

Buwéc 3

hiéu ning

Hinh 2. M6 hinh mng hanglgi va Gaussian Process
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Cong thic (13)duoc ar dung dé danh gia gia irki
vong cho Kt qua du doan thyi gian daptng i diém
téc do téi A,,. Cong thic (14) dugc dungdé danh
gia khaing tin @y cho gia tf ki vong ¢ trén.bay la

hai kKt qua cia phan tich & quy Gaussian Process.

Phrong phap Et hop md hinh hangloi va phan tich
hdi quy Gaussian Procedsoc md & trong Hinh 2.

lIl. PANH GIA PH UONG PHAP PE XUAT
[11.1. Panh gi4 khaang tin cay cho ki wng

bé don gian trong cac céng tit ching minh &
dusi ta dat f thay cho xac <t hau nghém
P(R™|R), Mthay cho gid i ki vong
RN, o’ thay cho plhrong sai 5f,+1, va X thay cho

bién RV*,

Pit bién z =X "H - Ki vong aia bén Z 14 [8]
ag
E7) = E{—X . }
g (15)
_EXlp gy
ag g
Phrong sai ¢a bién Z Ia [8]:
1 N
a; =NZ(Z(Xi)— H2)®
i=1
N _ 2
:iz(ﬂ_oj (16)
NS\ o

_ii(xl _ﬂ)z — NJZ _1
NS  o° No?
Ham phan péi cia Z xaadinh i cong thic sau:
f@)=1e? (17)
T

Li thuyét vé x&c sit cho ta cong tic xacdinh xac
xuit dé bién Z nhan gia irtrong khang (-n, n) la:

P(-n<z<n=[ (az=[Le&" @ )

ap V-1, $ 11 (31), thang 6/2014

pat @(n) = [ 7_1Te‘22 dz ham @N) goi 1a ham

mat do xac sdt caa bén phan phi chudn wi ki vong

0 va phrong sai 1. Cho giaitcia n thi gia trcaia ham
X&c Xxufit (0(”) hoan toan xadinh boi tich phan trén.
(xem Bang 1).

Bang 1 Mdi quan I¢ giira gitadai luong n va khang

tin ca
N 1.281| 1.644| 1.96| 2.326 2.576 2.8Q7
Xa}c 0.80 0.90 0.95| 0.98 0.99 0.995
suat

Ta c6 nhtu lya chon céc gia tr khac nhau cho n,
trong khuén kb cia bai bao nay ta oh khaing tin
cay 95%, trong ung Wi n = 1.96. Chugn cac bén
X, 4,0 Vvé cacdai lugng tadat Itc dau.

Két hop voi lya chon n = 1.96 ta co:
P(RV"-1.960,,, < R"'< R*"'+1.9&,,, ¥ 0.9

(19)

Cong thrc (19) danh gia khang tin dy 95% dia
gia ti ki vong R"*. Khaing tin dy nay cé ¥ ngta
la xac sdt dé thoi gian dap ung ti diém N+1 rim
trong khaing R"™ +1.967, ., 1a 95%.

[11.2. Panh gia nhan xét v phwong phéap dé xut
Phrong phap d¢ doan nay la s két hop cia phan
tich h5i quy Gaussian Process va md hinimmhang
doi. Su két hop Gaussian Process va md hinh héwig
nay khai thacdi da nhinguu diém cia ¢ hai phrong
phap. Phrong phap nay xayuhg tin héu dau vao
gidng Wi tit ca cac plrong phap ¢ doan héu ning
Web Services khac. Con xaymy ko dit licu nhéu la
hop Ii, phi fop voi mot hé thdng Web Services
Tiép theo, & dung phan tich & quy Gaussian
Process, apug |i thuyét xac sit caa Bayes trong
qué trinh @ doan, \6i gia thiét md hinh @ li¢u dau
vao c6 nhiu ndiu nhién.Két qua phan pli hau
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nghigm P(R'| R,) ciing la mot phan pbi Gauss.
Gia ti ki vong aia phan phbi hau nghém duoc ar
dung la gia ti ki vong cho Kt qua dy doan & thoi

gian dap ung. Li thuyt vé& khoang tin dy caa phan
phbi Gaussdua ra Kt qua vé khaang tin dy 95% cho
két qua du doan, ki wng thyi gian dapung va khang
tin cdy 95% cho kt qua du doanduoc ching minh @

mat I thuyét. Khoang tin dy 95% cho ta it ring xac
SUit dé gia ti ki vong thoi gian dap tng ram trong
khoing R+1.960 la 95%.

IV.CAI DAT VA PANH GIA TH UC NGHIEM
IV.1. Hé théng Web Services

A0 b Thanh pb
Cin hy DB DB
Truy vé;t Két aua Try vé* Kétqui
Y&u Gu(SOAP I
ws2 @) Ping ki ham:
Phin Wi (SOAP getTopCities(limit)
bang ki ham:
getStatistic(limit) WS1

Yéu du Phin hi
SOAP)

(SoAP)

Hinh 3. Hé thbng Web Servicesdvcin ho

Phin thrc nghém lam vic wi hé théng Web
Services ¢ can ho véi hai hangdoi, duoc xay dg
trén Server cong ty Cazoodle [12], trén céahda vé
théng tin @&n hH caa nré¢c My (Hinh 3). Web Services
sb 1 c6 chirc ning cung ép cac thanh phtai M§ cé
s6 dandéng nhit trong gbi han aia yéu éu dau vao.
Dich w naydang ki mot ham c6 tén la getTopCities,
ham nay nin dau vao |a gbi han & thanh plb cin
|y, xay drng cAu truy &n i co s5 dit liéu “cities”
luu trir théng tin dan & cac thanh ph cia My (trong
bang cities c6 19.476 thanh @h Két qua tra vé tir cau
truy vin s duoc xir I va ti vé cho ngroi dung nao
két ndi dé sir dung dch w 1. Web Servicess2 thong

ap V-1, $ 11 (31), thang 6/2014

ké & gia nha cho thué trung bintiac mbt s5 thanh
phd déng dan nft. Web Services 2&ssinh ra nit
Client 1 dé gui yéu ciu ldy théng tin cac thanh ph
déng dan nkt & My. Web Services @ing ki mbt ham
co tén la getStatistide cac client thdng quad két nbi
vao sr dung dch w nay. Két qua tra vé& tir Web
Services 1 & duoc tiép tuc xi |i trong ham
getStatistic, xay whg cau truy &n phu hp, két ndi
vao @ s dit liéu vé cac @n ho cho thuédi My, Véi
khoang 7.000.000 4n ghi dugc cip nhit thuong
xuyén lién tc. Két qua tra vé tir cau truy ¥in  duoc
tiép tuc xir Ii va t vé cho ngroi ding st dungWeb
Services 2. C4c qué trinh ténythong gira cac Client
véi Server dch wi theo giao tirc SOAP. Framework
ma ngwn ms cho viéc xay dring Web Services |a

NuSOAP (dung cho WS1) va PEAR-SOAP (dung cho

A A A A
IV.2. Xay dung phan mém thwc nghiém
Thu thip higu
ning Weh
Services
Véu cau Di ligu
dir l1gu hituniang
hitunang
Tap huan iuyén Xay dyng Ghi tai cac
mé hinh Dit 1121 | théng tin
T — dir ligu vao * (log)
Yéu can -
dit igu vao b
Wén cau Tap hué‘_n
dit li2u vao luvén
v Yéu ciu s G dit Beu lam
Pn%r? Fltjh | 40 iEu ma Du dosn higu | 29 &yic thl_.clhl' Phin tich héi
‘flr;; cr‘lgl; | nang ‘_\‘. b quy Gaussian
e Dit litu mdi i Kt qua Drotess
dy dodn
Yeu cau Kétqua
hién thi du doan
A 4
Hién thi
kit qua

Hinh 4. Biéu db ludng di liéu va Ing diéu khién

Chung t6i & dung ngbn ng lap trinh Python, ma
ngwwn md cho WS wét bing ngbn ng Python
“SOAPpy” [13], thr vién dd hoa hing Python
“matplotlib”, thu vién xu |i toan hc king Python
“numpy”, thu vién ma ngén mo phan tich Bi quy

-35-



Ca4c cong trinh nghiénu, phat trén vaing cung CNTT-TT ap V-1, $ 11 (31), thang 6/2014

Gaussian Process éviboi dugc Marion Neumann, Bing 2 Bang dr liéu diu vao theo mé hinh
Zhao Xu va Kristian Kers‘ting,[l4}1é xay drng Artival | Response | Noise
chuong trinh thr nghiém dé xuat trong muc Il Rate Time

Chuong trinh dugc chia thanh 7 module chinh: Mé- 052 128734 | S00F-0%
dun 1 thu thp hiéu ming Web Services; Maun 2- o7 l‘mfﬁ L20E02
xay drng md hinh @ liéu vao; Médun 3- thrc hién 1.13 ii:li j:izi
phan tich mé hinh handpi; M6-dun 4 - thrc hién . 20507 | 134801
phan tich hi quy Gaussian Process; Mon 5- dr L4 557144 | 5.12E-03
doan héu mang Web Services; Maun 6- ghi i 1.75 3.83371 | 2.60E-02
thdng tin cac thamds cac bén; Mé-dun 7- hén thi két 1.84 722472 | 0.57E-01
qua. Hinh 4 mé 4 ludng dr liéu (cAcduong miii tén 2 11.67351 | 1.50E-02

den) va lwng diéu khién (cacduong miii tén do) giita

cac modules. Bang 3 Két qua sir dung Gaussian Process

IV.3. Cac ket qua thuc nghiém ArrivalRate | Response Prediction | Errror Confidence
Chién lugc kiém thir <3 14 thec hién tai cac bc do Time (RT) RT Interval
toi phu hyp, voi mdi tdc do t6i thuc hien 10 &n, trong 032 128754 12716 001594 1032833
mbi 1an giri 1000 yéu éu t6i Server dch w dé tinh 0.78 143226 | 146654 ]0.03428 |0.52453
thO’I gian dépung trung binh 1 1.84129 1.77886 0.06243 0.49309
N ae A A s < , L N 1.12 1.77317 1.83044 0.05727 | 0.47468
Bo dir liéu dau vao: Két qua cho qué trinh xayuhg
N g 1A A N N , P 1.27 2.0507 2.03771 0.01299 0.48568
bo dir licu dau vao @a phrong phap theo md hinh
X N A L~ , . 2 LA 1.4 2.57144 2.5886 0.01716 0.52406
nhieu va mo hinh tin Bu the hién trong Bing 2.
, . , 1.75 3.83371 3.78998 0.04373 0.54417
Ket qua sir dung Gaussian ProcessKét qua Sir dung -
. , L . . A . 1.84 7.22472 3.46354 3.76118 1.16117
phan tich hi quy Gaussian Process tréh dhir li¢u tp -
2 11.67351 2.38324 9.29027 2.7627

huan luyén thé hién trong Bing 3. Goi error, |a sai &
du doan cho 4i téc d¢ téi A . Tadanh gia sai & noi

Response Time (=)
12

suy dra vao Bing 3. - - : .
l ! 10 -
ERR; o =7 2, €f = 15E=  (20)
i=1
8
banh gia sai&ngai suy i
1 5|

9
ERRy cqur =52, O = 5020 (21)
i=7 4

Két qua cia phrong phap ¢ doan s dung phan //\
tich hoi quy Gaussian Procedsoc md # trong Hinh & \

5. Nhin vaodé thi trong Hinh 5 va coéng tic (20),

(21) ta c6 th thiy phrong phap ¢ doan Gaussian ’

Process cho taék qui vsi khoing sai § noi suy la s TS

nho, con khang sai § ngai suy trong déi lon. Nhur Asrival Rate (cust/s)

vay phan tich bi quy Gaussian Proces t6t voi noi Hinh 5. D thi két qui du doan Gaussian Process

suy.
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Két qua sir dung md hinh hangdoi
Phin nay trinh bay & qui dy doan s dung md
hinh hanglgi. Hai tham § danh gia cho mé hinhrs
dung tip hiin luyén dau vao a, =2.2481%a
a, = 2.2481¢ Két qua trinh bay trong #ng 4. Ta
danh gia sai&ngi suy aia phrong phap ¢ doan:

1 7
ERRQ—InterR _72 erf = 224€- . (22
i=1
béanh gia saisngai suy aia phrong phap ¢ doan:
1 9
ERR, tar = EZ erf = 9.23 (23)
i=7
Bang 4 Két qua s dung mé hinh rang hangioi
ArrivalRate | Response Prediction | Errror
Time (RT) RT
0.52 1.28754 1.157281 0.13026
0.78 1.43226 1.362223 0.07004
1 1.84129 1.602322 0.23897
1.12 1.77317 1.772753 0.00042
1.27 2.0507 2.044596 0.00610
1.4 2.57144 2.357966 0.21347
1.75 3.83371 4.014544 0.13083
1.84 7.22472 4.899696 2.32502
2 11.67351 8.058388 3.61512
Response Time (5)
a5
aof |
351 ‘
30| |
25} |
I
|
20} |
|
|
15} f
10 .
st S
%6 o3 1o L5 20 25

Arrival Rate (cust's)
Hinh 6. D6 thi két qua sir dung mé hinh mng
hangdoi

ap V-1, $ 11 (31), thang 6/2014

Hinh 6 1add thi cho ta cai nhin trc quan ¢ két
gua caha phrong phap ¢ doan dung mé hinh hargi.
Nhin vaodd thi Hinh 6 ta thy duong cong ¢ doan
phu hop hon v6i mo hé thdng Web Services tit t.
Khi ma ¢ do toi [6n, trong tng Wi méi truong ti
cao, c6 ntiu yéu &u gii t6i Server dch w. Vi vay
Server dch w 3 phai mit nhiéu thoi gian ton, yéu
cau aia ngroi Sir dung phii dat ¢ trong hangloi lau
hon truge khidugc phuc wu. Do Ay thoi giandapang
Vvéi toc do t6i 16n 5 16n hon (xemdudng cong). Mt
diém nhan thy trong Kt qua thuc nghiém dr doan
theo mé hinh hangoi 1a két qua sai $ ngai suy
giam di dang K so i phan tich Bi quy Gaussian
Process. Rilong phéap 8 dung mé hinh handei cho
két qua ngaai suy .

Két qud sik dung phirong phap nwi dé xudt

Phin nay trinh bay & qua thuc nghém cia
phuong phapdé xuit, sr dung mé hinhdau vao tin
hiéu va mé hinh nu, két hop voi phan tich Bi quy
Gaussian Process va md hinh hang Cacdiém toc
d6 t6i duoc chpn dé bo sung vaodp huén luyén dugc
chi ra trong Bng 5.

Bang 5. Bo dir ligu b sung r md hinh handoi

Arrival Rate 0.1 0.3 1.6 1.9 21

Response Time | 0.93102 | 1.02659 | 3.08552 | 5.74401 | 13.49631

Bang 6. Két qua dyr doan phrong phapdé xuét

ArrivalRate | Response Prediction | Errror Confidence
Time (RT) RT Interval
0.52 1.28754 1.27434 0.0132 0.53724
0.78 1.43226 1.46188 0.02962 0.53070
1 1.84129 1.79933 0.04176 0.50822
1.12 1.77317 1.81719 0.04402 0.49220
1.27 2.0507 2.06687 0.01617 0.43990
1.4 2.57144 2.5299 0.04154 0.50570
1.75 3.83371 3.7525 0.08121 0.51312
1.84 7.22472 4.7201 2.49562 0.50082
2 11.67351 0.18637 243714 0.672353
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Két qua caa phrong phap ¢ doandé xuat dugc
mé t trong Bing 6.
Tadanh gia sai&noi suy aia phrong phap:

,
ERRC_lmerR:%Z erf = 1.90E- = (24)
i=1

Panh gia sai&ngai suy dia phrong phap:

9

ERR. ¢, 1un :%Z erf = 6.20

i=7

(25)

Tur d6 thi Hinh 7, ta thy duong cong ¢ doan phu
hop Vv6i mot hé thdng Web Services tft # nhu giai
thichg trén. Sai & noi suy va ngai suydéu giam hon
so Wi hai phrong phap & dung phan tich & quy
Gaussian Process va md hinh hdoigiéng k ¢ trén.
IV.4. Panh gia sai $ cia phwong phap
Vé sai 9 ngi suy: Diém dau tién co th thiy 1a phrong
phapdé xuét cé sai 8 noi suy kha nb (c 10°). Cin
clr vao céc cong trt (20), (22) va (24) ta cdanh gia
sau:

EC—InterR: EG— InterR< EQ InterF
Vé sai $ ngazi suy: pheong phap nii dé xuét dua ra
két qua du doan i sai $ ngaai suy ntd hon nhiéu so
vé6i khi sir dung riéng & pheong phap phan tichoh
quy Gaussian Process va m6 hinh hidgig

(26)

Response Time (5)

20

151 I||

10

o

%.D 0.5 1.0 1.5 2.0 2.5
Arrival Rate (cust/s)

Hinh 7. B thi két qua pheong phapdé xuat

ap V-1, $ 11 (31), thang 6/2014

Phin thyc nghém nay ding khing dinh raing phan
tich i quy Gaussian Process ta fit kém higu qua
trong bai toan ngo suy, nhing Kt qua noi suy ki tét.
Trong khidé mé hinh handoi dat duoc két qua ngaai
suy Bt, phi lp v6i hé thing Web Services tit .
Dya vaodic diém bo di lisu lam giau 1a & dung mo
hinh hangloi dé Idy mau thém ai cacdiém c6 b do
t6i I6n. Bo dir ligu lam giau nay latiu vao @éa phan
tich i quy Gaussian Process. Néét kjua ngi suy
cua phan tich & quy Gaussian Process trémdir liéu
lam giau chinh lad qu ngai suy aia bai toan trén
bo dir li¢u tap huan luyén. Phrong phap mii nay cho
két qua du doan bt, dua trén g két hop diém manh

cua trng phrong phap phén tich Gaussian Process va

mé hinh hanglgi mot cach riéngd.

EC—ExtraR < EQ—ExtraRS EG— ExtrakF (27)

IV.5. Panh gia khaang tin cay

Nhu ¢4 ch ra trong pAn danh plrong phap & mit
ly thuyét, diém msi trong Kt qua du doan @a phrong
phapdé xuit d6 la danh gidduoc khaing tin dy 95%
cho ki wng thyi gian dap ang. Trong pAn nay ta &
danh gia tlee nghém phrong phap cho khimg tin
cay nay. Vi di véi toc do t6i A =0.52, theo Bing 6

khoing tin dy & la 1.27434+ 05342: Dya vao
bang $ liéu hiéu ning trong 104n do cho bc do téi
nay, ta catanh giado thusc cia i lan do thoi gian
dap ung trung binh vao khmg tin dy, thé hién qua
Bang 9. Tr Bang 9 ta thy 100% c&c gia irtai cac kn
do thwc vao khdng tin dy. Lam trong tr cho cac
gia ti toc do toi khac, ta codng két nhr trong Bing
10.
T Bang 10, ta ¢6 c6 6t sH nhan xét sau:

(i) C6 nhiu thc do toi mado thuse la 100%. Mt sb do
thuoc 80%,90% la do tinh éhxac sét chi ding khi
sb luong sr kién 1a Ibn, ¢ day ta ch xét ©i 10 sr kién.
(i) O cac gia tr ngaai suy, do thudc la 0% ldi vi cac
diém ngai suy By mau moi phu thupc vao mé hinh
hangdoi, du doan theo mé hinhiing c6 sai &. Tai
cacdiém ngai suy, tada cH raduoc 1a sai 8 ngai
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suy la nld nhit trong Kt qua sir dung 3 phrong phap,
thé hién trong cong thc (27). Pay ding lauu diém
cua phrong phap ¢ doan héu ning dé xut.

Bang 9. D6 thudc khaing tin @y & téc do t6i 0.52
cust/s

Lando |1 [2 |3 |4 |5 |6 |7 |8 |9 |10

Kétluan | T |T|T |T|T|T|T|T|T|T

Bang 10 Do thudc khaing tin dy tai cac Hc do t6i

Toc do toi | 0.52]0.78 | 1 112 | 1.27 |14 1.75 | 1.84 |2
(cust/s)
Phin tram | 100 | 80 100 | 90 100 | 100 | 100 (O 0
thude (%)

V. KET LUAN VA HUONG PHAT TRIEN

Chadng tdida trinh bay rat pheong phap ¢ doan
hiéu ning aia Web Servicesusdung cac @ liéu v
kiém thir hiéu ning thu thp dugc, lam giau @ liéu
hiéu ning bing mé hinh handoi va sr dung phan tich
hdi quy Gaussian Proces$ dua ra Kt qua du doan
kem theodanh gia khang tin @y cho gia tt ki vong.
Chung téi @ing trinh baydanh gia Bng Ii thuyét va
thuc nghém cho plrong phap. Qua cacék qua, co
thé khing dinh ring phrong phapdé xuat da ké thira
thanh cong & dung mé hinh rang hangdei vao qua
trinh dr doan. Két qua du doan la nét gia ti ki vong
cho thyi gian daptng, gibng nhr & cac plrong phap
khac. \& danh gia sai & phrong phap mi dé& xuit
cho ra Kt qua sai $ noi suy Ht do K thira dugc uu
diém aia phan tich 8 quy Gaussian Processétqua
sai § ngai suy ding ©t theo danh gia phn thyc
nghiém. Véi viéc 1am gim sai $ ngai suy & mic
nho nhit (so sanh & hai phrong phap & dung
Gaussian Process va md hinh hahg riéng k),
phuong phapdé xuat da gii quyét dugc van dé du
doan 6t hiéu ning cho méi trong #i cao, thay th
kiém thir hiéu ning thrc hién trong méi teong ti cao
vi cO chi phi cao.

Mot sb hudng phat trén c6 the dé xudt cu thé 1a:

ap V-1, $ 11 (31), thang 6/2014

-Thir nhét: c6 nhéu cach tra clon ham hép phrong
sai khac nhau, nghiénre dé tim ra ndt ham hép
phuong sai phi bp nhit véi phuong phép ¢ doan
ciing la ndt huéng phat trén. Tién t6i, c6 the s dung
md hinh hamin (latent function)da lsp (multi-class)
cho ham Hip phrong sai,dé tr dong ra clon ham
hiép phrong sai phu bp trong bp cac ham Rp
phuong sai.

-Thir hai: nghién ¢u sau lon dé dva ra qugt dinh
dungdin va cé én ar cho vic hra chon gia ti toc do
t6i ndo la kyp Ii dé thu thp thém I dir liéu moi sir
dung md hinh handoi, gép ptin vao qué trinh lam
giau dr liéu hiéu ning diu vao. Plrong phapdé xuit
chua gii quyét duoc van dé 1a khi co thém rt bo dir
liéu moi thu thap tir kiém thir hiéu ring b sung vao
bo dir liéu diu vao ta & giai quyét thé nao chodi uu
nhat. Viéc ti vu héa qua trinh dsung, ép nhit di
liéu hieu ning myi gidp ta gii quyét bai toan ¢ doan
hiéu ning online, thich bp cho cac & thdng thoi gian
thuc.
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