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DANH GIA PO SAN SANG CUA PHAN MEM CHIU LOI
AP DUNG KY THUAT REJUVENATION VA NVP HAI PHIEN BAN

HUYNH QUYET THANG, VU HONG LINH

Khoa Cong nghé thong tin, Pai hoc Bdach khoa Ha Noi

Abstract. Rejuvenation and NVP are two well-known software fault-tolerant techniques. They
are based on two different concepts: design diversity and execution environment diversity. Previous
researchs on these techniques mainly focus on evaluation and analysis of each approach separately.
In this paper, we propose an approach for utilizing advantages of two techniques in order to improve
fault-tolerant systems availability, especially continuously running system. Using continuous Markov
chains, we evaluate the availability of two versions hot-standby system applying proposed model,
taking into account correlation between two versions. Some experimental results to examine the
reasonableness os the approach also are presented.

Tém tat. Ky thuat Rejuvenation va ky thuat NVP 13 hai k¥ thuat xay dung phan mém chiu 16i
tiéu biéu, dai dién cho hai nhém phuong phap dua trén sur da dang trong moéi trudng thue thi va su
da dang trong méi trirdng phat trién. Céc nghién ctru truede kia vé hai ky thuat nay thudng chi 4p
dung va dénh gid tlirng ky thudt mot cdch riéng 1&. Trong bai bio nay, ching ta thir nghiém mo hinh
két hop hai ki thuat ndy nhim nang cao do san sang cho céc hé théng phan mém chiu 16i, dic biét
13 céc he thong hoat dong lién tuc theo thoi gian. St dung moé hinh Markov, ching t6i ddnh gia do
san sang cia hé théng du phong néng hai phién ban 4p dung moé hinh két hop da dé xuét, trong dé
c6 xem xét dén su twong quan gitra hai phién ban. Mot s6 két qud thuc nghiém chimg minh tinh

hop 1§ clia mé hinh cling dwoc trinh bay.
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1. MO PAU

Trong thoi gian gan day, nhiéu nghién ctru ve cdc hé thong hoat dong va cung cap dich
vu lién tuc theo thoi gian da chi ra hién twong lao héa (Software Agging) trong cdc hé thong
phan mém [1, 3, 4] khi phan mém hoat dong lién tuc theo thoi gian, mot s6 sai s6t sé lam cho
hé thong bi ldo héa, thé hién qua viéc tai nguyeén bi ro ri, hiéu nang hé théng gidm [1, 3,4, 5].
Huang da nghién cttu vé hién twong nay trong hé thong thanh todn truyén thong [1], trong
dé tng dung theo thoi gian sé gip phai héng héc hay ngung hoat dong. Huang dé xuat
phwong phdp méi, mang tinh phong ngira dwoc goi la bao tri phong ngira (Rejuvenation) dé
gidi quyét vin deé lao héa phan mem [1]. Y tudng co ban cia phwong phép nay 13 theo dinh
ky dirng hé thong dang hoat dong lién tuc, don dep tai nguyén hé thong sau dé khéi dong lai
hé théng nham dwa hé théng vé trang thai hoat dong tot nhat ban dau [1, 2.
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Cé hai hwéng nghién ciru trong linh vuc nghién ctru vé lao héa phan mem [1 — 7]. Huéng
nghién ctru dura trén thue nghiém tép trung vao xac dinh va kiém tra sur ton tai cia lao héa
phan mém va dnh hwéng cia né lén tii nguyén heé thong [1,2,4]. Huéng con lai la huéng
dua trén mo hinh, trong dé tap trung vao viec ddnh gid su hiéu qua cda bao tri phong ngira
va dua 13 lich bdo tri phong ngira toi wu [3,5 — 7].

Huang thuc hién mo6 hinh 3o héa trong hé théng bang mot qua trinh gém hai buéc [1, 4].
Ban dau hé thong hoat dong trong trang thai hoan toan binh thuwdomg khong cé 16i, theo thoi
gian, hé thong sé roi vao trang théai cé kha nang bi 16i va cudi ciing la roi vao trang thai bi
16i. Ap dung chudi Markov lién tuc ve thoi gian, Huang da dwa ra giéi han dé viéc bao tri
phong ngtra dat duoc hiéu qua [1, 2, 4].

Trivedi dé xuat moé hinh Rejuvenation sira doi, dé phu hop hon véi thuc té, sau dé de
xuat mé6 hinh két hop véi ki thuat NVP [12] dé ting cuwong do san sang cho phan mém chiu
16i, tan dung su da dang trong cd qué trinh phét trién va moi trudong thue thi. NVP dai dién
cho nhém cdc ky thuat dwa trén su khac biét trong thiét ké va phét trién va Rejuvenation
dai dién nhém cdc ky thuat dua trén su khéc biét trong moéi trudmg thue thi. Tiép tuc phat
trién nghién citu theo dinh huéng nay, ching téi di sdu vao thitr nghiém mé hinh cho hé théng
du phong néng hai phién ban, xay dung mét s6 danh gid vé do san sang, ciing nhw sw phu
thuoc gitta hai phién ban, anh hudng cia né lén d6 san sang cia hé thong.

Bai bdo dwoc cau tric nhu sau. Muc 1, giéi thiéu mé dau. Muc 2 trinh bay mé hinh két
hop hai ky thuat Rejuvenation va NVP dé nang cao do san sang cho phan mém chiu 16i. Muc
3 trinh bay danh gi4 mé hinh 4p dung cho hé thong du phong néng hai phién ban. Céc két
qud thit nghiém dugc trinh bay trong Muc 4 cia bai bdo. Va cudi cling 13 két luan va huéng

nghién cttu tiép.

2. MO HINH KET HQP REJUVENATION VA NVP

2.1. Y twdng

Céc ky thuat xay dung phan mém chiu 16i déu c¢é chung mot muc dich 14 cai thién duwoc
do tin diing cia heé thong trén cdc nguyén 1y khic nhau nhu s khéc biét ve thiét ké hay suw
khéc biét vé moi truomg thue thi.

Hai k¥ thuat nay la hai ky thuat tieu biéu cho hai nhém k¥ thuat xay dung phan mém
chiu 16i:

e NVP dai dién cho nhém cic ky thuat dwa trén sw khéc biét trong thiét ké va phat trién.
biém manh cia ky thuat NVP la s khac biét trong méi treong thiét ké va phat trien, tir dé
gidm thieu maéi su twong quan ve 16i gitra cdc phién ban nho viée cac phién ban dwoc phét
trién doc lap.

e Rejuvenation dai dién nhém cac ky thuat duwa trén sw khac biét trong moéi truong thuce
thi. Diém manh cia ky thuat Rejuvenation 13 né tao ra sw khéc biét trong méi trwomg thue
thi ciia phan mém, chong lai hién twong lao héa tién trinh nho viée chi dong cho tién trinh

ngirng hoat dong, don dep tai nguyén sau dé khéi dong lad.
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Két hop hai k¥ thuat, tan dung dwoc dieém manh cia tirng ky thuat xay dung phan mém
chiu 16i, phan mém sé ¢ dwoce ca s khac biét ve thiét ké, phét trién va va su khéc biét trong

méi truong thue thi, tir dé do san sang dwoc nang cao.
2.2. M6 hinh két hop

Xuét phét tir y twdng dwoc trinh bay & trén, mo hinh dé xudt dé két hop hai ky thuat
sé gom c6 hai pha (Hinh 1).

NVE 3
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Phién ban Phién ban N Phién ban |
1 2 N
Rej. | Rej. | Rej. |
Rejuvenation

Hinh 1. Mo hinh két hop Rejuvenation va NVP

e Pha phidt trién: Tir dic ta yéu cau ban dau, twong tu nhw trong ky thuét 1ap trinh da phién
ban NVP, N phién ban s& duwoc phat trién doc lap bdi cac doi phat trien doc 1ap véi cdc cong
cu khéc nhau. Céc phién ban dwoc cai dit riéng biét nham gidm kha nang gap phai nhiing
16i giéng nhau trong qué trinh hoat dong, tir dé ting cwong tinh san sang cla hé théng.

e Pha thuc thi: N phién ban dwoc dwa vao hoat dong song song, tuy nhién khac véi ky thuat
NVP truyén théng, ching ta khong stt dung bé quyét dinh dé kiém tra két qua ciia cac phién
ban, ma cdc phién ban dwoc chay song song cling cung cap dich vu cho ngudi diung. Moi
phién ban déu 4p dung k¥ thuat Rejuvenation nham ngan ngira tinh trang 16i do 130 héa tién
trinh.

2.3. Ap dung mé hinh cho hé théng dw phong néng

Trong hé thong du phong néng, véi yéu cau hoat dong va cung cap dich vu lién tuc, ngudi
ta thuong duwa trén nguyén tiac du thira vé tai nguyén hé thong dé dam bdo tinh san sang cia
ctia hé thong. Thong thuwdng, mot phién ban cia hé théng duwoc nhan ban va cho hoat dong
song song nham giam kha nang gap su ¢d cla hé théng va ting cuomg tinh san sang cia hé
thong. Nhuw thé, kha nang rat 16m cdc phién ban cia hé théng gap phai nhitng 16i giong nhau
va dong thoi nglrng cung cap dich vu. Thém vio d6, cic hé théng nay dwoc yéu cau chay
lién tuc theo thoi gian, nén sé xdy ra hién twong lao héa tién trinh trong hé thong.

Nhur vay, ching ta c¢6 thé thay rang, hé thong du phong néng rat thich hop dé dp dung
mé hinh dé xuit & trén nham ting do san sang cia hé théng.

Céc nghién citu trude day [8 — 12] vé cac hé thong chiu 16i stt dung phwong phép du thira

vé tai nguyén da chiing minh rang, hé thong chiu 16i v4i hai phién ban sé cho hiéu qua cao
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nhat. Ké thira két qua nghién citu dé, chiing ta sé sit dung s6 phién ban trong moé hinh két
hop bdo tri phong ngira v6i lap trinh da phién ban 1a N = 2. Ngoai ra, hai phién ban nay
dwoc xay dung hoan toan doc lap, theo ky thuat lap trinh da phién ban NVP. Dua trén cung
mot ban yéu cau ve hé théng, hai phién ban sé dwoc phan tich, thiét ké va cai dat doc lap
hoan toan bdi hai nhém phét trien khac nhau. Tuy nhién, khac véi ki thuat 1ap trinh nhiéu
phién ban sé khong c6 bo so sanh két qua gitra hai phién ban ma hai phién ban nay sé duwoc
cho hoat dong song song. Thém vao dé, moi phién ban sé dwoc dp dung ky thuét bao tri
phong ngtra. Trén cung quan diém véi moé hinh do Huang vé bdo tri phong ngira chiing ta
gid st rang moi phién ban sé bi thodi héa trong thoi gian hoat dong va sé tién téi trang thai
bi 16i néu khong cé qua trinh bao tri phong ngira dwoc kich hoat khi hé théng chuyén sang

trang thai cé kha nang bi 16i.

3. PHUONG PHAP PANH GIA PO SAN SANG CUA HE THONG
XAY DUNG THEO MO HINH KET HQOP REJUVENATION
VA NVP HAI PHIEN BAN

Mot hé théng dir phong néng hai phién ban, véi moi phién ban sé cé hai mitc thodi héa
1 ¢6 kha nang bi 16i va bi 16i. Theoi gian chuyén tir trang théi ¢é kha niang bi 161 sang trang
thai bi 16i tuan theo phan phdi mii. Goi X va Y Ian lwot 13 thoi gian thodi héa ciia Phién

ban 1 va Phién ban 2 v4&i ham phan phdi xdc suat la:
Fx(x)=1—eM% >0, A\ >0,
Fy(y)=1—e 2 y >0, Ay >0. (1)

Néu qué trinh thoai héa dan dén trang théi 16i cia hai phién ban 1a doc lap vé thong ke,
phan phéi dong thoi sé 1a:
Fxy(w,y)=P{X <2, Y <y}

=1—{1—-Fx(2)}{1 - Fv(y)}
=1 — e MT Ay, (2)

Trong thuc t€, viec xay dung hai phién ban hoan toan doc lap véi cling chire ning, do
vay ching ta can xét dén su twong quan cia qud trinh thoai héa cda hai phién ban. Trong
nghién ctru nay chiing ta sé& stt dung phan phéi mi hai chiéu cia Marshall va Olkin [13] dé
bi€u dién hién twong hai phién ban ciing thodi héa song song. Viéc ap dung phan phdi nay
nham don gidn héa viéc biéu dién qua trinh thoai héa dong thoi cia hai phién ban va dam
bao viéc ap dung chudi Markov lién tuc vé thoi gian dé phan tich hé théng. Véi thoi gian X
va Y cia hai phién ban & trén, thoi gian thoai héa dong thoi cia hai hé thong sé tuan theo

phan phdi mil hai chiéu sau

Flz,y) = P{X <2, Y <y}
—1— e*>\193*>\2y*>\12 maX(Iay)‘ (3)
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Gia sir ¢4 hai phién ban cia hé théng dwoc 4p dung bao trl phong ngira, str dung mé hinh
Rejuvenation do Trivedi dé xuat [4], chiing ta cé so do chuyén trang thai cia xich Markov

lien tuc vé thoi gian bicu dién hé thong sé la:
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Hinh 2. Lwoc do chuyén trang thai khi 4p dung Rejuvenation két hop véi NVP
Céc trang thai twong ng cia hé thong

Bdng 1. Céc trang thai cia hé thong du phong néng 4p dung moé hinh

Trang thai [ M6 ta

0 Ca hai phién ban hoat dong binh thudng khong 16i

13 Phién ban 1 (2) hoat dong binh thudng, phién ban 2 (1) roi vio trang thai c6 thé gay 13i
2 (6) Phién ban 1 (2) hoat dong binh thuong, phién ban 2 (1) bi 16i

5() Phién ban 1 (2) roi vao trang thai c6 thé bj 15i, phién ban 2 (1) bi 1i

9 (10) Phién ban 1 (2) bao tri phong ngura, phién ban 2 (1) hoat dong binh thuong
11 (12) Phién ban 1 (2) bio tri phong ngira, phién ban 2 (1) roi vao trang thai c6 thé bj 16
13 (14) Phién ban 1 (2) bao tri phong ngira, phién ban 2 (1) bi 16

4 C4 hai phién ban déu roi vao trang thai c6 thé bi 15i
8 Ca hai phién ban déu bi 16i (hé thong ngung hoat dong)
15 Ca hai phién ban trong qué trinh bdo tri phong ngira

Dura trén dinh nghia cdc trang thai & trén, ta cé hé théng bi dirng hoat dong sé twong
dwong véi cde trang thai (8,13, 14, 15).

Véi cdc tham s6A11, M2, 11, 71, 73 (A21, Aoz, fi2, 72, 74) 1an lwot 13 t6c do chuyén trang théi
tlr hoat dong binh thuong sang cé thé bi 16i, toc do 16i tir trang théi cé thé bi 16i, téc do
kich hoat bao trl phong ngira tir trang thai cé thé bi 16i, téc do phuc hoi tir khi bao tri phong
ngira dwgc kich hoat, t6¢ do hoi phuc sau 16i cia phién ban 1(2). Va A31, Az2 (As3), A4 lan
lwrot 14 toc do hai phién ban dong thoi thodi héa, téc do phién ban 1 (2) 16i con phién ban 2
(1) thodi héa dong thoi, téc do ca hai phién ban dong thoi bi 16i tir trang théi c6 the bi 16i.

Gid st {X(t) =4, t >0}, i = 0,..15 la chudi Markov lién tuc vé thoi gian bieu dién trang
thai thong ké ciia hé théng.

Goi Qo j(t) = Pr{X(t) = j|X(0) = 0}, t > 0, j = 0,..15 la xéc suat hé thong & trang
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thai j tai thoi diém t biét trang théi ban dau la 0.
Dua trén céc trang théai dinh nghia & trén ta sé c6 duoc do san sang ciia hé thong 13
A(t) =Qo,0(t) + Qo,1(t) + Qo2(t) + Qoa(t) + Qoa(t) + Qos(t)
+ Qo,6(t) + Qo,7(t) + Qos(t) + Qoo(t) + Qo,0(t) + Qo11(t) + Qo,12(2). (4)

Gid sit rang ton tai giéi han p; = tlim Qoj(t), 7 =0,..,15d6 chinh la xéc sudt hé thong
— 00
& trang thai § & trang thai on dinh.
Cho t — oo tir phwong trinh Chapman- Kolmogrov ctia chuéi Markov lién tuc ve thoi

gian biéu dién hé thong ta sé thu dwoc hé phuwong trinh dai s6 sau

—(A11+ 21 + Az1)po + 7po +rapio = 0 (5
A1z + Az1 + Az1 + p1)pr + Avipo + repiz = 0 (6
Aot +73)p2 + Aiapr +rapra =0 (7
A11+ A2z + Azz + p2)ps + Aaipo +ripin = 0 (8
A2 + Aoz + Azg A+ p1 + p2)ps + Azipo + A2ipr + Aips = 0 (9
A2 +73)ps + Azap1r + A21pa + Aiaps = 0 10

[
—_

A1+ 74)ps + Aaaps +rip1i3 =0
A2 +74)p7 + Azaps + Aaaps + Aips = 0
73+ ra)ps + Azaps + Xoaps + Aiapr = 0
Aot +71)po + pp1 + rapa +rapis = 0
A1+ 7r2)pro + peps +raps + ripis = 0
A2 + 71+ p2)pr1 + pips + Aaip + raps = 0
A2+ e+ p1)piz + peps + Aipro + rapr = 0
r1 -+ ra)pis + Aaipir + papr +raps = 0
7o+ r3)pia + Aapi2 + paps +raps = 0

—(r1 +ro)pis + papir +rap13 + pipiz +r3pra =0
21150 pj =1

Gidi phwong trinh dai s6 trén ta sé thu dwoc phan bé cia hé théng & trang thai on dinh

= = e
= W DO

= = =
o ~J O

—(
—(
—(
—(
—(
—(
—(
—(
—(
—(
—(
—(
—(
—(

AN TN TN TN TN TN TN N N N
— —
=] ot

SR )
_ o

R N N N i N N N S N

~~

va dé san sang cia hé théng khi dé la

A=pi +p2+p3s+pstps+pstprtps+potpiotpint+pie 22

4. THU NGHIEM VA PANH GIA

4.1. Thé nghiém véi SHARPE

Bing cong cu SHARPE do GS. Trivedi (www.ee.duke.edu/kst) cung cap dé mé hinh héa
hé théng thuc nghiém [10] chiing ta sé so sdinh mo6 hinh hé thong dw phong néng dp dung bdo

tri phong ngira véi moé hinh Huang [1, 3] stta d6i va mo6 hinh hé théng dw phong néng khong
ap dung bao tri phong ngtra [4,6]. Tir d6 nham xem xét dnh hwdng cia su khéc biét trong
thiét ké va su khac biét trong moi trudmg thue thi lén do tin diing cia hé thong phong ngira

noéng.
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DPé don gidn héa trong thir nghiém chiing ta gia st rang Az = Az1 = A3z = X33 = Agq. Céc
tham s6 thir nghiém duwoc cho trong bang sau

Bdng 2. Céc tham s6 thir nghiém véi SHARPE

Tham s6 | Gid tri
)\11 240 gl(\)‘
)\12 50 gl(\)‘
)\21 240 gl(\)‘
)\22 50 gl(\)‘
1 6 /gl(\)‘
72 6 /gl(\)‘
r3 1 /gl(\)‘
74 1 /gl(\)‘

Hinh 3 biéu dién dé san sang & trang thai én dinh trong mé hinh cia Trivedi. C6 thé
thdy do san sang & trang thai én dinh cia hé thong c¢é thé dwoc cai thién tir 0,997 dén
0,998(0, 1003%) khi thay doi toc do bao tri phong ngira tir 0, 001 sang 0, 04.

Véi hé thong du phong néng khong dp dung bao tri phong ngira, véi cac tham s6 & trén
ta c6 do san sang cia hé théng thu dwoc la 0, 999909573.

D6 san sang cla hé théng du phong néng khi 4p dung bdo tri phong ngira dwoc biéu dién
trong Hinh 4 va Hinh 5 twong tng véi hai truomg hop Az = 1/500 vads = 0. Truomg hop
A3 = 0 twong ing véi treomg hop hai phién ban 13 hoan toan doc lap dwéi géc do 16i xdy
ra trong phién ban. Ta cé thé thay dwoc véi téc do bdo trl phong nglra iy = g = 0,05 hé
théng dat dwoc dé san sang 1a 0,99996 (so véi 0,99985). So sanh hai d6 thi ta thay rang
tham s6 tirong quan Az anh hirdng manh lén dé san sang cia hé théng, cu thé 1a khi Az ting
lén thi sir twong quan gitta hai phién ban trong viéc xay ra 16i cang 1én lam cho do san sang

cla hé thong gidm xudng.

0.9983
0.9981
0.9979
0.9877
0.9975

0.9873

0.8971 Legend:
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0.9065
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1] 0.01 0.02 0.03 0.04 0.06
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Hinh 3. D6 san sang trong mé hinh cia Trivedi
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0.993867 muZ=mu1
+ mu2=0.04
# mu2=0.03
0.95935 4 mu2=0.02
W mu2=0.01
0.95934
@ ruz=0
0.899993
=
=
= 0.99992
pd
<L
0.95381
0.9995]
0.95989¢
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0 0.0 0.02 0.03 0.04 0.05
rej. rate

Hinh /. Do san sang ctia hé théng dir phong néng véi A3 = 1/500

Hinh 6 thé hién dnh hwéng cia hé s6 twrong quan gitra hai phién ban dén dé san sang ctia
hé thong. Ching ta cé thé thay dwoc do san sing cia hé théng thay doi kha nhanh theo Az,
dat cwc dai khi As, hai hé thong hoan toan doc lap.

Pénh gia chung: Nhu vay, cé thé két luan d6 san sang cia phan mém cé thé dwoc dieu
khién bdi mé hinh hai tham s6 s da dang trong phét trién va su da dang trong méi trwong
thuwc thi. Hai phién ban dwoc phét trién doc lap theo nguyén tac cia phuwong phép NVP,
hé s6 twong quan cia hai phién ban anh hwéng manh lén do san sang cia hé théng. Trong
khi dé, toc d6 Rejuvenation cé thé dwroc xéc dinh dé ngan ngira tinh trang ldo héa tién trinh

trong hai phién ban, tir d6 nang cao do san sang.

0.999897 ) muz=mui
) =
pRppars mu2=0.04
spsostee + mu2=0.03
0.999995 4 muz=0.02
MW mu2=0.01
0.999393 ®$muz=0
.
£ 0.999991
=
o
e
< 0.999989
0.999387
0.999985
4
0.999983
i 0.01 0.0z 0.03 0.04 0.05
rej. rate

Hinh 5. Do san sang cia hé dir phong néng véi Az = 0
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1.00001

D.QQQQQ‘W

0.99887

e #lam3=0

& lam3=1_500
0.99885

0.99993
Miam3a=1_300
0.99991

ity

0.999849

Availahil

0.99987
0.99985
0.99983 ,-'.
0.099811 W

0.998749

0.980771
0 0.01 0.02 0.03 0.04 0.05

rej. rate

Hinh 6. D6 san sang cia hé du phong néng véi cc gid tri khac nhau ctia A3
4.2. Th nghiém trén thuc té

Qué trinh thir nghiém mo hinh trén thue té dwoc thwe hién tai thw vien Ta Quang Biru
Pai hoc Bach khoa Ha Noi, trong giai doan 1 vao thang 5/2009 (3 tuan) va giai doan 2 tir
thang 8/2009 dén 11/2009. Hé thong dwoc thir nghiem 14 Hé thong phuc vu tra ciru tai thu
vien Ta Quang Biru, dwoc xay dung gom hai phién ban hoat dong theo co ché duw phong
néng, xuat phat tir mot dac t4 yéu cau ban dau cia hé thong hai phién ban trén dwoc phat
trién doc lap theo quy trinh cia ky thuat lap trinh da phién ban:

Phién ban 1 dwoc phét trién dwa trén nén cong nghé .Net cia Microsoft, thue thi trén
moi truong 1IS web server.

Phién ban 2 dwoc phét trién dwa trén cong nghé Java Servlet ctia Sun Micro System, thuc
thi trén moi truwong Tomcat web server.

Hai phién ban trén duwoc cho hoat dong song song, ciing cung cap dich vu cho ngudi
dung thong qua co ché can bang tii (load-balancing). Hai phién ban duwgc dp dung k¥ thuat
Rejuvenation nham ngan ngtra hién twong lao héa tién trinh.

Trong giai doan (5/2009), thir nghiém dong thoi cd hai hé thong. Trong giai doan tir
thang 8/2009 chi 4p dung hé thong hoat dong theo co ché bao tri phong ngira. Ky thuat bao
tri phong ngtra & hai phién ban trén chi dirng lai & viéc dirng hoat déng cia tng dung, thu
don tai nguyeén cia web server. Ching ta sé thong ké thoi gian hoat dong cia hé thong, thoi
gian hé théng bi 161, thoi gian bdo tri phong ngira, tir d6 tinh todn dé san sang cta hé théng
va so sanh véi hé thong dir phong néng cé hai phién ban giong nhau, khong 4p dung bdo tri
phong ngira.

Céac két qua thu dugc nhu sau

Véi hé thong chi gom hai phién ban giéng nhau, khong 4p dung bao tri phong ngira:
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Bdng 3. D6 san sang cia hé théng dur phong néng

Thong s6 Gia tri
(Giai doan 1: thang 5/2000)
Tong thoi gian hoat dong 72 gid = 72 x 60 x 60 = 259200 (s)
Tong s6 yéu cau nhan dugce 32 348 (yéu cau)
Tong thai gian cd hai phién ban khong hoat dong | 87(s)
Do san sang cia hé théng (259200 — 87),/259200 = 0, 999664

Véi hé thong 4p dung mo hinh két hop béo tri phong ngira va lap trinh da phién ban ap

dung bdo tri phong nglra v4i cing toc do 2740 yéu cau/1 lan béo tri phong ngira.

Bdng 4. D6 san sang ctia hé thong dur phong néng 4p dung mé hinh

Ak Gia trj Gia trj
Th ! !
ong sO (Giai doan 1: théng 5/2009) (Giai doan 2: thang 8-11/2009)
Téng thoi gian hoat dong 72 gio = 72*60*60 = 259200 (s) | 960 gic = 960*60*60 = 345600
Téng sé yéu cdu nhan duoc 28 472 (yéu céu) 48 1394 (yéu céu)
Téng thoi gian phién ban .Net bj 16i 243 (s) 4108 (s)
Téng thoi gian phién bn Java bi 16i | 389 (s) 6521 (s)
Téng thoi gian phién ban .Net bdo tri
phong ngira 847 (s) 14319 (s)
Téng thoi gian phién ban Java bao tri
phong ngira 679 (s) 11323 (s)
Téng thoi gian c& hai phién ban
khong hoat dong 27 (s) 359 (s)
Iy = (259200-27)/259200 = =(3456000-359)/3456000=
B6 sén sang cua hé thong 0.999895833 0.999896723

Nhan xét két qua
- Khi 4p dung mo hinh vao hé théng, do san sang cia hé théng dwoc cai thién.
- Mic du thoi gian khong hoat dong ctiia mo6i phién ban tang lén (tng thoi gian bi 16i va bio
trl phong ngira) tuy nhién thoi gian cd hai phién ban khong hoat dong lai gidm xudng, diéu
nay cé the giai thich do 4p dung bdo tri phong ngira, xdc suat hé thong bi 16i gidm xudng,
dac biét cac 16i do twong quan gitra hai phién ban.
- Do thdi gian thue nghiém chwra dd dai, nén dé san sang cia hé théng chua hoi tu vé gid tri
giéi han.

Tém lai, qua s6 liéu thu dwoc & trén, ta cé thé thay dwoc viéc 4p dung mé hinh két hop
giita bao trl phong ngira v lap trinh da phién ban vio hé théng cé cai thién do san sang cia
hé thong. Trong thoi gian t61i, cac tac gid sé tiép tuc thuwe hién viéc thir nghiém véi thoi gian

7 A z ~ 7 3 ~
16n hon dé cé dwoc nhirng két qud chinh xdc hon nira.

5. KET LUAN VA HUONG PHAT TRIEN

Trong bai bdo niy ching ta da nghién citu vé moé hinh két hop hai ky thuat Rejuvenation
va, NVP trong dé 4p dung N = 2, d€ ting cuong do san sang cia phan mém chiu 16i, cu thé
14 cdc phan mém hoat dong lién tuc theo thoi gian, trong dé xdy ra hién twong lao héa tién

trinh. Dua trén phwong phap ding chuéi Markov lién tuc vé thoi gian, ching ta da danh
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gid duoc do san sang cia hé thong du phong néng hai phién ban 4p dung mé hinh nay, anh

hudng ciia hai tham s6 co ban: twong quan gitra hai phién ban va toc do bao tri phong ngira

1én dé san sang cia hé théng. Bai bdo da chimg minh dwoce su két hop gitra s da dang trong

phét trién va su da dang trong moéi trudng thue thi lam ting do san sang cda hé théng véi

toc dd bao tri phong ngira hop 1y.

Trong thoi gian t&i, A6 hoan thién mé hinh ching ta s& xét dén trwong hop trong dé thoi

gian bao tri phong ngira la xdc dinh va mé rong chuoi Markov lién tuc vé thoi gian thanh

chudi semi-Markov dé mé hinh héa chinh xéc hon cdc buwée chuyén trang théi trong hé thong

[13]. Thém vao dé, c6 thé phat trien moé hinh theo huéng xem xét dén trang thai ciia hé

thong thay doi theo tai, phét trien thuat toan dé xac dinh téc do bao trl phong ngira toi wu.
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