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TOM TAT

Céc nén tang tinh todn dam may dwgc md hinh hdéa véi mot mang hang doi
Jackson mo c6 thé dugc st dung dé€ xac dinh va do luong QoS dam bao dam may
6 thé cung cdp vé thoi gian phan hoi. Viéc phan tich, danh gid c6 thé dugc thuc
hién theo cac thong s6 khac nhau, nhw t6c d¢ dén ctia khach hang yéu cau dich vu
va toc d6 phuc vu cua cac may chu xtt ly, cung mot s6 thong s6 khéc. Trong bai
bao nay, chung t6i xem xét mo6 hinh mang hang doi mé cho ting dung da tang trén
nén tang hé thong tinh toan dam may gém c6 bdn tang véi 6 nut mang, trong dé
cau truc cac nat c6 thé khac nhau. Theo d6, mo hinh hé théng phan b6 nhu mot hé
thong hang doi gom nhiéu hang doi M/M/1. Viéc phan tich va danh gid mo hinh
duoc thuc hién thong qua tinh toan mot s6 thong s& do hiéu nang hé thong, nhu
thoi gian dap ung trung binh, s6 yéu cau trung binh, .... Mot sd két qua s6 duoc
chi ra cing nhu md ta qua d6 thi theo cac tham s6 vao quan trong nhu tdc do dén,

toc do phuc vu da cho thdy tinh dung ctia m6 hinh phan tich.

Tt khoa: Tinh toan dam may, Mang hang doi mo Jackson.

1. GIOI THIEU

Tinh toan dam may (Cloud computing) la sy phat trién cta tinh toan phan tan,
tinh todn song song va tinh toan Iwdi. Theo Rajkumar Buyya [10]: “Tinh todn ddm may
la mot loai hé thdng phan bd va xt ly song song gom cac mdy tinh ao két néi véi nhau
va duoc cung cdp dong cho nguoi dung nhw mot hodc nhiéu tai nguyén dong nhat dya
trén sy thoa thuén dich vu gitta nha cung cdp va nguoi st dung”. Trong hé thong tinh
toan dam may, khai niém cloud twong trung cho 1 td hop cac tai nguyén c6 thé cdu
hinh nhu mang, may chd, bé nhég, tng dung va dich vy, cung cdp quyén truy cap cac
tai nguyén nay theo yéu cau. Kién truc tinh toan dam may [1], dai bd phéan ha tang co
s0O cta tinh toan dam may hién nay 1a sy két hgp ctia nhitng dich vu dang tin cay duoc
phan phdi thong qua céac trung tam dit liéu (data center) dwoc xay dung trén nhing
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may cht v6i nhitng cadp do khac nhau ctia cac cong nghé ao hoéa. Nhitng dich vu nay ¢
thé dwgc truy cap ti bat ky dau trén thé gidi, trong d6 ddm may la mot diém truy cap
duy nhat cho tat ca cdc may tinh ¢6 nhu cau cua khach hang. Cac dich vu thwong mai
can dap ung yéu cau chat luong dich vu tir phia khach hang va thong thuwong déu dua
ra cac mutc thoa thuan dich vu (Service level agreement). Dyra vao m6 hinh cung ting
dich vu ma ddm may duoc chia lam 3 tang: ting co so ha tang (Infrastructure), tang
nén tang (Platform) va tang phan mém (Software).

Tinh toan dam may da phat trién nhw la cach tot nhat d€ chia sé va cung cap tai
nguyén qua internet. Kha nang dé cung cdp chét lwgng dich vu (QoS) dugc dam bao la
rdt quan trong d6i voi thanh cong thuong mai ctia cac nén tang ddm may. Qua trinh
truy nhap vao dam may thuong cé thé t6 chitc 6 md hinh hang doi, vi vy mdi nguoi
dung can doi cho dén khi nguoi dung hién tai dwoc phuc vu xong. Ly thuyét xép hang
la nghién ctru toan hoc vé cac hang doi va déc tinh van hanh khéac ctia hang doi. Trong
ly thuyét hang doi, mot mo hinh dwoc xay dung sao cho ¢ thé du doan d6 dai hang
doi va thoi gian cho. Cac nghién cttu lién quan déu xem ly thuyét hang doi 1a nghién
cttu vé cac hé thong xép hang, noi mot s6 khach hang yéu cau mot s6 dich vu tir mot sd
mdy chu. Ly thuyét hang doi rat hitu ich trong may tinh va hé thong truyén thong dé
xac dinh thong luong, thoi gian dap tng, thoi gian st dung tai nguyén, xac suat cudc
goi bi mat va yéu cau tai nguyén. Trén co so nay, bai bao tim hiéu vé md hinh hang doi
cho tinh toan ddm may va danh gia hiéu suat mo6 hinh hang doi duoc sit dung thong
qua thong s6 thoi gian dap tng cua hé thong.

Nhiéu nghién cttu tuwong tu lién quan dén mo hinh nay da duoc thuee hién va dé
xudt trong mot sd bai bao [1-9]. Céc tac gia trong [1][5] trinh bay mdt mo hinh phan
tich dua trén ly thuyét hang doi d€ nghién ctru anh huéng caa QoS trong tinh toan
dam may. Theo [1][5], cac nén tang dam may dwgc mo hinh héa véi mot mang Jackson
mo ¢ thé duge st dung dé€ xac dinh va do luong QoS dam bao dam may c6 thé cung
cap vé thoi gian phan hoi. Viéc phéan tich, danh gia c6 thé duoc thuc hién theo cac
thong s khac nhau, nhu tdc d6 dén ctaa khach hang yéu cau dich vu va téc d6 phuc vu
cta cac may chu xt ly, cung mot s6 thong s6 khac. M6 hinh nghién ctu trong [2], sé
xem xét cac don vi xt ly (mdy chua) va don vi luu trie (b¢ dém) duwoc tach biét, dong
thoi dua ra mot co ché ma thoi gian tim ki€m dwoc khoi dong ngay sau mot vai
khoang thoi gian r6i ctia may chu. Viéc 4p dung mo hinh hang doi cho hé théng tinh
toan ddm may d€ tng dung vao bai toan thuc tién cling da dwoc trinh bay trong [3].
Theo d6, cac tac gia trong [3] da cung cdp mdt giai phap y t€ tinh ti duoc thanh lap
trén cac hé thong thong tin cham séc sttc khoe két hop véi tinh todn ddm may nham
nhan manh vao xt ly thong tin y té. M6 hinh dé xuat ¢ day cting phan tich theo thoi
gian cho dugc xac dinh nhuw 14 tiéu chi chat lwong dich vu (QoS). M6 hinh dich vu dam
may da duegc mo hinh héa bang ly thuyét hang doi theo 2 dang hai hang doi, d6 1a md
hinh hang doi Tandem M /M /s va md hinh hang doi retrial v6i 1 mdy cht don (SSRQ).
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Trong pham vi nghién cttu cua bai bao nay, chting t6i tap trung xay dung mot mo hinh
hang doi cho hé théng tinh toan dam may, cu thé 14 mo6 hinh mang hang doi Jackson
mo cho ing dung da tang trén tinh toan dap may, ¢ thé xem la sy két hop va cai tién
mo rong cua cac mo6 hinh nhw trong [1] va [5]. Cu thé, mo6 hinh trong bai bao nay cai
tién mo hinh trong [5] v6i mo rong 4 tang, trong dé xem xét tang 4 voi treong hop co
thé nhan két qua phan hoi tir Client (véi mot gia tri xac suét), diéu nay phu hop hon
v6i thue t€. Cac 10 giai ctia m6 hinh phan tich trong bai bao cling duoc xem xét, phan
tich, minh hoa va danh gia dé€ tinh toan xac suat on dinh cua tat ca cac trang thai trong
hé théng...

Noi dung tiép theo cua bai bao theo d6 c6 cau tric nhu sau: Phan II s€ la gidi
thiéu mo hinh phan tich. Két qua danh gia mé hinh dwgc thuc hién theo mét s6 thong
s0 do do, bao gdm ca viéc tinh toan cac xac suat trang thai 6n dinh cia m6 hinh dwoc
trinh bay trong phan III. Cu6i cung la phan Két luan va hudéng phat trién.

2. MO HINH MANG HANG POI MO CHO UNG DUNG PA TANG TREN HE
THONG TINH TOAN PAM MAY

M6 hinh phén tich & day tng voi hé thong tinh todan dam may dang da server,
da tang (Hinh 1), dwgc m6 hinh hda & dang mé hinh hang doi, cu thé 1a véi mo hinh
mang hang doi Jackson mo.

A=A T12; Az=A-l12;  As=A-l1g

T

Client |

Internet .
5@

D

(1-1t)A

Hinh 1. M6 hinh phan tich mang hang doi moé cho ting dung da tang trén hé thong dam may

Theo d6, chung t6i sit dung mo6 hinh nhw trong Hinh 1 xem xét m6 hinh mang
hang doi mé cho ting dung da tang gdm ¢ bon tang vdi 6 niit mang d€ mo hinh cho
tng dung da tang voi cdu trac cac nat c6 thé khac nhau. M6 hinh hé théng phan bd
nhue mot hé théng hang doi gom nhiéu hang doi M/M/1 (mdi ntt dwge mod hinh héa la
mot hang doi M/M/1). Tai by can béng tai (nut ES) sé nhan cac yéu cau dén tir nguoi
dung bén ngoai va sau d6 xt ly, diéu phoi yéu cau dén cac nut PS; trong tang xw ly
nghiép vu dua trén cdu hinh ctia ching. Trong tang co so dit liéu DS, xac suat § 1a xac
sudt mot yéu cau tir nut PS; trong tang xw ly nghiép vu dén truy cap vao tang luu tri
co so dit liéu. Khi thuc hién m6 hinh héa mot hé thong dua trén web, khong phai tat ca
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yéu cau sé yéu cau truy cap vao may chti co sé dit liéu [5]. Tuy nhién, lvu y rang xac
suat nay thuong sé tuong d6i cao. Tai tang cudi cung (tang CS), khach hang c6 thé roi
khoi hé thong voi xac suat T hodc quay lai hé thong d€ yéu cau phuc vu tiép vdi xac
suat (1 — 7). Khi dd, taco 1 =vy/t [1].

1. MO td mo hinh
MO0 hinh trén Hinh 1 duwgc mo ta qua cac thanh phan sau:

- ES (Entering Server): 1a mét server vao, déng vai trd nhu 1a bo can bang tai
(load balancer), c6 nhiém vu chuyén tiép cac yéu cau phuc vu tir cac user
dén mot trong cac PS;, (i =1...3), sao cho dam bao hé thong hoat dong
khong quad tai. Bo can bang tai ES c6 thé dwoc md hinh héa nhu 1a m6 hinh
hang doi M/M /1, v6i toc dd dén va téc dd phuc vu theo phan phoi ma biéu
dién qua cac tham s8 y va L mot cach twong tng (trong d6 y < L). Muc dich
cua ES 1a xac dinh nut PS; d€ phan cong phuc vu. D€ lam dwoc diéu nay, ES
sé st dung giai thuat phan phdi cac yéu cau phu thudc vao khdi luong cong
viéc trung binh (averaged workload) tai mdi nut PS; [1].

- PS; (Processing Server): PS déng vai tro 1a cac server xtt ly, trong d6 mdi ntit
PS; c6 thé la mdt vi xtr ly trung tam hodc 1 161 vi xt ly tng vdi cac tai nguyén
vé mat vat ly trong mé hinh kién tric ddm may, ma ¢ d6 cac dich vu sé duoc
tinh toan, thuc hién. Cac nut PS; sé dugc luwa chon dé thyc hién tat ca cac yéu
cau phuc vu cua cac user. Trong mo hinh nay, gia thiét cac PS; la nhu nhau
va mdi PS; c6 tdc do phuc vu bf?mg nhau, va béng w,dodo, u=u;,i=1..3.

- DS (Database Server): mdi PS; sé truy nhap DS véi xac sudt 6. DS dai dién
cho m¢t may chu co sé dit liéu va phuc vu d€ mo hinh héa quyén truy cap
vao cac file, thw muc va co s¢ di liéu hodc bat ky loai truy cap vao/ra (I/O)
nao vao bo nhé thit cap trong sudt qua trinh dich vu déi véi kién trac dam
may. Ngoai ra, d€ tranh su khong thong nhat (inconsistencies) dt liéu, mo
hinh ¢ day chi lya chon 1 may chu co so d@ liéu d€ phan tich [1]. Theo d¢,
DS c¢6 thé duge mo hinh héa nhw mo hinh hang doi M/M /1 véi t6c do dén va
toc d¢ phuc vu cling tuan theo phan phoi mii ¢ gia tri lan lugt la 64 (theo
quy luat cia mo6 hinh hang doi Jackson mo) va D.

- CS (Client Server): €S nhan phan hoi tit m6 hinh ddm may va roi khoi hé
thdng. NO cling cé thé goi lai yéu cau theo phan phdi mi véi tham s6 4 dén
server vao ES néu cong viéc chua hoan thién (CS nhan cac tap tin hoac mot
phan cta tap tin cho dén khi yéu cau duoc thdéa man hoan toan). Dat 7 la xac
suat roi khoi hé thong mang hang doi Jackson mo, ta ¢6 1 = A/t [1]. Nut €S
cting c6 thé duoc mod hinh héa nhu mo hinh hang doi M/M/1. Toc do dén
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cua nut theo phan phéi ma véi gia tri 1a 4. Téc d6 phuc vu gia thiét ciing
tuan theo phan phdi ma véi gia tri la u.

Yéu cau dén bo can bang tai tir bén ngoai c6 tdc do dén theo phan bs Poisson

v6i tham s6 y (s6 lwong yéu cau trén giay).

Mot s6 gia thiét:

Cac yéu cau dén tir ngoai hé thong tinh todn dam may vao mot nut i tuan
theo phan phdi Poisson;

Thoi gian phuc vu tai mdi nut i trong hé thdng 1a doc 1ap va tuan theo phan
bd mii va duoc phuc vu theo nguyén tac FCFS;

Goi r;j 1a xac suat chuyén trang thai sau khi yéu cau duoc xtr ly xong tai nut i
sé chuyén dén nut j). Ta cd, tong cac xac sudt chuyén trang thai trong mang
hang doi mo la 1 (¢ day r;, la xac suét chuyén ra ngoai mang tir nut i):
N
, (D
Tio = 1- Z Tij,l € [1,N]
j=1,j#i
Goi y; la t6c do dén tir bén ngoai vao nut thwt i va 4; 1a tong tdc do dén cua
nut thit i (bao godm ca t6c d6 dén tir bén ngoai va téc dd chuyén dén tir cac
nut bén trong hé thong mang dén nut thi i), khi d6 ta co:
N
, (2)
Ai =y + Z Ajrji,l € [1,N]

j=1,j#i

2. MO0 hinh trang thai

M6 hinh hang doi Jackson md cho hé thong tinh toan dam mdy ung dung 4

tang nhu 6 Hinh 1, gobm N = 6 nt mang, mdi nat mang dugc mo hinh hda la mot hang
doi M/M/1:

Nut ES (Entering Server) dai dién cho tang 1, dong vai tro nhu 1a bd can
bf?mg tai, c6 toc do yéu cau dén tir bén ngoai vao la y.

Tang 2 1a tang x& ly gom 3 nat PS (gia tri m = 3): PS;, PS, va PS3. T6c d yéu
cau duogc chuyén tiép tie nut ES dén cac PS; trong tang xt ly tuan theo xac
suat chuyén (trang thai) dén tieng nut PS; tuong tnglar;, = 0.3, 113 = 0.3 va
14 = 0.4 (trong d6 nhw quy wdc 6 trén, r;; la xac suat chuyén trang thai sau
khi yéu cau duoc xtt ly xong tai nit i s€ chuyén dén nut j). Véi mo hinh &
day co thé phan tich tach biét cdc nut PS; ¢ tang 2 nay tng voi cac mo hinh
hang doi M/M /1. T6c dd phuc vu tai mdi nut PS; theo phan bd mi c6 tham
sO ;.
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- Sau khi mét yéu cau dwoc phuc vu xong ¢ tang xt ly, c6 thé chuyén sang

truy cap vao tang 3, tic la tang luu trit co s6 dit liéu DS véi xac sudt ry5 =

r35 = Iys = 6 = 0.3 hodc 1a khong truy xuat tang 3 voi xac suat 1a ryg = 136 =

Tae = (1 - 6) = 0.7.

- Sau d6 két qua duoc phan hoéi dén khach hang (client) qua mang Internet va

roi khoi hé théng véi xac sudt 5o = T = 0.8 hodc cd thé quay lai hé thong dé

yéu cau phuc vu ti€p voi xac sudtrg; = (1 — 1) = 0.2.

Khi d¢6, ta cd ma tran xac suat chuyén trang thai sau:

0.2

T2

T3
123
33
T43

T14

Tis
25
T35
T4s
Tss
Tes

0
0.3
0.3
0.3

0

0

3)

1.0
0

trong do, xac suat roi khoi hé thong tai modi nat thiv i, i € [1,2,3,4,5,6] twong ting
lé: Tl() = TZO = T30 = T40 = TSO = 0, T60 = 08.

Tiép theo ta can tinh xac suat ¢ trang thai can bang cua hé théng, tic 1a tinh
Py, nyomy = P(Ny =g, Ny = np, o+, N = ny), v6i N 1a s8 yéu cau c6 tai moi nuat. D€ tinh

Py, n,, -y ta thuc hién cac budce sau:

- Budc 1: Tinh t8c d6 dén ctia mbi ntt theo cong thikc (2).

- Budc 2: Tinh xéc suat trang thai can bang cho mdi ntt tai thoi diém xét, st
dung cong thttc dang P;(n;) = P(X;(t) =n;) = (1 — p; )p;* d€ tinh x4c suat
co n; yéu cau trong hang doi M/M/1: véip; = A;/

- Budc 3: Tinh xac suat trang thai can bang cho hé thdng theo cong thtic:

k
P = Prana,me = (1= 0PI (1= p)p}" . (1= pdpt = | [ = poe]
i=1

Ngoai ra, cac thong s6 dd do lién quan khac ciing can dugc tinh dén, nhu:

- Tinh s6 luong yéu cau trung binh trong moi nut theo cong thirc E[N;] =

- Tinh thoi gian dap tng trung binh tai méi nit theo cong thikc T; =

20
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- Tinh thoi gian dap tng trung binh cho toan hé thong theo cong thitc:

3. PHAN TiCH KET QUA

Dua trén phan tich ¢ trén, phan nay mo ta két qua dua trén cac tham sd dau
vao cho tredc, nhu sau:
- T&c d6 dén tir bén ngoai vao bo can bang tai: y = 20 yéu cau/giay; do d6 A =
v/t = 25 yéu cau/gidy

- Thoi gian phuc vu tai cac nut (gia thiét la nhw nhau véi cac nat PS,, PS; va
PS,): 1/L = 0.03 gidy, 1/u = 0.03 gidy, 1/D = 0.04 giay, .

- Gia st phai tinh xac sudt trang thai on dinh ctia trang thai sau:
P(ny,ny,n3,ng,ns,ng) = P(ny =6,n, =2,n3 =3,n,=1L,ns=1n5=1)

Ttec la tinh xac suat ¢ trang thai on dinh tai thoi diém ¢ b can b??mg tai (PS;) ¢
6 yéu cau, may chu xt ly 1 (PS,) 6 2 yéu cau, may chu xt ly 2 (PS3) ¢6 3 yéu cau, may
chu xw 1y 3 (PS,) c6 1 yéu cau, mday chu co co dir liéu (PSs) ¢6 1 yéu cau dang xir ly va 1
yéu cau dugc goi ra nut Client. D& tinh P(n; = 6,n, =2,n3 =3,n, = 1,n5 = 1,ng = 1),
thiec hién theo cac budc nhw da trinh bay o trén:

- Budc 1: Tinh toc 36 dén ctia moi nut:

/l1=/1=25,/12=)/1=T'12'/1=7.5,/13=]/2=T13'/1=7.5,/14=y3=7‘14'/1=10,
As =115 + Y2 T35+ V3 Tas = 7.5, Ag = 4 = 25.

- Budc 2: Tinh xac sudt trang thai can bang cho mdi nit tai thoi diém xét:

o Tinh mitc st dung tai nguyén trung binh cho méi ntt p; = A;/p; d€ biét
nhu cau phuc vu tai mdi ntt:

p1=M/L, p2 = Aa/1, p3 = A3/l pa = Aa/1, ps = As/D; ps = Ag/ 1L
o Tinh x4c suat trang thai can bang cho mdi ntit (xac sudt c6 n; yéu cau
trong hang doi M/M/1):

P,(n,) = 0.044494629; P,(n,) = 0.019125; P;(n3) = 0.002869; P,(n,) = 0.16;
P.(ns) = 0.21; Py(ng) = 0.25.

- Budc 3: Tinh xac suat trang théi can bang cho hé thdng:
P(ny,n,n3, 1y, M5, M) = 2.0506E — 08

Tinh toan cac thong s6 do do lién quan:
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- Tinh s6 lugng yéu cau trung binh trong mdi nut:

E[N;] = 1p; = 3; E[N,] = 0.176471; E[N;] = 0.176471; E[N,] = 0.25; E[N;] =
~P1
0.428571; E[N] = 1
- Tinh thoi gian d4p tng trung binh tai mdi nut:

T, = %ﬂ =0.12; T, = 0.023529; T; = 0.023529; T, = 0.025;

Ty = 0.057143; T, = 0.04.
- Tinh thoi gian dap tng trung binh cho toan hé théng:
E[N] 1%
= —Z E[N;] = 0.25157563
y AL
l=

Dua trén cac két qua minh hoa ¢ trén, ching toi biéu dién mot s6 két qua o
dang db thi bang cach thay d8i cac tham s8 vao nhu tdc do dén tir bén ngoai vao bd
can b.%mg tai y, toc do phuc vu ctia cac nut tai tang 2.

T

0.8

0.7
0.6
0.5
0.4
0.3
0.2
2 o B l
0
10 15 20 25 y

5

Hinh 2. Thoi gian dap ting cua hé thong thay d6i theo tdc dd dén y

Hinh 2 md ta sy thay d6i ctia thoi gian ddp tng trung binh ctia toan hé thong
khi tang t6c d0 dén y (A < L). Khi yéu cau dén hé théng ting, vdi sd server xtit ly va tdc
dd phuc vu khong thay d6i, s6 yéu cau cling nhu thoi gian cho trong hang doi sé tang,
dan dén thoi gian dap tng trén toan hé thong sé ting, dic biét khi tdc d6 dén ting gan
dén ngudng tdc d6 phuc vu.
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Hinh 3. Thoi gian dap tng cua hé théng thay d6i theo tdc dd phuc vu u

Twong tu, Hinh 3 mo6 ta sy thay doi cua thoi gian dap éng trung binh cua toan
hé thong khi tang toc d6 phuc vu p (A < p) tai cac nut 6 tang 2 (tang xw ly). RS rang,
khi tang t6c dd phuc vu tai cac nut xw ly, tic 1a giam thoi gian dwgc phuc vu cta cac
yéu cau, thoi gian trung binh cac yéu cau trong hé thong sé giam. Khi t6c d¢ phuc vu
tang dén 1 ngudng thi thoi gian trung binh cac yéu cau trong hé thdng sé giam khong
dang ké.

4. KET LUAN

Bai bao da thyec hién viéc 4p dung mo6 hinh mang hang doi Jackson mo vao moé
hinh héa mot kién trac tinh toan dam may trén co sd két hop cac hang doi co ban
M/M/1. Viéc phén tich va danh gia md hinh dwoc thyc hién thong qua tinh toan mot s6
thong s6 do hiéu nang hé thong, nhu xac suat trang thai can béng cua hé thong, thoi
gian dap tng trung binh, s6 yéu cau trung binh, .... Mot s két qua s dugc chi ra cling
nhu mo ta qua d6 thi theo cac tham s6 vao quan trong nhw t6c do dén, tdc dd phuc vu
da cho thdy tinh ding ctia m6 hinh phan tich. Hudng ti€p theo ctia bai bao sé la mo
rong mo hinh hoa dua trén cc nén tang mo phong tinh toan dam may nhu OpenStack
hay CloudSim. Ttr d6, c6 thé danh gia, so sanh mo6 hinh mot cach thyec t€ hon.
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AN OPEN JACKSON QUEUE NETWORK MODEL FOR MULTI-TIER
APPLICATION SYSTEMS BASED ON CLOUD COMPUTING

Huynh Xuan Chung, Dang Thanh Chuong
Faculty of Information Technology, University of Sciences, Hue University
Email: haichung1964@gmail.com, dtchuong@husc.edu.vn
ABSTRACT

Cloud computing platforms modeled with an open Jackson queue network can be
used to identify and measure QoS, ensuring the cloud can deliver on response
times. The analysis and evaluation can be done according to different parameters,
such as the arrival rate of the customer service request and the service rate of the
processing server, among other parameters. In this paper, we consider the model
of an open queue network for a multilayer application on a cloud computing
platform consisting of four layers with six nodes, in which the node structure can
be different. Accordingly, the system model is modeled on a classical open
network consisting of many M/M/1 queues. The analysis and evaluation of the
model are done by calculating some parameters to measure system performance,
such as average response time, the average number of requests,.... Some numerical
results are shown as well as graphically described according to important input
parameters such as arrival rate, service rate, which showed the accuracy of the

analytical model.

Keywords: Cloud computing, open Jackson queue network.
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