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Tom tit. Trong cac hé thong trung tam cudc goi, sy trén 1an 16n cac cude goi (call blending)
la sy pha tron cac hoat dong cua cac cudc goi dén va cac cudc goi di ra. M6 hinh hang doi
retrial c6 thé duoc st dung nhim phén tich cac hoat déng ctia hé thong trung tam cudc goi
véi sw két hop cua cac cude goi dén va cac cude goi di. Cac cudc goi dén khi chua thé duoc
phuc vu sé dugc luu trix trong bo dém (goi 1a orbit), noi ma cac cudc goi nay sau dé sé duoc
gui dén lai mdy chu sau mét khoang thoi gian ngéu nhién. Ngay khi mdy cht chuyén sang
ché& d6 16i, nd sé thuc hién cudc goi di. M6 hinh phan tich trong bai bao nay sit dung mot hé
théng hang doi retrial véi kich thude orbit gidi han cho hé théng trung tim cudc goi véi truyén
théng hai chiéu (méi twong quan gitta cac cudc goi dén va cudc goi di) va tdc d6 retrial khong
thay d6i trong ca hai treong hop don va da may chu. Bai bao st dung phuong phap phan
tich qud trinh gia sinh tt theo ma tran sinh Q d€ tinh cac xac suét trang thai can bang ddi véi
mo hinh phan tich d€ dat duoc két qua mong mudn.

Tw khoa: hang doi retrial, hé thong trung tdm cudc goi, qua trinh gia sinh t&

Retrial queueing analysis model in call center system with
balanced mixing calls
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Abstract. In call center systems, call blending is the mixing of activities of incoming calls and
outgoing calls. This study presents a retrial queue model with a constant retrial rate for
incoming calls to analyze the call center system with a combination of call activities of
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incoming calls and outgoing calls. Incoming calls that cannot be serviced are stored in a buffer,
where the tasks are sent back to the server after a random time. As soon as the server goes
idle, it makes an outgoing call. The analyzed model was used as a retrial queue system for a
call center system with 2-way communication (correlation between incoming and outgoing
calls) and a constant retrial rate in both single and multi-server scenarios. The quasi-birth-
and-death process according to the generation matrix Q@ was used to calculate the equilibrium
probabilities for the analytical model to achieve the desired results.

Keywords: retrial queueing, call center, quasi-birth-and-death process
1  Gidi thiéu

Hang doi retrial da duoc tap trung nghién ctru trong nhiéu ndm gan day. N6 cung cap mo
hinh dé€ dénh gia hiéu ndng cua céc trung tam cudc goi (call center), mang mdy tinh va cac hé
thong truyén thong. Ddc tinh quan trong ctia hang doi retrial la cac cudc goi, ma chua thé duoc
phuc vu tai thoi diém dén hé théng sé dugc dwa vao mot vung dém, goi la orbit va sé yéu cau
phuc vu lai (retrial) sau mot vai don vi thoi gian ng.ﬁu nhién. Vi vay, viéc phan tich d6i véi hang
doi retrial thuong la phttc tap va khé khan hon so v6i mo hinh twong tw ma khong xét yéu to
retrial va thuong chi c6 thé thu duoc két qua rd rang trong mot s6 truong hop dac biét [1-9].

Pai ly cudc goi

Orbit hE—

Khach hang
goi lai

Khich hang goi dén

Roi khoi cude goi

Ché cude goi Kkhi di lién hé duge
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Hinh 1. M6 hinh hang doi retrial cho hé thdng trung tdm cudc goi

Mot trung tam cudc goi ¢ vai tro quan trong d6i véi mot cong ty vi nd cung cadp mot kénh
dé khach hang lién hé véi cong ty. Trong mot cudc goi trung tam, cac dai ly cude goi (con dugc
goi la cac tong dai vién) la nhitng nguoi tra 10i cac cudc goi tir khach hang. Khi mét khach hang
thuc hién mot cudc goi dién thoai, néu c6 mot tong dai vién cudc goi ¢ trang thai roi, khach hang
ngay lap tiec dugc cac dai ly cudce goi tra 10i. Néu tat ca cac tong dai vién dang ¢ trang thai ban,
khach hang c6 thé nghe phan hoi tir hé thong 1a hién tai cac tong dai vién cudc goi dang ban, vui
long cho trong gidy lat. Tai thoi diém nay, khach hang cé thé ctap dién thoai ngay lap tic hoac
22
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tiép tuc gitt mdy va cho (trong orbit). Trong treong hop lan trude chua lién hé dugc, khach hang
c6 thé thir lai Tan tiép theo sau mot khoang thoi gian ngau nhién (quay lai yéu cau phuc tir orbit).
Khéch hang cho doi mot tong dai vién cudc goi 0 trang thai rdi d€ o thé lién hé. Nhitng khach

hang nay ciing c6 thé goi dién sau néu khong du kién nhan cho doi.

No6i dung cuia bai bao la tim hiéu m6 hinh hang doi retrial ap dung cho hé théng cudc goi
trung tam (Hinh 1). Mot ddc diém cta cudc goi trung tam la thong thuong nd cd thé chi xi ly voi
luu lwong cac cudce goi dén (inbound traffic) hodc chi véi lvu luwong cac cude goi di (outbound
traffic). Cac cudc goi trung tam, khi d96, sé duoc gan nhan mét cach twong tng la inbound va
outbound. Mot s6 mo hinh hang doi retrial v6i cudc goi trung tam trong cac tai liéu phan tich
trudce day 1a mot chiéu (goi dén hodc goi di) [3, 4]. Tuy nhién, thong thuong, thi hé théng cudc
goi trung tam sé xtt ly dong thoi cac cudc goi dén va cudc goi di [1, 2, 5-9]. Theo d6, cac cudce goi
dén sé duoc chi dinh dén mot tong dai vién (operator) boi mot by phan phdi cudce goi tu dong
(ACD - automatic call distributor). D&i vi cac cude goi di, cude goi co thé duoc khoi tao bdéi ACD

(mot cach tu dong) hodc goi cac tong dai vién (tha cong).

Nguyén tic két hop cac cude goi (call blending) véi truyén thong hai chiéu, cho phép phuc

vu hai muc dich sau:

Thtt nhat, n6 c6 thé duoc thém vao cac nhiém vu thong thuwong. Diéu nay tuong tng véi
mot thoi quen phd bién trong cac trung tam cudc goi thudc ki€u inbound, noi cac tong dai vién
c6 thé str dung thoi gian nhan r6i ctia ho dé thue hién cac cude goi di thir cap, cé thé khong khan
cap. ) day, viéc két hgp (pha trén) cac cudc goi phuc vu nh3m tang hiéu suat tong thévb:lfmg cach

tang hiéu sudt lam viéc cua cac tong dai vién ¢ kha nang thong qua chinh sach kiém soat [5-7].

Tht hai, nd c6 thé xay ra nhw mét phan khong thé thi€u caa cac tac vu dwgc thue hién tai
trung tam cudc goi. Trong treong hop nay, cac cudc goi dén cling nhu cac cudc goi di la cac yéu
t6 quan trong ctia dich vu duoc cung cap va ca hai can duoc thye hién mot cach thuwong xuyén.

biéu nay xay ra khi cac nhiém vu yéu cau cac cudc goi ti€p theo theo ca hai hudng.

Ca hai tredong hop trén c6 thé dwoc mo hinh hda véi hang doi retrial hd tro truyén thong
hai chiéu. Da c¢6 mot vai mot cong trinh lién quan da dwoc dé xudt. Phung Duc trong [5, 6] gia
dinh m&t mo hinh ¢ t6c do retrial co dién cho cac cudc goi dén. Mot lya chon nhu vay dan dén
m6t md hinh phit hop véi treong hop thit nhat. Tuy nhién, luu y rang, & quy mo thoi gian ngan,
hoat dong ctia cac cudc goi di c¢d thé bi tic nghén voi xac sudt 1on trong cac giai doan luu luong
cac cudc goi dén tang cao, nhu khi tdc do retrial tang tuyén tinh véi s6 lwgng cudc goi dén trong
orbit. Mgt cach tuong ting, viéc can bang su két hop trong thoi gian ngan sé bi bj anh huong néng
né boi su bién dodi cta tai luu lwgng cac cudc goi dén. Nguoc lai, trong treong hop thi hai, hoat

dong cudc goi di van tiép tuc thuong xuyén ngay ca khi c6 nhiéu cudc goi dén dang cho duoc
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phuc vu. Béng cach gia st toc do retrial la khong doi, cac cudce goi di van duoc khoi tao trong
khoang thoi gian ngén (bang ACD hoéc boi cac tong dai vién), ngay ca khi s& legng cudc goi dén
trong orbit 1a cao. Mot cach twong ting, viéc can bang su két hop trong thoi gian ngén sé it chiu

anh hudng cua sy bién d6i cua tai lvu luong cac cude goi dén.

Y twong ctia md hinh trong bai bao nay phén tich su két hop hang doi retrial cho hé théng
trung tam cudc goi vdi truyén thong hai chiéu (m6i twong quan gitta cac cudc goi dén va cudce goi
di) va toc do retrial khong thay déi trong ca hai truong hop don va da mdy chu [1]. Cudc goi dén
c6 thé tim may chu rdi (tdng dai vién) dé dwoc nhan phuc vu ngay lap titc. Ngay khi may cha
chuyén sang ché do rdi, nd sé thue hién cudc goi di. Biém khac biét ciia m6 hinh trong bai bao
nay voi mo hinh trong [1] la chiing t6i xét véi kich thwdce orbit gioi han, ttr d6 ching toi dua ra
phuong phap nham phan tich qua trinh gia sinh t&t theo ma tran sinh Q d€ tinh cac xac suét trang
théi can bang d6i v6i mo hinh phan tich d& dat duoc két qua mong mudn [10]. Noi dung tiép theo
cuia bai bdo gom: phan 2 gidi thiéu cdc m6 hinh ching t6i phén tich véi truyén thong hai chiéu.
K&t qua phan tich thong qua cac d6 thi vé nhitng thay ddi ctia xac suét tic nghén chuyén bién

theo mat d6 luoéng duoc trinh bay 6 phéan 3. Cudi cung la phan két luan.

2 Mo hinh hang doi retrial cho hé thong trung tim cudc goi v6i truyén
thong hai chiéu

21 Mot s6 thong sd gia thiét cia mé hinh
M5 hinh phén tich 6 day dua trén moét s6 gia thiét sau:

Céc cudc goi dén (ban dau) may chu (hodc tdng dai vién) yéu cau duoc phuc vu theo qué
trinh Poisson véi toc d6 dén trung binh la 2. Cudc goi dén co thé tim may chu rdi d& dwoc nhan
phuc vu ngay lap tic. Trong trieong hop may chu ban, cudc goi sé duoc dua vao orbit. Trong
orbit, chinh sach t&c d6 retrial khong thay d8i (hang s8) sé duoc ap dung. Ttic 13, t8c d9 ctia cude
goi dén tit orbit (t6c do retrial) 1a u(1 — 8y, ) véi n 1a s§ khach hang trong orbit; ¢ day §;;
(Kronecker delta) 1a ham hai bién cac s6 nguyén khong am, duoc xac dinh nhu sau [1]:

5 = {0 ifi
W ifi=j

biéu nay trai nguoc véi truong hop duoc phan tich trong mot s6 tai liéu trude day [3, 4],
véi toc do retrial ¢6 dién 1a nu, phu thudc vao s6 luong khach hang trong orbit, la n. Nhuw da dé
cap ¢ trén, téc do retrial khong doi (constant retrial rate) xay ra khi khach hang trong orbit duoc
to chitc theo hang doi kiéu FCFS va chi khach hang 6 dau hang doi méi c6 thé yéu cau dich vu.
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Ngoai ra, khi may chu chuyén sang ché d¢ roi, nd sé thuc hién cudc goi di theo phan phdi
mi vdi toc do 1a a.
Thoi gian phuc vu cua cac cudc goi dén va cudc goi di ciing theo phan phdi mi voi tdc do

phuc vula v, vav,.

2.2 Mo hinh phan tich v6i don may cha

M6 hinh phén tich ¢ day tuwong ty md hinh trong [1] nhung v6i mot di€m khac biét. Trong
mo hinh nay cua bai bao, ching t6i xét vdi truong hop orbit 6 kich thuwdc gidi han (0 < N(t) <
M).

bat S(t) (t = 0), xac dinh trang thai cia may chu tai thoi diém t. Theo dd, c6 thé dinh
nghia trang thai ctia mdy cht theo cac gia tri nhu sau 1:
0, mdy chu & trang thai rdi,
S(t) =41, may chi dang phuc vu mdt cudc goi dén,
2, may chu dang phuc vu mét cudc goi di.
béat N(t) (t = 0)1a s cudc goi ctia khach hang trong orbit tai thoi diém t > 0. M6 hinh
khi @6 dugc md hinh héa nhu 1la mé hinh Markov hai chiéu: {X(t) = (S (t),N (t)),t > 0}, véi
khong gian trang thai c6 dang: § = {0,1,2} x {0,1,2, ..., M}. Lugc d6 chuyén trang théi cu thé
duoc trinh bay trén Hinh 2. Gia thiét hé thong 1a ¢ trang thai on dinh, titc 1a ludn ton tai cac xac
sudt trang thai can béng. Diéu kién can va du d€ mo hinh c6 trang thai 6n dinh 1a A < v; sé dugc

st dung trong cac phan tich sau.

A A 2,2 r /\ r 2,M

2,0 2,1

M 1 1 1 1

o V2 o V2 o V2 o V2 o
L TN
oM
N1 1

13

A Vi1 A

— A/'\

\Jx@

Hinh 2. Luoc d6 chuyén trang thai ctia md hinh don may chu

Datm;; = P[S(t) = i, N(t) = j],1acacxac suat trang thai can béng cua hé thong tai cac trang

théi (i, /). Khi d6, hé phuong trinh trang thai can bang duwoc xay dung nhuw sau [1]:
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(A +a+ Il(l - 80’])) T[O,j = V]_T[Lj + Vzn—z‘j (1)
(ﬂ, + Vl)nl,j = )'T[O,j + .uT[O,j+1 + /17-[1']'_1 (2)
(A + Vz)T[z‘j = 0(7'[0J + /17-[2‘]'_1 (3)

v6i 8y; = 1khij=0va bang 0 trong treong hop nguoc lai; m_; = 0 v6ii € {1,2} [1]. Viéc tinh
cac cac gia tri m;; s8 dugc chiing t6i thuc hién bang cach giai cac phuong trinh (1)~(3) béng
phuwong phap phan tich qua trinh gia sinh t& theo ma tran sinh Q [5]. Két qua phan tich sé duoc
trinh bay trong phan tiép theo.

Trong bai bao nay, khac véi trong [1], chung t6i gia thiét s& cudc goi (khach hang) trong
orbit 1a gi6i han (bang M). Vi vay, md hinh c6 thé dwoc phan tich theo qué trinh gia sinh tir véi
cac ma tran chuyén trang thai tong quat va duoc mo ta trén Hinh 2. D4y ciing chinh la diém khac

biét ctia mo hinh trong bai bdo nay véi md hinh trong [1].

Dua vao ma tran sinh Q cua qua trinh gia sinh tr QBD, cac ma tran chuyén trang thdi 4;,
B; va C; (mdi ma tran déu c6 kich thudc 3 X 3) mo ta cac budc chuyén trang théi tng véi luoc do
trén Hinh 1 nhw sau [10]:

(a). Aj(i,k): La viéc chuyén tir trang thai (i,) t6i trang thai (k,j) (v6i 0 <j < M;0 <
i,k < 2)domay chua roi hodc dang phuc vu mét cudc goi dén hoac dang phuc vu mot cude

goi di. Ma tran A; c6 kich thwde 3 X 3 véi cac phan tie 4; (i, k).

0 1 «

A; = <v1 0 0),(1 <js<M).
v, 0 0

(b). B;(i, k): Biéu thi cho mot budc nhay (lén) tir trang thai (i, j) téi trang thai (k,j + 1)

(v6i0<j<M-—1;0<ik <2)domodtyéu cau dén tir cudc goi dén (cudc goi dén ban dau

hodc cudc goi quay lai tir orbit), nhung méy chu dang ban (phuc vu cudc goi dén hodc cude

goi di). Ma tran B; hay B (do j 1a mttc doc lap) c6 kich thudc 3 x 3 véi cac phan tie B; (i, k).
0 0O
Bj=B=<0 A 0),(OSjSM—1).
0 0 2

(). C;(i, k): Biéu thi cho mgt budc nhdy (xudng) tir trang thdi (i, j) tdi trang thdi (k,j — 1)
(A<j<M;0<ik<2)dococudcgoi quay lai tir orbit sau mot khodng thoi gian va dwroc
phuc vu do mdy chii dang roi. Ma trdn Cy, c6 kich thurdc3 x 3 voi cdc phin tik C;(i, k).
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0 u O
Cj=<0 0 0),(1SJSM).

0 v, O

Khi d6, ma tran sinh Q ctia qud trinh gia sinh t&r QBD dwoc biéu dién qua ma tran chuyén

trang thai con ¢ trén nhw sau:

Ao By
Cy Ay B,
Q= Cq A;
B,
¢ A;
Vi cac gid tri trén dwong chéo ma tran Q:
Q(i,i) = —(tOng cac phan tk trén dong i), duoc tinh nhu sau:
ng—1
QU i) =~ Z Qi tuong tng voi Z?}:é Qij=0
§,j=05)#i

trong dé n; = 3« (M + 1).

Vé6iM =4,(i= 01,2;j =0,1,2,3,4), ma tran Q c6 dang nhw sau:

@) 0,0 1,0 2,0 01 1,1 2,1 0.2 1,2 22 03 13 23 04 14 24
0,0

1) p) a 0 0 0 0 0 0 0 0 0 0 0 0
1,0

Vs @ 0 0 p) 0 0 0 0 0 0 0 0 0 0
2,0

v, 0 ®) 0 0 p) 0 0 0 0 0 0 0 0 0
01

0 u 0 @ p) a 0 0 0 0 0 0 0 0 0
1,1

0 0 0 v, ®) 0 0 i 0 0 0 0 0 0 0
2,1

0 0 0 v, 0 6) 0 0 1 0 0 0 0 0 0
02

0 0 0 0 u 0 @ p) a 0 0 0 0 0 0
1,2

0 0 0 0 0 0 v, ®) 0 0 1 0 0 0 0
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22
0 0 0 0 0 0 v, 0 © 0 0 1 0 0 0
03 0 0 0 0 0 0 0 n 0 ) i 2 a 0 0 0
13 0 0 0 0 0 0 0 0 0 vi (1) 0 0 a 0
2,3 0 0 0 0 0 0 0 0 0 v, 0 (12 0 0 p)
0,4 0 0 0 0 0 0 0 0 0 0 u 0 (13 4 a
1,4 0 0 0 0 0 0 0 0 0 0 0 0 v, (14 0
2,4 0 0 0 0 0 0 0 0 0 0 0 0 v, i 0 (15
Gia tri cuia cac 6 trén duong chéo cua ma tran Q Ian lugt dugc xac dinh nhu sau:

1) -1+ a)

@) —(A+w)

3) —(A+v3)

4) —-A+a+w

) —A+v)

(6) —(A+vy)

) —-A+a+w

(8) —(A+vy)

) —(A+vy)

(10) —A+a+p

(11) ~(A+w)

(12) - +vy)

(13) —A+a+p

(14) —V;

(15) —V2
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2.3 MO0 hinh phén tich da may chu

MO hinh 6 day sé mé rong mo hinh don may chu & trén véi treong hop mo hinh da may
chu véi kich thwdce orbit gidi han. Theo d6, mo hinh phéan tich & day sé€ dugc mo hinh hda theo
mo hinh hang dgi retrial M/M /c/c+ M (¢ > 1,M > 1) v6i cac tham s6 tuwong tw nhu phan trén,
trong d6 mdi mdt mdy chu (trong da mdy chui) sé hoat dong tuong tu nhu truong hop don méy
cha [1-3, 5].

Goi S, (t), S, (t) 1a s6 luong may chu dang hoat dong (ban) d€ phuc vu cac cudc goi dén va
cac cudc goi di va N(t) 1a s6 luong cudc goi trong orbit tai thoi diém t. Khi d6 X(t) =
{S1(t), S,(t), N(t); t = 0} 6 tap khong gian trang théi § = {(i,j, k);i= O,_C,j =0,c—i, k=0, M}.

Khi d6 ma trén sinh Q sé cé dang nhw sau [1]:

/AO B 0 0 O 0\
[C A B O 0 O]
Q=I 0O C A ~ 0 0]
0O 0 C B 0
O 0 0O -~ A B
0O 0 0 0 C A
M+1
trong d6 cac ma tran A°, A, Bva Cla cidc ma tran:
App Agp O O 0 Ag,l Aggp O O 0] 0
/A1,2 Ay Ay O 0 (Al,z A}, Ay O " 0] \
: ‘ ‘3,2 h c=2,0 0 0 Asp; ™ Aca, 0
\ : N Ac—l,l AC—l,O) . 0 . “. AO A
O 0 0 ACZ AC1 . . c-1,1 c—-1,0
’ ’ 0 0 A, Ag'l
0 ¢, 0 O 0 0 B, 0 0 O 0 0
/O 0 ¢, O 0 0 \ /O B, 0 O 0 0\I
c= |0 O O 0 o | B= 0O O B, O 0 0
o o o0 - C., O 0O 0 O 0 0
Ko 0 0 0 0 C., ) Ko 0O 0 0 B,, O
O 0 0 O 0 0 O 0O 0 O 0 B,

trong d6 C; va A; 6 kich thude (c —i+ 1) x (c — i), B, A;; va A}y ¢6 kich thude (c —i + 1) x
(c—i+1),A;; cokichthude (c —i+1) X (c—i+2).
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(" ) ’
u 0
| | /. _ _
Ci=| |(i= B; = 0 (i=0,c)
\ c—i Il/ c—i
0O 0 0 O A
0,c—1)
iv
' 0 (1o ©-ba \
Ay = . o|(i= | v, -y, (c—i—Da |
v, 0 Ay = I 2v, —Yiz2 |,(i =
c—i+1 | 3v, a |
L C) \ g —Vi,c—i/
c—i+1
0,c)
trongdoy;; =A+pu+ivy +jv, + (c—i—ja.
_Vi(?o (c—Da
V2 vy (c—i—Da L
A?,l = 2v, _Yi(,)z , (i =0, c)
3V2 S a
_yi(,)c—i

c—i+1
trong doy); = A+ ivy + jv, + (c —i — ja.

.

Ai,O = \ A)I, (iZO,C—l)

c—i

0O 0 0 O
Xétma tran P = C 4+ A + B la ma trén sinh ctia qua trinh Markov C(t) = {S;(¢t), S,(¢); t = 0}
véi tap khong gian trang thai V = {(i,j);i = 0,¢,j= m} Can luu y rang chudi Markov nay
twong Gng voi hé thong ton that voi giao ti€p hai chiéu, trong do tdc dd dén la (A + p) va cac
thong sd khac khong thay d6i. Goi m;; = tILI?oP[Sl @) =10,8,0)=j] v6i (i,j)EV va m; =
(01 s o), (i = 0,c). bat w = (my, 7y, ..., m.) 1a phan phéi ding ctia C(t), (t = 0) vané la

nghiém duy nhat ctia hé phuong trinh [1]:
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7P = (0,0, ...,0)
(c+1)x(c+2) (4)
2
c c-i
D my=1 5)
i=0 j=0

Khi d6 xac suét tic nghén PB cta hé thong ton that duoc xac dinh:

c
PB = Z Tic—i (6)

i=0

24  Minh hoa ma trdn Q

Xét truong hop don gian véic = 2 va M = 2, khi d6 4%, A, B va C la cac ma tran:

0 00 0
co=<g #)61:(‘5),3;(0 X 0)’312(8 1) B =@,

0 0 0 0 2
A0
vy 0 O A
Ay = (01 v 0)/ A =(2vy 0),4,,= (0 /1>, Ao = (0)'
! 0 0
-1+ 2a) 2a 0
—-A+vi+a a
AY, = v, —(A+v, +a) a ,A%l:( ( vl ) G+ +v))
0 2v, —(1+2vy) 2 rrr
Ag,1 = (—(4 +2vy))
—A+u+22a) 2a 0
Ay = v, —-A+u+vy+a) a P
0 2V2 _(l + ZVZ)
_(~A+pt+vta) a ) _
A= ( v A4 +vy)) Azr = (- +2w)),
Khi do:
A5y Aoy O
A® = A1,2 A(1),1 A1,o
0 A, A,
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-1+ 2a) 2a 0 A 0 0
/ v, —-A+v, +a) a 0 A 0 \
| o 2v, —(A +2v,) 0 0 o |
| V1 0 0 —A+v +a) a A |
\ O 1/1 0 VZ _(/‘1 + Vl + Vz) 0 /
0 0 0 2v, 0 —(A+2vy)
Apr Ago O
A=|41; A1n Ao
0 A2,2 A2,1
—A+pu+2a) 2a 0 A 0 0
/ Vs, —-A+u+v,+a) a 0 A 0
| 0 2v, —(A+2vy) 0 0 0
| vy 0 0 —-A+p+v,+a) a y)
K 0 2 0 v, —A+v,+vy) 0
0 0 0 2v, 0 (A +2v,)
/0 0 0 o 0 O 0 0 0 0 0 O
0 0 0 0 u 0\ /0 0 0 0O 0\
B 0 O
C_OCOO_IOOOOOOI_O 10 0 2 0 0 0]}
=lo o0 ¢ |= ,B=(0 B, 0]|= .
0 0 0 0 000 0 u 0 0 B 0 000 0O
0000 O0°O 2 0000 20
0 0 00 0 O 0 0 0 0 0 4
va
P=A+4+C+B
—A+pu+2a) 2a 0 A+u 0 0
v, —A+u+v,+a) a 0 A+u 0
B 0 2v, —2v, 0 0 0
B v 0 0 —-(A+u+vi+a) a A+
0 Vl 0 VZ _(Vl + Vz) 0
0 0 0 2v, 0 -2y

c6 cac vecto xac suat muc my = (g, To,1, To2), Ty = (M1, 11) VAT, = (T5). Vecto x4c

sudt w = (my, w1, ;) 1a nghiém ctia hé phuong trinh sau:

{TTP=(0 0 0 0 0 0)
1 1111 D=1
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3  Phantich két qua

Dua theo cac md hinh da phan tich ¢ trén, trong phan nay, ching t6i tap trung vao phan
danh gia hiéu nang hé théng véi cac thong s6 thay doi d€ nhan manh tinh hiéu qua ctia cac moé
hinh ma chung t6i da phén tich théng qua phan mém tinh todan Mathematica ctia Wolfram
Research. Dua theo két qua phan tich tir cac luoc d6 trang théi, chung t6i sit dung phuong phap
phan tich qud trinh gia sinh t theo ma tran sinh Q d€ giai hé phuwong trinh tuyén tinh (1)-(3) va
(4), tlr d6 tinh duwoc céc xac suat trang thai can bang 7; j, tinh cac thong s8 dd do (hiéu suét st
dung may chu, xac suat tic nghén), sau d6 tién hanh mo ta vé mat do thi su bién thién ctua cac

gia tri phu thugc vao luu lvong mang.

Xét véi treong hgp don may cha
Két qua trén Hinh 3 biéu thi hiéu suat st dung server tang khi thay d6i gia tri toc do retrial
p tr 0,3 1én 0,6. Didu nay pht hop véi ly thuyét; d6 1a khi u tang, s6 cudc goi retrial ting, dan dén

kha nang server duoc st dung tang; tic la hiéu sudt st dung server ciing tang.

1.00E+00 ' . . , | | |
0.2 0.3 0.4 0.5 0.6 0.7 08 00 A
e e
E - — -
L]
o)
&
=]
[=1s}
e
:‘_,“.
Mol
: -==-U(u=0.3)
<§-
: ——U(=0.6)
1.00E-01

Hinh 3. Hiéu suét stt dung may chtitheouy = 0,3 vapu =0,6 vs 4

Két qua trén Hinh 4 biéu thi xac suét tic nghén khi thay d6i gia tri tdc do retrial u tir 0,3 1én
0,6. Theo do6, khi tdc dd cudc goi retrial p tang, tiec la cho phép s cudc goi sé dugc thuee hién lai
tdng, nén xac sudt tac nghén giam. Diéu nay ciing cho thdy wu diém khi xét yéu td retrial trong

hé thong cudc goi trung tam.
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1.00E+00 .
A
g
=
3
= 1.00E-01
--=-PB_(p=0.3)
——PB_(u=0.6)
1.00E-02

Hinh 4. X4c su4t tic nghéntheou=03vapu=06vs 41

Tuong tu v6i cac két qua trén Hinh 3 va Hinh 4, chiing t6i cling phan tich trong truong
hop gitt nguyén t6c d6 dén trung binh cta cac cudc goi dén (1) va thay doi toc do trung binh
cua cac cudc goi di (). Két qua dwgc trinh bay trén Hinh 5 va Hinh 6 va déu cho thdy phu hop
v6i phan tich ly thuyét nhw trén Hinh 3 va Hinh 4.

1.00E+00 : . . . | | a.
Uf_——-'—q}?-_-_-gf _____ o 06 0.7 0.8 0.9

=

=

o

=

-

=

[=ls]

=

£

el

—--U(p=0.3)

=

b

(5-

: ——U(p=0.6)
1.00E-01

Hinh 5. Hiéu suat stt dung may chtitheop =0,3vau =06vsa
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1.00E+00 | | | : a
""" AT AT A . /<
8
o
g
% --=-PB_(p=0.3)
=
——PB_(p=0.6)
1.00E-01

Hinh 6. Xac suat tic nghén theo u = 0,3 vapu =06 vsa

Hinh 7 cho th&y két qua x4c sudt tic nghén theo ba gié tri 112 0,4, 0,6 va 0,8. Trong trieong

hop nay, x4c sut tic nghén chura bi anh hudng khi gia tri M thay d6i do hé thong dang xét chi co

mot may chu.

1
0.9
- 0.8 )
207 \
5 — s — A
0.6 >I~ —t
g, —=-)~06
0n ' o
\%é B \H : . +/u=98
s 0.2
O.l T T T T T 1
5 10 15 20 25 30 35

Hinh 7. Xac suat tic nghén theo M vs 1

Xét voi treong hop da may chu
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Khac véi truong hop chi cé mot may cha, gid tri xac sudt tic nghén cé sw thay d6i 16n khi

tang sO lwong may chu 1én (Hinh 8) do sd lwgng cudc goi trung binh trong orbit chi dao dong

trong khoang hai dén bon cudc goi (Hinh 9, véi cac gid tri 112 0,4, 0,6 va 0,8) va it dan dén tic

nghén hé thdng.
Gia tri xac suit tic nghén theo gia tri c
02 ; ; ; ; ; .
0.008
0.00032 oa
1.28E-05 —+=4=0.
5.12E-07 NS ——%=0.6
& 2.048E-08 \\\Q;\ o
8.192E-10 _——_ —
3.277E-11 NN
1.311E-12 N
5.243E-14 <3
2.097E-15
5 10 15 20 25 30 35
c
Hinh 8. X4c suat tic nghén PB theo gia tri ¢ va 1
So khach hang trung binh trong orbit
theo gia tri c
4
M —
2 +—3=0.4
—8—)=0.6
1
—4—2=0.8
0 ; ; ; ; ; .
5 10 15 20 25 30 35
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Hinh 9. S6 khach hang trung binh trong orbit N, theo gid tri ¢ va 4
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4  Kétluan

Chung t6i da gidi thiéu bai toan mo hinh hang doi retrial trong hé théng trung tam cudc
goi voi su két hop cac hoat ddng ctia cac cudc goi dén va cac cudc goi di trong treong hop kich
thudce orbit gigi han. M6 hinh cling xem xét véi ca hai treong hop la chi ¢c6 mot may cha (phan
tich trang thai may chu) va da may chu (¢ = 2). Viéc 4p dung phwrong phap phan tich qua trinh
gia sinh tr theo ma tran sinh Q d& tinh cic xac suat trang thai can bang ddi véi md hinh ciing
duoc xem la két qua dat dwoc cua bai bdo. Két qua phan tich cho thiy hiéu qua cia mé hinh véi
treong hop nhiéu méy chi qua két qua cai thién x4c suat tic nghén, cling thong s6 do do 1a s

khach hang trung binh trong orbit on dinh (phu thudc vao tdc dé dén cua khach hang 2).
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