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TOM TAT

Trong 5G, cic chitc ndng mang cé th€ duoc phéan chia ti 1€ hay thay d6i quy mo
(scaled out/in) mot cach linh hoat d& diéu chinh dung luong cho cac 1at cit mang
(network slices). Quy trinh tang/giam quy mo, cu thé€ la tu dong thay d6i quy mo,
nang cao hiéu suat bang cdch md rong quy mo cac phién ban va giam chi phi van
hanh béng cach thay d6i quy mb trong cac phién ban. Trong bai viét nay, triedc tién
chiing t6i sé mo hinh hoéa hé thdong phan chia mang cho bai toan dat triede va thiét
lap kh&i dong cac tai nguyén tng véi cac lat cat mang trong mang 16i 5G theo md
hinh hang doi Markov [1]. Theo d6, bai viét dé xuat mot thuat toan dé€ tinh xac suat
trang thai can bang dua trén phrong phap chuyén ddi cac phuong trinh trang thai
can bang sang dang ma tran tdng quat Q, day cling dwoc xem la két qua chinh ctia
bai bao.

Tw khéa: Chia mang, Dat trude, Thiét 1ap khoi, 5G, Ma tran toc d6 chuyén trang
thai.

1. MO PAU

Tt thé hé dau tién (1G) dén 4G, cac mang bang thong rong déu duoc 3GPP
Release 15 (R15) [1-5] quan ly, tuy nhién thé hé 5G dugc thiét ké khong chi cho con ngwoi
ma con cho tat ca moi thit, bao gom ca cac loai may moc khac nhau. Hon nira, cac chuc
nang mang trong cac mang 16i 5G sé duoc trién khai khong chi boi cac nha diéu hanh
mang. Cac doanh nghiép, nha mdy hodc co quan chinh phu ciing c6 thé xay dung cac
mang di dong riéng cua ho dé tang hiéu suat va tang ceong bao mat. Khi nguoi dung
trién khai mot mang di dong riéng, cac chiic ning mang vé mat phang diéu khién
(control plane) c6 thé van duoc cung cap béi cdc nha diéu hanh. Nguoi dung chi s hitu
cac chtrc ndng mat phang ngudi dung (user plane) theo yéu cau ctia ho.
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Ao hoéa chikc niang mang (NFV - network function virtualization), gitip 4o héa cac
nut mang vat ly thanh cac chitc nang mang ao hoéa (VNFs - virtualized network functions),
da trd thanh cong nghé chinh cho mang 5G. Théng qua NFV, cac nha khai thac cé thé ty
dong trién khai cac tai nguyén ao d€ dat dwoc hiéu qua chi phi t6i vu. Nhu duoc dinh
nghia trong 3GPP TS 28.530 [5], mot 14t cat mang bao gom mot s8 phién ban 14t cat mang
(NSI - network slice instances), c6 thé dugc phan chia ti 16 hay mé rong/thu nho quy mo
(bat/tat) &€ tu dong diéu chinh dung lwong ctia cac chitc ndng mang 16i (Hinh 1). Nghia
1a, cac nha khai thac c6 thé ap dung cac thuat toan chia ty 1é d€ quan ly cac phién ban lat
cat mang NSI mét cach hop ly [1].

?” ((‘ N CCPSF / \__) _) @
PAF ””””” @ @ ) _) [

NSST C'H DWG NS’SI
Internet

=--= Mit plﬁ.ng dién khién
—— Mit phing nguii diing
— Mit phing agui ding
cho yéu cin méi (dang thift 1ip)

Hinh 1. M6 hinh bai todn phan chia mang theo chuan 3GPP R15

Nhu dwoc hién thi trong Hinh 1, mot lat cit mang bao gom nhiéu NSI, chfmg han
nhu NSIi va NSI, trong d6 mot NSI c6 thé bao gom nhiéu phién ban con 14t cat mang
(NVSS7 - network slice subnet instances) hodc mot NSI chi gom mot NSSI duy nhat. Vi du:
NSI, bao gdbm NSSI1 va NSSI chia sé chung. M6t NSSI bao gdm nhiéu phién ban chitc
nang mang (NFI — network function instances), vé co ban la cac VNFs. Vi du: NEF, PCF,
UDM, AUSF, SMF va UPF déu la cac VNF bén trong NSSI1. Ngoai ra, cac NSI c6 thé chia
sé cac chttc nang ctia mat phang diéu khién trén mot NSSI (vi du: NSSI trong Hinh 1
duoc chia sé gitta NSI1 va NSI2). NSSI chia sé chung chu yéu bao goém cac chirc nang
mang mat phéng diéu khién. Khi thiét 1ap mot két noi, dau tién nguoi dung sé gii yéu
Cau xé4c thuee ban d4u (initial authentication) dén mat phang diéu khién. Sau khi thiét 1ap
phién thanh cong, dit liéu c6 thé duoc truyén qua UPF ma khong can di qua mat phang
diéu khién. Tuy nhién, khi nguoi dung dot nhién giri mot lugng 16n di liéu, nha diéu
hanh c6 thé te dong thiét 1ap nhiéu UPF hon nham giam thiéu tic nghén hé thong.

Trong 5G, UPF la chitc ning mat phang nguoi dung, dwoc st dung dé truyén dir
liéu. Cu thé, UPF chiu trach nhiém duy tri bang dinh tuyén va thiét 1ap cac duong ham
GTP dé chuyeén tiép cac goi tin. Trude khi truyén, UPF giai ma cac tiéu dé cua goi va tim
kiém cac quy tac dinh tuyén (routing rules) trong tap dit liéu cta né. Trong 3GPP R15,
chtrc nang quan ly phién (SMF - session management function) c6 thé ki€ém soat/diéu khién
nhiéu UPF. Tuy nhién, d6i véi cac nha khai thac (operators), lam thé nao dé thiét lap mot
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s0 lwong 16n UPF véi chi phi thdp nhat dong thoi dédp ting yéu cau cua nguoi dung luén
la mot thach thie [1].

Twong tu nhu cac chién luoc phan chia ti 1€ tw ddng (autoscaling) trén dam may,
phan chia ti 1 tw dong trong NSSI c6 thé mang lai sw linh hoat, giam chi phi van hanh
va dap ung cac yéu cau vé hiéu suat ciia nguoi dung. Tuy nhién, phan chia ti 1¢ tw dong
cua NSSI trong 3GPP khac vdi phéan chia ti 16 tu ddng trén dam may truyén théng do
nhing diéu sau [1]:

- Thiét Idp khoi (Block setup).
- Co ché'dat trwdc tai nguyén (Reservation).

Trong bai bao nay, ching toi sé mé hinh héa hé thong phan chia mang theo mé
hinh hang dgi Markov cho bai toan dat truwdc va thiét 1ap khdi dong cac tai nguyén tng
véi cac 1at cat mang trong mang 16i 5G [1]. Theo d6 chiing t6i dé xudt mot phwong phap
stt dung ma tran t8c d6 chuyén trang thai dé tinh todn xac sudt trang thai can bang [7].
Noi dung tiép theo ctia bai bao bao gom: phan 2 gidi thiéu mo hinh phan tich bai toan
phéan chia mang trong mang 16i 5G, bao gom md hinh héa hé théng tong quat theo md
hinh hang dgi Markov va thuét toan tinh x4c suét trang thai can bz‘ing dwa trén ma tran
toc do chuyén trang thai; Két qua do hoa vé thoi gian phan hoi trung binh (W) va tong
chi phi trung binh (C), cung cac phan tich sé duoc trinh bay trong phén 3; va cudi cung
la phan két luan.

2. MO HINH PHAN TiCH BAI TOAN PHAN CHIA MANG TRONG MANG LOI
5G

2.1. M6 hinh héa hé théng tong quat theo mé hinh hang dg¢i Markov

Mot s6 ky hiéu duoc str dung trong mo hinh duoc trinh bay trong Bang 1 [1].

Bang 1. Cac ky hiéu duoc sit dung trong mo hinh phan tich

hIi(gu Y nghia hIi(gu Y nghia

1 Tdc do dén trung binh ctia cac yéu cau W | Thoi gian phan hoi trung binh
dich vu c Tong chi phi trung binh
Dung luong hé thong (s6 lugng yéu cau C, | Chiphiban trung binh
t01 da) C; Chi phi nhan rbi trung binh
Tong sO phién ban ma hé thong cung cap Cs; | Chi phi thiét lap trung binh

ny, | SO luong phién ban déat trudc N, | SO phién ban ban

i S6 luong phién ban trong moét khéi (kich N; | S6 phién ban nhan rdi
thude khoi) N; | S6 phién ban thiét 1ap

- Kich thudce cua khoi bao gom cac phién
ban con lai

a | Tylé thiétlap
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i Ty 1€ dich vu
m | Ngudng trong hang doi (d€ thiét lap khoi)
w

Thoi gian phan hoi trung binh

Duéi day la md hinh hoéa theo mo6 hinh hang doi Markov, nhw dwoc chi ra
trong Hinh 2 [1, 7].

NSSI

Toc d dén Téc dé phuc vu

clha yéu cdu

® NFI

I:‘ Phién ban dat trwée

cua tirng phién ban

Hang doi

NSI

: ! Phién ban &o dong

Hinh 2. M6 hinh héa hé thong dat trude va thiét 1ap khéi dong theo md hinh hang doi

Thong qua md hinh nay, c6 thé t&i wu hoéa hiéu qua chi phi ctia hé théng bang
cach phan tich dgt trueéc va gid tri nguong. Cac 14t cat mang duwoc trién khai véi cdu trtic
phan 16p trong d6 nhiéu NFI duoc thiét 1ap d€ tao thanh mot NSSI va nhiéu NSSI duoc
trién khai d€ tao thanh mot NSI. D€ dat duoc muc tiéu nay, chiing ta coi k phién ban la
mot khoi (block) d€ mo ta md&i quan hé gitta NFI va NSSI va thiét 1ap cac khoi riéng biét
d€ mo ta moi quan hé gitta NSSI va NSI. Ngoai ra, vi viéc trién khai thuong xuyén sé
lam giam dang k& hiéu sudt hé thong, vi vay can xem xét can nhic gia tri ny phién ban
dat trudce (danh riéng) va dat gia tri ngudng (m) phu hop dé kiém soat thoi gian thiét
1ap. O day, chting tdi sé gi6i thiéu ba thong s§ quan trong 1a s8 lirong phién ban can dat
trude (ng), gia tri nguwdng (m) va kich thude khéi (k), nhw sau:

- S0'lwong phién dit trudc (ng): Trong mo hinh phan tich, luén c6 ny phién ban
(NFIs) dwoc dat truedce (du trir) d€ b thé ludn sdn sang phuc vu nguoi ding.

- Kich thuéc khoi (k): Mdi khi can thiét 1ap cac phién ban, chting ta sé thiét lap mot
kh6i gom k phién ban. Bang cach thiét 1ap nhiéu NSSI, chiing ta c6 thé thiét lap
NSI mot cach linh dong véi s6 luong NSSI khac nhau.

- Gid tri nguong (m): gia tri ngudng (m) duoc st dung dé€ xac dinh khi nao (thoi
diéin) va bao nhiéu (s6'lupng) phién ban can dugc thiét 1ap theo cac chién luoc tiét
kiém chi phi ctia nha khai thac. Gia tri ctia ngudng m kiém soat thoi gian thiét
lap va s6 khai.

Trong md hinh phan tich nay, viéc bat va tat (N — n,) phién ban mot cach linh
dong trén khoi co so. Cu thé, mo hinh sé thiét 1ap (setup) mot khdi gom k phién ban khi
s0 luong yéu cau phuc vu dang cho trong hang doi dat dén nguwong m. Ngoai ra, mo
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hinh cfing sé tat mt khéi gom k phién ban khi tat ca k phién ban (trong khdi) déu khong
hoat dong. Trong mdi khdi, c6 k phién ban, ngoai trir khéi cudi ciing, c6 thé chi c6 r
phién ban (r < k).

Ngoai ra, m6 hinh cling xem xét thoi gian thiét 1ap (setup time), tuan theo phan
phoi ham mii véi tdc d6 a. Sau khi hoan tat qua trinh thiét 1ap, cac phién ban c6 thé ngay
1ap tic cung cap dich vu khi c6 yéu cau dén. Thoi gian phuc vu cia mot yéu cau tuan
theo phan phdi ham m véi t6c d6 p. Mot phién ban sé trd lai trang théi rdi ngay sau khi
né hoan thanh phuc vu cua minh. Hinh 3 biéu thi so d6 chuyén d6i trang thai cua mot
phién ban. Trang thai khoi tao ban dau la tat, theo d6 mot phién ban khong thé cung cap

bat ky phuc vu nao.
Néu sb NFI nhan 13 bing k thi tit k NFI
NHAN ROI
A Thoi gian .
Khicd motsd yeu | | phuc vy Naul™ >1&¢==0&
cau xép hang {rung binh m 3
trong hé théng, ;1g Ni+ Nb+ Ns<NmUkNFI

NFI 181 s& phuc
vy chc yéu ciu do
va thay abi qua
trang thai béan
ngay lap tirc.

THIET LAP[* - TAT

I3

Trong qué trinh thiét 1ip ¢6 mét sb NFI ban da chuyén
sang trang thai nhan oi, o thé phuc vu cic cong viée
trong hé théng v xayral-"0 < 1

m

Thei gian
thiét 14p
BAN 1

a

Hinh 3. Quy tac chuyén d6i trang thai trong thiét 1ap khai

Dat (i,j) biéu thi trang thai hé thong, trong d6 i biéu thi sd phién ban da duoc
khoi tao (nghia la phién ban dang ¢ trang thai ban hoéc rdi), trong khi j 1a s yéu cau
phuc vu con lai trong hé thong. Do d6, min(i, j) 1a s6 phién ban dang ban, max(0,i — j)
14 s6 phién ban rdi va max(0,j — i) 1a s6 cac yéu cau dang chd phuc vu trong hang doi.
Dat y; ; biéu thi tdc d6 phuc vu ¢ trang thai (i,) va a; j biéu thi téc do thiét 1ap 6 trang
thai (i, ). Theo d¢, ta co [1]:

ti,; = min(iy, ju)

{0, P> (1)
aij =

i ([ e [ e) o

O day

N —n,
——

jej={01,,K}

N —ny
k

iEI={n0,n0+k,~--,n0+[ Z]k,n0+[ _1]k,N}

2)
Theo d¢, ta c6 khong gian trang thai S la:
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S={G@plielje]j=fD} ©)
Trong do
0, i = nO
f=Ji—-k+1, ny<i<N 4)

i—-r+1, i=N
Do do¢, ((i(t), j@®);t = 0) tao thanh chudi Markov thoi gian lién tuc trong khong gian
trang thai S, trong d6 |S| 12 s8 trang théi trong chubi Markov ctia mé hinh.
2.2. Cac thong s6 d§ do hiéu ning

D€ danh gia hiéu sudt hé thong va chi phi, cac chi s sau day dwogc xac dinh nhw
sau [1]:
- Thoi gian phan hoi trung binh (W): Thoi gian phan hoi dwgc xem xét 1a thoi gian
di t6i va trd lai (round-trip) cho mét thiét bi nguoi dung (UE) két ndi voi Internet thong
qua mot tram co s¢ 5G va mang 16i 5G.
__XGpesimij (5)
1(1 — e T[i,K)

- Tong chi phi trung binh (C): Chi phi ciia mot phién ¢ trang thai ban ron, thiét lap

va ranh rdi duoc dinh nghia la C, tinh duoc:

C=c1Ci+ (c + c3a)Cs + Gy (6)
Trong do,
C; = Z max (i — j,0)m; ; 7)
@i.)es
m 3 Sl ()
s = min B — r ni,j
{EIN(N} j=i m &
Cp, = Z min (i, j)m; ; )
(L.)es

C;, Cs va Cp la cac chi phi gay ra boi trang thai nhan roi, thiét lap va ban ron cua hé
thdng, twong ting. c; 1a hé s trong s6 (weight factor) d6i véi cac phién ban rdi. ¢, va
c3 lan luot 1a cac hé s6 trong s cho chi phi tic thoi va chi phi x ly ctia toan b quy
trinh thiét lap [1].

2.3.  Phuong trinh trang théi cin bang

Dé tinh duroc cac thong s8 d6 do o trén, ta can tinh cac xac suat trang théi can bang
ctia chudi Markov. Theo md hinh lwge @6 chuyén trang thai néi chung (minh hoa ¢ Hinh 4
trong phan tiép theo), chiing ta dinh nghia 1a x4c sudt trang théi can bang (ding) cta hé
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thong tai trang thai va dugc biéu dién qua cong thiec (10) - (24) 6 dudi day. Theo d6, ta c6
cac phuong trinh can bang theo ba phan tng véi cac khoang gid tri ctia chi s6 i, d6 1a: (i =
ngy), (i =ny+k,ng+2k,...,N—=r)va(i =N)[1].

. i voii = ng:
ATtngj = Bng,j+1Tngj+1, J =0 (10)
A+ tng )Ty j = Atng j1 + ng j+1Tng j+1, 0 <j <ng (11)
A+ tng )Ty j = Atng j—1 + Bng j+1Tng j+1 g j+1Tng+k,j+1, = No (12)
A+ png j+ Ang Tngj = ATng j1 + Ung j+1Tngj+1, Mo <J <K (13)
(Ung,jt Ang ITngj = Atngj—1,  J=K (14)
Khi ng = 0, chiing ta thu duoc (15) thay vi (10), (11) va (12):
ATtng j = Png+k,j+1Tng+k,j+1s j=0 (15)
(I1). mjvoii=ng+kmny+2k,..,N—r1:
A+ w1 ; = Wi jeaTijert QiogjTig,jpj =1 —k +1 (16)
A+ pi )y = Al jog+ Wi jeaTijer + Qg jTipjp i —k +1 <j <i (17)
A+ pmyj = Amg j_q+ Hij41Tij+1 '+ ik, j ik, (18)
+ Umin(i+k,N),j+1Tmini+k,N),j+1.] =1
A+ pj+ap gy = A jog+ P jeaTijer + Qg jTik,jp 8 <J < K (19)
(Wi j+ @i j = A jg+ iy, j Tk, J = K (20)
Khi k = 1, ching ta thu dwoc (21) thay vi (16), (17) va (18):
A+ iwm; = (@ + Dultminiviny,iv1t i1 + CogeiTiogei ] =1 (21)
(I11). m;j voii = N:
(A+un )TN = Uy jerTin et + Aoy jTin—rjy  J=N-7+1 (22)

(A+ pun,j)7n; = A jor + M jaa TN a1 + N TNy o N-r+1<j<K (23)
Un TN = ATty jo1 + ANy jTin—rjy ] =K (24)
Tong clia cac gid tri xac sudt can bang nay phai bang 1 do tinh chat sau day:
mij =1 (25)
@i.)es
2.4.  Xay dung thuit toan tinh xac suat trang thai cin biang

Trong bai bao nay, ching t6i xay dung mot thuat toan tinh cac xac suat trang
théi can béng m; ; bang cach chuyén cac cong thirc (10) - (24) sang dang ma tran (ma
tran toc do chuyén trang thai) [7], tir d6 co thé tinh dwoc cac thong s6 dd do theo cac
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cong thitc (5) — (9). Theo do, ching tdi duwa ra thuat toan nhu sau:
Thuit toan. Xay dung ma tran t6c doc chuyén trang thai (ky hiéu la Q) nhu sau:

Bang 2. Ma tran tong quat Q (ng X ng)

Ay | By

€, | Ay | By

S

B;

Ci | A;

Input: Khong gian trang thai S.
Budc 1: Tao ra cac ma tran chuyén trang thai 4;, B;, C; nhu sau:
A;(1,j) xac dinh t6c d¢ chuyén trang thai (i, j) sang trang thai (I, j) véi:

N—no
k

N—no
k

ng<i,l <N voiilel = {no,n0+k,...,n0+[ —2]k,n0+[ —1]k,N};

0, i:no
€] =1{01234 ... K}j = f@) ={i—k+1, ng <i<N
i—r+1, i=N

Ma tran 4;(1,j) c6 kich thudcla (K + 1 — f(i)) x (K +1—f(i))
Cac phan tir khéac 0 ciia ma tran A; duoc tinh nhw sau:

Ai(z,z—1) = min(iu, (z + f(i))u),véi 1<z<K-f(@)
(26)

va A(zz+1) = A, v6i0<z<K-—1-f() (27)

B;(1,j) xac dinh tdc dd chuyén trang thai (i, j) sang trang thai (I, s) voi:

. N —ny N —ny
nOSl<N,vo'llEI={no,n0+k,...,n0+[ " —2]k,n0+[ X —1lk}

. . . 0,i=n
j€J=1{01,234,..,K}j=f@{ ={i_k+1 n0<°i<N

. N —ny N —ny
n0<lSN,v(nl€I={n0+k,...,n0+[ X —2]k,n0+[ X —1]k,N}

l-k+1,n,<I<N
l-r+1,l=N

Ma tran B;(L,j) co kich thuwdcla (K +1— f()) x (K +1 - f(D))

s€J={01234,...K}s = f() ={

Cac phan tir khac 0 ciia ma tran B; dugc tinh nhu sau:
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Bi(z+ny+m,z+1) = min (l—ﬁf(l);lf(i)_lj a, [%] a)
(28)
v6i0<z<K—f()—1, (atdc do thiét lap)

C;(l,j) xac dinh t6c do chuyén trang thai (i, j) sang trang thai (I, m) voi:

. N —ny N —ny
n0<lSN,vml€I={n0+k,...,n0+[ T —2]k,n0+[ T —1]k,N}

i—k+1,ny<i<N
i—r+1, i=N

N —n,
—zlk,n0+[ - —1]k}

j€]={01,234,..,K}j = f(i) = {

N —n,

k

ng<I<N,vdilel ={n0,n0 +k, ...,ng +[

O,l =Ny

mE]={0,1,2,3,4,...,K};m2f(l)={l_k+1n0<l<N

Ma tran C;(l,j) co kich thwdc la (K +1-— f(i)) X (K +1-— f(l))

Cac phan tir khac 0 ciia ma trén €; duoc tinh nhu sau:

Ci(z,z +ng+m—2) = min(iy, f())p) (Ltéc do phuc vu) véiz =0 (29)
Budc 2: Tinh cac gid tri trén duong chéo ma tran Q: Q(L, 1) = - (t6ng cdc phin tir trén dong
[), nhu sau:

N

QD = = B0 s Quovoing = ([ + 1) x (K +1) = Zir f() 1 €1

Twong tng véi
ng—1

Ql,s =0

1,s=0,s#1
Output: Ta dwoc ma tran Q cé kich thudc (ng X ng).

Dé tinh vector p (c6 kich thudc ng) chita cac xac suat trang théi can bang, ta can giai
phuong trinh dai s0 tuyén tinh p. Q = 0.

Input: Ma tran Q

ISR TN PN -1 7 3 A A A 1 1.7 7 )
Vi diéu kién Z?ZSO p; = 1,tacop.E = e, 6 day E la ma tran co kich thudc (ng X ng) voi
tat ca cac phan t cia E déu bang 1, va e la vector ¢d kich thudc ng véi tat ca cac phan ti
cua e déu bang 1.

Dodé, tacép.Q +p.E=0+ehayp.(Q+E) =e.
Cudi cung, p = e.(Q + E)~*. Ma trén (Q + E)~! 1a nghich dao cua ma tran (Q + E).

Output: Vector p.
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3. KET QUA PHAN TIiCH

Nhu duwoc hién thi trong Hinh 4, ching t6i hién thi cac tinh ndng ctia co ch€ thiét
lap khéi voi sy thay ddi vé luu lwong dén A trén cac chi s6 hiéu suat W, C theo cac cai
dat tham sd sauw: u=1;a=0,5n,=2;m=2;N=10;K = 11;¢; = 0,6;¢c, = 1,0;¢c3 =
3,0. D€ biét r6 vé sy thay doi ctia hiéu suat va chi phi chung ta tién hanh thay doi kich
thude khoi k va luu luong dén.

Thay ddi kich thuwdc khéi k = 5,6,7:

- Thoi gian phan hoi trung binh ctia hé thong W dan giam xudng, diéu nay la hién
nhién vi khi k téng sé& cé nhiéu phién ban r6i c6 thé giai quyét duoc ngay cac yéu cau
dén tir nguoi dung, giam di thoi gian thiét 1ap khoi, tir d6 lam giam W.

- Tong chi phi ctia hé thong € dan giam xudng vi khi k tang gitip tranh viéc thiét
1ap (bat) khoi k nhiéu lan, tir d6 giam di chi phi thiét lap C;, do d6 € giam.

Thay d6i lwu lugng dén A = 10,30, 50, 70:

- Thoi gian phan hoi trung binh W tang 1én vi khi luu lwong dén A ting 1én ma cac
phién ban nhan rdi khong cé sén dé thuc hién yéu cau thi phai thiét 1ap khéi k, dan dén
thoi gian phan hoi trung binh W tang lén.

- Tong chi phi trung binh C tang 1én, do khi luu luong dén A tang cao thi can phai
thiét 1ap khdi k d€ c6 thé giai quyét cac yéu cau, dan dén chi phi thiét 1ap C tang 1én
khién C tang.

Thai gian phan hdi trung binh (W) Téng chi phf trung binh (C)

(a) Thoi gian phan hoi trung binh (W) (b) Tong chi phi trung binh (C)

Hinh 4. Tac dong cua kich thudc khéi (k = 5,6,7) d6i véi (W) va (C)

4. KET LUAN

Bai bao da dé xuat mot thuat toan dé xay dung ma tran chuyén trang thai Q dua
trén mo6 hinh Markov 2 chiéu phan tich bai toan phan chia mang trong mang 16i 5G st
dung md hinh hang doi, tir d6 tinh cac xac sudt trang thai can bang. Két qua phan tich
cling nhur van dé xay dung cai dat thuat ton cho thdy tinh hiéu qua va dé st dung ctia
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thuat toan dé xuat. Hudng phat trién cua bai bao sé la ap dung co ché kiém soét theo

ngudng d€ toi wu viéc thiét 1ap va go bo khoi trong mo hinh.
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A METHOD FOR CALCULATING STATE TRANSITION RATE MATRIX IN
NETWORK SLICING PROBLEM WITHIN 5G CORE NETWORK USING
QUEUEING MODEL

Dang Thanh Chuong, Hoang Cong Hoang, Hoa Ly Cuong
University of Sciences, Hue University
Email: dtchuong@hueuni.edu.vn, hoangconghoang511@gmail.com
ABSTRACT

Network functions in 5G can be dynamically scaled out/in to adjust the capacity of
network slices. The scale-out/-in procedure, namely autoscaling, enhances

performance by scaling out instances and reduces operational costs by scaling in
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instances. The Markov queueing model is initially used to simulate the system in
this research. Then, the queueing model is applied to the reservation problem, and
resources corresponding to network slices in the 5G core network are dynamically
allocated [1]. Furthermore, an algorithm is proposed to calculate the equilibrium
state probability based on transforming the balance state equations into the form of

a general Q matrix, which is also a key result of this paper.

Keywords: Network Slicing, Reservation, Resource Allocation, 5G, Performance

Analysis, Transition Rate Matrix.
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