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ABSTRACT

The main purpose of this article is to use Trotter-Rényi distance to solve
Poisson approximation problems in d-dimensional space. Besides
solving the problem for the case of determination sums, this article also
considers the case of random sums. The results are extensions and
generalizations of some known results.

TOM TAT

Muc dich chinh cua bai bao la si dung cong cu khodng cdch Trotter-
Rényi dé gidi quyét cdc bai toan xdp xi Poisson trén khong gian d- chzeu
Bén canh viéc gidi quyét bai toan cho truong hop tong tat dinh, bai viét
con xét cho cd truong hop tong ngau nhién. Cac két qua nhdn dwoc la su
mé réng va khdi quat héa mét sé két qua da biét.

Trich dan: Lé Truong Giang va Trinh Hiru Nghiém, 2018. Xap xi poisson trén khong gian d-chiéu qua
khoang cach Trotter-Rényi. Tap chi Khoa hoc Truong Pai hoc Can Tho. 54(3A): 53-58.

1 GIOI THIEU

Cho {X e 1} la diy cac vecto ngiu nhién
doc 1ap, nhan phan phéi Bernoulli d-chiéu trong

Xk(d));k,d eN,

d
R™, X,

= (XX )
v6i x4c sut thanh cong

P(X e )= pk

P(X, =©)=1

e[0,1],k=1,2,...,

% [0,1]
- i € s 11y
f= P

& day, e =(0,..,0,1,0,..,0) e R duoc ky hicu

J
la vecto nhén gia trj 1 tai vi tri thir j va nhén gia tri
0 tai cac vi tri con lai; © =(0,0,...,0). Dat

Sy =k§:1Xk =(5,(1).8,(2) 5, (),

3j=12,....d; n .
" =k21Xk(j). Ta ky hiéu

trong do S, (j)

n
2 () ::E[Sn(j)]zkglpkj, jell2,....d} la

ky vong ctia tong thanh phan S, (/) cua S, .
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Phén phéi cua S duoc xap xi boi phan phdi

Poisson d-chitu Z, v6i vecto

An = (2 (0, 2 (2), s Ay () , ta €6
m -
- n(j) [’1’1 (J):I /

d
P(Zﬂn:m):jlll e Ts

trung binh

mz(ml,mz,...,md)eZiZ_,

trong do

Zy ={0,1,2,..}, 2,(D=E[S, (D] =

Dé tim hiéu chi tiét hon vé& phan phdi cua cac
vecto ngau nhién trén, ban doc co thé tham khao
Deheuvels and Pfeifer (1988), Barbour, Holst and
Janson (1992), Chen (1975) va Roos (1998).

5
=l

Trong sudt tién trinh phat trién cta 1y thuyét
xac sudt noi chung va cac dinh 1y giéi han noéi
riéng, bai toan x4p xi Poisson trén khong gian d-
chiéu di thu hat dugc nhidu sy quan tim cia cac
nha toan hoc trong va ngoai nudc. Cac tng dung
clia bai toan nay trong thuc té ngdy cang trd nén
can thiét va doi hoi phai c6 mot co so 1y thuyét mo
rong hon nita. Mot sé tmg dung c6 thé duge tim
thdy trong nhiéu linh vuc nhu phén tich kinh té,
bao hiém, bai toan diu tu, buu chinh vién thong,...
(Nguyén Duy Tién, 2000; Minkova, 2010).

Nam 1980, trong mdt bai bao dang trén tap chi
théng ké cua Canada, McDonald di cho ra mot két
qué cta bai toan xap xi Poisson trén khong gian d-
chiéu, d > 1, ( McDonald, 1980),

2
n
> ‘P(Sn :m)—P(Z/in :m) SZIE ( 2 pk]j .

meZi

Ra d06i vao nim 1972 béi nha toan hoc 15i lac
ngoi My - Charles M. Stein, phuong phap mang
tén Ong (phuong phap Stein) da khong ngumg phat
trién va duoc ap dung cho hau hét cac dinh 1y gidi
han trong xéc suat (Stein, 1972). Sau d6 nam 1975,
mot hoc tro xuét sic cla ong 1a Louis Chen, da cai
tién phuong phap cua thiy minh va 4p dung thanh
cong cho bai toan x4p xi Poisson (Chen, 1975). Céi
tén phuong phép Stein-Chen ciing xudt phat tir do.
Nam 1988, Barbour dd st dung phuong phap
Stein-Chen dé dua ra mot can cta bai toan va can
nay thi tdt hon can dugc McDonald dwa ra nim
1980 (Barbour, 1988):

2 2
n pk' d
dry Skglmm{(+log (22 4 (J))j £12,0) (Z pkj) }’
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trong do 10g+ (x) = max {O, log (x)} voi xeR
va d,, 1 khoang cach bién phan toan phan, dugc

xac dinh boi

dpy, = sup ‘P(S eA)—P(Z eA)‘
TV = n
Ach &
Loy ‘P(Snzm)—P(Zﬂnzm)‘.
Zmer’L

Trong hai nam lién tuc, 1998 va 1999, Roos B.
da cho ra cac két qua dac sac sau (Roos B., 1998,
Roos B., 1999):

g < 1 % ) 1 5 fz
L — mms<y———,——,z€ y4m 5
RN =1 2 () JKATH

d P

2 2
ki d
: ].’(Zpkjj :
J=1 2, () \J=1

n
dTV < S.SkEImin >

Ciing véi phuong phap Stein-Chen, Barbour va
Chen di chimg minh duoc két qua sau vao nim
2005, dugc danh gia 1a can sdc bén nhét trong cac
két qua khao sat (Barbour and Chen Louis, 2005):

d 2 1 n
2 > min<l min< 1, 2 DpiDiys
= 2 k=1 K
2\ ap =25 (1) -7,

Jil= ,\IE/U‘]'
trong do
n d 2 n 2
A=X | X Z )= X pi;
K= 1(/ 1pk/j 1Pt () 5217k

Vd 7, = max p, (1 pkl_).

Ngoai ra, con rat nhiéu cac két qua cho cac bai
toan xap xi Poisson ndi chung va xap xi Poisson
trén khong gian d-chiéu noi riéng da dwoc cac nha
toan hoc giai quyét, chiang han nhu cac két qua c6
trong Deheuvels and Pfeifer (1988); Barbour ef al.
(1992); Chen and Rollin (2013); Tran Loc Hung
and Le Truong Giang (2016a); Tran Loc Hung and
Le Truong Giang (2016Db).

Pa s6 cac két qua cho bai toan xap xi Poisson
trén khong gian d-chi€u chi dung lai xem xét ¢
truong hop tong tat dinh (tong ctia cac vecto ngau
nhién véi chi sb cua tong 14 x4c dinh, ky hiéu S ),
rat it cac két qua trong do co xet dén tong ngau
nhién (tdng cac vecto ngiu nhién véi chi sd cia
téng 1a mot bién ngiu nhién, ky hiéu S, ). Véi ky
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thuat twong d6i don gian, bang cach sir dung
khoang cach Trotter-Rényi, bai toan nay cho ca hai
trueong hop noi trén da duoc giai quyét.

B6 cuc bai viét duge chia 1am bén muc. Muc
thir nhit danh cho viéc gi6i thiéu tong quan van dé
nghién ctru. Muc tht hai trinh bay phuwong phap
khoang cach Trotter-Rényi dé lam co so cho viée
ching minh cac két qua chinh ¢ muyc thir ba.
Nhimg két luan cta van dé nghién ciru dugc trinh
bay ¢ muc cudi cung cia bai viét nay.

2 PHUONG PHAP KHOANG CACH
TROTTER-RENYI

Nam 1959, Trotter dd xay dung mot cong cu
toan tir moi dé chimg minh dinh 1y giéi han trung
tam, do 1a toan tir Trotter. Nam 1970, Rényi da ap
dung thanh cong toan tir Trotter cho bai toan x4p xi
Poisson. Toan tor nay con duogc goi la toan tu
Trotter-Rényi va khoang cach xac sudt dwa trén
toan tor do duoc goi la khoang cach Trotter-Rényi
(Tran Loc Hung and Le Truong Giang, 2014). Dya
trén dinh nghia cua Rényi (1970), toan tir Trotter-
Rényi trén khong gian d-chiéu duge xac dinh nhu
sau:

2.1 Dinh nghia 1: Mot toan tir tuyén tinh 4,
lién két voi mot vecto ngau nhién roi rac d-chidu
X thi duogc goi 1a toan tir Trotter-Rényi trén khong
gian d-chiéu, d > 1, dugc dinh nghia boi anh xa

AX :K — K, sao cho

(1) (x) = £ (x )
= f(x+m)P(X:m),

meZi

erK,sz(xl,...,xd)eZ‘i,

trong d6m = (my,my,....om ) € Z K 1a mot

16p cac ham thuc bi chan duge xac dinh trén Z¢

Y
Chuén cia ham f € K duoc xac dinh

I1f 1= sup |7 (x)|-
eri

Theo d6, khoang cach Trotter-Rényi cua hai
vecto ngau nhién X va Y trén khong gian d-chiéu
duoc dinh nghia nhu sau:
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2.2 Dinh nghia 2: Khoang cach Trotter-Reényi
cua hai vecto ngau nhién d-chiéu X va Y, ky hi¢u
dTR (X,Y; f), dugc xac dinh boi:

dTR(XaY;f)::HAXf_AYfH
= sup |Ef(X+x)-Ef(Y +x)|,
xeZ4
oday feK.

Ta c6 thé dé dang kiém tra cac tinh chat sau day
cia khoang cach Trotter-Rényi, ky thuat chung
minh chi ti€t ban doc c6 thé tham khao mot trong
cac tai liéu Trotter (1959); Rényi (1970) va Tran
Loc Hung (2009).

— Khoéang cich d_(X,Y;f) la mét khoang
cach xac suat.

— Cho {X ,n>1} 1a day céc vecto ngdu

nhién d-chiéu va cho X 1a mét vecto ngau nhién d-
chidu. V6i feK, néulimd (X ,X;f)=0 thi

X, ——>X khi n—>o.
- Gia {X,,n=1} {Y,,n>1}

la cac vecto ngiu nhién doc l1ap (theo mdi
nhom). Khi d6, véi moi feK ta co

su va

n n n
dTR(JEIXj,Jéle;f)s JéldTR(Xj,Yj;f), (1.1)

— Gia st hai diy vecto ngidu nhién
{Xy,nz1}p va {Y,,n>1} doc lap theo ting
nhom. Cho {N,,n>1} 1a ddy bién ngau nhién
nhén cac gia tri nguyén duong va doc lap véi moi
vecto ngau nhién X,,,Y,,n >1. Khi d6, véi mdi
feKtaco

Ny, Ny,
dpp( X X, X Y f)<
TRj:1 jjzljf

) k
2 Py = k)jél drp(X ;.Y 5 ).

Cha y ring khoang cach Trotter-Rényi va
khoang céch bién phan toan phan cé6 quan h¢ mat
thiét voi nhau. Neéu ham [ duogc chon la ham chi

tiéu xéc dinh trén tap 4 2%, ky hidu z,(x),
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ta cod

L e i supd, (XY, )= d,,.

A=\ khi x4

ACZ

3 CACKET QUA CHINH

3.1 Bai toan xép xi Poisson cho truwong hop
tong tat dinh

Véi k=1,2,....n cho Axk va A,

tir Trotter—Rényi trén khong gian d-chiéu duoc xac

la cac toan

dinh nhu trong muc 2. O day Z, la vecto ngau
nhién Poisson d-chiéu véi vecto trung binh
(P> Pyyses P, ). Gid st rang Z, 1a vecto ngu
nhién Poisson d-chiéu véi vecto trung binh

A =(4 (1),4(2),...,4 (d)), trongdo

i) E(§X <'>) $ p =12,
= = p 7o = b LR N

nt =T S =R A

W n
RO rang ta co Zﬂn =

Zy, o day ky hiéu

= cho hai bién ngau nhién cung quy luat phan
phdi x4c suat. Ta luu ¥ ring

")
d Py Prj
P(z=m)=T1]e ¥ 5|
j=l1 m !
J
m:(ml,mz, md)eZi.
Pinh li 1 Cho { n,nzl} la day cac vecto

ngay nhién doc lap, nhan phan phéi Bernoulli d-
chiéu trong

d
R Xy = (X (0, X, @), Xy (@) )shd €,
vOi xé4c sudt
P(Xy=e;)=py; €[00k =12, =12 d;
P(X, =0)=1 g 0,1

( k= )= j:lpkf.e[’l

Khi @6, voimoi f € K tacod
n(d 2
(523,50 ) <M E | £y | -

n
trong do S, = kle
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Chtrng minh.
Theo bét dang thirc (1.1), ta c6 dénh gia sau:

n
TR (Snazzn?f)ﬁkéldm (%4:27)

n
=S4y F-a, A
k:IH ka Zka

Hon nita, v6i moi f €K va véi moi

d .
x,meZ’, taco

Ay S0 =z [

-3 f(x+m)[P(Xk=m)—P(Zk=m):|

:f(x+®)[P(Xk -0)-P(z, =®)]
+j§:1f(x+ej)[P(Xk =ej)—P(Zk -

- z
meZi\{@,el,ez .

ej)}
f(x+m)P(Zk :m).

Do @0,

iy, 1) 4, 1 (2)

d % Phi| 4 - gz Pk
U= 2 pg=e 7| 2 g - pige
- il”kj d %lpkj
el - X e
- %,ﬁ’kj d d d le
=[rlye T X Pt Z Py R e ’
_ épk] y z 7
tlrlfi=e 77 2 e
d

- py: 2
d izl kj d
2 £ 1 7 el £y )

Tasuyra

SEVrap
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Nhu vay, voimoi [ € K,

i,(5.2,:0) 520, ).

binh ly da dugc chiing minh.

H¢ qud 1 Dya trén cdc gia thiét cia dinh Iy
3.1, khi d =1 ching ta c6 két qua cia bdi todn
xap xi Poisson trong truong hop I1-chiéu:

dTR(Sn,Zﬂn;f)SZHf”kg:lplz.

Nhdn xét 1 Hé qua 3.1 da dugc chirng minh
trong Tran Loc Hung and Vu Thi Thao (2013),
Pinh 1y 3.1 trang 5.

Khong dung lai ¢ tong tat dinh (S"), trong

muc tiép theo bai todn xap xi Poisson trén khong
gian d-chieu khi ma chi so cua tong la mot bién

ngau nhién (SN ) s& dugc nghién ciru.

3.2 Baitoan xép xi Poisson cho truwong hop
tong ngau nhién

Cho {N, ,n2=1} la day bién ngdu nhién nhan
gia tri nguyén duong va doc 1ap véi mdi X k21
va Z,k>1.Giast ring Z,, lavecto ngau nhién
Poisson d-chiéu véi vecto trung binh

=(2, 12, (34, (@)

= n)Zpkj,j =1,2,....d.
k=1

Dinh li 2 Cho {X”,n > 1} la day cac vecto
ngdiu nhién doc ldp, nhdn phdn phoi Bernoulli d-
chiéu trong

R, X, = (X, (10, X,2).,
VOi xdc sudt
P(X, =e)=p,

X, (d)),k,d eN,

e[0,11,k=12,....N ;j =

n

1,2,...,d;

P(X,=0@)=1- Zpk [0,1].

Jj=1

Khi dé, véimoi f € K thi
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0, (5,2, 1)< 2||f||E[i(Zd:P@- ”

k=1 \_ j=1

N,
trong do S, = ZXk va Z, la vecto ngau nhién

k=1

Poisson d-chiéu véi vecto trung binh Ay
Chirng minh.

Véimoi feK va xeZ, taco

dye(8y.2,, 1) =2 P(N

n=1

TR (Sn’Z) ’f)

Khi d6 theo dinh 1y 3.1, ta suyra

2
wn(d
-2l £ ry

0
drp (SNH 7Z’1Nn ;fj <3 P(N,

DPinh 1y da dugc chirng minh.

H¢ qud 2 Dya trén cdc gia thiét cua dinh Iy
3.2, khi d =1 ching ta c6 két qua cia bdi todn
xap xi Poisson trong truong hop 1-chiéu:

d,(5,.7, 1)< 2||f||E(ipfj'

Nhdn xét 2 H¢ qua 3.2 da duoc chirng minh bdi
Tran Loc Hung and Vu Thi Thao (2013), Pinh ly
4.1 trang 8.

4 KET LUAN

V6i ky thuat chimg minh twong ddi don gian,
bai toan xdp xi Poisson trén khong gian d-chiéu
trong da dwoc giai quyét trong ca hai truong hop
chi s cua tong 1a tat dinh va ngiu nhién. So véi
phuong phap Stein-Chen thi khoang cach Trotter-
Rényi co uu thé hon trong viéc giai quyet cac bai
toan xap xi trong xac suat lién quan dén tong ngiu
nhién (cac két qua cé dugc tir phuong phép Stein-
Chen ctia McDonald (1980); Barbour (1988); Roos
(1998); Roos (1999) va Barbour and Chen Louis
(2005) chi xét cho truong hop tong tat dinh). Cac
két qua thu dugc trong bai viét nay (Pinh Iy 1, 2)
con 14 sy tong quat hoa cac két qua trong Tran Loc
Hung and Vu Thi Thao (2013) khi xét cho trudong
hop 1-chiéu. Huéng phat trién cta van dé nghién
ctru 1a su dung khoang cach Trotter-Rényi cho céac
bai toan xAp xi hinh hoc, x4p xi nhi thirc 4m va cac
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bai toan xap xi khac trong xac suat trén khong gian
nhi€u chiéu.
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