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ABSTRACT

Count data often appears in many fields such as public health, economics,
epidemiology... In order to handle this kind of data, some regression models
have been developed as Poisson regression, Binomial regression or more
generally are generalized linear regression models (GLMs). When count
data contains extra of zeroes, zero-inflated (ZI) models are improved to
suit. However, when counts are censored, the above models are no longer
suitable. Therefore, Saffari and Adnan (2001) mentioned to this model
using some simple simulations. However, the authors have not proven the
existence, consistency, and asymptotic normality of a maximum likelihood
estimator (MLE) yet. With that in mind, this paper develops theory to
give out rigorous proof to handle the above problems basing upon the
asymptotic normality theory.
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TOM TAT

Dit liéu dém thudng xut hién trong nhiéu linh vuc thuc té nhu y té, kinh té,
dich té hoc... D& xit 1y loai dit lién nay, nhiéu mo hinh hoi quy da phat trién
nhu hdi quy Poisson, hdi quy Nhi thiic hay tdng quat hon 1a md hinh hoi
quy tdng quat héa (GLMs). Khi dit liéu dém chita nhiéu s khong, cac mo
hinh gidn nd s khong (ZI) ra ddi. Tuy nhién néu dif liéu can kiém duyét thi
cac mo hinh trén khdng con phu hgp. Vi vay, Saffari and Adnan (2001) da
dé cap dén mo hinh nay bang nghién ctiu md phéng don gian. Tuy nhién,
tac gia chua chiing minh cho su ton tai, tinh viing va tinh tiém cin chuin
cua dai lugng hdp 1i cuc dai (MLE). VG6i nhan dinh do, bai bao nay phat
trién ly thuyét dua ra chiing minh chit ché cho cac van dé trén dua vao ly
thuyét tiém can chuén.
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1. Giéi thiéu

MBb hinh thdng ké dit liéu dém déng vai trd quan trong trong céc linh vuc nhu néng nghiép, kinh té, dich té,
cong nghiép hay stic khée cong cong. . .. M6 hinh tuyén tinh téng quét [1] 12 gidi phap phu hop cho dit liéu nay.
Tuy nhién, trong nhiéu ting dung, dit liéu dém xuat hién s6 khong véi tan sult nao do, tic 1a lugng sb
khong khong gidi thich dugc bang md hinh dua trén gia thict ve phan phoi. Mot so cong cu thong ké duge
nghién ctiu dé gidi quyet van de nay trong d6 ¢6 md hinh hoi qui gian nd s6 khong, m6 hinh nay ket hgp mot
phan phoi suy bien v6i mo hinh hoi qui deém.
~ Vidu, md hinh hoi qui gidn n6 s6 khong Poisson (ZIP) dé xudt bdi [2], hay gan day nhu [3, 4, 5]. Mot
sO bién déqi\ cua hoi qui ZIP nhu mo hinh anh hudng ngau nhién ZIP [6, 7], m6 hinh nita tham so ZIP [8, 9].
Mo hinh hoi qui gian nd s6 khong nhi thic am (ZINB) dudc dé xuat bdi [10], hoac [11, 12].

Bai bdo nay, chiing t6i nghién ctiu udc lugng trong hodi qui Poisson gian né s6 khong khi bién dém bi
ki€ém duyét bén phii. Kiém duyét bén phai xay ra khi chi can dudi cua bién tién lugng dugc quan sat, hay noi
cach khac ta chi biét gia tri thuc cta bién 16n hon gia tri quan sat.

Saffari va Adnan [13], dé xudt udc lugng hop Ii cuc dai (MLE) trong ZIP v6i gid trj ki€m duyét bén
phii 1a hang s0. Tuy nhién, trong nghién cttu nay, tac gia chua chi ra cac ket qua tiém cén cua MLE. V6i han
che va thiéu sot trén, ching tf)i mé rong md hinh cho trudng hop dai lugng ki€ém duyét 12 ngiu nhién va thuc
hién cac chiing minh ly thuyet mdt cach chit ché cho dai lugng MLE ctia md hinh nay.

Phan con lai clia bai bdo dugc bd cuc nhu sau: myc 2, nhic lai mé hinh hoi qui ZIP, uéc lugng hop li
cuc dai v6i kiém duyét ngiu nhién dudc mé t cling véi viéc mot 80 ki hiéu dung trong bai bao. Muc 3, ching
tdi thiét 1ap tinh viing va tinh tiém can chuin cia MLE. Cubi ciing, mdt s thao luan va huéng nghién ciiu
dugc thuc hién 6 muc 4

2. Mo hinh hoi quy Poisson kiém duyét

Muc nay nhéc lai dinh nghia mé hinh ZIP va mé ta uéc lugng hop i cyc dai (MLE) khi bién tién lugng bi
kiém duyét bén phai ngiu nhién ctia mo hinh ZIP giin nd s6 khong (CZIP).

2.1. Uécluwong hop li cuc dai trong mé hinh CZIP

M0 hinh ZIP gia thiét bién tién lugng Z; (chi s6 i ki hiéu cho c4 thé i) thda man:

7~ { 0 véi x4c suat ;, )

P(A;)  V6i xac sudt 1 — o,
v6i Z(A;) 1a phan phdi Poisson, tham sb trung binh 4; > 0. D& thdy, ZIP trd thanh m6 hinh Poisson néu

; = 0. Trong hdi qui ZIP, x4c suit tron @; va tham sd trung binh A; dugc xét bdi cac mo hinh logistic va
log-linear tuong ng, cu thé 1a:

logit(wi(y)) = y' Wi, )

log(A:(B)) = B X, 3)

trong d6 X; = (1,Xp, ..., Xip) ' va W; = (1,Wp,...,W;,) " 1a cdc véc t6 ngdu nhién bién doc 1ap, B € R” va
y € R 1a cac tham sd chua biét; T ki hiéu cho toan tit chuyén vi.

Gia st tf md hinh (1)-(2)-(3) chiing ta quan sit n vec to doc 1ap (Z1,X1,W1),...y (Zn, X0, Wp), xdc
dinh trén khong gian xdc suat (Q,%,P). Khi d6, ham log-ham hgp li cia (B, y) la:

iZn; (1{21':0} log (eYTW,- _i_efexp(ﬁTXl-)) +1(z50) (ZiﬁTX,- BTN log(Zl-!)) _log (1 +eYTWi) )

Uéc lugng hop 1i cuc dai (B,7) thda man tinh viing va tinh tiém can phan phdi chuin, xem [14].
Gié st Z; ki€m duyét bén phai, tic 12 ton tai mot s6 ca thé i ma ta chi quan st duge can dudi Z;. Piéu nay
dugc mo hinh bang cach dwa ra mot bién ngdu nhién kiém duyét C;. Ca thé i xem nhu vec to (Z;, &, X;, W;),
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v6i Zf = min(Z;,C;) va §; = Liz.<cy (méuZ; =Citadit Zf =C;va §; = 0), dit J; = 1{2?:0}. T céc quan sat
(Z¢,8:,X;,W;),i=1,...,n,hamhop li cda y:= (B7,y") T dugc tinh bdi:

n
La(v) [Pz = Z; |X:, W) P(Z; > Z; |X;, W;) ' 2
i=1

XZ‘ 1=J; i\
(1-a))  (o+(1-0)e™) >
zi1 " (1=6)(1-7)
y (1_ Z o kl,(l_wl) w,) ,

k=0

Il
—=
N
—~
m\
>
N |
=

LAy logarit hai vé thu dugc ham log-ham hgp 1i £,(y) = log L, (). V6i @; va A; cho béi (2) va (3) ¢6:

n

= X (8fton (7 e P (1) (BTN l0g(27)

=

Zi—1 —exp(BTX)+kBTX;

k![ l) —log (l—i—eyTW")).

Dé thiy ¢,(y) suy ra log-ham hgp 1i & trén khi khong c6 yéu t6 kiém duyét (tic 1a khi & = 1 v6i moi
i=1,...,n).

Udc Iugng hop 1i cuc dai ¥, := (B, 7 )7 clia w 1a nghiém ctia hé k phuong trinh

9ln(Y)
Iy

+(1 - 6,)(1 _-,i) In (l —

k=0

=0, “

& d6 k = p+ g. Muc t6i thiét 1ap su ton tai, tinh viing va tinh tiém cin chudn cta . Trudc hét, ta dua ra mot
so ki hiéu can thiét.

2.2. Mgt so ki higu

Ki hiéu ki(y) = ¥ WivaLi(B) = e B X0 i = 1,....n. Dt Sy, ) (u) = P(P(L(B)) > u), u=0,1,... 1a
ham sbng s6t clia phan phbi Z(4;(B)). Ta co:

u MBLB) i (e am)oqsr
aﬁé I:Zl l/( 6‘] kl(V)+L (ﬁ) +61(1 ‘Il)(Zl )VZ(B)) (1 61)(1 Jt) (5)
7S LiB)AK(B) (k— 2(B)) B
xk:O k!S/li(ﬁ)(Zf) ), {=1,...,p,
va
Iy d 8iJiki(y) ki(Y) B
8w — LW ( %(7) + Li(B) ki<y>+1)’€‘1”“’q‘ ©
bit
o /1,(/3)(!3) _ (BY— 2BV =L ..m
Z ) k
u(y) = M(sx,.m)(zz)(wmfk>2fai<ﬁ>)

k=0 k!Si[(ﬁ)(Zi*)
—4i(B) (k=4 (B))P(Z(A(B)) = Z; — 1)), i=1,...nv6iZ >1
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T d6 thu dudc:

*(y) _ ¢

aﬁéaﬁm_l;x,ex,m( () — 81 —J) x 24(B) — (1= 8) (1~ Jw(y)), Lim =1
2 n

glfza(z:n):;&émms‘(]kk(()) (B(?B))(zﬁ) (=1,...,pvam=1,...,q;

Ph(Y) _ g SAL(B) 1 o

T9n, ~ BV (oL~ e e

Ki hiéu S, (y) = 34,(w) /v, H,(w) = —3%4,(w)/dwdy ", F,(y) = E(H,(y)) va I, 1a ma tran don vi cd
k. H,(y) dugc gia thiét xac dinh duong.

3. Két qua chinh

Trong muc nay, ta thiét 1ap tinh viing va tiém can chudn cia §,. Goi RF 1a khong gian cac vec t k chiéu
c6 chuén Euclidean || - || va My (R) 1a khong gian cdc ma tran thuc, vuong cip k véi chuin ma tran
|[A][]2 := supyyj,—1 lAx]|2 (d€ don gian, ta st dung || - || cho ca hai chuan. Nhic lai rdng, néu ma tran thuc dbi
xung A ¢d (k x k) 6 cac gid tri riéng Ai,..., A, thi A = max; |4 (Amin(A) va Amax(A) ki hiéu cho gia tri
riéng nhd nhat va 16n nhat cia A tudng dng).
Trudc hét, ta phat biéu cac diéu kién chinh tic:
D1 Ciéc bién doc lap bi chiin, tiic 12 ton tai cdc tAp compact 2° C R? va # C R?saocho X; € 2 vaW,; € ¥/,
i=1,2,...
D2 Gid trj thyc yp = (B, ,% )" thudc mién trong cla tap compact va 16i ¢ nao d6, ¢ = B x 4 C R¥ (& d6
% C RP va' 9 C RY 1a cic khong gian tham s 8 va p).
D3 Ton tai dai lugng duong khong ddi ¢y sao cho 1/ Amin (F, (W) < cj véimbin=1,2,...
D4 Bién ngau nhién kiém duyét C;,i = 1,2,... dudng, bi chin bdi hing s6 M < .
D1-D3 la céc dicu kién trong m6 hinh tuyén tinh tGng qut ¢6 dién va cic mo hinh hoi qui tuyén gian nd s6
khong [15]. Piéu kién D4 12 yéu cau cho gia tri ki€ém duyét.
V6i min=1,2,... va e >0, xét 1an can cta Wo: N,(e) ={w €€ : (v —wo) ' F, (v —w) <€}, 6
d6 F, ki hiéu cho F, ().

Két qua dau tién phat l}iéu rang nghiém cua phuong trinh (4) ton tai, va viing trong 1an can N, (&) ctia Wy khi n
dti 16n, nhung trudc hét ta chi ra mot b dé ki thuét.

1 )
Bo dé 3.1. Gid sit diéu kién D1-D4 diing. Khi dé SUPyen, (e) |1 Fn H (W)F, 2 —It|| hoi tu theo xdc sudt 16i O
khin — oo,

Chiing minh. Ta c6

1

_1 1 _1 _1
B H(WE T L = ||E (Ha(w) — E)E 2.
< o H(w) Rl

h A'min(Fn) m¥ e

N

C1

)

(B ) B, () |+ | B () - )
(vi D3). Do d6, bd dé dudc chitng minh néu ta chi ra c4 hai s6 hang bén vé phai ctia bat dang thic cudi hoi
tu déu theo xdc sult t6i 0 trong Y € N, (&) khi n — o0. Do do, ta can SUPyen, (¢) 11 (H,(y) —E(Hq(y)))|
hoi tu theo xéc suit téi 0 khi n — . Ta sé chi ra SUPyeN, (¢) |%(Hn_(g"m)(lll) —E(H,,(¢,m)(¥)))| hoi tu t6i 0
v6i moi (£,m), £,m=1,...,k, & d6 H, (¢ ki hiéu (£,m) la phan ti ctia H,,. Ta ching minh cho trudng hop
Lme{l,....,p},v6i H, (g ) (W) = —3%4,(y)/dByd B (cic trudng hgp khéc chiing minh tuong tu). That vay,
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1 n
- (Hn,(é,m) (l//) - E(Hn,(é,m)( ‘ ‘ Z {Xzéxtm(s Jiu; II/) E [XiZXiméijiui(l/f)]}‘

n

J%Z{xifximai(l —~)A(B) ~E[XuXind(1 ~ ) 24(B) }|

i=1
:
N ——"

Bay gig, ta chiing minh

sup

1 n
=Y {XitXimGidiui (W) — B [Xig Xim 6iJiuei ()] }
WEN,(€)

ni3

hoi tu theo xac sut téi 0 khi n — oo (hai s6 hang con lai lam tuong tu). D€ chi ra diéu nay ta cin khang dinh
16p {Xi¢Xim6iJiu; (W) : w € €’} 1a Donsker (va do d6 theo Glivenko-Cantelli n6 sé hoi tu déu (theo V).
L6p {X;¢Xim :J;} hién nhién 12 Donsker. Duéi diéu kién D1 va D2, c4c 16p {,BTX BeByva{y'W;:ye9}

la Donsker. Ham mi 1a Lipschitz trén cdc tip compact va do d6 céac 16p {eB Xi:Bec B, {e P (BXy) . ):BecB}

va {e”TWi : ¥ € 9} cling 1a Donsker. Hon niia, tich va téng ctia cdc 16p Donsker bi chin 1a Donsker, do d6, 16p
{XieXim 6iJiu; (W) : W € €'} 1a Donsker. Vi vay,

sup |* Z {XieXim 6iJiui (W) — E [Xie Xim 8 (W) } |
l[IE(é
hoi tu theo xac sut t6i 0 khi n — . Vi N, (€) C €, nén
1 n
sup | = Y {XiXin 6iditti (W) — B [Xig Xim Siiuai (W) } |
weN,(e) izl
cing hdi tu t6i 0 khi n — co.

Dinh ly 31 (Ton tai va duy nhit). Gid sit cdc diéu kién D1 -D4 diing. Khi do, xdc sudt 1, ton tai va nam trong
N, (€) dan t6i 1 khi n — oo. Hon nita, W, hoi tu theo xdc sudt t6i Wy khi n — oo,

Chiing minh. Ching minh cua ching t6i dya theo [15] nhung ki thuét chi tiét thi khac. Hon nita, mot sb lap
luan dan t6i ching minh tryc tiép hon.

a) Truée hét, ching minh tinh ton tai tiém cin cta y,. Ta s& chi ra ring, v6i m&i ) > 0, ton tai € > 0 va
n; € N sao cho

]P)(En(ll/) *en(WO) <0, VWG aNn(E)) z 1*717 véin = ny, @)

$d6 IN,(e) ={y € C: (Wv—wo) F.(w—w) = €2} 1a bién clia N, (). Didu nay suy ra ton tai cuc dai dia
phuong ctia £, trong N, (&). Tinh x4c dinh duong ctia H,, va tinh 16i cia %’ khang dinh cuc dai d6 1a toan cuc
va duy nhit.

That vay (7) tuong duong véi: > 0, ton tai € > 0 van; € N sao cho
Ply(y) —Ly(wo) =0 v6i y € IN,(g)) <1, véin>ny,
Xét khai trién Taylor

(¥ —wo)

<

00w~ 6awo) = (W= v0)"Su(W0) — 5 (W vo)
= (V= v0) " Sa(Wo) = Qu(V),
Vol =ay+(l—a)yp (0<a< 1), dat0<c< . Ta ¢6:
P (W)~ a(90) 20, ¥G1 y € N, (€)= P((w—wfﬂ 0) > Qu(W) Vi Qu(y) > e, vGi y € I, ()

‘HP’((‘I/—II/O) Sa(Wo) = Qn(W) va Qu(y) < ce” lel//e(?N(s))
< P(A)+P(B),
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6d6 A= {(v—w) Su(w) > ce?, v6i ¥ € IN,(g)} va B = {Q,(¥) < c€?, v6i w € IN,(€)} tuong tng.
1
Dit u,(w) = 1F2 (- w). Khi d6
1
A = {MH(II/)TFH ZS”(WO) > CS, voi W € aNn(E)}a

_1
C { sup [ua(y) F *Su(wo)| > cel,
Jun (W) =1

= {IE 2 Su(wo)l| > ce).

_1 _1 2 2
Suy ra P(A) < P(||F, 2S,(wo)|| > ce). Tt Pinh ly 1.5 ctia [16], E||F, 2S,(wo)||> = k va bt déng thic
Chebyshev suy ra

L

P(4) < -

Cudi cling, dit € = /% suy ra P(A) < 1/2. Lai c6:
1 _ e
B = {Z(WWO)THn(‘I/)(WWO)<082, vdlweaNn(E)},
1
wn(W) "By 2Ha(W)Fy 2un(y) <, voi y € 9Nn(€)},

_1 _1

{ ! i (Fn *Hy () Fy 2) (W) 10 (W) <, v6i W € 9Nn(8)},

N

1

l/lmin (Fnan(ti/)Fn 5) <c, vy e 8N,,(8)}.

1 1 N , 1 1

nén P(B) < P(3y € IN,(€) : Amin(Fy *Hy,(W)F, *) < 2c¢). Theo B6 dé 3.1 & trén, F, >H,(y)F, > hodi tu
_1 1 .
déu theo xac sudt t6i I trong W € N, (&), khi n — 0. Do d6, theo [17], Amin(Fy > H,(W)F, ?) hdi tu déu theo
xdc suat t6i 1 trong Y € N, (€), khi n — oo.
Neu P =ay+(1—a)yp (0<a<1)vayeN,(e)thi
L 1 1
1B (W =wo)ll = [IF (ay+ (1 —a)yo — wo)ll = all F (v — wo)l,
1

152 (w—wo)ll <e,

N

_1 .
H,(¥)F, ?) hoi tu theo xéc suat tGi 1 khi n — oo, vi

=

Vi vdy W € N, (€). Tt d6 suy ra Apin (F,

_1 _1 _1 _1
|Amin(Fn “Hn(§)Fn 2) =1 < sup [Amin(Fn *Hu(W)Fy *) — 1]
WEN,(€)

Do dé, véi n di 16n (vi du, n > n1), P(3y € IN, (&) sao cho ),min(an%Hn(l/”/)F[%) <20) <M/2,vi2e< 1.
biéu nay suy ra P(B) < /2. Tit do,

P(64() — £a(40) >0, v6i € ON, () < B(4) + P(B) <,
Vay da chiing minh (7), tic 1a ton tai duy nhét cyc dai toan cuc cta £, trén N, (€).
b) Trd lai véi tinh viing ctia . Ta c6:

Demin (E) [0 = w0l> = (P — 0) " Aemin (Fo) T (0 — W0),

(95— ¥0) " Fa (9 — 0),
I (0 wo) | < &,

v6i xdc sult dan t6i 1 khi n — e, theo a). Tir diéu kién D3, Anin (F,) dan t6i eo khi n — . Do d6 ||, — yo|
héi tu t6i 0 v6i xac suat dan t6i 1 khi n — oo, dan t6i diéu phai chiing minh.

N
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Két qua thy hai 1a:

1 )
Dinh Iy 3.2 (Tiém can chuén). Gid sit cdc diéu kién D1-D4 diing. Khi do F,? (I, — W) hoi tu theo phdn phoi
tdi vector Gaussian A (0,1;), khi n — oo,

Chiing minh. Chfrng minh cta ching t6i dya theo ching minh tiém can chuén ctia MLE trong hdi qui
Poisson tdng quat gian nd sé khong khong kiém duyét [18]. Tuy nhién, tdc gia st dung diéu kién dinh i gi6i
han trung tam Lyapunov, con chung t6i dua vao diéu kién yéu hon Lindeberg, diéu nay mang lai chiing minh
ngin hon nhiéu.

_1
Trudc hét, ta chiing minh tinh tiém can chudn cla vector chuén héa F, >S,, & day S, ki hiéu cho S, (yp).

N _1 " )
Dit u 1a vector bat ki trong RX, ta chi ra rang u' F;, 2, hoi tu theo phan phdi t6i .4 (0,u u) (khdong mat
tinh tdng quat, ta gia st ||ju|| = 1). Tir (5) va (6), ta chi y ring S, c6 thé viét lai thanh mot tdng cic vector

ngau nhién doc lap k-chiéu Spi = (S,Li’l yene ,Sn_,,-_yk)T, Su =X Sni- Dé théy duéi diéu kién D1, D2 va D4,
céc thanh phén clia S,,; bi chin béi dai lugng ducng khong déi ¢, nao do, tic 13, [S,; | < c2, £ =1,...,k. Do
do, <c3:= kc%.

bat

1 1 n
u'F, 2S,=u'F, 2 ZS,“
i=1

||M:

Khi d6 E(S; ;) = 0 va var(¥j_, S; ;) = 1. By gid, ta sé xdc nhan diéu kién Lindeberg, cu thé:
vGie >0, Y E (S35, e} ) — O khin - o
i=1 !
Xét € > 0, ta co:

n n 1 1l
ZE(SZ%IHSZJDS}) < ZE(HM||2||Fn 2||2||Sn,i||21{\szj\>s}) . Y E(lys: 15e)):
i=1 =1 ' i=1

6‘1C3

do diéu kién D3. Vi {ISy | > €} suyra ring {Amin(F) < c3/€%}, do dé, 1{‘5* e} S L (Fa)<es /g2y V1 VAY,
n

n

* 3
)3 ]E(Sn,zil{|sz,i\>s}) 0 o () <ca ) = €163 1 i (B <cs o2y
—1 i=1

Tur diéu kién D3 suy ra, Amin(F,) — oo khin — conén Y1 E(S n11{|S‘ >e}) —>Okh1n—>oo Tir d6 suy ra véi

m6’i u e R, uTanfS,, hoi tu theo phan phéi t6i .4 (0, 1), theo dinh li Cramer-Wold, F,, S,l hoi tu theo phan
phéi t6i A (0, I;).

) 1 . . N N
Tinh hoi tu yeu caa F,* (¥, — o) c6 dugc bang cach khai trién S, := S,(yp) quanh ,. Phan con lai
cua chiing minh tuong ty nhu Pinh 1i 3 ctia [15] do d6 bo qua.

4. Kétluan

Bai bdo nay nghién ctiu udc lugng hop li cuc dai trong md hinh hoi qui gidan nd s6 khong khi bién tién luong
kiém duyét ngdu nhién bén phai. Ching toi thiét 1ap tinh viing va tiém can chuén cla dai lugng MLE cho mo
hinh bing cic chiing minh chit ché.

Tir két qua bai bao, mot s6 vin dé c6 thé tién hanh trong tuong lai nhu nghién ctiu s6 va 4p dung cho sb
liéu théng ké y t& cong cong clia Viét Nam. Ngoai ra udc lugng hdi quy khi bién tién lugng ki€ém duyét ngiu
nhién bén tréi, hai bén hay téng quat hon nhu mé hinh giin nd sé khong niia tham sb ciing ddng dudc quan
tam .... C4c van dé nay sé 1 cong viéc tiép theo clia chiing toi.

Loi cAm on

Nghién ciiu nay dugc thuc hién dudi su tai trg bdi truong Pai hoc Hang hai Viét Nam trong dé tii ma sb:
DT20-21.91.
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