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Abstract

Most of the articles about insider trading assume that there is only one risky
asset in the market. On the basis of these papers, this thesis is mainly divided
into three parts to study the situation of multiple risky assets in the market. In
the first part, the situation of multiple risky assets in the market when two
transactions are in progress is studied and then, the equilibrium when the
market requires the internal traders to disclose the trading volume after each
transaction is analyzed. In the second part, the equilibrium of multi-period
based on the two phases of transaction is derived. The third part is the sum-
mary of the paper.
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1. Introduction

In modern finance mathematics, many models assume that all investors in the
market have the same information and the same expectation. However, in real
financial market or spot market, information asymmetry is common, such as the
securities market. Traders with private information may release their own in-
formation at the beginning of the transaction, or they may conceal private in-
formation by adjusting their strategies. In 1985, Kyle [1] published a paper that
analyzed the situation when there was only one risk-neutral internal trader. The
results showed that the informed trader revealed his information at a constant
rate when trading in continuous time. Based on this article, Holden and Sub-
rahmanyam [2] [3] gave a model in which there are more than two informed
traders and analyzed the impact of the number of insider traders to the market,
with the result that their information was revealed almost immediately and the

market depth is infinite. In addition, many experts have done further work on
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the basis of these papers, such as Hudart, Hughes, Levine [4] and Shunlong Luo
[5], Qiang Zhang [6].

All the above papers assume that there is only one risky asset in the market.
On the basis of these papers, this thesis mainly divides into two parts to study
the situation of multiple risky assets in the market. In the first part, we study the
situation of multiple risky assets in the market when two transactions are in
progress. Furthermore, we analyze the equilibrium when the market requires the
internal traders to disclose the trading volume after each transaction. In the
second part, we derive the equilibrium of multi-period based on the two phases

of transaction.

2. Two-Phase Transactions

2.1. Transactions Not Required for Publication of Trading Volume

Holden and Subrahmanyam model gives the two-phase equilibrium result when
there is only one risky asset in the market and the internal trader is not required
to reveal his trading volume. In this part, we consider the second-phase equili-
brium results when there are multiple risky assets in the market without requir-
ing internal traders to disclose their trading volume.

Next, we analyze one of these assets and call it asset j. The trading strategy of

the J-th insider is shown as follows:

X/ :{XI/,X{}, where j=12,---,/ (L.1.1)
The pricing rules of market makers are as follows:
Pl.j Z{Plj,sz}, where j=1,2,---,/ (1.1.2)
Then we can get the following formulas,
x)=X}(PL.V,); n=12 (1.1.3)
pl =R (), j=12..1 (1.1.4)
pi =P (¥, (1.15)

Obviously, the profit of the j-th assetis s/ .
su(xi) = (v, ~pl) (1.1.6)

Nash equilibrium

Nash equilibrium refers to the situation in the game, for each participant, as
long as others do not change their strategy, he cannot improve his situation.
Nash proved that Nash equilibrium must exist on the premise that each partici-
pant has only a limited choice of strategies and allows mixed strategies. Take the
price war between the two companies as an example, if the other side does not
change the price, it can neither raise the price, or further lose the market; nor
reduce the price, because there will be a loss sale. So the two companies can
change the original interest pattern and seek a new benefit assessment and allo-

cation scheme through negotiation, namely Nash equilibrium.
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Sub-game perfect Nash equilibrium
(X{,X{,---,X,{;I ,Pj) becomes Nash equilibrium [7], ifall ne {1,2} ,
i=12,---,M , and other strategies ()A(’ /\A”z) have

2<%

E[s,’1 (x/;’p{)+sf£(xfz,p§)|P({’V/}

1
>

!
YA J ) J J
2ZE|:S:'1 (xmpl )+S2 (xi25p2)|p0’vj:|
=

!
J=

SB[t (xhort) | 2epi v, ]2

J=1 y

pl(xspl)=E(v,1¥])s j=12.1

B[4 (%4 20) 1 217, ]

!

=1

~.

and

pd (5 ok pl o pd ) = E(V; 1 97,01)

2.2. Transaction Required to Announce Trading Volume

Xl
Lemma: Let X,, X, be two normal random vectors, P N(u,X) where
2

z z
y:(ﬂ'j, Ez( ! lzj, Given X,, the conditional distribution of X,
Hy Zy 2

(which we call X, | X, ) is still normal. Accurately,
E[Xl ‘ Xz] =H +z“122;2] (Xz _/“2) > Var(Xl | Xz) =X, _21222221

We assume that the trading volume of internal traders is disclosed (but not
verified afterwards) before the second trading begins after the end of the first
trading, then the above price and trading strategy are not balanced under the
new framework [8]. Assuming that the market maker guesses that each internal

trader’s strategy for j-th asset in the first period is xl:ﬂ , i=1,2,--- .M , the market
x/ ) ) , . )
maker can speculate that v, =—"/_+ p; when observing x| = f] (vj. —p({) ,
il

J ,
thus his pricing rule is pJ, = x—”l_+ pl and A =0. Insider traders will choose
il

strategy X/ # %/, because they are aware of the behavior of market makers. Any
such violation may lead to mispricing in the second period. Because the market
maker chooses 2/ =0 , the market depth is infinite and the second profit of the
internal trader is infinite.

Obviously, any reversible strategy can not be an equilibrium strategy. We as-
sume that the first stage strategy of an internal trader consists of two parts, one is
the part that can be predicted with the information available to him, the other is
the noise part z/, that is, the part that cannot be predicted by the information
he has. z/ isa normal distribution with 0 as its mean and O'j/ as its variance,
and it is independent of v, and /. p;; = pj+y/x/ isthe expected value [9]
of v, under x/ and y/, so E[vj |xlj,ylj,p1j} =E[vj \x{} In the second
phase of pricing, p|; took the place of p/. pj=p, +Ay]. It is easy to
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know from symmetry that given a market maker’s linear pricing strategy, the
only possible equilibrium is that these internal traders adopt the same strategy
(because their information is identical), so we can analyze any one of them. Here

we use backward induction to analyze internal trader 1.

2.2.1. The Optimization Problem of the Second Phase
In the case of given x/ and pf_ ; » the second period optimal problem of inter-

nal trader 1 is shown below.

J J ) J o .
xlzeargmaxE[x (v, pz)lxl,pl,-,v,-],

¥/

E[x (v, - p!) 15 pipv, ]

M-

~.
Il

Il
.M\

E|:Xj (Vj_pl*j_ﬂzjxf_ﬂqjxgz _"'_ﬂ'zjx}{lz)lxlj’pl*j’vj] (1.2.1)

J

Il
.MN

X (v = ply =2 =y == A )

j=1

where x/ e I S -
olaf pijvs)

Next is the maximization of the solution. We record the largest x’ on the

top of the equation as x/,. First order derivation can be obtained from the up-

per form.
vy = Py = 2xh = A, == X, =0
= xt =574 p1)) -3 ek xt )
Let xj, =x], =---=x},, = x/,, we can obtain that (1.2.2)

: 1 *
xi/2 :W(vj _plj);

E|:Slj2 (pl*j’vj ):|
v, = py = A My, ) x)y

) (1.2.3)

The two order derivation is -2/, so the two order conditionis 4/ >0.

2.2.2. The Optimization Problem of the First Phase
Next, we study the optimization problem of the first phase.

j J Nt (p .
x| eargma}xE[x (vj—pl )-i—s]2 (p]j,vj)|vj],
N
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E[xj (vj —p{')-i-s{'z (pl*j,vj)|vj}

| (5= =405 = Ao == Bl =2

(1.2.4)
N 1 i i i iV
m(vf Po =7 X 7%y A6 ) 1Y,
=/ (v =Pl = A =2l == Al = 2 )
1 ) . . N2
Ty u (v =20 =7 =yl == iy )

Let f(xj)z E|:xj (vj —p,j)+s]j2 (pl*j,vj) | vj} , than we get the following
formula from the first order condition.

Vi _pé 240X = A X == Al A
(v, = p —rix —rixd == rxl ) =0
(M+1)" 4
Let x/, =xJ, =x{ =---=x],, than we can obtain that

j , 2M {2 I
{W}() ﬁ‘w*l”’ oA

From the second-order condition we can obtain that

e 2
(M+1)" 4/

\2
B G YO (1.2.6)
(M+1)" 4
If our hypothetical mixed trading strategy holds in equilibrium, i.e.
xh =B (v, = i)+ 2 (1.2.7)
zl ~ N(O, 0'221, ) (1.2.8)

then from the Formula (1.2.5) we can obtain that 4/, A/ and y/ satisfy
A >0, >0,

g (1.2.9)
(M+1) A
oM (3
#_(M.F])ﬂlj =0 (1.2.10)
(M+1) A

Combined with (1.2.9) and (1.2.10), we can get
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. 297
A :% (1.2.11)
(M +1)
) M;/j
J = 1 1.2.12
A Ml ( )
From the conditions of market effectiveness, we can get
Pl =E(v; 13) =i+ 4 s
p:j :E(Vj |x1j):p({+71jx1j;
pi=E(v,|¥i.p,)=p,+ Ayl
where
W =MB (v, = p) )+ Mz + s
X =M (v, - pl )+ Ml
vi=MBL(v,—py)+ .
In conjunction with lemma , we can obtain that
X cov V.,yj M .I'Ej
1) ﬂ"lj — ( ./j 1): - ﬂll 0 (1213)
2 j j 2 2 2
D(¥) M (g)=i+M o)+,
Proof: v,, z/ and 4 areindependent of each other.
cov(vj,y{) = cov(vj,Mﬂlj1 (vj. —p(f)+Mz{ +y1j)
2 = cov(vj,M,Bljlvj)
=Mp) cov(vj,vj)
=M%
D({)=D(MB (v, —pi)+ Mz + 4]
\2 . .
b) =M*(B) D(v,)+M*D(z/ )+ D ()
=M? (ﬁ,’l )2 X+ Mo’ +0'f,
A 4
- cov(v,x/ MBIY
2) 7/11 — ( Jj 1 ): 2ﬂll 0 (1214)
2 j j 2 2
D(x) M (Bh) =t +M o
Proof: cov(vj,x{) =MpBZ]
D(x)=M?(pl) Zi+ M
The next step is to find the expression of 4.
pg _p:j :E(Vj _p:j |yé) :E(vj _pl*j ‘Mﬁljz (Vj _pl*j)-"_/’le);
oovlvt)  mps
3) A = = (1.2.15)

D(y)) ML) 3/ +o?,
2
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Proof:
cov(v,, 1 ) =cov(v,, MBS (v, - p;, )+ 1

= cov (v, M B, )=cov(v,. pl +7{x()
=M BL%; — i cov(v,,x/)
= M B} -1 ML,
= (B -7 Bl )MZ;

D(vf)=D(MBL(v, = pi, )+
=D(MBL (v, =i =rx{ )+ )
=M (L) =i -m2 (L) (7))

= =D(v, 1) =D(v, 1M B (v, pi )+ M

cov( )X )

:cov(v v, )
cov(x1 )X )

s cov(x1 \V; )

J
cov (vj,x, )

:cov(v.,v.)— —
7?7 o
cov(x1 ,xl)

zzj_covz(v,’Mﬂlji (vj—p({)+MZ]f) (1.2.16)
0 D(x{)

5 (Mplz))

-0

M*(B)) =i+ M3?,
4

—x-(0) [ (A1) 2+ |

From the three formulas of (1.2.12), (1.2.13), (1.2.14), we can get the following

two formulas.

N : Mﬂ"Z"
M[ g 2f+021=c;2,, S0 (1.2.17)
(ﬁll) 0 zlj ﬂlj /11 (1+M)O_ZJ
A
Proof:
M Bz _ M M Bz

M (B) Shemie? +or, ML ar (B) s <00

2

= M*pI5! (Mz(/i’”) S+ Mo? + o )

=M Bz} ( M+1( ﬂ“ Mzaz,.)
il

=0 M+1)M(( A ) M* ()Y £ -M*?,
4

:M((ﬂlf;) zg+aj{.)

From the three formulas of (1.2.11), (1.2.16), (1.2.17), we can get the following
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formula.
o (M)
S/ =3 _%W y Ma?, (1.2.18)
. , 1 ) ) _
According to Formula x/, = m(v =Dy ) , we can obtain S, .
o1 (1.2.19)
(M +1)4)
Combined with the eighth formula, we get A/ .
; 1
iy MZ{W
A = M Bz _ (M+1) A4
2(pi Vv 2 2 1 2
M (/312) P +0'#£. M 211W+0';1
M+1) (4] °
__ MM
- : 5/ \2
M?E] +(M +1) (ﬂ;) (7/21{
2 1
| M(M 1) -Mo) Mz )
= = ( +)12 of [ () (1.2.20)
(M +1)' 2 (M +1)o
H #
The eleventh formula can be reduced to
o (M) J o MA(M+1)
z(:zg_( ) Mzzl Mo?, :zg—ﬂz{ (1.2.21)
4 (M+1)ol, M 4
“
. 4 .
>3 =—" -5 (1.2.22)
44 M* (M +1)

In conclusion, we can get the following propositions.

Proposition: When the market requires the internal trader to announce the
trading volume, the sub-game equilibrium has uniqueness. In this equilibrium,
there are constants S/, B, A/, A/, y/ and X/, satisfying [10]

xi=Bi(v,-pl)+a (1.2.23)

xh =B (v, pi)) (1.2.24)

Pl =pi+ Ayl (1.2.25)
pi=p, Ay (1.2.26)

Py =po+yiN (1.2.27)

5] =Var(v,| ¥/, p)=Var(v,|x/) (1.2.28)

For all internal traders. constants 3/, B4, A', A/, y/ and X/, satisfying

A =M (M 1)K G zﬁ[ M3

2
—_— (1.2.29)
20 , o\ 4+M*(M+1)

/1./
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1 1

sz 2 J 2
A= (M) __ 2 Mz, . (1.2.30)
(M+1)0'#/. (M+1)aﬂ,» 4+M* (M +1)
1
o _ 1 Mz :
W=—M+)4 =(M+1)—| ——> (1.2.31)
F=a A= )a”,. [4+M2(M+1)2]
, o1
i =(M+1)o”, 2/ )
J 2
=(M+1)a?, L M Mz, 5 (1.2.32)
HMEG o\ 4+ M (M +1)

N =

— (M 1) {LJ

=5 4+ M (M +1)
il
PR W S 70 - S (1.2.33)
TU(Many 2 4P (M 1Y
2
o N2
ol =—==(B1) =
2
o,
2 (1Y o, L— (1.2.34)
M “ae e (m+1) 5
_ 40i,
M4+ M (M +1)’]
s/ = By (1.2.35)
1 4+ M* (M +1)’ ’

Analysis

The results show that S/ <}, which means that the trading intensity of

each internal trader in the first phase is not as strong as that of the second phase,
because the trader does not consider the impact of the transaction on earnings in
the second phase. At the same time, it can be seen from D(xlj ) =M 0'!21 , that

the trader conceals his trading strategy through the noise trader’s trading.

3. Multi Period Transactions

We generalize the two-period results to the multi-period case, assuming that
there is a total N-period transaction, the traders announce his trading volume
after the end of each transaction. Transaction prices reflect the volume of trans-
actions in the past and present.
First, the following proposition is given based on the two phase result.
Proposition In the market where M insiders exist, there is a unique subgame
Nash equilibrium. In this equilibrium, there are constants £, A/, a/, &/

and X/ to satisfy the following equations.
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=B (v, - pr, )+ 2 (2.1)
Pl = Pory t A0 (2.2)
p;,j = p:—l,j +70% (2.3)
zizVar(vj|ylj""’y}{) (2.4)

i * * P : : ® 2 .
E{Sljn ‘ pl,ja"':pn—l,j:plj""’pi-lavj} =a, (Vj _pn—],j) +5,, (2.5)

ne{l,---,N}, ie{l,---,M}

Given Xj and p,;=p;, constants S, , A/, a,, o] and X are the

unique solutions of the following equations.

al, =Bl (1-MA )+ (\-My)p]) (2.6)
. M -1 . .
8 =——M?y/c* +6/ 2.7
Moy T @7
J M 111’ o-flj
= (M +1)2, T (2.8)
. M
A= 2.9
" 2(M+1)a) 29)
N 0 T
=2 (4] o (2.10)
O M+1
J = A 2.11
Yo == M (2.11)
2
LN P} ( nj)z ot _(Mfl) (2.12)
z H u Mzﬁ,l

when n = N,

8,.,=0 (2.13)
R S _ (2.14)
(M+1)" 4
Bl—— 1 (2.15)
T (M)
A
2
A = ((MMf—f)‘G) (2.16)
#/
S, =al =% 20'2, =0 (2.17)

Proof: By using backward induction, the optimal problem of the period Nofa

i i I x) Yt .
trader i for given x;,---,x/y_,,p;;,***, Py, ; can be recorded as follows:

J J —pl J o x! Yo
Xy € arg ma/_.XEI:x (Vj pN) | X575 X ot Pr o ’pN—I,j’vj:|
N
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j j Jo ) Yo
E|:x (V'_pN)|xil’ sXin-1> P> ’pN—l,j’vj:|

J

_ Iy o aid 20 () 1N =T N ad L .
—E[x (V' Py — X ﬂ’N(M l)xw)|xm sXin-1> Py 7pN—1,j’Vj:|

J
=x/ [vj —p*N_Lj —/7,,{,xj —/1,{, (M —l)flﬂ
X/, : the average value of other traders’ transactions on asset .

The first order derivative can be obtained for the upper form.
¥/ —

V; _p*N—l,j _Zﬁ'ﬁxij;v _116 (M_l)xw =

1

Let X}, =x),wecanfindout x/, =——(v.—pr_, .),s0
N N iN (M+])),1<,( J N—L_I)

Jo_ 1

. —.

(M)A
A O

E|:SiN|x[1’ sXiN_15 P jo ’pN—l,j’vj]

_ j YR j . .

_me}XE[x (V/—PN)|xl-p"',x,-,N,ppl,_,-,“',prl,b,v,V/]
X

) _ _ )
_xiN(vj Pr-; Mﬂ“inN)

_ 1 x x M
= W(Vj _le,j)(vj Py, —mﬁzvij
1 . 2
=——s—(v, = Py,
(M+1)2/1,{,( 1~ P)
. 1 _
Therefore a;_ =————, 6}, =0. By market availability condition
(M+1)" 4
1
, J5 _ MX )2
Al = PivZ , we can get A =u. It is assumed that the
‘N N M +1
(M + )O'#f

iV s 2
( iN) Z1\/—1*’0'#,/
constants @/ and &/ satisfy
J * £ j j =\ s
E(Si,n+l|p1,j7”"pn,j’p]"”’pn’vj):an (vj_pn,j) +§n‘

J— S W J
S _(vj pn)xin+si,n+1’

in
J foep Joo. o p/
E<S,',,, |p|,j> spn_],j5p| > spn_l’v‘/')

. . . 2 . . .
— J J J * J * * J J
—ma_XE|:X (v/_pz1)+an (vj_pn,/’) +5n |p1,_j9”'5pn-l,j9pl9'”3pn-lﬁvj:|

x/

:II};IXE[xj (Vj _p:—l,j _ﬂ’r{yr{)-i—ar{ (Vj _p:—l,j _}/r{xr{)
+5nj |p:,ja"‘ap:-l,_japlj:"'apy{.lavj]
:maxE[xj (vj —p:_w —xl;ij —(M—l)ﬂ,{)?i',’;)—i-a,{ (vj —p:_l’j

x/
_7'{xj _(M_l)yz]nftiz)z +5r{ |p]*,j""ap:_Ljsp]j,"',p,{_],Vj]
=max [/ (v, = py, = Al (M 1) 2% )

va] (v, =i~ 7l ~(M -1 48]
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The first derivative of the upper form is

v] _p:;lj 217{ In (M_l)/lnj_til

_205;{7/,{("/'_]7"_1,1‘_7}: ii_(M_l)yfifii):O’

Let x/ = The upper form can be changed into

(1—zy,~;a;)(vj —p:_l,j)+[2Ma,{(7,{) (M+1)/1’} /20,

Because of x/ = f3/ (v = Paar j)+ z/, the upper form can be transformed into
{(1—2y,{anf')+[2Manf(y ) (M+1)/1’}ﬂ,f,}( ~priy)
+[2Ma,{(y;)2 —(M+1)/1,{}z,{ =0

Because v, — P ; and z] areindependent of each other, so

1-2y/a =0,
oM (7)) —(M +1)2] =

S
2(M +1)a]

It can be drawn from the above two formulas that 2/ =
E(s, | 1o Pra o Pl Phas ;)
= E{[v, = posy = MABL(v, = Py ) - M2z, = 2] |
<(B1(v, =P, )+ 2 ) el (v =P, 7B (v~ 2o, )7zl )
+ 8 1PL o P o P s P,
=[v=pay =MABL (v = pray ) | B (v = o) - M A,
val (1=riBL) (vi-pi,) +el (v]) MPe?, +6]
-\ (=M pL) Ll (172 (= P,V
~MAo’ +al (7] ) M +5]
Thus
=(1-m2/B)) B+l (1-7.8) s
5L =-M2jo? +a(y]) M*c?, +8]

1 M?y! , -1
=~ yM* - Yn 52 457 =

— M 5/
I R A T O

n

By market availability, we can get the following formula.

Pl=Po; =E(V 1Pl s Doy Pl DL ¥ v) )= 1o
=E(v, =Dy, | PLyss Do o Pl Do W ores 0]
E(v,=py., 1)) '
d

V/ pn 1,j |M ( j_p:—l,j)dl_MZf{_i—lur{)
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According to the results of the second phase, we can get the values of 4/ and

7] in multiperiod.

Mps/

in~n-1

M? (ﬁ:’ )2 T +MPe o,

in n-1
n M

A =

n

>

MBIz

in~n-1

M (i) =) +M2(722/1,'

n—1

J

7/11:

. My!
Combined with A/ = M}/ ”1 , the upper form can be transformed into
+
M () S, +M0%, =Ma?,.
Thus
MBS/

in“~n-1

(M+1)0';j ’

J
n

L
(M+1)0'ﬂ.ﬂ’

j _ Jon
oMz,
\2
o’ :L o? —(ln]) (M+1)20-:’
@M~ M3/ ’

T/ = Var(vj |xl/"_..’xy{,p]j,-",p}{-1=pr,.f""vp:-1,j)
= Var(vj —p:_w |x;f)
= Var(Vj ~Pu | MB, (vj —pZ?lsj)+Mz,{)

The relation between X/ and X/, can be obtained from the preceding

lemma.
oy T L
n n-1 \2 .
M (B)) S M,
3z, -(7) (M2 (B1) =1, + M7, )
2
—s, D Gy
Analysis

From the results of the proposition, we can see that the transaction volume is
proportional to the value of the asset, but inversely proportional to the price of
the asset in the previous period; the price of the asset is proportional to the total
transaction volume of the asset; and the depth of the market is inversely propor-

tional to the number of traders.

4. Conclusion

This paper mainly studies the trader’s trading strategy, market maker’s pricing
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rules and equilibrium conditions when the trader is not required to announce
the volume of transactions and the trader is required to announce the volume of
transactions in two periods. Then, according to the trading situation of two pe-
riods, we deduce the trading strategy of traders and the pricing rules of market
makers in multi-period trading. The noise trader is also considered in this paper.
From the two propositions in the paper, we can see the relationship between the

variables.
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Notations

M: The number of internal traders

N: Total number of transactions

v,: The liquidation value of the first risk asset

v, : The liquidation value of the /th risk asset

R
P
P
P
X
S

T

Market maker’s pricing of j-th asset in phase 1
Market maker’s pricing of j-th asset in phase N
The variance of liquidation value of the j-th asset

The conditional variance of liquidation value of the j-th asset

: The volume of trading of the /-th insider with j-th asset in phase n

: The profit of the /~th internal traders on j-th asset in phase n

Noise traders’ transaction volume for the jth asset in the first phase,

o~ N(0,0'i/.)

IZE

Noise traders’ transaction volume for the jth asset in the second phase,

w ~ N(0,0'i/.)

o
u

J.
j’in'
J.
yin'

bR

: Standard deviation of trading volume of noise traders about j-th asset

': The correlation coefficient between the trading volume of j-th asset and the

J
in *

value of j-th asset for the /-th internal trader in phase

The correlation coefficient between price and total transaction volume

The correlation coefficient between price and trading volume of internal
traders

Total volume of transactions in phase n

DOI: 10.4236/0js.2019.91008

99 Open Journal of Statistics


https://doi.org/10.4236/ojs.2019.91008

	Internal Transactions for Multiple Risky Assets
	Abstract
	Keywords
	1. Introduction
	2. Two-Phase Transactions
	2.1. Transactions Not Required for Publication of Trading Volume
	2.2. Transaction Required to Announce Trading Volume
	2.2.1. The Optimization Problem of the Second Phase
	2.2.2. The Optimization Problem of the First Phase


	3. Multi Period Transactions
	4. Conclusion
	Conflicts of Interest
	References
	Notations

