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A Discrete Time Models

In this Appendix, we present the discrete time version of the baseline fast and slow

models.

A.1 Discrete Time Fast Model

We use the notations from Section 2. Denote by Zj = {Az; },<;—1 U {Ay; }r<;—1 the
dealer’s information set just before trading at ¢, and by Z; = {Az; };<;-1 U{Ay, }r<t =
Z} U {Ay;} the information set just after trading at ¢. The zero profit condition for the

competitive dealer translates into the formulas
@ = E(u | Z}), pe = E(v | Z7). (A.1)

We also denote

Qt = Var(/Ut |If), Et = Var('Ut |Ig) (AQ)

Definition A.1. A pricing rule p; is called linear if it is of the form p, = q + MAy,

forallt=1,...,T."

The next result shows that if the pricing rule is linear, then the speculator’s strategy

is also linear, and furthermore it can be decomposed into a forecast error component,

oA

Bi(vy — q;)At, and a news trading component, ¥, Av,, where 3, = v, — B At = py—T:

(see (A.6)).

!We could defined more generally, a pricing rule to be linear in the whole history {Ay, },<¢, but as
Kyle (1985) shows, this is equivalent to the pricing rule being linear only in Ay;,.



Theorem A.1. Any equilibrium with a linear pricing rule must be of the form

Azy = Bi(vie1 — @) At + Ay,
D = G + MAy, (A.3)
Q1 = P+ (ADz — pAyy),

fort=1,....T, where By, V¢, M, e, pt, i, and Xy are constants that satisfy

BiXi_1 + %03

M= IS ALt 0t ot
B (02 + BFS 1 At — By Si1) 02
Bt = (B2%, LAt + 202 + 02) 02 + (B25 1 Af + 02) 02
A = Mo = BiXi_1(02 + %) + yioia?
(BEEi—1 At + 7702 + 02) 02 + (6751 At + 02) 02
%oy (A.4)
Pt

T S A+ 1202 + 02
BEYE |+ 28X 102 + vio
BEN 1At +fo2 4 o2

Qt = Et—l +O’3At — At,

Zt = Et_l‘f‘UgAt

| BEE (o) + 02) + BN Aoy + 0400 + 770,07 + 268010507 At
(B7Ee-1At + 770y + 03) 02 + (B At + 07) 03 '
The value function of the speculator is quadratic for allt =1,...,T:
T o= a1 (v — @) o (Av)? + ol (Vi1 — @) Avy + 6y (A.5)



The coefficients of the optimal trading strateqy and the value function satisfy

1 — 2CYtAt
At = ————
b 2 = aAd)
1 — QOZtAt(l — ,Ut) OétAt[Lt
— — BAf L
e 2()\,5 — O{tA%) /Bt + )\t — OZtA%7
o1 = 5tAt(1 - )\tﬁtAt) + Oét(l - AtﬁtAt)27 (A.6)
o,y = (1= — Aye)® + 7 (1 = Aeye),
of 1 = Bt + 3 (1 = 2MBAL) + 204 (1 — A BAL) (1 — py — Ayyi),
S-1 = ap(Ajol + pjo?) At + ool At + 6.
The terminal conditions are
ar = ap = ayp = o = 0 (A7)
The second order condition is
)\t — OétA? > 0. (AS)

Given Yo, conditions (A.4)-(A.8) are necessary and sufficient for the existence of a

linear equilibrium.

Proof. First, we show that equations (A.4) are equivalent to the zero profit conditions of
the dealer. Second, we show that equations (A.6)—(A.8) are equivalent to the speculator’s
strategy in (A.3) being optimal. These two steps prove that equations (A.3)—(A.8)
describe an equilibrium. Conversely, all equilibria with a linear pricing rule must satisfy
these equations since the trading strategy in (A.3) is the best-response to the linear

pricing rule.

Zero profit of dealer: Start with with the dealer’s update due to the order flow at

t=1,...,T. Conditional on Z}}, the variables v;_; — ¢; and Av; have a bivariate normal



distribution:

Vi—1 — Gt | IL? . N 0 Et—l 0 . (Ag)
Avt 0 0 0'2

The aggregate order flow at t is of the form

Ay, = Bi(vi1 — @) At + 1 Av, + Ay (A.10)
Denote by
Vi1 —q B
o, =Cov|| " T aw] =TT A (A.11)
A, Y0,

Then, conditional on Z! = Z} U { Ay, }, the distribution of v;_; — ¢; and Aw, is bivariate

normal:
2
Vi1 — @ 1 o po10
t—1 t T~ N 1’ 1 102 | (A12)
Avy j25) poioy O3
where
1 BiXii1 1
= CDtVar(Ayt)_lAyt = 3 GPD) 5 Ayta (A13)
15 502 BiXi 1 At + o2 + o2
and
o?  poio Vi1 —q
1 102 — Var t—1 t —@tVar(Ayt)’lq);
poioy O3 Avy
(A.14)
B 21 0 1 B?E?q /Bt’YtEt—lag
- 32 2 2 2
0 o2ar | AESBATEROTEOL gas 02 A2
We compute
BiXi 1 + 02
pe—q = Eve—q | Z}) = 1 +pe = 21 T Ay, (A.15)

BiSe 1At +qfo) + o



which proves equation (A.4) for A;. Also,

Q; = Var(v, —q | IF) = oF + 03 + 2poi0;

BEYE | 4 28102 + io, At
BEN 1AL + o2 4 o2 7

(A.16)

= Y1+ 0 At —

which proves the formula for €.
Next, to compute g1 = E(v; | Z},,), we start from the same prior as in (A.9), but

we consider the impact of both the order flow at ¢ and the dealer’s signal at ¢ + 1:

Ay = Bi(vier — @) At + v Ave + Auy,

(A.17)
Azt = A'Ut + Aet.
Denote by
7, — Cov Vi1 — Gt | Ay, _ Bi¥ii—1 0 At
Av, Az ot o?
- (A.18)
Ay B2 1At + ol + 02 y02
Vtyz = Var ¢ — bl t ! At.
Az "o, o2 +0?

Conditional on Z}, ; = T/ U {Ay, Az}, the distribution of v,_; — ¢, and Aw, is bivariate

normal:
2
V-1 — Gt M1 01 pPoO102
| Ty ~ N , , (A.19)
Avy 2 poi10s O3
where
BiSi_1(02 4+ 02)Ayy — BryXi—102A%

H1 v (Vyz)_l Ay, Yoot Ay + (G781 At + 07 )or Az (A.20)
Lo I Az, (BN AL+ P02 4 02)02 4 (RS At + 02)o2 N



and

Therefore,

Q1 — @ = M1+ 2

Vi—1 — @ _
var [ | 0 T | — et
A'Ut
BT (02402 BenSiaolol (A21)
Bt%Et_mﬁU? (5t22t—1At + ’Ytzag + 03)03
At
(B2S 1At + 7202 + 02)o2 + (823, 1At + 02) o2

(BiZi-1(0] + 02) + 0202) Ay + (02 4 BESi1 AL — BryiSi1) 000z

= AtAyt +

(BFE 1At + 702 + 02) 02 + (825 1 At + 02) 02
(A.22)

Az = (A = pepi) Ay + Az, (A.23)

which proves equation (A.4) for u, A, and p;. Also,

2y

= 07 + 03 + 2poy0;

= Etfl + O'zAt —

BIXE (0 +08) + B Ato, + 0,0, + 770,08 + 265 10,0¢

[

(BEEi1 4+ (Br + )02 4+ 02) 02 + (8781 + 02) 02
(A.24)

which proves the formula for ;.

Optimal Strategy of Speculator: At eacht=1,... T, the speculator maximizes

the expected profit: m, = max Zf:t E( (v — pT)A:cT). We prove by backward induction

that the value function is quadratic and of the form given in (A.5): 7 = ay_1(vp_1 —

a)? + o) 1 (Av)? + o (vi—1 — q))Avy + 0;_1. At the last decision point (¢ = T') the

next value function is zero, i.e., ar = o/ = o = ér = 0, which are the terminal

At,



conditions (A.7). This is the transversality condition: no money is left on the table. In
the induction step, if t =1,...,T — 1, we assume that 7, is of the desired form. The

Bellman principle of intertemporal optimization implies
M = max E((vt — po) Az + T | ZY vy, Avt>. (A.25)

The last two equations in (A.3) imply that the quote ¢; evolves by ¢11 = q; + AMAy, +
Az, where Ay = A\ — pyptg. This implies that the speculator’s choice of Az affects the
trading price and the next quote by

D = @+ M(Ax + Awy),
(A.26)

di+1 — Gt + At(A.’E + Aut) + /thAZt'

Substituting these into the Bellman equation, we get

M = max E(Ax(vt,l + Avy — ¢ — MAT — M Awy)

+ ap (Vi1 + Avp — ¢ — M AT — A Ay — Aoy — pAey)?* + a;Avfﬂ
+ CK;,(/Ut,1 + Avt — Q¢ — AtAl' — AtAUt — IUtA'Ut — HtA€t>AUt+1 + 525)
= max Az(vi_y — ¢ + Avy — MAx)

+ at((vt_l —q — M AT+ (1 — ) Avy)? + (A202 + ufaﬁ)At) + ajolAt

+ 0 + 9.
(A.27)
The first order condition with respect to Az is
1—2a4A 1 —2a4A(1 —
Az = Qe ail( ’“‘t>Avt, (A.28)

2()\,5 — OépA?) (Util B qt) + 2()\15 — OétA%)



and the second order condition for a maximum is A\; — a;A? > 0, which is (A.8). Thus,
the optimal Az is indeed of the form Az, = By(vi_1 — q;) At + v Avy, where G, At and -,

are as in (A.6). We substitute Axz; in the formula for m; to obtain

T = (@At(l - )\tﬁtAt) + Oét(l - AtﬁtAt)Q) (Utfl - %)2
(= = M)+ (1 = Ay ) Av? (A.29)
+ <5tAt + (1 = 2N B AL) 4 204 (1 — A B AL) (1 — 1y — At%)) (Vi1 — @) Ay

+ o (Ajol + pjol) At + ool At + 6.

This proves that indeed 7 is of the form 7 = a1 (vi_1 — q;)* + ) (Avy)* +aff (ve_1 —

qt)Avy + 01, with ay_1, af_, o/ | and §;_; as in (A.6). O

We now briefly discuss the existence of a solution for the recursive system given in
Theorem A.1. The system of equations (A.4)—(A.6) can be numerically solved back-
wards, starting from the boundary conditions (A.7). We also start with an arbitrary
value of ¥ > 0.2 By backward induction, suppose oy and ¥; are given. One verifies

that equation (A.4) for ¥; implies

¥, (0303 +0%(02 + ”yfoz)) — o200 At

(0202 4 02(02 + 7702) + PEA2 0202 — 2y B Ato20?) — 5,8 At (02 + 02)
(A.30)

Y1 =

Then, in equation (A.4) we can rewrite A\, iy, Ay as functions of (X, B;,y;) instead of
(341, B, 7). Next, we use the formulas for 5; and 7; to express A\, pi;, A; as functions of
(A¢, i, Ay, i, 5). This gives a system of polynomial equations, whose solution A, iy, Ay
depends only on (ay, 3;). Numerical simulations show that the solution is unique under
the second order condition (A.8), but the authors have not been able to prove theo-
retically that this is true in all cases. Once the recursive system is computed for all

t =1,...,T, the only condition left to do is to verify that the value obtained for >

2Numerically, it should be of the order of At.



is the correct one. However, unlike in Kyle (1985), the recursive equation for ¥; is
not linear, and therefore the parameters cannot be simply rescaled. Instead, one must

numerically modify the initial choice of ¥ until the correct value of ¥, is reached.

A.2 Discrete Time Slow Model

We use the notations from Section 2. Denote by Z} = {Az; },<;U{Ay; } r<;—1 the dealer’s
information set just before trading at ¢, and by Z} = {Az },< U{Ay; }r<t = T/ U{Ay,}
the information set just after trading at ¢t. The zero profit condition for the competitive

dealer translates into the formulas
¢ = E(v | Z}), pe = E(v | T7). (A.31)
We also denote
Qt = Var(/Ut |If), Et = Var(Ut |Itq) (A32)

The next result shows that if the pricing rule is linear, the speculator’s strategy is

also linear, and furthermore it only has a forecast error component, 5;(v; — ¢;)At.
Theorem A.2. Any linear equilibrium must be of the form
Ar, = ﬁt(vt - %)At’

P = @+ MAY, (A.33)

G = Pi—1+ p—102%,

fort=1,...,T, where by convention po = 0, and B¢, V¢, ¢, fht, 2, and )y are constants



that satisfy

Bidy
M=
_ %
He = 02+ 02’
Q402
S = e
Ui = Y+ a7y At — 52 At
o2 — B AL o2+ o2

The value function of the speculator is quadratic for allt =1,...,T:

T o= a1 (v — q)® + 01

The coefficients of the optimal trading strateqy and the value function satisfy

1-— Qat)\t

BtAt - 2)\t(1 — Oét>\t)7

A1 = ﬁtAt(l — )\tBtAt) + Oét(l — )\tBtAt)z,

G- = ap(Nop + pi (o) + 02)) At + 6.

The terminal conditions are

The second order condition is

)\t<1_04t)\t) > 0.

(A.34)

(A.35)

(A.36)

(A.37)

(A.38)

Given Qq, conditions (A.34)-(A.38) are necessary and sufficient for the ezistence of a

linear equilibrium.

Proof. First, we show that equations (A.34) are equivalent to the zero profit conditions

of the dealer. Second, we show that equations (A.36)—(A.38) are equivalent to the

speculator’s strategy being optimal.

10



Zero Profit of dealer: Start with with the dealer’s update due to the order flow at
t=1,...,T. Conditional on Z/, v; has a normal distribution, v;|Z} ~ N(q,%;). The

aggregate order flow at ¢ is of the form Ay, = f;(vy — q;) At + Auy. Denote by

q)t = COV(Ut—Qt,Ayt) = /BtEtAt (A39)

Then, conditional on Z! = Z} U {Ay, }, v; ~ N (ps, ), with

D = ¢+ MAY,,

_ B3
v = e Var(Ay) BEE AL+ 02
Q = Var(v, — q) — @ Var(Ay,) '@, = %, — m
. Ztgi

To obtain the equation for \;, note that the above equations for A\; and €2, imply é—’i = f—;
The equation for 3 is obtained by solving for €2; in the last equation of (A.40).
Next, consider the dealer’s update at t = 1,...,T due to the signal Az; = Av;+ Ae;.

From v;_1|ZF ; ~ N (pi—1, 1), we have v;|ZF | ~ N (pi_1, Q_1 + 02At). Denote by
U, = Cov(v; — pi_1,Az) = o2At. (A.41)
Then, conditional on Z} = ZF | U{Az}, v|Z{ ~ N(q;, Z;), with

G = Pi—1 + Dz,
2

e = WyVar(Az)™' = o2 o2’
y (A.42)
_ ! ;= . -
¥ = Var(vy —pi1) — Uy Var(Az) "0, = Q1 + 0 /At — p At
030,

11



Thus, we prove the equation for y;. Note that equation (A.42) gives a formula for €, ; as
a function of 3;, and we already proved the formula for ¥; as a function of €2; in (A.34).

We therefore get €, as a function of €, which is the last equation in (A.34).

Optimal Strategy of Speculator: At each t =1,...,T, the speculator maximizes
the expected profit: m; = max Zzzt E((UT — pT)AxT). We prove by backward induction
that the value function is quadratic and of the form given in (A.35): m = ay_q(vy —
q:)? + 0;_1. At the last decision point (t = T) the next value function is zero, i.e.,
ar = ér = 0, which are the terminal conditions (A.37). In the induction step, if
t=1,...,T — 1, we assume that m;,; is of the desired form. The Bellman principle of

intertemporal optimization implies
M = max E((vt — po) Az + Ty | ZY vy, Avt>. (A.43)

The last two equations in (A.33) show that the quote ¢; evolves by ¢;+1 = ¢ + AjAy, +
1Az q. This implies that the speculator’s choice of Az affects the trading price and

the next quote by

pe = ¢+ M(Az + Awy),

(A.44)
Gr1 = G+ M(Az + Auy) + 1Az .
Substituting these into the Bellman equation, we get
T = max E(Aw(vt — q — MAT — N Auy)
+ oy (v + Avepr — @ — MAz — N Auy — NtAZt+1)2 + 5t>
(A.45)

= max Azx(vy — q — MAx)

n at<(vt g — MAT)? A+ (V202 4 2 (02 + ag)mt) + 4,

12



The first order condition with respect to Az is

1 — 204\
Az = s )(Ut —q), (A.46)

2>\t(1 — Oét)\t

and the second order condition for a maximum is A\(1 — azA\;) > 0, which is (A.38).
Thus, the optimal Az is indeed of the form Az, = 5i(ve — ¢)At, where B, At satisfies

equation (A.36). We substitute Az, in the formula for 7, to obtain

T = <BtAt(1 — )\tﬁtAt> + Oét<1 — /\tBtAt)2> (’Ut — %)2 + oy ()\?O’i +,LLt2(O'12) —f—Uz))At + 5t-
(A.47)
This proves that indeed 7 is of the form m; = ay_1(vy — q;)* + 0;_1, with ay_1 and &;_;

as in (A.36). O

Equations (A.34) and (A.36) form a system of equations. As before, it is solved

backwards, starting from the boundary conditions (A.37), and so that €, = Qg at t = 0.

13



B Sampling at Lower Frequencies than the Trading
Frequency

In this section, we show that Corollaries 4 and 5 in Section 4 generalize when trades
are aggregated over intervals of an arbitrary length A7. Suppose trading takes place in
continuous time, but trades are aggregated over T" > 0 time intervals of equal length

= Ar7. Then, data are indexed by t € {1,2,...,T}, which corresponds to calendar

tAT

time 7 = tA7 € [0, 1]. Denote by Axy = 2y — x4 = (t—1)Ar

dx, the aggregate informed
order flow over the t-th time interval.?

The empirical counterpart of the Speculator Participation Rate and the autocorre-
lation of the speculator’s order flow when data are aggregated every A7 periods of time
are, respectively,

Var(Ax,)
Var(Axz;) + Var(Aug)’

SPRt ==
(B.1)

COI’r(AzL’t, A:Bt+8) .

Proposition B.1. When the sampling interval At is small, the empirical speculator
participation rate in the slow model increases with At and is always below its level in

the fast model:

SPRY = (55?2 EAT 4 o(AT),
v (B.2)
P G o(AT)
SPRI = Y +02 o

The informed order flow autocorrelation in the fast model increases with the sampling

3This is related, but not equivalent, to the order flow at the ¢-th trading round in the discrete model
of Section 2. In the limit when A7 approaches zero, it is reasonable to expect that the two notions
are equivalent. This depends on whether the coefficients of the discrete time model (as described in
the Internet Appendix) converge to the corresponding coefficients of the continuous time version. We
conjecture this is true, as in Kyle (1985), although we have not formally proved it.

14



interval At and is always below its level in the slow model:

1- AP\YHETE oA
Corr(Axy, Azf,,) = (M> +0< n)

1 —tAT AT

Bles( B S+ 77 (1= AT = pF)a?
Corr(Az{, Axy. ) = < e ) (B.3)

1- AT\ M
X (M> AT + o(AT).

1 —tAT

Proof. The aggregate trade over the ¢-th interval is Az, = [ (tﬁ;) Ay Br(Vr = gr)dT v dv;.

When A7 is small, 5, is approximately constant over the interval [(¢ — 1)A7, tAT].
Thus, in the slow model we have Az = 37 (v; — q;)AT + o(AT), since v° = 0. This
implies Var(Azy) = (87)*S(A7)? + o((A7)?). Also, Var(Aw,) = 02A7, which yields
the speculator participation rate in (B.2). Using Lemma A.1 in Appendix A, we obtain
Cov(Azd, Ax}. ) = BB %y (%)AS[SE (AT)? + o((AT)?), which proves the first
equation in (B.3).

In the fast model, Azl = BEF(v; — ¢) AT + vF Avy + o(A7). Then, Var(Azl) =
(v)202 A1 + o(AT), which implies the speculator participation rate in (B.2). Using
Lemma A.1, Cov(Azf, Azl ) = 8L, (BtFEt—I—VF(l—AFVF—,uF)(j?)) <%>AF@’§ (AT)%+

o((AT)?), where A = X' — u¥ ¥ which proves the second equation in (B.3).

15



Figure C.1: Timing of events during [t,t + di]

Pt+dt =
pe dve py Pto—1 pre  dz g Dt.o+1 Ptom—1 Pt.m
1l 1l 1l 1l 1l 1l 1l 1l
dﬁUt,l d%,ﬁ dl‘t,£+1 diBt,m
dug 1 dug e dugeq1 dugm

C Infrequent News Arrivals

In this Appendix, we generalize our baseline model by having the speculator receive
signals every m > 1 trading periods, and the dealer receive the news with a lag ¢ =
0,...,m. The case m > 1, { = 0 generalizes our baseline slow model, while the case

m > 1, ¢ € [1,m) generalizes our baseline fast model.

C.1 Model

As in the baseline model, the speculator is risk neutral and maximizes his expected
profit in each trading round. The dealer is risk neutral and competitive and sets prices
equal to expected value v, given her information set—which consists of past news and
trades. To obtain simpler formulas, we set the model in continuous time. We do that
by allowing m trading rounds in the interval [¢,¢ 4+ d¢], rather than just one round as
in the baseline model. (See Figure C.1.) The uncertainty in the model is driven by
three diffusion processes: v;, u; and e;, all with zero drift and constant volatility, as well
as independent increments. At ¢ = 0, before any trading takes place, the speculator
learns vy. Subsequently, at each ¢ € [0, 1), the speculator learns du;; later in the interval
[t,t + dt], after £ more trading rounds, the dealer learns a noisy signal dz; = dv, + de;
(the news). Moreover, each trading round the noise traders submit an IID order flow,
so that the aggregate over the m trading rounds is du;.

More precisely, for each ¢ € [0, 1), we partition the interval [t,¢ 4+ dt] into m equal

intervals, and index the end points by {0, 1,...,m}. Denote by (¢, j) the trading round

16



at the end of the j-th interval in [t,¢ 4 dt], where j = 1,...,m. Just before (¢,1), the
speculator privately observes duvy; this has variance Var(dv;) = o2d¢. Then, in trading
round (¢, j) the speculator submits a market order dz; ;, and the noise traders submit an
aggregate market order du, ;. The noise trader variance over the whole interval [t, 4 dt]
is o2dt, hence the noise trader variance corresponding to the j-th trading interval in

[t,t + dt] is %dt. To simplify notation, we denote by
2
~2 Oy
= = C.1
5= (1)
In trading round (¢, 7), the dealer only observes the aggregate order flow:
dytJ' = d.ﬁ(]t’j + dut,j, (02)

and sets the price p,; at which trading takes place. Furthermore, the dealer publicly
receives the news dz; = dv; + de;, immediately after she observes the order flow dy; . at
j = {; the news error has variance Var(de;) = o2dt. Figure C.1 describes the timing of
events in the interval [¢,t + dt] in the fast model.

As usual, an equilibrium is defined as a trading strategy of the speculator, and a
pricing policy of the dealer, such that (i) the speculator’s trading strategy maximizes
his expected trading profit, given the dealer’s pricing policy; and (ii) the dealer’s pric-
ing policy is consistent with the equilibrium speculator’s trading strategy. A linear

equilibrium is defined as one in which the speculator’s trading strategy is of the form:
dmt,j = ﬁt,j(vt — pt)dt + V. (d’Ut — dwt,j), ] = 1, e, M, (03)

where dw, ; is the dealer’s expectation of dv; given her information until time (¢, j).*

4With the same type of argument as in Appendix A, we rely on the intuition coming from a discrete
version of the model to justify this trading strategy. Namely, we can prove that in a discrete-time linear
equilibrium, the optimal strategy must be a discrete version of (C.3).
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Throughout the Appendix, we use the following notations:

03 0
= m— = ma, b = —, c ==,
v O-’U

eqw | :qw
Q
(3]

C.2 Generalization of the Fast Model: m > 1, ¢ € [1,m)

In the generalized fast model, the delay parameter is ¢ > 1. (See Figure C.1.) Thus,
the speculator has at least one trading round to take advantage of his information dv,
before the dealer learns dv;.

In Theorem C.1, we prove two main results. First, we show that the optimal strategy
of the speculator has a news trading component only during the first ¢ trading rounds—
before the news is revealed; after that, the news trading intensity v; = 0 for j =
(+1,...,m. Second, we prove that a linear equilibrium of the model exists, if a certain

system of non-linear equations has a solution.

Theorem C.1. Consider the model in which the speculator observes the wvalue in-
crements every m > 1 trading periods, and the dealer receives the news with a lag
¢ = 1,...,m — 1. Then, the speculator’s optimal strateqy must have v; = 0 for
j=L0+1,....,m.

Furthermore, consider the equations (C.64)—(C.69), which are a (40 + 2) x (4¢ + 2)-
system in the variables vj, pj, \j, j, i, 5\, 7 =1,...,L. Then, if this system admits a
positive solution, there exists a linear equilibrium of the model.

To describe the resulting equilibrium, for each t € [0,1), extend the above solution to
j=L+1,...,m as follows: v; =0, p; =0, )\jZS\, gbj::\d. Now, for 7 =1,....,m let
B; = %, and let 3; be the function of B;, 7, p; described by equation (C.21). Then, the
speculator’s optimal strategy is given by

T T R ST
dxm ==

(C.5)

%(Ut—pt)dt ifg=04+1,...,m;
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and the dealer’s pricing policy is given by

Pt; = Drj—1+Ndye;, 7=1,...,¢,
Dio+1 = Pre+ ,u(dzt — dw;’rﬁ) + )\€+1dyt,e+1, (C.G)

Drj = Prj—1+Ndyj, J=L0+2,...,m,

where the quantities dw/, and dw,; (j =1,...,m) are set according to the rule:

dth = O7
dme = d’th + pjdytvj? j = 1, e ,é — 1,
dw;, = dwge + pedys, (C.7)

dwtj_;'_l = dw;_e + ,LL(dZt - dwz_f)7

dwyjy1 = dwy;, j=¢+1,...,m—1

Thus, to obtain an equilibrium of the generalized fast model, Theorem C.1 shows
that it is sufficient to solve a (4¢ + 2)-dimensional system of non-linear equations. We
have not been able to find an analytical proof for the existence of a solution to this
system. Numerically, however, the Newton method readily produces solutions for all
the parameter values we have checked. Figure C.2 displays the solution corresponding
to the parameter values o, = 1, 0, = 1, ¥y = 1, and compares the case when o, = 0.5
(the news precision v = Ui = 2 is high) to the case when o, = 2 (the news precision

v =0.5is low).

C.3 Proof of Theorem C.1

We divide the proof into two parts. The first part (Section C.3.1) takes the dealer’s
pricing policy in (C.6) and (C.7) as given, and shows that the speculator’s strategy
in (C.5) is optimal. The second part (Section C.3.2) takes the speculator’s strategy as

given, and shows that the dealer’s pricing policy in (C.6) and (C.7) satisfies the zero
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Figure C.2: Effect of News Precision in the General Case. We plot equilibrium
values of various variables of interest in a given interval [¢, ¢+ dt] in each trading round for two different
stocks, “H” (graphics on the left) and “L” (graphics on the right). The news frequency is m = 4
for each stock. However, v = Ui = 2 for stock H while v = O%e = 0.5 for stock L. For each stock,
we show equilibrium values of A j, Brj, e, and SPRe; = v dw:jr)(if‘”/ﬁjr)( w7 in each trading round
j €4{1,2,3,4} when ¢ = 2 (left dark bars) and ¢ = 0 (right light bars). The horizontal dotted lines

correspond to the average value of the relevant variable over the 4 trading rounds when the speculator

is fast (e.g., A = (Z;z% At,j)/4) in the fast model. The other parameter values are o, = 1, 0, = 1,
0. =1, and ¥ = 1.
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profit conditions.

C.3.1 Speculator’s Optimal Strategy (f,7)

In this section, we assume that the dealer’s pricing policy in (C.6) and (C.7) is fixed.
Since we are interested only in the existence of an equilibrium, we consider pricing
functions with constant coefficients: A\; >0 (j =1,...,m), p; >0 (j =1,...,¢), and

p > 0. For future use, note that equation (C.7) implies

Moreover, we substitute (C.8) in the price equations (C.6), to obtain:
l m
dpt = Ptm —Pro = Z()‘j — ppj)dy; + Z Ajdye; + pdz. (C.9)

j=1 j=t+1

By the definition of a linear equilibrium, we assume that the speculator chooses for

an optimal strategy of the form:
dl’tJ = Bt’j(vt — pt>dt —|— ’)/td' (dl)t — dwm-), ] = 1, cee, . (C].O)

Then, we show that ~,; = 0 for all ¢ and for j = ¢+ 1,...,m. To simplify notation, we

omit the dependence on time. Moreover, denote by
T = (v — p)dt. (C.11)

We now show that (C.3) can be decomposed into orthogonal components:
j—1
dv; = By +Gydv+ Y Aldu; + Eyde, j=1,...,m. (C.12)
i=1

To compute B;, G}, Aé-, E;, we derive recursive equations for dz;. For this purpose, we

21



rewrite the recursive equations (C.7) by eliminating dw; :

dw1 = O,
dwjyy, = dw;+p;dy;, 7=1,...,0—1,

’ T (C.13)
dwg_H = (1 - ,u) (dwg + pgdyg) + ,udz,

dU)j+1:dw]', j:€+1,,m—1

Then, if we denote 741 = Yey1(1 — 1), equations (C.3) and (C.13) imply the following

recursive equations for dz;:

d[L'l = B1’7‘+’71d’U,

dzj, = %(1 — piy;)da; + <5j+1 - ;—ﬂﬁj>7 —Yipiduy,  j=1,...,0-1,
J J

drep, = %(1 — peye)day + <ﬁe+1 — %5@)7 — Yes1peduy — Yoy pde,

dijrl = Md[lﬁ'] + (6j+1 — 7j+lﬁj>7', ] = g—l— 1, N (2 1.
J

£
(C.14)

By putting together equations (C.12) and (C.14), we obtain recursive equations for

B;, G, AL, E;. The equations for B; are:

Bl - /817
i i .
Bj+1 - AR (1 - pjf)/j) Bj + <ﬁj+1 - j+lﬁj>7 J= 17 S 76 - 17
Vi Vi
Yer1 (1 — p) Yer1 (1 — p) (C.15)
Beyy = ———=(1— piye) B + <5e+1 - —@),
Ve Ve
Bjy1 = %’+1Bj+<5j+l_ng>’ j=04+1,...,m—1.
Vi 7
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The equations for G; are:

Gl = 71,
_ i+ .
Gj+1 = _(1—Pj7j)Gj7 j—l,...,g—l,
Vi
]__
G = M(l—ﬂﬂz) G,
e
Gip1 = gy, j=t+1 —1
J+1 — VR J= + O L .
Vj
The equations for A} are:
A= —prjs, Ay = TEA gy AL i<j=1
G+l = T PIVi41, 1 T ~ PiVi) Ay < J=1,...
J
Aé o Az - ’Yﬂ+l(1_:u) Az
1 = —peyeri(l—p), AR T(l—pm) 05
j i Yi+1 i . .
A§+1:O, AJ"'IZJ,.Y_]AJ’ Z<]:€+1,...7m_1.

The equations for £ are:

El = 07
i+l .
Ej+1 = —(1—pj’yJ)E] j—l,...,f—l,
i
1_
Epy = M(l — peve) Ee — vesa e,
Ve
By = HH g i—p41
1 = ,-)/ j ] = —|— ,...,m—l.
J

To obtain explicit formulas for G and A, denote by

o= o) ifi<j=1,....m,

1 ifi>j.
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Then B, G, A, E satisfy the following equations:

ﬂ]+zﬂ LA itj =1,
B; =
kﬁj—i_zi:p’%ﬂi ifj=04+1,....m
)
1 e
Gj = VJOJ_l lfj_]'?"'véa
k(1—/i)’7]'0g1 ifj=0+1,....m
p
Ai pz'V]CH_l ifi<jgj=1,...
j:
| (=G ifi<j=C41.m
(
0 ifj=1,....¢
E; =
—py; ifg=04+1,...,m.
\

We can also express 3; as a function of Bj:

B, +%Zl 1pZ , ifg=1,...,¢,

Denote by
)\j—,upj, if jzl,...7£,

13

A

767

; if j=0+1,....,m

We now make explicit again the dependence on time. Denote by

Dpij = prj—1pro, Jj=1,...,m

Then, equation (C.6) implies:

J
Dpt,j = Z)\idyt,ia ]: 17"'a€7

J
Dpt,j = Z Aidyt,i +updzy, j=L0+1,...

i=1
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Using equation (C.12): dz;; = By j(vy — pr)dt + Gy jdoe + Z] ! AZ jdug; + By jdey, we

compute

k
Dpt,k: = Xth(Ut —pt)dt + Ynk dUt + ZZZ,]C dutﬂ; + Wtk det, (025)

i=1

where for k=1,...,¢,and i =1,... k,

k k
Xk = ZAjBt,j, Yie = > NGujn Wie = Y NEy,

(C.26)
Zie = N+ Z NAL
Jj=i+1
and for k=¢4+1,... m,andi=1,... k,
k ~
Xip = ZA i Yok = ut+ZA Grjr Wik = ut+ZA Ey;,
o (C.27)
j=i+1
In particular, Dp; », = pem — Pro = Deyar — pr = dpy, therefore
dp, = Xt,m(Ut —py)dt + Yy, dog + Z ZZ,m dug; + Wi dey. (C.28)
i=1
For 7 > t, denote by
‘/t,T = Et((UT _p7)2)7 (029)

where the expectation is conditional on the speculator’s information set at ¢t. Then, V; -
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evolves according to:

‘/;5,7'4- dr — Et <(U’T+ dr — Pr+ d7)2>

- w,7+2Et(<vT—pT><dvT—de)+Et(dv7 dp,) )

T,m~ €

= Vir —2X, Vi dr 4 (1 — Z &2 dr + W2, o2 dr.

(C.30)

Since X, = Z;’ll S\jBT,j, Vi.» satisfies the first-order linear ODE:

dV;J 5 2 _2 — j 2 2 2
o = -2 (Z )\ij») Vir + (1 =Y m)0s + ZI(Z; T4+ W22 (C31)
=

J=1

For ¢t € [0,1), we compute the speculator’s expected profit:

1 m
T = Et (/ Z(Ul _pT,j)de,j) - Et (/ Z Ur +dUT br — DpT]>dej> )
]

(C.32)
where the second equality follows from the law of iterated expectations. From (C.12)

and (C.25), we get

m_/z

BT]‘/tT—i_GT] - Tj ZAz Zz o Er,er,jUS

’T] T]’lL

dr. (C.33)

Note that the profit integrand at 7 depends only on the sum Z;”zl B, ;, while V;,
evolves by the sum ZTZI S\ij-. Then, by the usual argument, the existence of a
maximum implies that for all 7 € [¢, 1), /N\j does not depend on j. To see that, note that
the condition 5\]- > )\, for some Jj # k is incompatible with equilibrium. Indeed, the
speculator could then decrease B, ; by € > 0 and increase B by 55\j / S\k This would
not affect the evolution of V; ., as the sum ;\jBT,j +5\kBT,kI is the same, but it increses the

sum B, ; + B, by 5(5\]- / e — 1) > 0, hence it increases the expected profit. Therefore,
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for all j =1,...,m, we have

Ar; = constant = \. (C.34)
Next, consider the variance of the forecast error,
S = Eo((vr —pe)?) = Vor (C.35)

Since \ is constant, equation (C.31) implies that ¥, satisfies the following ODE:

ax
) (Z Btj)zt+ (1—Y;m)? +Z W22 (C.36)

dt
7j=1

Using (C.33), the speculator’s expected profit at ¢ = 0 becomes

Ty = / [(ZBt]>Zt+Z(GtJ 1 Y;tj ZAl ZZJ~3 Et,jm,j0'2>]dt‘ (037)

From (C.36),

1= Yim)?o2+ 30 (Z,,)%62 + W2 o2 5
tm) > i1 (Zim) h (C.38)

= (

S B )% = L .
(._1 t”) ' 2) 2)
]_

Then, we substitute (Z;nzl Bt7j> ¥ in (C.37), and integrate by parts. We get:

Yo 3 1 1( Po? 4 o )
"= o Ty (T Z:: W
(C.39)

m 1
+Z/O (Gt,j —Y;,)o ZA Z; 5% — E ;W0 )dt
j=1

Since ¥, =V, > 0 can be chosen arbitrarily by the speculator, we obtain the following
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condition for a maximum (the transversality condition):

S = 0. (C.40)

We now use equation (C.39) to compute the speculator’s first order condition with
respect to the other choice variables: 7, ; for j = ¢+ 1,...,m. From (C.20), we see that
for j > /¢ the integrand of (C.39) is a quadratic function of 7, ;. Denote by 1p to be
either 1 if P is true, or 0 otherwise. From (C.20) and (C.27) we derive the following

formulas, for j,k > ¢+ 1:

0Gy ; DAL . . OF, .
W:Z = 1m(1 = )Gy, W;]j = —1=(1 = wpiCr 87:2 = —Lj=rp,
aY;j ~ 1 (9ZZ ; ~ ) 8Wt . -
L= s A1 =) O, —2L = —1, A1 — p)p,CitH = 1A,
ek 2k AL = p)Cy g Tror +12k2 AL — ) pi Y T JRAR
(C.41)

Using (C.41), we compute

87'('0
a%,k

k—1
- (0= w0 SR e =
- (C.42)
Since the term in parentheses does not depend on -, the first order condition implies
Yk = 0; moreover, the second order condition for a maximum is also satisfied. Therefore,

the speculator optimally chooses for all t:

f)/t,éJrl = e . = f}/t’m = 0 (C43)

We have now finished the proof of the first part of the Theorem.

But (C.43) implies that the formulas in (C.20) simplify for j > ¢:
Gy = A, = By = 0ifj=0+1,...,m. (C.44)
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Equation (C.39) becomes (after imposing the transversality condition ¥; = 0):

>0 1
- = + =
22 22 Jo

VA 1 j—1
| (Gt,ju RPEIS Az,jzz,ﬁi) dt.
j=1 i=1

7o —

1 m
(0= Yo+ S0+ o )
o (C.45)

Using equations (C.26) and (C.27), we compute the following equality up to a constant
0015

1 1 ~ ¢ 2 -1 ~ ' 2
= — Ll—pu—=AY Gii) o2+ A2<1 Al >~2 dt
o 2 /s [( H ; tJ) Ty ]21 +kz (474) ) o

=j+1
4 1 J -l J .
+Z/ Gm-<1 —Z/\iGt7i)0'3 -3 AL (Ai+ > A ;k)ag At + Cp.
j=170 i=1 i=1 k=i+1
(C.46)
This allows us to compute the first order conditions with respect to v, 7 = 1,... 4.

Since the formulas are too complicated to be written explicitly, we simply summarize

the first order conditions by writing g#;% =0,(j=1,...,¢), which are equations (C.65).
J

C.3.2 Dealer’s Pricing Functions (A, p, 1)

In this section, we assume that the speculator’s trading strategy is given by (C.5):

B; o
L (v — po)dt + 5 (dvy —dwy ;) ifj=1,...,¢,
day; = ¢! #(te = pdt 7 (A = duy) (C.47)

i (v — py)dt ifj=0+1,...,m;
Since we are interested only in the existence of an equilibrium, we consider only strategies
with constant coefficients: 5; >0 (j=1,...,m),and v, >0 (j =1,...,¢).

Equation (C.12): dx;; = By ;(vy — py)dt + Gy ;dvy + 23;11 Ai,jdut,i implies that, for

®The constant is Co = 55 (3o + p’op + Z?i;” N262).
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i = Cov(dvy, dyr;) Gy
ti — ==
J Var(dy; ;) G%j—‘f_ <1+Zy 1(Az ) >
’ C.48
A _ COVt(Ul, dyt,j) . thj + th ( )
tj = . = -
Var(dy; ;) G2, + <1+Zg 1(Az ) )a
where
B ;2 _
by = =25 J=L....m (C.49)
For j=04+1,...,m,
3 Covy(vr, dyy,;) By ;%
)\ - )\ ;i = ’ = 2 i
t,j Vart(dyt’j) 6’3 ) (C 50)
which implies
Grj = Aa, j=L+1,...,m. (C.51)

We search for an equilibrium in which X ;, p;;, 1, and ¢, ; are all time-independent.
Hence, the speculator’s expected profit at ¢ = 0 given by (C.46) has time-independent
coefficients, and therefore the optimum ~; ; should also be time-independent. Thus, in
the rest of this Appendix we ignore the time dependence for all variables, except for B, ;
and X; (although their product is constant).

Define
;

dA,;t = dz — dw;} = dz — ijdyt,j, (C.52)

Jj=1

where the second equality follows from (C.8). Equation (C.12) implies that

¢ ¢ ¢
dzy = —(ijBt,])( — vy dt+( Zp] )dvt Z(pﬂ— Z (pkAi))dUt,j+d€t-

j=1 j=1 k=j+1
(C.53)
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Then,

N ¢ ¢
Covy(vy,dzy) - ijl p;iBi%+ (1 - Zj:l PjGj> o

— - 2 . 2 :
Var(dz) (1=, Gy) o3+ iy (0 Shgr (A])) 53+ 02
(C.54)

In general, 1 — 25:1 piG;=1— 25:1 PG =1— Zﬁzl(C’]{l -CH)=1-(1-C}) =
C}. Similarly, p; + Zizjﬂ (pkAi) =p;(1— Zi:jﬂ pk’ka’iﬂ) = p;CI. If we denote

Ot =1, we get:

,u:

= - Z?:l p;i(Bt %) + (C’})af} _ - Z§:1 piP; + (Cel) (C.55)
(CHo2+ 50 (0,01 52 +02  (C}) +aX iy (pCI") + b

C.3.3 Equilibrium Formulas

We now put together the equations derived in Sections C.3.1 and C.3.2, to derive the
equations satisfied by the equilibrium coefficients. This is a system of equations in
the variables v;, p;, Aj, &5, i, A\, for j = 1,...,¢. These are the coefficients used in the
speculator’s optimal strategy, and the dealer’s pricing functions. The dealer’s pricing

functions are given by the formulas:

j—1 V4
dw,; = Z pidyei, j=1,...,¢, dw/, = Z pidyu.i, (C.56)
i=1 i=1
and (j=1,...,m):

pt,‘_pt,'—l = )\'dyt,‘v J?é€+17
j j 34t (C.57)

Dro+1 — Pre = Mep1dye e +pdz, j =041,

To describe the speculator’s optimal strategy at (¢,j), note that in equilibrium the

coefficient E; on de is zero for all j = 1,...,m. Then, equations (C.5) and (C.12)
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become (j =1,...,m):

dxt,j = 151 t(vt — pt) dt + ’y](dvt — dwt,j),
B j—1 (C.58)
= - _]t(vt —p) dt + G, du, + Z_; A dugy,

where 7; = 0 and A' = 0 for i < j = £+ 1,...,m. From (C.39), the equilibrium

expected profit at t = 0 is

2o 1 1( 2 2 S 2~2 2 2)
= —+ — 1 =Y, + Z) Vo, + pcos | dt
WA ( ) ;( ) p
¢ i (C.59)
+Z/ (Gj(1 Y;)o? — A;Z;&i)dt,
j=10 i=1
where, as in equations (C.26) and (C.27),
k k
Vi = > NG Zpo= N+ Y NAL k=10 i=1.. .k
o m (C.60)
Yo = n+A3>.G,, 7, :X(HZA;Z).
=1 j=i+1

We now derive the formulas for the equilibrium coefficients. Using equations (C.19)
and (C.20), we derive the following formulas
5

a+yi4-

J ~ 2 2
; a+7+ -+
Ci— 1 - = :
H.< P i+t

Pj =

h=i ) ) (C.61)
CL’YJ’ apj
G~ = ’}/Cl_ = = = y
J I~ j—1 a+fy%++f}/]2_l 1_pjf)/‘7
= O S g T a

Rewrite equation (C.36): ¥, = —2\ D (Bei%e) + (1 =Yy )00 + 570 (Z7,)60 + o
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Using (C.49) and (C.51), we compute:

¥ i
= = —2AZ¢j —2\(m — OAa+ (1= Y,)* + Y (Z3)%a+ p*b (C.62)
v j=1 j=1

This implies that 3 is a constant. Then, the transversality condition (C.40) implies
¥, = —3, which after division by ¢2 implies:

2

52
O—’U

~ e (C.63)

We finally obtain

~

¢ -1
Z (m—0—1D)Na+(1-=Y)2+ (Z2)%+ 1. (C.64)

1

J
As explained at the end of Section C.3.1, the first order conditions for the speculator’s

optimization problem with respect to v are too complicated to be written explicitly,

therefore we simply summarize them by:
0 _ g, j=1,....0 (C.65)
Equation (C.22) implies that
A= Atpp;, j=1,...,0 (C.66)
Equation (C.48) implies the following formulas for ¢;:
Gi(Aj = pj)

¢ = LN TPy (C.67)
Pj
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The equation for p is

(CH) +aa(pCl)" +0

The equation for p; is

0 :
= = C =10 C.69
Sl E ey S (C.69)

Equations (C.64)—(C.69) provide 4¢+2 equations with 4/+2 unknowns: v;, p;, Aj, ¢;, i, .

C.4 Generalization of the Slow Model: m > 1, /=0

Because ¢ = 0 in this section, most of the equations in the previous section become
trivial. In particular, according to the analysis in the previous section, v; = 0 for
7 =1,...,m. Extra care, however, is required in obtaining the equivalent equations
for (C.55) and (C.64).

To obtain the equivalent for (C.55), we note that, unlike the case when ¢ > 0,
the news dz; = dv; + de; is not predictable from the previous order flow. Therefore,

dz, = dz, and equation (C.54) becomes

dz : 1
o cOvt(vl,N 2) 2% = . (C.70)
Var,(dz;) oy +oe 1+b

To obtain the equivalent for (C.62), we compute first Y,, and Z7  as in (C.60):
Yo = pu, Z2 =X\ j=1,...,m. (C.71)

Equation (C.62) becomes

—c = —mNa+ (1 — p)? + 4. (C.72)
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Since a = ma, and (1 — p)* + p?b = 125 = (1 — p), we obtain:

: 1_y) Dot G
PR Gt DR T 5278 (C.73)
a o2
The price impact coefficient is the same in all periods: A; = )\ for all g =1...,m.
Moreover, from (C.50) we obtain f;; = B;; = 5%‘% = onggit) = C(f‘it). We obtain the
following equations
1 o2
= = v C.74
s 1+b  o2+402 (C.74)
PV S C R S/ (C.75)
;= a T o Yo(o? +02)) |
1 1 afc+(1—p\" 1 1 o, o202 12
By = — - = ——— 5 |1+ a5 "= ] (C.76)
ml—tc a m 11—ty Yo(02 4+ 02)

Note that these are the same equations as in the slow model in the main paper (m = 1),
except that ;; is now % of the (3; in the main paper. This is to be expected, because
when the speculator has m trading periods in the interval [t, ¢+ d¢], he divides his trades

equally so that on aggregate he trades in the same way.

C.5 News Trading Aggressiveness

We define the speculator’s news trading aggressiveness to be the covariance of the spec-

ulator’s aggregate order flow with the news:

AGG, = Cov <Z dzy; dzt) . (C.77)
j=1

Intuitively, the larger this aggressiveness measure, the bigger the weight by which the

speculator trades on the news. Using equation (C.58): dx;; = %(Ut —p) dt + G do +
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Figure C.3: Effect of Lag ¢ on the Speculator’s News Trading Aggressiveness.
We plot the speculator’s news trading aggressiveness, AGG, against the lag parameter ¢. The news
frequency parameter is m = 7, while the lag parameter varies from ¢ = 0 to £ = 7. The other parameter

values are 0, = 1, 0, = 1, and ¥¢ = 1.

0.7

0.5 ]

0.4} 1

AGG

0.3F b

Zf;ll A; du; ¢, it follows that AG G, is constant, and is equal to
AGG = > Gyl (C.78)
j=1

We now let the parameter ¢ vary, holding the news frequency parameter m constant.
The results are plotted in Figure C.3 in the case m = 7. We see that the news trading

aggressiveness is a concave function of the lag .
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D Generalized Information Structure

D.1 Model

In this section, we extend our baseline model to a more general information structure.
Specifically, we relax two assumptions. First, we relax the assumption that the specula-
tor observes perfectly dv; and allow for a noise in the speculator’s signal on dv;. Second,
in addition to the signal on dv;, we allow the speculator to receive another, possibly
noisy signal about the incoming news dz;. Formally, at t = 0 the speculator observes vy

and, at each subsequent time ¢, he receives two signals

dSl’t = d'Ut -+ d€1’t, with d€17t = O'ldBit, (Dl)

d527t = dZt + d€27t, with d€27t = O-Qng,ﬁ (DQ)

where Bf ; and Bj, are Brownian motions independent from all other variables and from
each other. We do not make any assumption about the relative size of o, and oy, that
is, the speculator’s signal about the innovation in the fundamental may be more or less
informative than the public news. Note that this extension nests our baseline model as
the limit case when o7y = 0 and o9 — 00.

Compared to the baseline model, the speculator no longer knows v, perfectly. In-

stead, the speculator’s expectation of the asset value at ¢ just before trading at ¢ is:

wy = E(v1 | F), (D.3)

where J; = {vo} U{s1.+}r<t U{S2+ }r<t U{Dr }r<t U{2r }r<t U{ds1:} U{ds2,}. Note that,
as in the baseline model, the speculator’s information set 7;, when he chooses his order
dzy, includes his signals, prices, and news up to date ¢, as well as his signals ds;; and
dsg.

An important difference between the current setup and the baseline model is that
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the speculator no longer knows v; perfectly. Instead, he forms a forecast w; that evolves
according to the following rules. Initially, wg = wvg, as the speculator starts with a
perfect signal about vg. Subsequently, if ¢ € [0, 1), in each interval [t, ¢ + dt] there is the

folowing sequence of events:
e The speculator receives signals ds; ; and ds; 2, and submits a market order for dx;
e The total order flow dy; = dx; + du; executes at the price pyrar = ¢ + \dyy;
e The speculator observes (or infers) the dealer’s news dz;.

Thus, at the end of [t, ¢ + dt], the speculator updates his forecast by using not just his
signals ds;; and ds; o, but also the news dz;. Since ds;s = dz + de; o is an imperfect

signal of the news, the speculator’s forecast w, evolves according to:

dw; = E(dvt | dsp¢ Udsg U dzt) = widsyy + wedz, (D.4)
where
—2 2
0y O,
wp = ) We = . D.5
Y o402 40,2 072+ 02+ 02 (D-5)

By analogy with the baseline model, we define a linear equilibrium one in which the

speculator’s strategy is of the form:

dz, = Bi(wy — q)dt + y1.ds1e + 72,0dsa (D.6)

As in the baseline model, the drift component of the strategy (5;(w; — q;)dt) is called the
value trading component, while the volatility component (v ,ds;; + y2.dss,) is called
the news trading component. We rewrite the news trading component by replacing the

two signals ds;; and dsy,; into the expectation of the news given the signals and its
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orthogonal component:

@t = F (dzt

dsl,t U d827t> = Qldsl,t + (92(1827757 (D 7)

dZtl = 1dsi g + Padsay,

where formulas for 6, 65, ¥, and 1), are given in equations (D.15) and (D.17) below.

D.2 Equilibrium

In Theorem D.1, we prove two main results. First, we show that the optimal strategy
of the speculator has a news trading component that only involves a;t, the speculator’s
forecast of the news, and not dz;-, the part of the signal orthogonal to his news forecast.
Second, we prove that a linear equilibrium of the model exists, if a certain system of

non-linear equations has a solution.

Theorem D.1. Consider the version of the fast model in which the speculator observes
two signals at t € [0,1): (i) a signal about the value change, ds;; = dv, + deyy, and
(i1) a signal about the incoming news, dssy = dz; + deas. As above, denote by éEt
the speculator’s expectation of news given his signals, and by dzi- a combination of
the signals orthogonal to a;t. Without loss of generality, we can write the speculator’s
trading strategy as

d.rt = Bt(wt — qt)dt + %a;t + O[tdZtL (D8)

Then, the speculator’s optimal strateqy must have oy = 0 for all t.
Furthermore, consider equation (D.34) derived in the proof, which is a cubic equation

in g. Then, if this equation admits a solution g € (0,1), there exists an equilibrium of

5Note that in the baseline fast model a;t coincides with dv;. Formally, we have o1 = 0 (precise
signal about dv;) and o3 = 0o (no signal about dz;). Then, ; = 1 and 6 = 0, which implies dz; = dv;.
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the model, of the form:

de, = Bi(wy — q¢)dt + Va;ta (D.9)
Pt+dt = (Gt + )\dyt, (DlO)
dg = My + p(dzy — pdyy). (D.11)

where 7y, p, A, i, ¢ are given by equations (D.33) and (D.32) derived in the proof.

As in the baseline model, the equilibrium reduces to a cubic equation in g € (0, 1),
but here the coefficients are much more complicated. Numerically, the cubic equation
has the same properties as in the baseline model. Indeed, for all the parameter values

we have checked,” we found that there is a unique solution g € (0,1).

D.3 Proof of Theorem D.1

First, we give formulas for the coefficients of Eth and dz;-. We start by computing the

various instantaneous covariances among the signals ds; 1, ds; o and dz;:

2 _ 2 2 _ 2 _ 2
O, = 0, + 0., Oz = 0y, Oz = 0,
(D.12)
2 _ 2 2 2 _ 2 2 _ 2
Oy, = o, +071, Oy, = O, + 05, Os59 = Oy
Denote by A the instantaneous covariance matrix of the signals ds;; and ds; o:
2
o o
S1 §182
A = (D.13)
2
Os1sy O,
"We normalized o, = 1, and for the other volatilities (o, oc, 09 = (E())1/2, o1, 02), we chose

random values from the exponential distribution with mean 1.
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Then, we have

— 0 0251
dZt = 91d817t+92d827t, with ' = Ail . (D14)

82 UZSQ

We compute:

2 2
0,02

91:

252 252 2,72 252 227
o50; + 0507 + 005 + 007 + 0105

2 2 2 2 2 2
0,0¢ +0v01 +0601

(D.15)

252 2,2 252 2,42 2
050+ 0201 + 005 + 007 + 070

5 -

Moreover, we want dth = 1dsy 1 + eds, 2 to be orthogonal to HEt = 01dsy + Oxdsg,.

In matrix notation, if we denote matrix transpose by 7', this translates to:

T

L Cov(dst, @) = [ ] A6 6] = [ ] [0 0oa]” = 0. (D.16)

dt

Thus, we can simply take

0.2

2
JZS Ov v
P = —1, Py = L= 2 = . (D.17)

2 2
0259 o5+ 0

For the rest of the Appendix, we make the following notations:

o = Evar(dzt)’ Ohy = ECov(dzt,dvt), Ohz = ECov(dzt,dzt),

1 1 1
i Evar(dzf), Oop = aCov(dth,dvt), Ooz = ECov(dth,dzt),
ol = EVar(dwt), Ohw = ECOV(dwt,dZt)a Oow = &Cov(dwt,dzf),

(D.18)

and so on. For future reference, we compute some of the more important variables.

First, note that @t is the speculator’s expectation of dz;, therefore Cov(a;t,dzt) =

Cov(a;t,a;t) = Var(a;t). Similarly, Cov(dzt, dz;) = Cov(dzf,a;t) = 0. Also, Cov(dst,i,a;t) =
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Cov(dss;,dz) for i =1,2. We get:

1
02 = Opy — &COV(QldStJ+92d8t72,d2t) = (91034‘6‘20’3,

1
Ohy = E COV(@ldSt’l + 92d8t72, dUt> = 810'12) -+ 620'12),

Ooh = Ooz = 07
(D.19)
Ows = ECOV((MldStJ + wedzy, dzy) = wio? +w.o? = o2,
1 _—
Ohw = &Cov(wldst71+wedzt,dzt) = W10 + w0},
1
oy = Evar(wldb“t,l twedz) = wio] + 2w, + weo?,

We now proceed as in the proof of Theorem 2. First, we compute the optimal trading
strategy of the speculator, while taking as given the dealer’s pricing rule.
For t € [0,1), the speculator’s expected profit is m; = E; (ftl (v; — pT+dT)me>, where

the expectation is conditional on the speculator’s information set 7;. We compute:®

1
T = E, (/ (wT+dT _pT—&-dT)de)
t

=& (/tl ((wT +dw:) — (¢ + Adyﬁ)%) (D.20)

— E (/1 (wT — ¢+ dw, — Ade)de> ,
t

where the first equality follows from the law of iterated expectations, and the second

equality follows from dx, being orthogonal to du,. Since dz; = fi(wy — q)dt + %&Zt +

8We are only interested in the existence of an equilibrium, conjectured to have constant coefficients.
Thus, the speculator assumes that the dealer uses a pricing rule with constant coefficients.
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a;dz;t, we compute:

mn = E (/tl (wT — ¢, + dw, — )\deT>dx7)

1
= / (,BTV,:,T + 7, Cov(dw, — Ayrdz,, dz;) + a, Cov(dw, — Aa,dz;, dzf))
¢

1
- / (67"/15,7' + VrOhw — )\’772—0-}% + Q00w — )\Oé?_O'?).
t

(D.21)
where
‘/t,T = Et((wT - QT)2)7 TE [tv 1) (D22)
The dealer’s quote ¢, evolves according to:
dg, = pdz; + Ady,, (D.23)
where
A= X—pp. (D.24)

Then, V, . evolves as follows:

Vietdr = Et((w’r +dw, — g — qu)2>
= Vi — E((w: — ¢:)dg.) +E.((dw, — dg.)?)
= V,, — 28,V,.dr + E, <(dwT — Aydz, — Aapdzt — Adu, — Mdzf)2>.

(D.25)

We now use equation (D.19), which implies 0,, = 0,, = 0. Hence, V. satisfies the

first-order linear ODE:
dV; -
Y= 2AB Vi + 02+ A%20? + A2020? 4 A2o? + 1o
dr (D.26)
— 2MV,0h — 20000 — 2004, + 2AY 0.
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Substituting this into (D.21) yields

1d‘/t7' ! 2 2 2 2
T = _/ 2_/\7—’_/ VrOhw = AV70h + Q00w — A0,
t t
2 2.2 2 2.2 2 2 .2 2 2
L out Aoh 4 A ;ATJO + Mo, +p7o; (D.27)

'uiwz + 'yf/whz> dr.

— V7O0hw — OrO0oyw —

As usual, since V; ; > 0 can be arbitrarily chosen for 7 > ¢, the transversality condition
Vi1 = 0 must be satisfied.
We now turn to the choice of ~, and «a,. The first order condition with respect to

v- and and «, in (D.27) are, respectively,

0 = opw — 2/\77'0721 + A/VTO-}%, — Ohw + 1Ohz,

(D.28)
0 = opw — 2)\oz703 + AozTag — Oow,
which yields
Ny = K Ohe _ H
T Atpp oop Atpp (D.29)
a, = 0.

since equation (D.19) implies that oy, = o?.
Next, we derive the pricing rule from the dealer’s zero profit conditions as in the

baseline model:

Covi(vr,dys) B + 1Oho

P _
! Var, (dy;) vEor + o2
_ COVt(dZt> dyt) _ YtOhz
Pt Var,(dy;) Vior + o2’
) (D.30)
. Covy(v1,dz — pedyy) _ — Pt + 05 — PYieOhe
' Var,(dz — pdyy) 02+ pi(Vioh + 02) = 2002

_ —pe S + 02 — PO he
02 — o2 + (1 — pyy)203 + pio?’
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where the last equality follows from the formula: dz; — p,dy; = dz —c/lzt +(1- pt%)a;t —
pedug, which implies é Var,(dz; — pdys) = 02 — o7 + (1 — piye)?os + pio?.

We search for an equilibrium in which 8%, v , A, ps, p¢ are constant. Since >3
satisfies the same ODE (D.26) as Vj, the transversality condition implies ¥y = V1 = 0.
Therefore, ¥y = (1 — )X, f; = % Also, we adapt equation (D.26) to ¥;, and note

that % = —Y. Since we have previously observed that o,, = 02 and oj,, = o}, we

get:
—Yo = —2ABX0 + 02 + A*o? + pPo? — 2u + A*y o — 2MY0p, + 2Ayuor,  (D.31)

Formulas for the constants involved are given in (D.5), (D.15), and (D.19).

We now use a similar method as in the baseline fast model, and define the following

variables:
2 2 _ 2
— by
a:J—;‘, L 20", c:—g,
h h Oy
2
Ah - O-_;’ Ahv = O—_h;v ete.,
O—’U O-U
2
- R - )
g=1, A=A\, p=op1, fi= A A =AMy, = 5020
a ac?
(D.32)
Then, a similar computation as for the baseline model produces
x . 1 ~ qg o 1+g
24b(l+g) T 1+g M T 2%b(+g) (D.33)
p= _tte (U et |
2+ b(l+g) M 21 b(1+g)
With these notations, equation (D.31) (after dividing by ¢2) becomes
2 Ay A2 A 1 A2 Ap - 2 -
= ——— Ayt —— P = 2—jit+ — — 2N+ ——Afi D.34
An g Ang A%M Ahlu Ay, Ay, Ay, H ( )
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Figure D.1: Effect of Speculator’s Signal Precision on 7, 5, A. The figure compares
the effect of the speculator’s signal precision v = U% in fast model with generalized signal structure.
The graphs plot the following variables in the model against the 14 parameter: (i) the news trading
intensity «y; (ii) the value trading intensity Bp; and (iii) the price impact coefficient A. The other

parameters used in the numerical procedure are o, = 0, = g, 29 = 1, and 09 = +00.
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As in the baseline model, this is a cubic equation in g € (0,1), but the coefficients
are more complicated. Numerically, however, there appears to be a unique solution

g € (0,1), as in the baseline model.

D.4 Some Comparative Statics

We consider the case in which the speculator observes only a noisy signal of dv;. Thus,
we assume that at ¢ (i) the speculator receives a noisy signal about the fundamental
value ds;; = dvy + deyy, e, o3 > 0, and (ii) the speculator’s signal about the news
dse; = dvy + deg, is uninformative, ie., oo = 4+00. (Note that the baseline model
corresponds to o1 = 0 and 09 = +00.)

We first perform some comparative statics with respect to the precision of the specu-
lator’s signal, v; = (TLl Figure D.1 studies the dependence of the news trading intensity
(), the value trading intensity (), and the price impact coefficient (A) on v, = o% We
observe that the speculator’s news trading intensity () decreases and the value trading
intensity increases when his signal is more precise (o is higher). This is a result of the

substitution effect between value trading and news trading. Indeed, when the signal is
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Figure D.2: Effect of News Precision on 7 and SPR. The figure compares the effect
of the news precision v, = Ui in fast model with generalized signal structure. The graphs plot four
variables in the model against the news precision parameter: (i) the news trading intensity v; (ii) the

value trading intensity [3p; (iii) the price impact coefficient A; and (iv) the speculator participation rate
Var(dz:) _ g

Var(dy:) ~ 14g°
and o9 = +o00.

The other parameters used in the numerical procedure are o, =0, =01 =1, ¥g = 1,
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more precise, the speculator trades more on his long term signal (value trading), and
therefore trades less on his short term signal (news trading). Furthermore, when the
speculator’s signal is more precise, the dealer is subject to more adverse selection, and
therefore the price impact coefficient A is higher.

Next, we perform some comparative statics with respect to the news precision pa-
rameter, v, = Ui Figure D.2 studies the dependence of the news trading intensity (7)
and the speculator participation rate (SPR) on the news precision parameter v, = Uie
As expected, the speculator’s news trading intensity () is higher when his signal is

g

more precise, and so is the speculator participation rate SPR = Trg:
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E Closed-Form Solution When o, =0

In this section we provide a closed-form solution for the equilibrium coefficients in the
fast model in the special case o, = 0. Note that the proof of Theorem 2 also works when
0. = 0. Then, it is still the case that g is the unique solution in (0, 1) of equation (23).
But when o, = 0, the equation becomes quadratic. One can now check that the unique

solution in (0, 1) of this equation is:

o (0

The formulas for the other coefficients then follow from equations (18)-(22) in Theorem 2:

1 o (1—g)o?
P “ 1 v E.2
K 1—t (Zg+ 02)1/? ( T, ’ (E2)

F u
- % g4 E.
¥ o 5)1/2( 9), (E.3)

(Zo + 02)1/?

Ao 2 v E4
ou(l+g) ' (E4)
14+g

pt o= — (E.5)

2
g,
pho= (E.6)

20,(Xg + 02)1/%
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