The notes on the following pages provide additional detail for the appendix to “A
Simultaneous Trade Model of the Foreign Exchange Hot Potato,” by Richard K. Lyons,
Journal of International Economics, 42 (1997) 275-298. These notes are referenced in
that article as “available on request.”
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A.2.4. Gaps in Appendix Section 2

Getting From Eq. (A4) to Eq. (A5)
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Using the fact that (i) E[F~P2[QTi2]=/LiF-P2 and (ii) the moment generating function for a

From the law of iterated projections the expectation can be written as:

EP2,;L1F [EF [‘e"p [”anil(Pz“P 1)‘(“1F'P2)E;1(F"P2)] ‘ Q’I‘iz]

normally—distributed random variable z implies Elexp(kz)] = exp(kuz-{-kzo'i/ 2), we can rewrite

the the inside expectation over F as:
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where [—(uiF—PZ)E;.l] corresponds to k in (ii) above. This leaves the objective function with two
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remaining random variables:
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Getting From Eq. (Al1) to the First Order Condition
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Collecting terms involving the random variable V” yields:
®
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Now, factoring those terms involving V’ yields:
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Igax expl: 5[2 9(Dil)(AVDi1+’}'cici+’ysisi+’)’ss Pl) + 22 [7rDDil+7rcici+7rsisi+7Tss]
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where A= EV’_HFV’E?.
and B= (7rv,/22)(7rDDil+7rcici+7rsis.l+7rss) - (;LV,/ZV,) + BAVDil

which is equivalent to:
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The integral within large square brackets is proportional to a cumulative normal density with a
mean of —B/A and a variance equal to 1/A. Since the factor of proportionality is a function of
the variance only, which does not include Dil’ maximizing this whole expression is equivalent to

maximizing the expression in large curved brackets:
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The first order condition is:

2,-1 241 -1 -1
[XlA -7rD22 —20AV} D, - {OfycierwciEz X, X,A ]ci

—1 -1 1 1
- [975'1”1)7'5122 X X A }si - [9fys+7rD7rSZ2 X, X,A ]s + le__ 0

where the coefficients Xl,...,X 4 e calculated in the next section.

A.2.5. Coefficient Algebra (Available on Request)

Below we use repeatedly the following result. Define x = x + N and v, =x + z;, i=l,...,n. Let

each z,s i=0,...,n, be distributed independently and normally, N(U’Sz ). Then:

1

-1 -1 -1
ZEZ + y12z + o+ ynZz

0 1
E[le yeons ¥, ] proeed

1" n DD !
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where the denominator = Var[x I yl,...,yn]_l.

Calculating Asl in the period—one pricing rule

We want to determine Asl such that E[DillﬂTl]-i-E[ci! QT1]=0. From the first page of the
appendix, we know that E[cil(lTl]:)\css. The E[Dillﬂ,m] term comes from the demand

function in Eq. (A12). Specifically, recognizing that the coefficients on S Sy and s equal

(ﬂl 1——1——5ci), (ﬂ21~5si), and (ﬁ31~5s), respectively, we can write:
(ﬂll—l"éci)E[ci[ QTll + (ﬂ21-6gi)E[SiI QT]_] + ()631—68)8 - (0/(})?1 + E[c; I Qrm] =0

collecting terms, and recognizing that E[silﬂ =)\css we have:

T1]

Py= (G/O)A (B 48y, =08 )+ By, -0 ]s

- ASls

Calculating /\82 and /\V in the period two pricing rule

We want to determine {)\52,)\V} such that E[c|s,V] = )‘528 + )\VV. Since nothing in the model
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provides information on the individual components of ¢ (i.e. F and V), we can write:

E[F|s,V] = /\FCE[c]s,V].
Now, note that: E[cls] = E[c|c+?7] and UNN(O,E,”).

The linear trading rule in Eq. (A15) and the definition of V in Eq. (6) imply:

V= ElT = ﬂll 2 c + ﬁzl E s + Il(ﬂ31 ﬁ41A )s.

i

To make the signal in V orthogonal to the noise in s, we construct the statistic Z, where:

1
2, EV"‘(ﬁ31”541A51)s ey A1 . - By, 3 :
n(f,;+5 ) n(B, +B,) i=1 ' n(f)+B,,) i=1

Note that (Z,~<)VN(0,5,,), where 5,.= (1/0){0,,/(0,,+0, 1’5, + (1/n)1By,/ (B +8, 1'% ¢

Note also that the last two terms of Z | are distributed independently of s. Hence, we can write:

8,42, 3,)
1721
E[cls,V] = __1 =
SC +2n +8,0
Finally, note that Z 2 Zln(ﬁll+‘621) Zl(ﬂ?’l ,@41 sl)/(ﬂll+ﬁ21) Hence:

Il

elsV1 = [ 55085 By A VB, ) | (548,45 s

-1
4 [xmn(ﬂll+ﬁ21)(2;1+z;1+2'z*§)] v

)\szs + )\VV

Calculating the ¢'s

We want to determine {¢Ci,¢ Ko ¢V} such that EF]c 15,8,P

. (Not :
+¢81sl+¢ s+¢VV (Note that equilibrium Pl’ Pz, T, L and T11
here given the other conditioning variables.) Agam, because nothing in the model provides
information on the individual components of ¢, we can write:

T TipVP = by

are informationally redundant

E[F| ci,si,s,V] = }\FCE[c | ci,si,s,V]

Now, E[c|ci] = E[c]c+xi] and XiNN(O’Ex)
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E[c‘s.l] = E[c|c+§i] and €i~N(0’zf)
Elc|s] = E[c|c+7)] and 7]~N(0,2n)
Elc|V] = E[c@frn]

To make the signal in V orthogonal to the noise in Cr 8y and s, construct the statistic Z2 where:

Zy= [V—-Til—(n—1)(ﬂ31"ﬂ 41Asl)s][(n_1)(ﬂ 11+ﬂ 21)]-1
n

=c¢ + ﬂll[(n—l)(ﬂll+ﬂ21)]—lk§xk + ﬂzl[(n_l)(ﬁll‘l—ﬁ?l)]—lk};.€k.

Note that (Zz—c)NN(O,E where:

Z2))

- -1 2 -1 2
Sy= (n1) 18, /B, By B, + (0-1) 1By, /(B +By, I B

Note that the last two terms of Z2 are distributed independently of < 8 and s. Hence, we can
write:
~1 -1 —1 —1
cizx +Si2¢f +sZn +222‘.Z2
B g g g —
L+E +§J5 +Zn +3,

(A15) Elc l ci,si,s,V] =

Finally, note that:

222'2'; = 2;;[(“'1)(ﬂ11+ﬂ21)]—lv - 2:;;[(n_l)(611+ﬂ21)r1[(ﬂ11°i+ﬂz1si+('631“ﬂ41A51)S]
—1 -1
= BolB1+By)) (B By Ay Nls

Taking account of the c 8y and s terms in ZQ’ we have:
- —1 ~1 -1
0= Apclmdy ~ Apcipcizol((By B By,
o= B %7 - A% S lm-1)(g, +8, )8 and
si- “'Fc EBc ¢ Fc Ec™ 72 11 Pt Pap
0= ApZp 2~ Ap e Sppnln-D(By 48, )1 (By=B A )
s "Fc Ecn Fc"Ec 72 117721 31 741 sl
where \_ comes from E[F|Q]=A_ E[c|€], and X = (E—1+2—1+2"1+E—1 -{-).}—_1)—-1 (Note
Fc i "Fe i Ec™ YYc "Tx ¢ T 72 -
from the outset of appendix section A.2.5. that EEC — the inverse of the denominator in Eq.

(A15) — is equal to the conditional variance of ¢ with respect to QTiZ') Finally, from Z2 we

have:
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Oy= Apcig, 2zz (n=1)( ﬁ11+ﬁ21

Calculating the p's

We want to determine {pci’psi’ps} such that E[cJ I ci,si,s]= pcici+psisi+pss' Note:

E[cjlci,si,s] = E[c+le Ci’si’S] =Efc [ Ci’si’S]
Since < 8p and s are signals of ¢ with precisions 2;1, 221, and 2“1 respectively, we can write:
—1 o1 w1 o1 o1 —~1 gl 1 o1 o1
E[clci,si,s] = (Ex /S; +Ex +X ¢ +Efl e, + (% ¢ /Z‘c +Ex +X ¢ +277 )s,
~1 w1 o1 o1 1, _
+ () /B AT AT+ s = p e tp s A s

Calculating the Period—One §'s

We want to determine { (5(:3,531,53} such that E[T; 1Ici,si,:;] = 6cici+5sisi+6s'

E[T;llci,si,s] = E[le | ci,si,s] = E[’Bl1Cj+ﬂ2lsj+(ﬁ31“ﬂ4lAsl)slci’si’s]
= 01Ble;  cpsysl + By Bls;lcpsysl + (B =By A )s
= 'BllE ]c 8. ,s] + ﬂ E Ic S, s + (ﬂ3l_ﬁ41A 1)s
('811+ﬁ21)('°c1 HPgo P + (531 By Ay
= By +By )P gle; + 1B 1 +851 )0 Jls; + By +By )0 +(By =By Ayl
z (S’Sici+65isi+§s

Calculating the Vs

Py= Aggs + Ay(Tyy+V7)
= AS2S + AV(Di1+ci+E[T§1‘Ci’si’s]) + AVV’
= AVDil + AV(1+6ci)ci + AV(Ssisi + (AV§S+ASZ)S + AVV'
= AyDyy + Ve + T+ e+ A

Calculating the 7's

We want to determine {7rD,7rci,7rsi,7rs,7rV,} such that '“iF“P2 7rDD 1+7r c+7r s+?r s+

Ty, V', where e p = BLE lci,si,s,l’l,lil,l : 1,V,P2]. From Eq. (A6) we have:
ppPy = e, + bys; + G5 + OV - Py

But: @ V=V +T,
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(i) P2 = As2s + AVV = As2s + AVV + AVTil

(i) T..=D., +c. + 0 .c. + 6.5 + 0s.
il il i cli s11 )

Makiug these substitutions yields:

/'LiF—PZ ¢C11+¢811+¢S+¢VV +T1)—( S+AVV,+AVT11)
= ¢c1 i + ¢31 i ¢ A )s + (¢V V)V' + (¢V_ V)T
(¢V V)D + [ ¢ +(¢V V) 1+6 )C + [ ¢ +(¢V V) Sl] i
(4’ -A 2)+(¢V V)6 ls + (¢V_Av)vl

._7rDD1+7rc+7rs+7rs+7rV,V

Calculating the X’s

From the optimization problem in Eq. (Al1l) we get the first order condition:

~1
40AVDi1 + 29(’)/ Y8+, s—P ) + 27r E (7rDDi1+7i’cici+7rsisi+7rss)

-2A B(1r 5 oA V)=

D"y’

where B is defined above in appendix section A.2.4.. Dividing by —2, substituting for B, and
recognizing that fiy o= (n-DE[T 1Ic 150189 P ] (n—l)(6cici+6sisi+ 655) yields:

[CRS TR oS VM

- L07Ci+7rD7rciE;1 (7rD7rV,2 +9A )[ V'gz—l"(n"l)éciz;}]Aul]ci

( -1
= | M+ Tp Ty ~(TpT

-1 —1, -1
o T OA )7 B 1) B 1A ]si

- ~()fys+7rD1rSZ ~(mymy . X

) )[wswv,E;l-(n-1)5s§};}]A‘l]s + 0P =0
2 -1 21 1 4
or [XlA 2%, —20AV] D, - [wydewdzz X XA ]ci

-1 1 -1 1
- [07si+7rn7rsi22 X Xqh Jsi - [07s+7r0”522 X XA }s +0P=0

Calculating ’\"i- and )\"iV in the period-two pricing rule

We want to determine {A . ,)\ } such that Efc ]sV A . s+A . V. Note:
cis cis " ciV
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E[cils,V] Elc|s,V] + Efx [sv Ags + AV + E[xils,V]

Now, to determine E[x Is V] we construct a statistic Z,:

3
Zg= (1/nf )V-0(By; By Ayl = “-I?Xi + (B 4By + B/ n'611»35{
From the last two terms, we define:
- 22 2 -1
Bg% (Byy+By1) By + (Byy/By )™= ¢
with which we get:
Bl [8.V] = [5,/(5, 45,125 = (5,/(5,+8,11/06, IV-n(B, =6, A, )l

implying:

Bl V1 = [\ g = B/ 543,10/, By, B8 D)5 + [y + 5,15, 43,,010/08, )|V

= Aciss + )‘ciVV

Calculating the Period—Two §'s

We want to determine {(5 2’6512’6s2’6T s 2} such that E[T/ 2] Q 2] 612c1+5 s +5 o5t

6’1‘ 2T’ +5 V This is a rather tedious calculation. We will use the notation Tkl_T’ 1,

dealer i receives dealer k’s orders (dealer i is to dealer k’s left). We begin with:

BIT | Qpiol = Bl o0y 48003y 8305+ 845 Ty 4850 V—0g9P | sy
“ﬁle S| Qpggl + BopBley [ Q] + ﬂ42ET'1lQ
+ ﬁ32s + ,352\7 ﬂ62(As2s+AVV)

The three remaining expectations need to be solved. The first two can be collapsed into one. To

see this, note that the conditioning set together with the trading rule in Eq. (A13) allows us to
write:

E[SkIQTm]:’(ﬂn/ﬂzl)E[ckam] + (UBy )Ty = By By 801/ By s
which implies:

(A16) E[T

mig) = U015~ Og9011/ By IEIe, |yl + By BITY | R
[B39~(B31=By1 A1) Bogl By )Beal pls + (Byy/Byy)Tyy + (ﬁsz“ﬂezAv)V

Now only two expectations remain to be solved, E[ckl Q.. ] and E T' !Q For the first:

k1
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Bley | Qupyyl = Ble| Q] + Bl | D)

The first of these terms appears in Eq. (A15). For the second, the key conditioning variable is

Tkl' To extract the signal, define the statistic Z &

2y = [Ty~ (Bgy =0y, A s = By +85,)Ble| Qo1
=x (ﬁ11+ﬂ21)ﬁ11(°’E[° | Qo) + ﬁ.‘llﬂ;l&k

Since X (c—E[c| nTi2D’ and {k are mutually independent, we can write:

- 22 2
Bl Qi) = AgyZy where Ay =B [ B 4By 46y By By +(8yy /81 %
Thus, from this expression and Eq. (A15) we can express the expectation E[ck I Q'PW] as:

Bley | Q] = Ble [ Q] + Bl | D
= Ele[Qpl + /\Z4ﬁ— 1[Tk1“'(ﬂ31“ﬂ41As1)3'(ﬂ11+ﬂ21)E[clQTizn
=[1“)‘z4ﬁ§(511+ﬂ21) el @yl + Ageby T kg1 By )
= (=D g 0718y P cz“1+szgl+sz“1+z Sz + Mg TGy By Ay
Letting K denote [1-A, 4,6;1(ﬂ11+ﬁ21)]EEc and collecting terms we have:

-1 1 1 1 1 1
=KE ¢ + Kps + [KE A 0, (By B, Ay )ls + AgaPri T + Kogyly

Recall from the calculations for Eq. (A15) that:
- -1
Zz = [V—Til_(n_l)(ﬂ:;1‘16411\51)3][(“_1)(ﬂ11+ﬁ21)]

Letting R denote [(n-—l)(ﬂ11+ﬁ21)]—1, we have a condensed expression for E[ckl QTi2]:

Ele, | 0 (KS,-KRY, B, )e, + (Kzgl_m;;ﬁm)s.

—1 -1 —1
+ [1(277 —[Az4ﬂ;1+nKR2 531 ﬁ41A s + A ﬂ"l T KREZQV

Tiol =

This leaves E[Tf(llQTml as lhe remaining expectation component of Eq. (Al6) to be solved.

The key conditioning variable here is V since, due to symmetry, V summarizes the information
available regarding dealer k’s position disturbance Tllcl {(from the dealer to dealer k’s right):

E[de]QTi = (V-T,,-T, )/ (n-2)
= ~(0-2) B, <4y By =By A, o4 Ty V]

We can now plug these expectation values back into Eq. (A16).  Letting J denote
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[8,5~(Boohy1/Byy )l we have:

Zl QT12

+[IKE, "“ij—;ﬁ11)‘ﬂ42(n'2)~1511] G
+ [R5 L RY_ B, ), n—z)'lﬂzl] s,
1 1
+ K2, g, By nIKRE 4B,y B, (02) 1y =By, Ay 4By By @] ®
M4 11"'(‘622/ By B ypn-2) ]

|
[JKRE—1+ﬂ42(n 2 +(ﬁ52-ﬂ62AV)]

= 5 5. o5 6 o8+ 6T ‘9 11 + 6V2V (recall that TklETil)

Calculating 22

Y= Var[F—P Ic,s,sP

T. T P
9= V

il 2] -
= Varfc |c1,sl,s V] + Var| Vlcl,sl,s,V]

Var[(c—v)-P lc 5 15, V]

~1 ¢l 1 1 1
=1/E, +E, +Z§ +En +2,5) + 8,
where the last line uses the conditional variance of ¢ from the denominator of Eq. (A15).

Calculating E

ar[V”’ lc,s,sP V’—-uv) lc,s,sP

2
= E[(.Z.le“”v') |eppsP ]
i#
s 2
- E[(Jii(ﬁl 1c_]+ﬂ215_]+'6318—ﬂ41p1)_—pv ’ ) [ ci’si’s’Pl]
n n 9

- E[(ﬂl 1J§1CJ+I321J§ISJ+(n—1)ﬂ3 13-"(1'1"1))8411)1 ILV ’ ) l ci!siasvpl]

n n
= F‘,[(ﬂ1 1j§i(c+xj)+ﬂ2lji]i(ol-fj)+(n—1)ﬁ3ls—-(n—1)ﬂ41p1_uv ) )2 l ci’si’s’Pl]

n n 2
=E [ [(n—l)(ﬂ11+ﬂ21)c+,31lj}#]ixj+ﬂ21j§i§j+(n—l)ﬁ31s——(n—l)ﬁ41P1—-,LLV,] ]ci,si,s,Pl]

= (n1)"(8, 4, PO B T T + (DT, + (1) B
=X
’VI

The penultimate line uses the fact that Var|c | ci,si,s] = (E;1+2;1+2?+2;1)”1
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