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Introduction

e consider optimal execution over a fixed time interval of a large asset
purchase in the face of a one-sided limit-order book

e assume the ask price (best ask price) is a continuous martingale with
two adjustments :

e orders consume a part of the limit-order book, and this increase the ask price
for subsequent orders

* resilience in the limit-order book causes the effect of these prior orders to
decay over time

* there is no permanent effect from the purchase we model, but the
temporary effect requires infinite time to completely disappear.



Introduction

* show that the optimal execution strategy consists of three lump purchases,
and between these lump purchase, the optimal strategy purchases at a
constant rate matched to the limit-order book recovery rate (its
resilience), so that the ask price minus its martingale component remains
constant (section 4)

0 to T
* Goal : Minimize total cost of purchase
The present paper is inspired by Obizhaeva and Wang (2005)



Review

* Bertsimas & Lo (1998) : Trade on discrete time with permanent /
temporary linear price impact, and calculate strategy by using
dynamic programming.

Min E[Y{=q PiSe], Pr=Pey +0S; + &, Vi(Peoy, Wt ) =Min E([P;S; + Vi1 (P, Wes1)]

* Almgren & Chriss (2000) : Trade on discrete time with permanent /
temporary linear price impact. Take variance of cost function into
account (risk aversion).
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Review

* Obizhaeva & Wang (2005) : price impact of trade will change
security’s supply and demand (limit-order book, resilience), and the
optimal strategy involves both discrete and continuous trades.
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 Alfonsi, Fruth and Schied (2010) : based on Obizhaeva & Wang, with
more general shape of limit order book.
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Basic Model



Basic model

* T:total tradingtime , 0 <t <T
e X : total trading volume

* X; : cumulative purchase up to time t
* X,_ = 0, X7 = X (nondecreasing, right continuous)

* A;: best ask price in the absence of our trade, which is also
continuous nonnegative martingale.



Basic model

* i : The shadow order book to the right of A(t), which represent the
distribution of sell order
* M is some extended positive real number
 if Bis a measurable subset of [0,M), then at time t = 0 the number of limit orders
with prices in B+A4; 2 {b + A;; b € B} is u(B)
* F(x) : shadow limit-order book, which is left-continuous cumulative
distribution function

* F(x) 2 p([0,x)),x=0:

* h(x) : resilience function. Defined on [0, o0) with h(0)=0, and is strictly
increasing and locally Lipschitz

+ h(0)=0, h(oo) £ lim h(x) > =



Basic model

* E; : residual effect process, which is a unique nonnegative right-
continuous finite-variation adapted process E satisfying :

¢ By =X, — [, h(E)ds, 0< ¢ <T

« E,_ =0, AX, = AE, /\\/
* WY(y) : left continuous inverse of F E,

* W(y) £ sup{x = 0| F(x) <y}, y>0

 Y(0) & W(0+)=0("." F(x) > 0 for every x>0)

A, A+ D,

* Ask price in the presence of large investor is defined to be 4; + D;, where :
* Dt él'IJ(E't);O StST



Cost function

suppose A; = 0, and no purchase have been made before :
* The cost of purchasing all shares at prices in [0,X) :

cp(0) = [ EdF(§), x=0

* The cost of purchasing y shares is :

* o(y) = p(Wly) + [y — F(W(yD]¥(y), y=0and$(0) =0
* first term : purchasing all shares in the interval [0,x)
e second term : lump purchase at price W(y)



Example 2 (Modified block order book)

density

[ x, 0<x=<a |
*F(x)=1 a, a<x<b
x—(b—-a), bsx<w»

. Vv, O<y=a
w(y)_{y_l_b_a’ a<y<oo F(x)

* F(W(y))=yforally =0
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Example 2 (Modified block order book) # =

)y, OSySa
llJ(y)_{y+b—a, a<y<o

f%xz’ 0<yx< F(x)
p(x) = %az a<x<
é(x2+a2—b2), b<x< o
1 9
>y 0<y<a
d(y) =< ,°

%((Y‘Fb—a)z-l-az—bz), a< y<o

¢ (v) is convex with subdifferential :

(), 0<y<a
a¢(y)=< [a:b]; y=a
K{}""b—a}, a<y< o




Example 3 (Discrete order book)

density
* F(X) = Zloi() I(i,oo) (X)’ x=0 le o o .
*W(y)=XZ11i)y), y=0 5 ;
* where F(j) =, F(j+) = j+1, W(j+1) = j, W(j+) = o
* F(W(j)+) =], WF()+) =] : | 2 3
F(x) 3 —

efork=>1landk <y <k+1,WU(y)=k
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Example 3 (Discrete order book) ) 2 o) 5 Iy FCHDIVD

* p(x) = XiZo i (,00) (X)
* in particular, p(0) =0
« andforintegersk > landk—1<x<k, p(x)=Yrti= k(k-1)

i=0 L = 7

* d(y) = p(Wly) + [y — F(W(y)]Wly) X o
¢ p(Wiy) =" (fork <y < k+1, Wiy)=k)
* lump purchase: [y — F(LIJ(y))JLIJ(y)l= k(y-k) , AR
* weget:p(y) = Xpoq k (y —J k- g) Tgere+11(¥)

* ¢ is convex, with differential : _f
* 00(y) = [W(y), W(y+)], forally> 0 * ‘
* ¢'(y) =W(y)=k, forally=0




o) = p(W(y)) + [y — F(W(y)]¥(y)

Define Cost & strategy o=~ [ s,

* decompose strategy X into its continuous and pure jump parts :
* X¢ = Xtc + ZOSsst AXs

* investor pays price A;D; for infinitesimal purchase at time t
* total cost of these purchase : fOT(At + D; ) dXf

 for lump purchase:
¢ AXt — AEt
* cost of purchase AX; : A;AX; + &(E;)- P(E;)

e total cost fL%nction :
* C(X) = J, (A¢ + D¢ ) dX{ + Xo<r< T[AcAX; + &(Er)- b(E;_)]

Ay A;+ Dy

= Jy (DAXE+ Tozes 7L G(Ee) S(Ee_)] + [0 10 Ae dX,

Our Goal is to determine strategy X that minimizes E [C(X)]



Problem simplifications



Rewrite cost function
* C(X) = [ (A +Dp) dXf + Tose<r[AcAX; + SE)- d(Ec-)]

= Jo (DIAXE+ Toses 7l (B} S(Ee)] + [ 1 Ar dXe
* By integration by parts :
* JomAr dXe = (AX[F) = fy (XA, = ArXr — AgXo — fy (X)dA,
e and .’ E (fOT(Xt)dAt) = 0 (martingale), E (A7X7) = XA,, E(AgX,) =0
" EC(X) = [ (D)AXE+ Tocre ] DIE)- G(E._)] + XA,
* minimization of C(X) is equal to min(fOT(Dt)dXtC+ Yo<t<7| PIE:)- (E:-)])
e 2 theorems for minimization problem simplification



C(X) = fOT(At + Dy ) dX{ + Xo<e< 7[AtAX; + S(EL)- (EL_)]

Theorem 3.1 = JTDYAXE* Tosesrl SUEN- SLEN + [, 1 A dX,

* do not allow the agent to make intermediate sells in order to achieve the
ultimate X shares, because doing so would not decrease the cost

* proof :

suppose the agent has strategy Y, which is non-decreasing right-continuous
adapted process with Y,_ = 0, X7 —Y; = X (didn’t modeled the limit buy
order book) :

C(X'Y) = fOT(Dt ) ng t ZOStS T[cb(Et)_ d)(Et—)] + f[O,T] At dXt o f[O,T] At dYt



Theorem 3.1

* with both buy / sell strategy :
C(X)Y) = fOT(Dt ) dX¢ + Dose<T[P(Ee)- S(E¢-)] + f[O,T] Ay dX, — f[O,T] A¢ dYy
* By integration by parts :
* f[O,T] At dXt _ f[O,T] At dYt — AT(XT _ YT) _ AO(XO— — YO—) — fOT(Xt — Yt)dAt
* and E(fOT(Xt —Y;)dA,) = 0 (martingale), so
EC(XY)> E [] (D) dX§ +E Yosrs r[®(Ee)- E,)] + XAy = EC(X)



Theorem 3.2

* Assume without loss of generality that A; = 0, the cost of using
strategy X, 0 <t < T:

C(X) = [, (D)dXf+ Tocre 7l DIEL) - BE, )] = G(E7) + [, Dh(Ep)de
* proof.
* step 1:0¢(y) = [W(y), W(y+)]
+ step 2: p(Er) = [ DydXf — [ Dih(E)dt + Yocr r[ G(E:) - O(E,_)]



Part 2

Strategy solution, Conclusion



Outline

* Strategy solution
* Type A strategy
* Type B strategy

* Conclusion



Strategy

Type A & Type B



t
Etht_jh(ES)dS’ OStST
0

W(y) : left continuous inverse of F

Optimization Problem

* Goal : minimize the expected cost ¢(ET) + fOT D.h(E;)dt

* Two solution :
* Type B (the optimal one):
Xo = Eg, then buys dX; = h(Ey)dt up to time t,, then buys another lump at

time t,, subsequently trades again at a constant rate dX; = h(E;y)dt until
time T, and finally buy the remaining shares at T.

* Type A (special case of Type B):

if g(y) £ yW(h~1(y)) is convex, then there exists a Type A purchasing strategy that
minimizes C(X) over all purchasing strategies X, where the purchase at time t, consists of 0
shares.

-




Type A Strategy

* Goal : minimize the expected cost ¢(ET) +fOT D:h(E;)dt

* Type A (special case of Type B):

« if g(y) £ yW(h~1(y)) is convex, then there exists a Type A purchasing strategy that
minimizes C(X) over all purchasing strategies X, where the purchase at time t, consists of 0
shares.

* the cost strategy can be rewrite :
* C(X) = d(Er) + [} Dh(E)dt = d(Er) + [] g(h(E))dt, where g(y) 2 yW(h™1(y))
. C(X4) = G(EA) +Tg (h(X(,“)) = (Ef) +Tg <h (h—l(g‘—f‘Tq)» b(EF) +Tg (x ET)
* only when g is convex, we can use Jensen’s inequality to prove :
© O(Er)+ [} g(h(E)de = 0(Er ) +Tg (22L)
* define G(e) = ¢(e) +Tg ( ) we can find the e*(E#) that minimize G
- xg=nr

* purchase continuously with rate h(X(,“)
X=X —x§ —h(x{)T




Type B strategy

* In the absence of the assumption that g is convex, there exists a Type
B purchasing strategy that minimizes C(X) over all purchasing
strategies X.

* define convex hull of g, defined by :

« §(v) 2 sup{l (y):lis an af fine function and l(n) < g(n)v¥n € [0,Y]}
+ 9(0)=g(0) =0, §(7) = g(F)

* if y* € (0,Y) which satisfies g(y*)< g(y™), then exists unique | below g
c0<a<y"<pB<Y: o, BLY)

(@) = §(a) = gla), 1(B) = G(B) = &(B) ,
) =g(v)<gly), a<y<p -

(prove in Appendix C) 200 / .

100

q
e
2 4 6 8 0 12 14 16 18

0

y



T
CX) = b(Ey) + j g(h(ED)dt
0

Type B strategy

~ T ~

* C(X) 2 &(Er) + [, g(h(EL))dt

e we obviously have C(X) < C(X)

* By Jensen’s Inequality (12_20 pg, 14) :

* C(X) = d(Er ) +Tg (X_TET)

e This lead us to consider minimization of the function G :
+ Gle) = ple) +Tg (£2)

* prove that :
« C(XB) = G(e")



T
CX) = d(Ey) + j g(h(ED)dt
0

Type B strategy 00 2 06671+ | S (h(ED) e

g) £ yW(h~1(y))

A% * ~(X—¢e"
c C(XP) = G(e) = dle”) +Tg (5
. y* = X"Te , x* = h~(y*) = X4 (12_20 pg.12)
* discuss 2 cases :
* case 1:y* satisfy g(y*) =g(y™), can be regarded as Type A

e case 2 : y* satisfy G(v*) < g(y*)

) _the lower bond of ¢ and C




Case 1 of Type B (§(y*) =gly*))

recall Type A strategy :

» define the range of E#:
* k(x) £ x+ h(x)T (total trade volume before last lump purchase AX#)
* there exists a unique € € (0, X) such thatk(e) =X
* therefore, feasible strategy of Type A: 0 < X()‘1 <e
c EA=X-h(X{)T,  e<Ef <X
* the minimization problem we consider :
-
* Gle) = d(e) + Tg(=)
* therefore, the minimum of convex function G over[0, X] is obtained in
le, X]
* but here g(¢) < g(e), so we need to prove e* > e



v*=}?_Te*' x"=h"(y")
Case 1 of Type B k() 2 x + h(OT

K@) =X

Ge) = ()+TA<X_6)
e case x¥*=0: e) = dle)+1g\ =

cy*=0,e*=X
e casex*>0:

* subcase 0 < x* < F(0+4) (1/17_pg. 19-20)
* subcase x™ > F(0+) (1/17_pg. 21-22)

e conclusion:
* when g(y* ) = g(y*), we can use the Type A strategy
« with X = x*and Ef = e*



t
E, = X, —j h(E)ds,
0

Case 2 of Type B

*g(y’) <g)
* definety, € (0,T) by ty = (ﬁﬁ_f;)T
* sothataty + B(T —ty) =y*T
e consider the Type B strategy that :
* makes an initial strategy X§ = h™1(«)
* then purchase at rate dX? = adt,for 0 < t < t, (EtB = h_l(a))
» follow with the purchase AXZ = h™1(B) — h™1(a) at time ¢,

e then purchase at rate dX? = fdt,forty <t <T (EtB = h_l(ﬁ))

e final lump purchase X — Xg_ attime T

* we will show that XB is the optimal strategy
h_l(a) i

h=H(B)-h (@)

w




Case 2 of Type B

e 2 parts of the proof
g

h~1(a) + at, 0<t<ty,
« XBisoptimalwith: XZ =X h"1(B) + at, +B(t—t,), t, <t<T
\ X, t =T

* AXF =X —h7'(B) — aty — B(t —to)
=X-h"'(p-y'T
= e — hTI(B)

also need to prove h™1(B) < e*




T

CX) = dlEy) + j g(h(ED)dt
0

XB is optimal
+ C(X) £ §(Er) + [, g(h(Ep)dt
e we obviously have C(X) < C(X)

* By Jensen’s Inequality (12_20 pg, 14) :

* C(X) = d(Er ) +Tg (X_TET)

* This lead us to consider minimization of the function G :
+ Ge) = ple) +Tg (£2)

e prove that :
« C(XB) = G(e")



AXF =X —h™'(B) — aty — B(t — to)
B - . =X—h"1B) —y*T
X" is optimal = ¢~ hi(p)
to = (ﬁﬁ_—y;)T - aty + (T —ty) =y'T
cEF =FEZ +AEZ =h"1(B) +AXE =e¢*
gly)

¢ C(XB) = o(ER) + [ g (h(EP)) dt

= ¢(e”) +g(a)ty + gB)(T —tg) =0
= o) + (@t + BT =) ™

— * ato+f(T—tp)

- d)(e )+ Tl( T ) 100 / :

— d)(e*)-l- Tl(y*) ° 7.4 6 8 10I 12 14 16 18 Y

— (I,?(e * )+Tg\ (y*) g);*j iO,y\_i);/vzicShysatisfies Jd(y )< g(y™), then exists unique | below g :
=G (e*) :E;r))z— g((;)<— gg((yc;), Zﬁi—ygiﬂg—g(ﬁ)



h=(B) <e’

« foralle € (e*,X), DYG(e) > 0

* assume e is greater than but sufficiently close to e*:
X—e. . XY o0 A * * X-e”
+ —=isin(a,y")," GOy < g(y") and y* ==

* where g is linear with slope W, " (y)

gy)<gly), a<y<p
* proof:

0 < DTG(e)
=D"®(e+) - D™5(y)

9(8) — g(e)
[ —«
56 (h1(8)) — b (h~ ()
68—«
B (h=1(B3)) — ap(h~1(B))
[ — «
=Y(e+) — ?,D(h_l(ﬁ)).

X —e
Yy=-—71-

=¢Y(e+) —

=¢Y(e+) —

< Y(e+) —

600

500

300

200

100

g 2 yW(h™(y))
X—e*
T

. X—e
G(e) = dle) +T§< T )

Cost func Y lower bond

y*

gly)

_—

e ‘ \/

2 4 6 8 10 12 14 16 18

 Y(e+) > P(h~1(B)) for all greater than but sufficiently close to e* implies h™1(B) < e*



Example

Discrete order book



Example 3 (Discrete order book)

density
* F(X) = Zloi() I(i,oo) (X)’ x=0 le o o .
*W(y)=XZ11i)y), y=0 5 ;
+ where F(j) = , F(j+) = j+1, W(j+1) =], W(j+) =} o
* F(W(j)+)=j, WF(j)+) =] : | 2 3
F(x) 3 —

cfork>1and k<y<Kk+1,W¥(y)=k
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Example 3 (Discrete order book) ~ «erewrbrremm

* p(x) = XiZo U (j,00) (X)
* in particular, p(0) =0
* andforintegersk >landk—1<x <k, px)=Ycli= k(kz—l)

* d(y) = p(Wiy) + [y — F(W(y)]W(y) 3 o
e p(Wiy) = 25D (wiy)=k, fork < y < k +1)

* l[ump purchase: k[elf{ — F(W(y)|W(y) = k(y-k)
+ we get : () = <2 + k(y-k) 2 —L

* ¢ is convex, with differential : | | \
* 0¢(y) = [W(y), W(y+)], forally=0 | | '
« ¢'(y) =W(y)=k, forally=0 '




Example of Type B (Discrete order book)

* In order to illustrate different cases of purchasing strategies, we
assume :

* h(x) =xandT=1

e The function G is minimized over to [0, X] at e* if and only if :
* 0 € 0G(e*) = 0gp(e*) —0g(X — e*) —e
* which is equivalent to dp(e*) N IG(X —e*) # @ Gle) = dle) +Tg (T)



convex hull and affine function

g(y)
20

15

10

//
________‘_______,..-&
1 2 4 5

g») £ yW(h~1(y))
W(y)= 2721 I (i,0) (V)

fork>1landk<y<k+1, Wy)=k

if y* € (0,Y) which satisfies g(y*)< g(y*), then exists
unique 1 below g :
0<a<y*<B<Y
l(a) = g(a) =g(a), (B) = G(B) = &(B)
Ily)=g(y)<gly), a<y<p
Fora < y* < B,wehavel(y*) = gy )< g(y")

2.
g(y) = ky, forintegerk > 0andk <y <k +1
in particular, g(k) = (k — 1Dk

3.
The convex hull of g interpolates linearly between (k,(k-1)k)
and (k+1,k(k+1)), i.e. g(y) = k2y — (k + 1))



k(k-1) 1 1
() =2+ klyk) =k (y =3k —3)

g =kQ2y—(k+1))

Example of Type B (Discrete order book)

* find e* where dp(e*) N 0g(X — e*) # @, and for integersk = 0 :

3 D
({0} =0
) y = , A
« dd(y) =1 lk—1,k] y=k
\ {k}, k<y<k+1 1 |
f ] B
{0}, y=0 $ 1 ; _
« 0G(y) =1 [2(k — 1), 2k], y=k g(y) i}
\{Zk}, k<y<k+1 ) /
10 4
5 "




7(e) = ble) +T G E
Example of Type B (Discrete order book) oo =o0mi )

* we assume .
* h(x) =x
e T=1

. . X
* we define k*to be the largest integer less than or equal to 7, SO that :
e« 3k*< X <3k*+3
* we divide the analysis into three cases:

e CaseA: 3k*<X<3k*+1
e CaseB: 3k*+1<X<3k*+2



Ge) = dle) 4T3 (%)

Case A

eCase A:3k*< X <3k*+1
e we define e* = X—k*, sothat 2k* < e* < 2k* + 1 and k¥*=X —e*

e then :
 dp(ex) 3 2k”
c 0G(X — e*) = [2(k* — 1),2k"]

* so the intersection of d¢(ex*) and 0G(X — e*) is nonempty, as

desired, withe* = X —k~ (o}, y =0
0d(y) =4 [k — 1,k], y=k
k+1

{k}, k<y<k+

{0}, y=0
0g(y) =4 [2(k — 1), 2k], y=k
2k}, k<y<k+1



“=h7Ny") = Xg

Case A

t
Et - Xt _j h(ES)dS,
0

* we have e* = X —k*
e x* =vy" = k™ (an integer)
« g(y*) = g(y*), which is Type A strategy
* two cases: )
e if k* =0, first subcase of Casel (x<F(0+)):

15

e x* =k* =0, initial lump purchase : 0 shares

. . . 10 /
e do nothing until time T ,
e with final lump purchase T: X 5 _fﬂ/

¢ if k* > 0: e
e x*=k* >0, initial lump purchase : k* shares
* purchase continuously at rate k* in (0,T), to keep E; = k™ and D; = W(E}) = k*-1
* with final lump purchase T: X — 2k*



Case B

eCaseB:3k*+1<X<3k*+2
e we definee* = 2k*+ 1,sothatk* < X —e* < k*+1

* then :

* dp(ex) = [2k7, 2k™ + 1]
. 05(X —e*) 3 2k’

~ X —e
G(e) = dle) +T G (T)

* so the intersection of ddp(ex*) and 0G(X — e*) is nonempty, as

desired, withe* = 2k* + 1

({0}, y=0
dd(y) =1 [k — 1,k], y=k
\ {k}, k<y<k+1
0g(y) =1 [2(k — 1), 2k], y=k
\{Zk}, k<y<k+1



« _ X—e”
Yo =7
x*=h"(y*) = X§
t
E, = X, —j h(E,)ds,
0

W(y)= 221 [(i,00) ()

Case B

e we havee*= 2k* + 1

o x* — y* — X _ e*

e k*<y*<k*+1, sog(y*) < g(y*), which is Type B strategy
* By Type B strategy, we have :

e a=k"
s B=k+1
. to=(ﬁ[;fa”=(ﬁ—y*)=k*+1—)?—e*=3k*+2 _X

* the strategy :
e initial lump purchase : Xg = h™(a) = k*
* purchases continuously at rate k* in (0, ty), (E; = k* and D; = W(E;) = k* — 1)
e intermediate lump purchase : AXZ = h () —h N a)=p—a=1
 purchases continuously at rate k*+1 in (ty,1), (E; = k* + 1 and D; = W(E;) = k*)
* final lump purchase : Xf = k* () | A1 (B)- h ()

v
+
#r
0y



implementation



Measure of LOB

» Adidas, 7/1, ask-side LOB (partial)

Date skl

32579015
32579017
32579021
32579070
32579071
32579072

Date
32579015
32579017
32579021
325790070
32579071
32579072

3.94E401
3.94E401
394E401
3.94E401
3.94E401
3.94E401

Ql
3174
3174
93
93
93
93

&sk?

fzk3

3.95E401
3.95E401
3.94E401
3.94E401
3.94E401
3.94E401

2

3000
3000
3174
3174
3174
3174

3.96E401
3.96E401
3.95E401
3.96E401
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Measure of LOB

e Evolution of cumulative volume in LOB

Ask side Bid side both side
evolution of cummulative volume in LOB

evolution of cummulative volume in LOB

evolution of cummulative volume in LOB

20000

15000
o

df volumi

10000 ¥

5000

pice

* only first 100 timestamps of 7/1



Measure of LOB

* observation
* less market impact, less purchasing cost

* implementation
* Adidas, 7/1, ask-side LOB
* use “Discrete order book” (Example 3 in paper) as a simple example
* fixed average volume with discrete price



implementation

cassume T =1,h(x) =x
* Ap—=3918 (39.18*100)

* price (x) = 100*price
e 3918, 3919, 3920...

700 1

200 1

LOB of timestamp 0

1918 3920 3932F 3924 3926 3928 39.30

* density ~ 1167 (average volume of ask-side LOB)

* volume (y, X) = volume/1167

* we assume .
e« X =4 %103 (1167 shares)

density

price

|

,
|
|
|
|
I
l

3

* average of 84985 LOB data



implementation

X =4 %103 (1167 shares)

: . X
we define k*to be the largest integer less than or equal to 3 SO that :
+ 3k" <X <3k"+3
e k*=1333and X =3k™+ 1
CaseB:3k"+1 <X <3k 4+ 2
a=k*=1333
« f=k*+1=1334
s ty=3k*+2 -X=1

strategy
¢ X4 =1333
e purchase continuously at rate k* = 1333
e X2 =X-2k*=1334 ht(a) § h=1(B)- k™ (a)

v
+
#r
0y



performance

 strategy
« X4 =1333
e purchase continuously at rate k* = 1333
« X8 =X — 2k* = 1334 with Ef = 2667
* comparison
* Xg = 1000
e purchase continuously at rate k* = 1000
« X =X —2k* = 1000 with E2 = 3000

e performance (ignore fixed costs)
* our strategy : C(X) = $(2667) +Tg(1333) = 5330667
* comparison : C(X) = ¢$(3000) +Tg(1000) = 5497500



Conclusion

. _Typlg A st(r)ategy is one kind of Type B strategy with the intermediate purchase
is of size

e with density or cdf of LOB and resilience pattern :
* we can derive the cost function
* if the cost function is convex : Type A strategy
* if the cost function isn’t convex : Type B strategy

* no risk aversion in this model
* only focus on minimizing E(C(X)) of the execution

* no discussion about how to use the model in practice
* measure of F (cdf of LOB), h(resilience function)

* no discrete-time version
* unlike Obizhaeva & Wang (2005) , Alfonsi, Fruth and Schied (2010)



Ref.

* https://www.pathlms.com/siam/courses/2725/sections/3581/video
presentations/29246

* https://www.math.cmu.edu/users/shreve/OptimalExecution.pdf
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