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This notebook covers material related to the initial analysis of limit orders in

Chapter 12, Section 12.1
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m Initializations
<< Notation™
The following commands define symbolizations that are convenient for labeling things.

Symbolize[Anything_. . ]; Symbolize[Anything_g .. ];

m Limit order submission strategies (section 12.1)
CARA utility:

EUrute = EU[u_, var_] =
Evaluate[-CharacteristicFunction [NormalDistribution [u, +/ var ] , t] /-t a]

var o2

EU[u_, var_] = -e 2z **
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CErute = CE[u_, var_] »
Evaluate[—Exponent[—CharacteristicFunction [NormalDistribution [u, A/ var ] . t] /-

to 1o, E| /as/Sinplify]

var o

CE ,var_] - -
[u_ ] >

+ U

Get optimal holdings via f.o.c. of certainty equivalent.
NOpty,. = First @ First @ Solve[d, (CE[nux-nP, n?o%] /. CEpye) =0, n]

P+ pux
n-

aof

The expected utility of a limit order strategy is:
EULimit = Pruic[L, A, 6] EU[(n +1) ux-L, (n+1)2 o>2(] + (1-Prycell, A, 1) EU[n ux, n? of]
EU[Nnpux, n? 0% (1-Pryje[L, A, 6]) +EU[-L+ (1+n) ux, (1+n)%of] Prye(L, 2, O]
Noting that:
CDF [ExponentialDistribution[A], L - 6]
{1-etor L_g>0

We define an exponential hit probability.

PrHitRu|e =
Pryje[L_, A_, 6_] =» Piecewise[{{0, L <©}}, CDF[ExponentialDistribution[x], L -6]]

0 L<eo
Pruie(L_, A_, 6_] = { CDF [ExponentialDistribution 1], L-6] True

Some parameter values:

params:{a-»l, o>2<—>l,ux—>l,6—>0,k—>l, n->—1};
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Plot[Pryj¢[L, A, 6] /- PrHitgye /- params, {L, O, 10},
AxeslLabel -» {L, Pryit}, BaseStyle » {FontFamily -» "Times™"}]
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Expected utility as a function of limit price L for initial holdings n=-2, -1, 0.

Plot[Evaluate[-Log[-EU init] /- EUrute /- PrHitgye /- N> {-2, -1, 0} /. params],
{L, 0, 2}, Frame -» True,
FrameLabel -» {"Limit price, L", "-Log[-EULimit]", None, None},
FrameTicks -» {Automatic, None, None, None}, Background -» GrayLevel [1],
Epilog » {Text[" n=0", {0.1, -0.3}], Text[" n=-1", {0.3, -1.6}],
Text[" n=-2", {0.8, -3.7}]}, BaseStyle » {FontFamily - "Times"}]

—Log[-EULimit]
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When the agent is short one share, the optimal limit price is:
NMaximize [EU imit /- EUrute /- PrHitgyye /- params, {{L, O, 1}}]

(-3.234, {(L>0.75})

The probability of execution is:
Pryix[0.75, 1, 0] /- PrHitgye

0.527633
Ask price at which customer is indifferent to doing nothing or paying the ask:
EU[(n +1) ux-A, (n+1)% o2, a] = EU[n ux, n® of] /- EUpute /- params
EU[-A, 0, 1] = -&%/2
Ask price at which customer is indifferent to paying the ask or submitting a limit order at 0.75:

NSoIve[

EUL;mic == EU[(n +1) uy-A, (n+1)2 c>2<] /- EUrute /- PrHitgue /- params /. L - 0.75, A]

— Solve::ifun:
Inverse functions are being used by Solve, so some solutions may not
be found; use Reduce for complete solution information. >

{{A->1.17372}}
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Plot[Evaluate [-Log[-EU init] /- EUrute /- PrHItRyje /- params], {L, O, 2},
Frame -» True, FrameLabel -» {"Limit price, L, "-Log[-EULimit]", None, None},
FrameTicks -» {Automatic, None, None, None}, Background -» GrayLevel [1],
Epilog » {Text["'n=0", {0.1", -0.37}], Text[" n=-1", {0.37, -1.67}],

Text["'n=-2", {0.87, -3.7"}]1}, BaseStyle » {FontFamily - "Times"}]

—Log[-EULimit]
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EU[(n+ 1) ux - A, (n+ 1)2a§] /- EUgyte /- PrHitpyre /- params /. A-1.1

-3.00417



