Strategic trade models of asymmetric information-Kyle (1985)
Assumption: There is a single informed trader who behaves strategically. She sets her trade size taking into account the adverse price concession associated with larger quantities. 

The elements of the model are:
• The terminal security value is v ~ N(p0, Σ0).

• There is one informed trader who knows v and enters a demand x (buying if x > 0, selling if x < 0).

• Liquidity traders submit a net order flow 

           u ~ N(0, σu2), independent of v.
• The market-maker (MM) observes the total demand y = x + u and then sets a price, p.
• All of the trades are cleared at p. If there is an imbalance between buyers and sellers, the MM makes up the difference.

Note that nobody knows the market clearing price when they submit their orders.

Since the liquidity trader order flow is exogenous, there are really only two players we need to concentrate on: the informed trader and the market maker. 
The informed trader wants to trade aggressively, e.g., buying a large quantity if her information is positive.
But the MM knows that if he sells into a large net customer "buy", he is likely to be on the wrong side of the trade. He protects himself by setting a price that is increasing in the net order flow.
This acts as a brake on the informed trader's desires: if she wishes to buy a lot, she'll have to pay a high price. The solution to the model is a formal expression of this trade-off.

We first consider the informed trader's problem (given a conjectured MM price function), and then show that the conjectured price function is consistent with informed trader's optimal strategy.

The informed trader's problem

The informed trader conjectures that the MM uses a linear price adjustment rule:

(1)
p = yλ + μ, where y is the total order flow 
                                        (i.e., y = u + x).

λ in the price conjecture is an inverse measure of liquidity. The informed trader's profits are:

(2)

π = (v – p)x

Substituting in for the price conjecture and y:

(3)

π = x{v – (u + x)λ – μ}.

The expected profits are Eπ:

(4)

Eπ = x (v - xλ – μ).  (v is known here)
The informed trader maximizes expected profits by trading x:

(5)

x = (v – μ)/2λ
The second-order condition for the max is 

(6)

-2λ < 0

The market maker's problem

The MM conjectures that the informed trader's demand is linear in v:

(7)

x = α + vβ
Knowing the optimization process that the informed trader followed, the MM can solve for α and β:

(8)

α + vβ = (v – μ)/2λ for all v. This implies:

(9)

α = - μ/2λ (by substituting v = 0) and
β = 1/2λ (by substituting v = 1)
The relation between β and λ is particularly important. As the liquidity drops (i.e., as λ rises), the informed trader trades less.

Now the MM must figure out E[v/y]. In computing this, it is useful to recall that if both X and Y follow a normal distribution, then the conditional mean of Y given X is:

(10)

EY/X(x) = Cov(X, Y)(x – mean(X))/Var(X)
                                     + mean(Y)

where an upper case letter like "X" denotes a random variable and the corresponding lower case "x" denotes a realization of that variable.

Given the definition of the order flow variable and the MM's conjecture about the informed traders behavior, 
(11)

y = u + α + vβ


Var(y) = σu2 + Var(α) + β2 Var(v)
              

    = σu2 + β2 Σ0


Cov(v, y) = Cov(v, u + α + vβ) 



  = Cov(v, u) + Cov(v, α) + Cov(v, vβ)





  =       0
       +        0        + β Var(v)




  = β Σ0 

Note that:



Ev/y(y) = Cov(y, v)(y – mean(y))/Var(y)
                                    + mean(v)

Thus,
(12)
     Ev/y(y) = p0 + {β Σ0 (y – α – β p0)}/(β2 Σ0 + σu2)
Market efficiency requires Ev/y = p:

(13)
     p0 + {βΣ0(y – α – β p0)}/(β2 Σ0 + σu2) = yλ + μ

This must hold for all values of y, so:

(14)

μ = - (βαΣ0  - p0 σu2)/(β2 Σ0 + σu2) (from y = 0) 
and 
λ = βΣ0/(β2 Σ0 + σu2) (from y = 1)
Now both the informed trader's problem and the MM's problem have been solved (given their respective conjectures). Collecting these results:

(15)

μ = - (βαΣ0  - p0 σu2)/(β2 Σ0 + σu2) 

λ = βΣ0/(β2 Σ0 + σu2)



α = - μ/2λ, and

β = 1/2λ

It just remains to solve for the parameters of the conjectures in terms of the problem inputs.

(16)

μ = p0 

λ = √Σ0 /2√σu2


α = -√σu2 p0/√Σ0 

β = √σu2 /√Σ0
Properties of the solution

Both the liquidity parameter λ and the informed trader's order coefficient β depend only on the value uncertainty Σ0 relative to the intensity of noise trading σu2.

The informed trader's expected profits are:

(17)

Eπ = (v - p0)2 √σu2  /(2√Σ0)

These are increasing in the divergence of the value (known by the informed trader) from the expectation of the uninformed agents (p0). 
They're also increasing in the variance of noise trading. We can think of the noise trading as providing camouflage for the informed trader. This is of practical importance. All else equal, an agent trading on inside information will be able to make more money in a widely held and frequently traded stock (at least, prior to apprehension).

The informed trader's demand is:

(18)

x = (v - p0) √σu2  /√Σ0
How much of the private information is impounded in the price? If Y and X follow normality, then, then the conditional variance of Y given X is:

(19)

VarY/X = Var(Y) – Cov(X, Y)2/Var(X).

 Note that this does not depend on the realization of X . Thus, 
(20)

Varv/y = Var(v) - Cov(y, v)2/Var(y) 
= Σ0 – β2 Σ02/ (β2 Σ0 + σu2)

Or, in terms of the input parameters:

(21)

Varv/p = Varv/y = Σ0/2

That is, half of the insider's information gets into the price. This does not depend on the intensity of noise trading.
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