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» Lesson 1: How to consume theory papers as an empirical
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» Lesson 2: Basic math tools useful for consuming theory
papers

» Lesson 3: Grossman-Stiglitz model — perfect competition
models

» Lesson 4: Role of disclosure in perfect competition models
» Lesson 5: Kyle model — imperfect competition models
» Lesson 6: Discrete Kyle model and role of disclosure in

imperfect competition models

Introduction and capital markets 2 /11



DUKE

Contents o

» Lesson 2: Basic math tools useful for consuming theory
papers



DUKE

Overview of basic math tools FUQUA

e Recall a model has both exogenous and endogenous components
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Overview of basic math tools

e Recall a model has both exogenous and endogenous components

e Math tools dealing with exogenous and endogenous components
are different
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Exogenous components - Bayesian updating

e Exogenous components are usually states of nature (e.g.,
tomorrow’s weather will be sunny or rainy, future macroeconomic
situation will be good or bad)
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Exogenous components - Bayesian updating

e Exogenous components are usually states of nature (e.g.,
tomorrow’s weather will be sunny or rainy, future macroeconomic
situation will be good or bad)

e Players obtain information about those exogenous components
and update using Bayes’ Rule
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Bayesian updating example 1 R

e Suppose future cash flow of a project is g c {H, L} with
Pr(0 =H)=q€(0,1)
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Bayesian updating example 1

e Suppose future cash flow of a project is g c {H, L} with
Pr(0 =H)=q€(0,1)

e Investors obtain information (say, earnings) about future cash
flow, = € {h,l} with
Pr(z=hl0 =H)=Pr(z =10 =L)=t € [1,1]
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Bayesian updating example 1, continued

e Investors update their beliefs about 6 using Bayes’ Rule:

Pr(0 = H |z =h)
_ Pr(0=H,z=h)

Pr(xz = h)
_Pr(x=h|0=H)Pr(0=H)
B Pr(xz = h)

B Pr(x=h|0=H)Pr(0 =H)
 Pr(x=h|0=H)Pr(0=H)+Pr(zr=h|0=L)Pr(d =1L)
_ tq

g+ (1-t)(1-q)
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Bayesian updating example 1, continued

e Investors update their beliefs about 6 using Bayes’ Rule:

Pr(0 =H |xz=h)
_ Pr(0=H,z=h)

Pr(xz = h)
_Pr(x=h|0=H)Pr(0=H)
B Pr(xz = h)

B Pr(x=h|0=H)Pr(0 =H)
 Pr(x=h|0=H)Pr(0=H)+Pr(zr=h|0=L)Pr(d =1L)
_ tq

g+ (1-t)(1-q)

e We can show that Pr(§ = H|x = h) > Pr(6 = H) = ¢q and
increases with .
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Bayesian updating example 2 R

e Suppose future cash flow of a project is 0 ~ N(u, i)
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Bayesian updating example 2

e Suppose future cash flow of a project is 0 ~ N(u, i)

e Investors obtain information (say, earnings) about future cash
flow, © = 60 + 17 where 17 ~ N(0, %) and is independent of 0
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Bayesian updating example 2

e Suppose future cash flow of a project is 0 ~ N(u, i)

e Investors obtain information (say, earnings) about future cash
flow, © = 60 + 17 where 17 ~ N(0, %) and is independent of 0

e The Bayesian updating formula would be quite daunting but the

results are relatively simple: conditional on z (and the prior), 6 is

distributed normally with mean % and precision a + f3
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Bayesian updating example 2

e Suppose future cash flow of a project is 0 ~ N(u, i)

e Investors cibtain information (say, earnings) about future Sash
flow, © = 60 + 17 where 17 ~ N(0, %) and is independent of 0

e The Bayesian updating formula would be quite daunting but the

results are relatively simple: conditional on = (and the prior), 6 is
distributed normally with mean % and precision a + 3

e The higher x is, the higher the mean of @ is; the higher  is, the
more precise the investors know about future cash flow
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Bayesian updating example 2

e Suppose future cash flow of a project is 0 ~ N(u, i)

e Investors obtain information (say, earnings) about future cash
flow, © = 60 + 17 where 17 ~ N(0, %) and is independent of 0

e The Bayesian updating formula would be quite daunting but the
results are relatively simple: conditional on = (and the prior), 6 is
distributed normally with mean % and precision a + f3

e The higher x is, the higher the mean of @ is; the higher  is, the
more precise the investors know about future cash flow

e For more complicated Bayesian updating, check DeGroot (1970)
“Optimal Statistical Decisions”
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Endogenous components - Forming conjectures

e Endogenous components (actions) are chosen by players and thus
reflect their strategies
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Endogenous components - Forming conjectures

e Endogenous components (actions) are chosen by players and thus
reflect their strategies

e When you cannot observe their actions, you form a conjecture
about what you would do in their situation
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Endogenous components - Forming conjectures [

e Endogenous components (actions) are chosen by players and thus
reflect their strategies

e When you cannot observe their actions, you form a conjecture
about what you would do in their situation

e So Bayes’ rule does not apply - noisy observations about
endogenous components has no information content
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Endogenous components - Forming conjectures [

e Endogenous components (actions) are chosen by players and thus
reflect their strategies

e When you cannot observe their actions, you form a conjecture
about what you would do in their situation

e So Bayes’ rule does not apply - noisy observations about
endogenous components has no information content

e Players who take the actions have to take the conjectured actions
as given in choosing actual actions
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Endogenous components - Forming conjectures [

e Endogenous components (actions) are chosen by players and thus
reflect their strategies

e When you cannot observe their actions, you form a conjecture
about what you would do in their situation

e So Bayes’ rule does not apply - noisy observations about
endogenous components has no information content

e Players who take the actions have to take the conjectured actions
as given in choosing actual actions

e Conjecture has to be reasonable - the conjectured actions have to
be the same as the actual actions

Introduction and capital markets Basic tools 8 /11



DUKE

Conjecture example

e The manager privately observes true earnings 6 and privately
chooses a reporting bias a(f) with a cost of 1c[a(6)]%; assume

that 6 ~ N(y, 1)
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Conjecture example

e The manager privately observes true earnings 6 and privately
chooses a reporting bias a(f) with a cost of 1c[a(6)]%; assume
that 6 ~ N(u, é)

e The market observes the manager’s report, r = 6 + a() with
noise, i.e., the market observes ¥ = 0 + a(6) + 17 where
7~ N(0, %) and is independent of 5; the market sets prices to be
P = E[f|x,a(0)] where a(0) is the market’s conjecture of the
manager’s misreporting
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Conjecture example

e The manager privately observes true earnings 6 and privately
chooses a reporting bias a(f) with a cost of 1c[a(6)]%; assume
that 6 ~ N(u, é)

e The market observes the manager’s report, r = 6 + a() with
noise, i.e., the market observes ¥ = 0 + a(6) + 17 where
7~ N(0, %) and is independent of 5; the market sets prices to be
P = E[f|x,a(0)] where a(0) is the market’s conjecture of the
manager’s misreporting

e The manager’s objective is to maximize E[P|0,a] — 1c[a(6)]?
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Conjecture example, continued

e The market will not use Bayes’ rule to update manager’s
misreporting choice and would set P = E[0|z,a(0)] = = — a(0)
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Conjecture example, continued

e The market will not use Bayes’ rule to update manager’s
misreporting choice and would set P = E[0|z,a(0)] = = — a(0)

e The manager will choose a(f) to maximize
1 , 1 )
B[P |0,d] - 5cla(0)]" = E[z | 0,a] —a(8) — 5cla(0)]

=0+ a(h) —a(h) — gcwn?
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Conjecture example, continued

e The market will not use Bayes’ rule to update manager’s
misreporting choice and would set P = E[0|z,a(0)] = = — a(0)

e The manager will choose a(f) to maximize

EIP | 6,a] ~ Lcla(6))” = Bl | 0,a] —a(0) — ela(6)]

=0+ a(h) —a(h) — gcwn?

e First order condition results in a*(f) = 1
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Conjecture example, continued

e The market will not use Bayes’ rule to update manager’s
misreporting choice and would set P = E[0|z,a(0)] = = — a(0)

e The manager will choose a(f) to maximize

E[P|6,a] — %c[a(@)]z =FE[z|0,a] —a(d) — %c[a(@)]2
=0+a(0) —a(l) — %c[a(@)]2

1

e First order condition results in a*(f) =

e In equilibrium conjecture has to be reasonable, resulting in

() = a*(6) = 1
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Concluding slide for lesson 2 Rl

e Use Bayes’ Rule to update about exogenous components
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e Use Bayes’ Rule to update about exogenous components

e No Bayesian updating but use conjectures to update about
endogenous components

e Conjectures have to be consistent with the actual choice
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Concluding slide for lesson 2

Use Bayes’ Rule to update about exogenous components

No Bayesian updating but use conjectures to update about
endogenous components

Conjectures have to be consistent with the actual choice

Next lesson we discuss Grossman-Stiglitz model
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Concluding slide for lesson 2

Use Bayes’ Rule to update about exogenous components

No Bayesian updating but use conjectures to update about
endogenous components

Conjectures have to be consistent with the actual choice

Next lesson we discuss Grossman-Stiglitz model

— One of the workhorse models of information-based capital market
trading
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Concluding slide for lesson 2

Use Bayes’ Rule to update about exogenous components

No Bayesian updating but use conjectures to update about
endogenous components

Conjectures have to be consistent with the actual choice

Next lesson we discuss Grossman-Stiglitz model
— One of the workhorse models of information-based capital market
trading
— Key takeaway: prices aggregate everybody’s information and is
thus informative
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Concluding slide for lesson 2

Use Bayes’ Rule to update about exogenous components

No Bayesian updating but use conjectures to update about
endogenous components

Conjectures have to be consistent with the actual choice

Next lesson we discuss Grossman-Stiglitz model
— One of the workhorse models of information-based capital market
trading
— Key takeaway: prices aggregate everybody’s information and is
thus informative
e A review quiz of this lesson can be found at
https://forms.gle/onCQvYV1iDq1BkdqTA
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