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Abstract

The No Competitive Edge Theorem (NCET) is a holistic approach to pricing assets in financial markets.
The theorem defines a robust model of interdependent, dynamically-competing participants who maximize
utility through expectations of price. In the model, a new and improved fair value is established in which
participants can intentionally and unintentionally impact each other. Through the fair value, efficient
markets are justified without requiring rational participants or rational expectations. The NCET’s
independence from classical rationality eliminates the controversy between the Efficient Market Hypothesis
and Behavioral Finance by showing that markets are efficient even when participants behave irrationally.

I ntroduction

The No Competitive Edge Theorem (NCET) is a new holistic approach to pricing financial market assets.
It applies a model of interdependent, dynamically-competing participants who maximize utility through
expectations of price. The model establishes a fair value that advances the classical realization that risks
and fair value are related"' by proving that risks and expectations are a function of the interdependencies
between competing participants. These interdependencies lead to turbulent unstable markets that are
described by dynamic feedback systems. While the NCET produces non-equilibrium markets, it also
justifies efficient markets under these chaotic circumstances. The end result is a fully functional market
where efficiencies are maintained through interdependent dynamically-competing participants.

There are several theories and models such as Behavioral Finance (BF) (Shleifer (2000) and Kogan, Ross,
Wang, and Westerfield (2006)), dynamic noisy rational expectations models (Allen, Morris, and Shin
(2004)), and Behavioral Economics (Camerer, Loewenstein, and Rabin (2004)) that are based on
competitive markets where participants can affect each other. The NCET goes beyond these models; it
expands on the impacts of competition by showing that financial markets are a selfish non-cooperative
competition where participants can intentionally and unintentionally affect each other. The results have
major implications to several important financial areas such as risk-neutrality, arbitrage, price processes,
and participant behavior.

By properly incorporating the participants’ intentional and unintentional impacts, risk-neutrality is
formulated as a natural property of fair value instead of an artificial property derived from eliminating
arbitrage (Black (1973)). Formulating risk-neutrality as a natural property of fair value simplifies the logic
of risk-neutral derivative pricing, because arbitrage is not required to explain risk-neutral pricing.
Arbitrage is also reformulated as a violation of fair value; this opposes the current ideology that fair value
is the absence of arbitrage.

The NCET’s fair value also allows price processes to have predictable price distribution properties such as
correlated volatilities (LeBaron (1992) and Rebonato (2004)). In addition, the model shows there is never a
price, risk, or information equilibrium; instead, they are all in a constant state of change. The combination
of predictable distribution properties and market instability creates price processes that can contradict
current efficient market theory; for example, prices do not always reflect fundamental value.

The NCET, however, eliminates the previously mentioned contradictions by justifying efficient markets
without requiring rational participants or rational expectations (Muth (1961)). Eliminating the
contradictions is accomplished by showing that the Efficient Market Hypothesis (EMH) propositions
(Fama (1965) and Fama (1998)) are the result of participants who are subject to the NCET in which
irrational behavior is acceptable. The NCET’s independence from classical rationality bridges the gap
between the EMH and BF by showing that markets are efficient even if participants behave irrationally.



Overall, the NCET provides a holistic view of financial markets by demonstrating that many current
theories and models are actually complementary subsets of the NCET’s general framework. Sections I, 11,
HI, IV present the NCET model and provide the evidence supporting the model. Sections V and VI discuss
the model’s applications to price processes and derivative pricing. Sections VII, VIII, and IX discuss the
model’s applications to efficient market theory.

|. Overview

Neoclassical finance starts with the premise that participants are rational and that arbitrage is not possible.
From this basic foundation, game theory shows that rational participants would be risk adverse (von
Neumann and Morgenstern (1953)). Risk adverse participants require being compensated for taking risk so
they create a relationship between returns and risk in which they expect higher returns for taking higher
risk. By incorporating rational participants, no arbitrage, and risk aversion, neoclassical finance theorizes
that prices reflect fundamental value which is the present value of all future cash flows after discounting at
an appropriate risk-adjusted rate. Next, the Efficient Market Hypothesis (EMH) (Fama (1965))
incorporates all of these ideas to show that financial markets are informationally efficient which implies
that the current price is the fair value and the only way to increase the expected return is to increase risk.

Behavioral Finance (BF) (Shleifer (2000)), however, has shown that participants do not behave rationally
and that prices can drift from fundamental value, because arbitrage is limited. This appears to unravel
neoclassical finance, which suggests that markets are not efficient. How can the EMH and BF produce
such strong evidence when the theories contradict each other?

The No Competitive Edge Theorem eliminates the contradiction. It produces the weak form EMH
propositions while accounting for BF’s irrational behavior and limited arbitrage. To accomplish this, the
NCET applies the following logic:

1. Classical rational participants are allowed to have psychological, behavioral, and instinctive factors
that can affect their decisions and cause them to behave irrationally. These modified participants,
referenced in this paper as quasi-rational participants, believe that their actions will maximize
satisfaction, so they still make rational choices'*. Either they cannot help but perform irrational
actions or they are unaware that some actions lead to less satisfaction'?. The NCET is stable as
long as participants believe their actions will maximize satisfaction. It does not argue whether
participants are predominately rational or irrational. The NCET’s advantage is that it can account
for the irrational behavior that has been presented and empirically supported by BE'* (Shleifer
(2000), Hirshleifer (2001), and Kogan, Ross, Wang, and Westerfield (2006)).

2. The participants’ maximum expected satisfaction is described by a generalized stochastic utility
function where price is the only financial market variable affecting the utility. This creates a
fiercely competitive environment where participants are fighting for price. Since the NCET allows
participants to intentionally and unintentionally affect each other, the competition becomes a
selfish non-cooperative battle where no one can trust each other. To avoid providing the
competition any advantage, participants act completely neutral near trades, e.g. putting on their
poker faces. The neutral stance forces buyers and sellers to independently eliminate each others’
competitive edges. Once there are no competitive edges between a buyer and seller, they can
mutually agree on a trade price. The NCET does not explain why participants set the prices they
do, it simply shows how buyers and sellers determine the price at which they can make a trade.
The trade price is the fair market value, because it is the price that someone will agree to pay;
saying stock XYZ is worth $100 is completely different than saying you can sell stock XYZ for
$100.



While participants are making rational choices and maximizing their utility, the NCET does not
support the theory that prices always reflect fundamental value. Under the NCET, participants are
fiercely competing for price. Any strategy that can produce profits is acceptable. De Long,
Shleifer, Summers, and Waldmann (1990) show that limited arbitrage can allow prices to drift from
fundamental value which creates situations where irrational participants can earn higher expected
returns than rational participants. Kogan, Ross, Wang, and Westerfield (2006) show that irrational
participants can produce lasting effects on prices which was clearly evident in the Internet stock
prices in late 2000. Once it is realized that prices can deviate from fundamental value and that
irrational participants can overpower rational participants, a whole new class of investing strategies
becomes possible where participants take actions based on their expectations of other participants.
Studies by Froot, Scharfstein, and Stein (1992) and Wermers (1999) support this logic. In addition,
higher order expectation models exist (Allen, Morris, and Shin (2004)) and game theory models
demonstrate how participants make decisions based on their expectations of other players (von
Neumann and Morgenstern (1953), Camerer (2003), and Camerer, Loewenstein, and Rabin
(2004)).

Since irrational participants can impact prices and overpower rational participants, it follows that
rational participants must be concerned about irrational participants. Also, rational participants
could be enticed to execute strategies that exploit irrational behavior'”. Given that rational
participants might take actions based on irrational participants, it must be true that rational
participants are concerned about other rational participants who might take actions based on
irrational participants. This cascading effect implies that all participants are concerned about how
other participants might impact prices. Hence, participants’ risk and return potentials are driven by
prices, their risk and return potentials are not always driven by changing fundamentals. Every new
price is new information which means there is a constant flow of new information that affects
everyone’s decisions, creating unstable dynamic feedback price processes.

While risk becomes much more complex than just changes in fundamentals, participants must still
exhibit risk-adverse behavior if they expect to survive long-term. Since the NCET supports risk
aversion, efficient markets can be hypothesized because (1) risk aversion implies that risk and
expected returns are related and (2) participants are fiercely competing to eliminate inefficiencies.

The NCET’s efficient markets are based purely on price distributions. The resulting propositions
are the same as the weak form EMH propositions. The EMH tests, therefore, can be used to
support the hypothesis that markets are efficient under the NCET. As the EMH proposes, risk and
return are still related such that participants must increase risks to increase expected returns. After
discounting at the appropriate risk-adjusted level, all expected future prices are equal to the current
price which directly challenges the argument by BF that markets might be significantly inefficient.
Inefficiencies are almost certain to exist, but they should be short-lived or small when compared to
the market as a whole.



1. Fair Valueand the NCET Modd

The NCET applies a stochastic utility model in which the participants maximize utility. The utility is based
on price expectations where prices are a function of the interdependencies between competing participants,
namely, the participants’ abilities to intentionally and unintentionally affect each others’ prices and risks.
The model works in parallel with participant behavior research, utility theory, and portfolio theory. See
Figure 3 in Section IL.L for a preview of the NCET’s hierarchy and parallels to current theories. The
following subsections, A through L, are the twelve layers of the NCET model.

As a special consideration, subsections A through I could theoretically be simplified by assuming that
participants maximize utility; however, the assumption was not used for the following reasons.
1. The model is not limited to rational behavior which many utility theories require.
2. The model is designed to accommodate almost any utility theorem while supporting almost any
portfolio selection method or asset allocation technique.
It is beneficial to step through all the NCET layers to show that the model is valid under these conditions.

A. Participants create markets because they want satisfaction

Financial markets are made to facilitate exchanges. Participants make exchanges, because the result or
action of the exchange satisfies a need or desire; for example, participants seeking wealth feel satisfied
when they make more money, gamblers are satisfied when they win big, and retirees are satisfied when
they feel financially secure®. The NCET is founded on the notion that participants seek higher
satisfaction and do not purposely choose lower satisfaction.

B. Participantsachieve satisfaction by fulfilling their desires

Participants’ level of satisfaction depends on how well they fulfill their desires; for example, participants
who desire wealth would be more satisfied if they acquired additional wealth. Satisfaction is expressed by
the following formula as a function of fulfilling desires at time (t).

S = f ( Fulfillment of Desirey, ... Fulfillment of Desire,, time )
=f (F, Fy,... Fy,t) (1.1)

Greater values of S reflect higher levels of satisfaction. F;is a measure of the fulfillment of desire (i) at
time (t). The higher the value of F;, the better a participant has fulfilled that desire at that moment (t). The
mathematical form of S does not pertain to this discussion as long as it always changes in the same
direction as the changes in the level of fulfillments. This property ensures that participants strive for higher
levels of fulfillment in order to achieve higher levels of satisfaction.

+AF;, — +AS given all other F; are held constant (1.2)
-AF; — -AS  given all other F; are held constant (1.3)

C. Participantsfulfill desiresby setting goals and attempting to achieve goals
To fulfill a desire, participants establish goals they want to achieve and then take action to reach the goals.
The measurement of fulfillment is made by comparing the results to the goals. Higher results imply higher

fulfillment. Fulfillment of a desire is expressed by the following formula as a function of goals and results.

F; = f (Result;;, Goal;; , ... Result;,, Goal;,, , time )
=f (R, Gii,... Rin, Gin .t ) (1.4)



Greater values of F; reflect more fulfillment. A desire can be composed of any number of goals. The
mathematical form of F; does not pertain to this discussion as long as it always changes in the same
direction as the changes in the results. This property ensures that participants strive for higher results in
order to achieve higher levels of fulfillment.

+A(R;j) — +AF given all other R;j and G;; are held constant (1.5)
-A(R;j) — -AF given all other R;; and G;; are held constant (1.6)

D. Participants havetangible goals

In the real world, participants have goals. Whether or not they realize they are setting goals is irrelevant.
What is relevant is that their actions can be explained as if they had consciously set goals. For goals to be
meaningful in a financial context, they must be tangible. The NCET assumes that the overwhelming
majority of participants do not set intangible goals, such as investing in stocks to improve their self-
confidence. In short, participants seek to fulfill desires through tangible methods where price is the
primary variable; all goals depend on price in one way or another. With price being the primary variable,
goals can be expressed as investments. Every goal is composed of investment(s) where the result(s) can be
quantitatively measured.

The basic characteristics of goals are that (1) they have price as the primary variable'”, (2) they have
beginning and ending conditions, (3) they have properties that can be measured at specific points in time,
(4) they are quantifiable, (5) they are possible to attain, and (6) they have a defined asset, set of assets, or
markets in which assets can be exchanged'®.

While goals must contain price, they might also include constraints or conditions, as long as everything is
quantifiable, possible, and occurs at finite measurable points in time. (See Appendix A for additional
information on goals.) Goals are expressed by the following formula as a function of price and time.

G = f ( Price, time )
=f(pP, t ) (1.7)
where: t, t to
ty =1 (beginning conditions that start the goal)
te =1 (ending conditions that end the goal)
P = desired price or expected price

The form of G does not pertain to this discussion. What isimportant is that goals are used to quantify the
best results that could have been achieved by time (t). The best results can be (1) perfect hindsight results,
(2) the best results possible under the market conditions and the participants abilities and information, or
(3) the minimum desired goal in the event it was never possible to achieve the goal .

A participant' s results are smply the results incurred while trying to achieve or exceed the goal. All of the
factors and conditions that affect the goal also affect the results. Results are expressed by the following
formula as a function of actual prices and time.

R =!(APt) (L8)

where: t, t te
AP = set of actual prices that created the result



One of the benefits of this model isthat it is not solely based on returns. Depending on the participant's
desires, the goals and results can be almost any formulation involving price. Thisisimportant, because
participants are not always maximizing returns on a specific asset. Hedgers, arbitragers, and participants
controlling prices are not always maximizing returnsfor al assets. The model also accounts for
participants seeking losses. Taxes and portfolios with interdependent assets sometimes lead participantsto
seek negative returns.

E. Satisfaction isafunction of the participant’s goals and results

Satisfaction can be expressed as a function of the participant's goals and results, because satisfaction isa
function of fulfillmentsin which fulfillments are a function of goals and results. Satisfaction in terms of
goals and resultsis given by the following equation.

S = : ( Rl.l ] Gl.l ] 1/4 Rl.n ] Gl.n ] Rz.l ] Gz.l ] ]/4 Rz.n- G2.n ] ]/4 RN.l ] GN.l ] 1/4 RN.n- GN.n ) t) (19)

S(t)

Gl.l . tbzo Gl.l . te:]. G]_.z e =3 Gl.3 e =5
Gl.Z . tb=0 Gl-3 : tb:l

Figure 1. Satisfaction over Time. Thisfigureillustrates how a participant' s satisfaction might ook over
time when the participant hasasingledesire, S =} (Ry1, Gi1, % Rin, Gin , t). For clarity, three goals
are shown with their beginning and ending times.

For this paper, satisfaction, at any point in time, isacumulative total of the results and goals up to that
point intime. The cumulative total constraint could be relaxed and past completed results could be
factored in with diminishing effects.

Whilethelogic of satisfaction is constructed around simple concepts, the complexity of satisfaction can be
astounding. There could be any number of desires and goals with any number of dependencies between
godls, results, and desires; for example, a participant with a position in a derivative and its underlying asset
has interdependent goals and results and potentialy desires. Thelevel of complexity dependsto a great
degree on how the goals are formulated into the desires. Additionally, there may exist resource constraints,
market microstructure constraints™®, brokerage limitations, or money management rules that further
complicate matters, especidly if these eements are built into the beginning and ending conditions of the
goals or results. Fortunately, as the model will show, thisinherent intricacy does not affect the NCET' sfair
value.



F. Participants are concerned about future satisfaction

Participants look to the future. Whiletheir current satisfaction has meaning, their perception of the future
also drives them to make decisions. At any point in time, the participants can take a snapshot of their
expected future satisfaction. Expected satisfaction represented by the following formula:

ES Expected Fulfillment of Desire;, ¥4 Expected Fulfillment of Desire,, time)
EF,, EF, Y2 EF,, 1)
where; t>0 (1.10)

=1 (
=!

In this paper, the time equal to zero represents the present moment in time. Time greater than zero isthe
future, and time less than zero is the past. The same concept of future expectations can also be applied to
the fulfillment of desires. Since satisfaction, at any point in time, isarunning total of al results and goals,
the expected fulfillment is a function of both completed results and goals, given by sets CR and CG, and
future expected results and goals, given by sets ER and EG.

EF =, ( Completed Result;; , Completed Goal; ; , ¥a Completed Result;,,, Completed Goal;
Expected Result; 1 , Expected Godl; ; , ¥4 Expected Result;,, Expected Godl; , , time)

(CRi1, CGi1,% CRipn, CG,, ERi1, EGi1,Y ER 1, EGi, 1)

(CR, CG,ER, EG;, t) (1.12)

where: t>0

Equations 1.10 and 1.11 have the same maximum and relative change properties as their parent equations
12,13, 15, and 1.6. The completed goals and results and the expected goals and results are given by the
following generic formulas where time is with respect to the beginning and end of each equation’s
individual goals and results.

CG=} (P1) (1.12)
where: t, t t.andt. O

CR=} (P1) (1.13)
where: t, t teandte O

EG=| (P, t) (1.14)
where: t, t t.andt>0

ER =} (P,t) (2.15)
where: t, t tcandt>0

The concept isthat participants can make forward-looking projections to gauge their future satisfaction and
make real-time decisions to improveit. It isnot relevant that they have correct expectations or that they
make good decisions. The important issueisthat real participants form expectations and take actions that
they believe will improve their future satisfaction.



ES(t)

EG,,:t,=0 EG;:.Et:=1 EG;,: Et.=3.5
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Figure 2. Expected Satisfaction over Time. Thisfigureillustrates how a participant' s expected
satisfaction might look over time. The dotted line is the participant' s expected satisfaction. The solid line
represents the real-time satisfaction from Figure 1.

G. Participants seek to maximizetheir future satisfaction

At any moment in time, participants seek to maximize their future satisfaction. Since the futureis
unknown, future satisfaction is stochastic.

S( F11 F2 l]/4 Fm t ) - pS (116)
where: ps = probability distribution of future satisfaction
t >0

The random nature of future satisfaction means participants maximize their expected satisfaction.
S(Fy, F2 % By t) ~ps Max[ES] = Max[ ES( EF,, EF,,% EF,, 1) ] (2.17)

In traditional academic terms, the Max[ES] could be solved using an expected utility function that is
discounted to the current time; for example, using an intertemporal utility model (Merton (1973), Cox,
Ingersoll, and Ross (1985), and Brennan, Wang, and Xia (2004)). The expected fulfillments could be
viewed as components comprising the expected satisfaction while the goals could be viewed as the
consumption set. Using this type of ordinal utility, the fulfillments and goals would be based on
preferences. Regardless of how the Max[ES] is defined, all that isrequired is that participants seek the
highest satisfaction based on their preferences and other factors affecting their utility, e.g. behaviors and
resource constraints. Once the participants establish their expected prices which they believe will
maximize their expected satisfaction, they will compete for pricesin the financial markets selfish non-
cooperative environment. Asthe model will show, this competitive environment naturally establishes fair
value.

Since participants seek the highest possible expected satisfaction, they seek to take actions that they believe
will optimally fulfill their desires; hence, participants seek to optimize their expected fulfillments as shown
in the following formula.



ES=Max[ ES] | EF;,  OEF for al (i) (1.18)
where: OEF = set of optimal expected fulfillments that maximizes the expected satisfaction
OEF= [EF] | MaxX[ ES( EFy, EF, Y2 EFy t)] (1.19)

where: [ x] |} (x) =optimal function/algorithm of set x given| (x) (See Appendix B.)

Equation 1.18 means that the maximum expected satisfaction occurs when al expected fulfillments are at
their optimal values; therefore, the maximum expected satisfaction is a function of all the optimal expected
fulfillments.

ES=Max[ ES] | EF,  OEF foral (i) Max[ ES] =! ( OEF,, OEF,, ¥% OEF, t) (1.20)

The maximum expected satisfaction, given by equation 1.20, uses the optimal expected fulfillments,
because interdependencies may exist between the fulfillments, making it impossible to independently
maximize each fulfillment. Increasing one fulfillment might cause another fulfillment to decrease which
could reduce the expected satisfaction.

H. Participants seek the optimal future resultsthat maximizetheir future satisfaction

In order to achieve the optimal expected fulfillments, participants seek the optimal expected results and
seek to attain optimal expected goals. Each expected fulfillment is optimal when all of its expected results
and goals are optimal.

EFF, OEF | ER; OER  EG; OEG fordl(inj) —
OEF, = f (CRy;, CG;;, OER;;, OEG;;,t) forall(j) (1.21)
where: 1 = designating counter for each fulfillment
j = designating counter for each result/goal within each fulfillment (i)
OER; = set of optimal expected results that optimizes the expected fulfillment of (i)
OEG,; = set of optimal expected goals that optimizes the expected fulfillment of (i)

OER; = [ER” . EG,] | OEF
[ER; : EG] |{ [EF] | Max| ES(EF,, EF,¥: EF, 1)] } (1.22)

[EG, : ER] |{ [EF] | Max[ ES(EFy, EF, ¥ EF,t)] } (1.23)

Equation 1.21 means the optimal expected fulfillment occurs when all expected results and goals are at
their optimal values. The optimization of OER; and OEG; must be accomplished simultaneoudly across all
expected fulfillments. Equations 1.22 and 1.23 produce the optimal results and optimal goals that create
the maximum expected satisfaction; therefore, the maximum expected satisfaction is afunction of al the
optimal expected results and goals and compl eted results and goal s as shown in equation 1.24.

Given equation 1.20, Max[ ES] =, ( OEF,, OEF,, ¥ OEF,, t), we substitute OEF; with equation 1.21,

OEF =] (CR;;, CGjj, OER;;, OEG;; , t) to produce the following expression for maximum expected
satisfaction.
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Max[ES] =! ( CRi1,CGi1,% CRun CGin, OER.1, OEGy:,Ys OER:,, OEGy, , ¥4
CRy1, CGy1,Ys CRyp CGpn, OERy1, OEGy1, % OERy,, OEG,, , Ya
CRun, CGyn, ¥4 CRyn CGrn, OERNn, OEGyy , ¥4 OERun, OEGyn , 1)

=! ( CR, CG, OER, OEG, t) (1.24)

To achieve the optimal results and goals, participants must take appropriate actions™*°. Their ability to
correctly optimize their actions depends on each participant' s skills, knowledge, information, and
constraints. Depending on their level of sophistication, they may be unaware of conflicting goals, results,
and desires that may create | ess satisfaction when results are not properly optimized. Participants with a
good understanding of their satisfaction would organize their goals and results to minimize conflicts and
create positive net changesto their satisfaction. For this discussion, however, it is not important if
participants are good optimizers as long as participants believe they are establishing optimal goals and
results. Thisfeature leavesthe NCET independent of portfolio selection theory (Markowitz (1952)) and
optimal asset allocation techniques (Duffie (1996)).

While participants may not all be proficient optimizers, it isimportant to remember that their expected
results always include future prices where the future prices can be described by a probability distribution.

ER(P,t) =1 (P~pPer t) (1.25)

The probability distribution of future prices, per, can be based on any function, process, algorithm, or logic
the participant chooses. Participants can include variables to account for technica analysis, fundamental
analysis, or other types of forecasting analysis. The participant may also be able to influence price by
exchanging information with people who can impact the market, such as other participants, analysts, news
anchors, and columnists***. Finally, some participants can influence prices through exchanging assets, e.g.
buying and selling. In some cases, the participant may need to control the pricein order to create better
resultsin other investment positions. The expected future price distribution is a combination of all these
elements. It isexpressed asfollows.

Per =1 (1% nlgAgt) (1.26)

where: | = parameter affecting or describing the future price distribution™*
le information exchanges by the participant
Ag = asset exchanges by the participant

|. Participants seek the optimal pricesthat optimize the expected futureresults
Regardless of how an expected result or future price probabilities are formulated, there exists an expected
price or set of expected prices that occurs between the goal' s beginning and end that optimizes the expected
result"**. The optimal price set, given by OP, contains the expected prices, EP, from which the optimal
expected results, OER, could be achieved.

ER;(P,t) OER | EPr;; OP — OER =; (OPt)foral(i j) (2.27)

wheree OP @
EPrij = expected price at time (T) based on per for pricestied to ER;

Thus,
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OP= [EP] | OER; forall (i) (1.28)
By substituting equation 1.22 for OER;, the OP can be expressed as,

OP= [EP] |{ [ER;: EG] |OEF} foral(i j) (1.29)
By substituting equation 1.25, for ER;;, the OP is expressed as,

OP= [EP]|{ [}ij(Pt):EG] |OEF} fordl(i j) (1.30)
By substituting in per from equation 1.26, for P, the OP is expressed as,

OP= [EP]|{ [}ij(Pert): EG] |OEF} foral(i j) (1.31)

The optimal pricesin equation 1.31 are the expected prices that produce the optimal expected result(s).
The set of optimal prices includes both future prices and past actual prices. Past prices are considered
optimal, because they can no longer be optimized. The optimal price set can contain multiple dimensions
to account for different assets, their respective prices, the expected time of their occurrences, aswell as
other factors that may apply. To reduce the complexity, the optimal price set will simply be defined as the
optimal prices necessary to achieve the optimal expected results.

The actual method for modeling how a participant would derive the optimal price set is unigue to each
participant. The method would depend on the participant's goals, results, sophistication, knowledge,
information, optimization techniques, and other factors. Regardless of the method, the focus of equation
1.31 is the dependency of the optimal price set on the participant' s expectations of price, pgr.

Once the optimal prices are identified, the maximum expected satisfaction could be shown as a function of
the optimal prices and the other parameters used in the results and goals. By substituting the OER; of
equation 27 into the OER of equation 24, the Max[ES] is expressed by,

Max[ES] =! (CR, CG, OP, OEG, 1) (1.32)

Equations 1.31 and 1.32 are critical pointsinthe NCET model. The overall concept isthat a participant's
expected satisfaction is aformulation dominated by optimal prices where the future prices are afunction of
expectations. Regardless of the past-completed goals and results, it is expectations that drive changesin
the future satisfaction. No matter (1) what the participants desires, (2) how they establish their goals and
results, or (3) how well they optimize prices, the participants have expectations of future optimal prices that
they believe will maximize their future satisfaction. Participants seek to take the optimal actions that
achieve the optimal prices.

In practice, the process of finding optimal pricesis performed quite differently than presented by the NCET
model. Practical optimization techniques generally involve searching a universe of prices, investments, or
scenarios to find the best option that maximizes the participant’ s objective (Vince (1992) and Vince
(1995)). This process automatically establishes the optimal expected goals and results which leaves the
NCET independent of both practical and theoretical optimization techniques.

J. Participants seek to exchange assets at the optimal prices
Parti cipants seek to make asset exchanges at the optimal prices. For the exchange price to be optimal, the

participants must have aready taken all optimal actions, specifically, exchanging all necessary information
and gathering all relevant information™**. Once the participant' s motivation to exchange assets is revealed,
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information should no longer be exchanged, because the competition can use the information to adversely
affect the participant. The possibility of adverse effects causes a change in the dynamics surrounding
participants interactions near the moment of exchanges. Any action, specifically information exchange,
could have negative consequences that lead to reduced chances of getting the optimal price(s). By
providing information, participants advertise their vulnerabilities and/or give the competition the
opportunity to eliminate their optimal prices. Both of these possibilities give the competition an advantage
which ultimately leads to non-optimal prices. (See Appendix C for details.)

Similar to poker, the objective isto avoid giving away anything that provides the opposite party an
advantage. To eliminate this risk, the participants must appear completely neutral near exchanges. They
should not provide any information about their position (initiating or closing the position), their future
expectations (price forecasts), or anything about themselves (risk preferences). Any of thisinformation
could be used to their disadvantage by other participants, specifically the opposite party, either currently or
in the future™*>. Optimal exchanges, consequently, occur when no information is provided and when all
relevant information is known.

PT OoP | IE.T =0 IT (133)
where: lgr = set of information provided near the time of exchange
I+ = set of relevant information available to the participant
P = exchange price at time (T); EP = P at the exchange time (T)
T = time of the exchange

Thelogic of not providing information near exchanges is examined in Appendix C and supported by
evidencein Section IVV. Asexplained in Appendix C, the rationale of optimal exchanges can be
summarized by the following logical characterization of participants: Participants appear completely
neutral near asset exchanges. To the extent that participants choose not to appear neutral, their effect is
eliminated by other participants demanding to remain neutral. To the extent that participants choose not
to appear neutral and whose effects cannot be eliminated by other participants’ demands, their effect is
eliminated by arbitrage.

K. Participants exchange assets at the perceived fair value

Since participants seek to exchange assets at optimal prices by appearing completely neutral, the exchange
price must reflect a neutral price where neither participant involved in the exchange knows that the other
participant has a competitive edge. This occurs when both parties give the appearance that they have equal
information and abilities. To maintain this appearance, while also retaining the optimal prices, no
information is provided near the moment of the exchange. When no information is exchanged, neither
party' s set of relevant information changes which means their optimal prices remain optimal; therefore,
neither party is aware of any competitive edges that the opposing party may have which implies there are
no perceived competitive edges between the exchanging participants. Perceived competitive edges are
defined in Section I11.B.

leTayer = D letsie =8 — Alrgyea= 0 Altsgie =0 —
AOPT,Buyer =0 AOPT,SeIIer =0 — PCET,Buyer =0 PCET,SeIIer = — PCET =@ (134)
where: PCEr = set of percelved competitive edges between the exchanging participants

Given that both parties believe the price is optimal, the participants can exchange assets at a mutually
agreeable price. The exchanged price isthe perceived fair value, also termed the Market Fair Value
(MRV). The MFV represents perfect equality between the exchanging participants which is only possible
in the absence of perceived competitive edges.
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PCEr=@ — P = MRV (1.35)
\ Pr=MFV | PCE;= @ (1.36)

The proof of the NCET,

thefair value of financial market assets occur in the absence of all perceived competitive edges
between the exchanging entities,

liesinthefact that it isthe only possible result when participants competing for price under selfish non-
cooperative market conditions must appear completely neutral to make exchanges at their optimal prices.

K.1. MFV Propositions

Since MFV isthefair value for asset exchanges, it must account for price and time. Thisimpliesthe MFV
is perceived as the net present value of the asset in arisk-neutral world where the exchanging participants
know the price distribution. Thisis represented by the following propositions.

1. Pr=MFV | PCEr= @ — Pr=NPVg=NPVs (1.37)
where: NPVg = net present value of the asset for the buyer
NPV s = net present value of the asset for the seller

2. PTzMFV|PCET=Q — B=dB=I’n= S:dg (138)
where: g = buyer'sexpected return
dz = buyer'sdiscount rate
s = sdler'sexpected return

ds = sdler'sdiscount rate
r, = risk-neutral return rate
3. Pr=MFV | PCEr=0 — pB( PT+X) = ps( PT+X) foralx 0 (1.39)

where: pg() = buyer’s price distribution
ps() = seller’s price distribution

The risk-neutral return rate, r,, is the risk-less return of all cash flows of an asset. In a risk-neutral world,
the discount rate of any cash flow is the risk-free rate (Hull (2005)). In a risk-neutral world, the expected
return for many assets is also the risk-free rate. Stocks paying no dividends, for example, have a risk-
neutral return rate equal to risk-free rate. Some assets, however, do not have defined cash flows or the cash
flows are subject to exchange rates. These types of assets may have risk-neutral return rates other than the
risk-free rate. To minimize this paper’s complexity, the focus will be on assets with risk-neutral return
rates equal to the risk-free rate. When risk-free rates are presented, the assumption will be that the assets
are limited to the set of assets with risk-neutral return rates equal to the risk-free rate.

Any deviation from the properties defined by equations 1.37, 1.38, and 1.39 imply a perceived competitive
edge exists between the exchanging parties which means the price is not the MFV. While MFV is
perceived as neutral, real advantages or disadvantages may exist, buyers and sellers may not be risk-
neutral, and the exchanging parties may have different information. MFV simply means buyers and sellers
must appear neutral to get their optimal prices; it does not imply they are neutral. In the event that useful
information is provided, its effect is immediately eliminated. This elimination occurs, because buyers and
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sellers must exploit the information to remove competitive edges that could be used for or against them.
This process ensures the MFV is always maintained.

L. Onceassets are exchanged, the expected results become actual results
Once the assets are exchanged, the expected results become completed results. There may be more
expected results for the expected goal, but the completed results are no longer a random component. If the

goal does not require asset exchanges, then the results occur when the goal ends.

This concludes the twelve layers of the NCET model. Figure 3 below provides a summary of the NCET’s
hierarchy and relationship to current theories.

NCET Current Theories

Satisfaction Participant Behavior

A 4 A 4

Fulfillment Utility Theory

A\ 4 A 4

Results and Goals Portfolio Theory

A 4 Y

Optimal Prices Price Processes

A 4 Y

Game Theory and

Asset Exchanges Auctions

A 4 A 4

Fundamental Value and
Arbitrage Free Pricing

i1 1 1181

Fair Value

Figure3. NCET Parallelsto Current Theories. This figure illustrates the hierarchy of the NCET
components and how they relate to current theories.



[11. Competitive Edges and Arbitrage

In Section II, the NCET model established the MFV as the absence of perceived competitive edges. The
remaining sections of this paper will show that financial market theory is critically dependent on the
concepts of MFV and perceived competitive edges. This section will explicitly define competitive edges
and explain under what circumstances they become perceived competitive edges. Arbitrage is also shown
as a perceived competitive edge which means arbitrage is a violation of fair value. This is diametrically
opposite to many currently accepted definitions of fair value where fair value is the absence of arbitrage.

A. Competitive Edges

A competitive edge is an advantage over the competition. In the financial markets, the definition of
competitive edges depends on who is asked and how they view the market. Some believe it is the ability to
get superior returns. Others believe it is the ability to incur less risk. There are also participants who
believe a competitive edge is receiving information first. The possibilities are endless. The NCET limits
the possibilities to a single competitive edge that is equally applicable to all market participants.

Under the NCET, participants are competing for satisfaction where price is the primary factor affecting
future expected satisfaction. Thus, everyone is competing for price. Any knowledge about prices that
others do not have is an advantage and, therefore, a competitive edge. Based on this logic, a competitive
edge is defined as having private information about the price process. More specifically, a competitive
edge is defined as having any information that the competition does not have about the price distribution®".
Below is the equation for a competitive edge.

pr(Prix) # pc(Prx) | Ipy — CEr @ foranyx O (2.2)
where: pp( Prix) participant’ s distribution of prices

pc( Prix) = competition's distribution of prices
Ipr = theinformation known by a participant at time (T)
T = current time

(See Appendix D for further details on competitive edges.)
B. Perceived Competitive Edges

With competitive edges defined, a perceived competitive edge is a competitive edge that has been identified
by the competition. Since perceived competitive edges are atype of competitive edge, they are a subset of

the competitive edge set, PCE CE. To clearly understand how perceived competitive edgesrelate to
MFV, the buyer's and seller' s perspectives will be examined.

If abuyer had a competitive edge that was identified by the seller, the buyer would have a perceived
competitive edge, PCEr guyer # € — PCErpuyer  Itsener- The seller would then capitalize on the

information to adjust his optimal actions, if necessary which could change the exchange price, i.e. the MFV
between the two participants. On the other hand, if the buyer had a competitive edge that was not identified

by the seller, the buyer would not have a perceived competitive edge, PCEr gyyer = @ —> PCEr uyer

/ Irsener- The seller would be unaware of the competitive edge and not adjust his optimal actions which
implies the exchange price would remain the same. Only when there are no perceived competitive edges
between the exchanging entities can an exchange occur at the MFV.

PCET,Buyer= @ PCET,Seller= @ — PCET= @ ad PT = MFV (22)
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The MFV occurs at the equivalent of a Nash equilibrium (Nash (1951)), because neither the buyer nor
seller can improve their exchange price once there are no perceived competitive edges.

C. Arbitrage

Arbitrage under the NCET is defined as knowing that a price other than the MFV price is available or will
be available, such that a portfolio including the asset has a positive payoff with no possibility of a return
below the risk-neutral return rate of the portfolio. Arbitrage is defined as the following:

ERpr > 1, p(Rpp<r1,) =0 | PF 2.3)
where: ERpr = expected return of the portfolio
(payoff — payout) / payout

Rpr = actual return of the portfolio
Iy = risk-neutral return rate of the portfolio
PF = portfolio

Equation 2.3 is a general arbitrage equation for a single payout and payoff. Arbitrage in practical
application often entails multiple payouts and payoffs that occur over time. While it is not in the scope of
this paper, this equation could be rewritten to account for multiple payouts and payoffs.

In short, arbitrage, under the NCET, is the ability to get risk-free expected returns above the risk-neutral
return rate. This violates equation 1.38 which implies a perceived competitive edge exists. In the case of
pure arbitrage, the portfolio has a positive payoff and no capital required which creates an infinite expected
return ( payoff > 0 and payout = 0 makes ERpr = infinity in equation 2.3). An infinite expected return is
clearly above any possible risk-neutral return rate. In the case of non-pure arbitrage, the portfolio has an
expected return above the risk-neutral return rate with no possibility of return below the risk-neutral return
rate, but requires a capital outlay, i.e. payout > 0, to establish and maintain the arbitrage portfolio. In
theory, the capital required could be acquired by selling risk-less assets, thereby simulating a pure arbitrage
portfolio. In practice, however, this is usually not possible due to real world constraints. In order to
maintain this paper’s purpose of aligning reality with theory, the NCET applies this slightly more flexible
definition®? of arbitrage rather than the classical definition given by No Arbitrage (NA).

When arbitrage is identified by the competition, such as in derivative pricing (Black (1973)), it becomes a
perceived competitive edge and is included in the perceived competitive edge set (PCE).

IA PCE (24)

where: IA = arbitrage opportunity element identified by the competition

Regardless of the type of arbitrage, MFV pricing does not allow perceived competitive edges which means
identified arbitrage is not allowed; therefore, arbitrage is a function of fair value, fair value is not a function
of arbitrage. When fair value is derived from the absence of arbitrage, it is really being expressed as the
absence of perceived competitive edges given by equation 1.36 in which arbitrage is simply one type of
perceived competitive edge. In this regard, arbitrage is not a stand-alone theory as presented by No
Arbitrage theory; rather, arbitrage is a natural by-product of the NCET’s fair value.

As mentioned, this definition of arbitrage encompasses NA. Hence, NA and arbitrage-free pricing are
subcomponents of the NCET. Also, MFV is not limited to a single asset. Portfolios themselves can be
viewed as an asset and, therefore, have a MFV equivalent to the sum of the portfolio’s individual MFV
components; therefore, portfolios are also subject to the NCET rules for MFV and arbitrage. This accounts
for arbitrage involving different assets with equal, or nearly equal, cash flows.
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IV. Empirical Evidence

Justifying the model’s validity is important, because the NCET is based on the interdependencies between
participants which current financial theory has not completely factored into fair value. This section will
produce evidence supporting the MFV and the NCET model.

A. Do real asset exchanges occur at the MFV?

The NCET model has shown that participants achieve satisfaction by fulfilling desires. The level of
fulfillment is determined by how well the participants meet or exceed their goals. To produce the best
results, participants seek to achieve their optimal prices by taking all optimal actions. This creates a
fiercely competitive environment where the best option is for participants to appear neutral near asset
exchanges.

If participants take optimal actions and remain neutral near asset exchanges, then there are no perceived
competitive edges between the exchanging participants during asset exchanges. The absence of perceived
competitive edges means the current price is the MFV.

To test if the current price is the MFV, the question could be asked, “Do real asset exchanges occur at the
MFV?”. If real asset exchanges occur at the MFV, then there should be no perceived competitive edges.
This logic can be tested by examining equation 1.34 in two parts.

Part One: IE.T,Buyer =0 IE.T,Seller =0 — AIT,Buyer =0 AIT,Seller =0
For part one to be true, participants must avoid altering each other’s relevant information by not
exchanging information near asset exchanges. This can be tested by examining whether or not participants
appear neutral during asset exchanges.

Part Two: AOPT,Buyer =0 A()PT,Seller =0 — PCET,Buyer =0 PCET,Seller =0
For part two to be true, participants must already believe the exchange price is optimal in order to have no
changes to their optimal prices. This can be tested by examining whether or not participants take optimal
actions to establish their optimal prices.

B. The Evidence
B.1. Part One - Do participants appear neutral near asset exchanges?

To determine if participants appear neutral during asset exchanges, a simple test can be run for the amount
of asset exchanges that occur without information being provided by the exchanging participants. If
participants are appearing neutral during asset exchanges, there should be few cases where they provide
information near the asset exchange.

The test concluded that an extremely high percentage of asset exchanges occur with no information
provided; for example, in the 1,380,000 asset exchanges for the June 2007 S&P500 E-Mini between
5/1/2007 and 5/31/2007, there was no evidence that any of the exchanges had information provided. It is
not practical to provide a solid market-wide estimate, because the amount of refuting evidence is small,
mostly undocumented, and often circumstantial. Given the results, 99.999% is a reasonable estimate for
asset exchanges occurring without information being exchanged.

The test for Part One also supports the assumptions and logic used in Section II.J and Appendix C. If the
assumptions and logic are correct, there should be few information exchanges near asset exchanges.
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The refuting evidence comes from four cases. (1) Some market advisors announce their intentions before
making asset exchanges. (2) Some participants post their intentions on Internet message boards. (3) Some
pit traders and influential participants allegedly start announcing their intentions once the majority of their
positions are already established. By exchanging the information, they leverage their influence on other
participants to move the market in their favor. (4) There are rare occasions when participants exit a
position and allegedly provide information that supports their exit strategy. To secure the optimal prices,
they admit useful information that supports their exit exchanges by selling high or buying low. The
cumulative total of these refuting cases is extremely small in comparison to the total asset exchanges.

B.2. Part Two - Do participants take optimal actions to achieve their optimal prices?

Determining if participants take optimal actions is not directly testable, because participants’ optimal
actions are highly specific to their situation, e.g. their goals, results, optimization techniques, sophistication,
knowledge, information, and inherent behaviors. Instead, an indirect approach is utilized in which the tests
are logically tied to participants taking optimal actions. For this, the NCET turns to the aid of the EMH
tests; in particular, the tests supporting the first four EMH propositions. The EMH tests (Fama (1970),
Fama (1991), and Beechey, Gruen, and Vickery (2000)) clearly show that participants eliminate perceived
competitive edges, because the tests have not identified many, if any, significant perceived competitive
edges. Since participants are eliminating perceived competitive edges, they are optimizing their results
which implies they are optimizing their prices.

It is also important to recognize that the evidence from Part One (subsection B.1) also supports the notion
that participants take optimal actions. Since the assumptions and logic in Appendix C are supported by the
test in Part One, it follows that the participants are taking the optimal actions by remaining neutral near
asset exchanges.

The tests imply that the great majority of participants go to great lengths to optimize their prices. In
Section VIILE, the impact of traditionally termed irrational participant behavior will be shown as a natural
element of the NCET model. Market crashes and high volatility do not imply that participants fail to take
optimal actions.

C. The Logic Behind the Evidence
C.1. Part One — Why participants appear neutral near asset exchanges

In today’s markets, computerized trading and fast paced-pits make it almost impossible to exchange
information. The fact that there is literally no functionality supporting information exchanges during asset
exchanges strongly supports the Part One test. The reason the markets have evolved without providing the
ability to exchange information near asset exchanges must be that the information is not useful. To a large
degree, the information is useless, because participants cannot trust each other, and they know that applying
the information is a risk. Even if information exchanged is useful, large and influential participants will
certainly use the information to manipulate the markets in their favor. The only natural outcome in a
selfish non-cooperative competitive market is not to release information near asset exchanges.

C.2. Part Two — Why participants take optimal actions
The evidence of participants taking optimal actions supports the assumption that the great majority of

participants prefer more satisfaction to less satisfaction. While there may be lapses in judgment or laziness
from time to time, the evidence shows that participants are trying hard to take the optimal actions.
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D. Summary

The evidence and logic explaining the evidence supports the NCET model. A high percentage of asset
exchanges occur without information being exchanged which implies participants do not give away
competitive edges near asset exchanges. In addition, participants are eliminating perceived competitive
edges which implies they are taking optimal actions™'.

V. Modeling MFV, Random Walks, and Derivative Pricing

With Market Fair Value (MFV) defined and justified, this section will expand on the technical details of
modeling MFV which includes a description of MFV random walks and their applications to derivative
pricing. Modeling MFV and MFV random walks is a critical step toward modeling efficient markets for
non-rational participants which is discussed later in Section VIII. Modeling MFV random walks also
allows for incorporating price distribution dependencies and other memory effects that directly challenge
random walks based on classically defined efficient markets (Fama (1965)).

A. Modeling MFV

Modeling MFV requires a neutral stance so that buyers and sellers can mutually agree on pricing. This is
accomplished by establishing models with no perceived competitive edges which means assuming that both
parties have equal abilities and relevant information sets. For this to be true, both parties must know all
public information and not possess any relevant private information; consequently, MFV models
incorporate all public information.

B. Establishing Random Walks for the MFV

Random walks under the NCET, called MFV random walks, are composed of MFV prices. Thus, they are
based on the absence of perceived competitive edges. They are the only price processes participants can
readily agree on and admit to without taking any risks that could negatively impact their optimal prices.
This is critical for assigning fair price probabilities used in derivative pricing and other pricing applications
dependent on the price process distribution. MFV random walks have two fundamental properties:

1. MFYV price processes can have predictable properties such as lagging volatility; MFV random
walks are not always Markov processes. Predictable properties are included in the MFV price
process, because they are perceived competitive edges. If known evidence points to predictable
properties, then predictable properties are information about the price distribution which must be
included to remove the perceived competitive edge.

2. The expected return is always the risk-neutral return rate. Any expected returns above or below the
risk-neutral return rate are eliminated by the buyers and sellers in order to reestablish the MFV.
The relationship between risk and return will be discussed in Section VII.

For the price process to be free of perceived competitive edges, equations 1.37, 1.38, and 1.39 must be true
for all future time periods; all future prices must also be MFV prices. This means that MFV price
processes are martingales across all possible time frames after discounting at the risk-neutral return rate*'
(Fabozzi, Focardi, and Kolm (2006)).

EF 1) - p, forallx O (4.1)
(1+r(x))
where: I+ = all information known by participants at time (T)
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r(x) = discount factor over the change in time (x) at the risk-neutral return rate

The resulting distribution of prices from the MFV random walk satisfies equations 1.37, 1.38, and 1.39 for
all future time periods. Therefore, MFV distributions do not have perceived competitive edges.

In most cases, the absence of perceived competitive edges means the distribution is not Gaussian and does
not have a constant variance. For most markets, the evidence so greatly outweighs these two possibilities
that no sane participant could consider them redlistic or fair (Ross (2005)). Applying either of these
possibilities to the price process would create a perceived competitive edge for either the buyer or seller.
For some derivatives, such as options, portfolio replication strategies could be used to capture profits from
mispriced derivatives. The profits may not be guaranteed and, therefore, not arbitrage opportunities, but
they would be highly probable and produce higher expected returns which would defy equation 1.38.

While the expected future prices cannot have dependencies on prices or returns, the other properties of the
distribution can have dependencies. Distribution moments greater than one can have any number of
dependencies on past information which means price processes incorporating memory effectsin the pricing
properties are admissible. Thereisample evidence of various dependencies found in nearly all markets.
These dependencies are well beyond a random chance (LeBaron (1992) and Ross (2005)). In light of this,
GARCH, stochastic volatility, ARIMA, and fractal processes are reasonable choices for modeling MFV
price processes (Peters (1994), Fouque, Papanicolaou, and Sircar (2000), and Rebonato (2004))*2.

C. Pricing Derivatives Using MFV Random Walks

Derivatives are traded assets, meaning they are subject to the NCET. Their exchange prices must be
MFVs. Theonly way to arrive at the derivative' s MFV isto price the derivative based on the MFV process
of the underlying asset. If the derivative price was not based on the underlying MFV price process, then a
perceived competitive edge would exist. This can be explained, because either the expected return or

return distribution would be different than aMFV price process. For thisto occur, a participant would
have to provide information about his expectations to other participants, in particular, the competition. As
already proven in Section |, this situation is not desired in a competitive market, and it violates the NCET.
This problem is aleviated by applying the MFV Random Walk to the underlying asset. The resulting
derivative price satisfies the NCET and establishes the MFV*2,

An important by-product of MFV derivative pricing isthat risk-neutrality is anatural property of the
underlying asset and not an artificial mathematical property of derivative pricing. While Fischer Black
(1973) proved with his portfolio substitution that the risk-neutral world must be artificialy applied to
derivative pricing, it is not areadily-intuitive proof. The NCET bridges the gap between Fisher Black's
proof and an investor' sintuition. Intuition says that most participants want the best price at the minimum
risk. This means not admitting any more information than is absolutely necessary which tranglates into
only admitting expected returns equal to the risk-neutral return rate.

Without Black' s proof, however, the NCET' s application of MFV random walks would be incompl ete.
The NCET simply proves the expected return is the risk-neutral return rate if the priceisthe MFV. But
who isto say everyone must agree to use the MFV? Large-scale participants and insiders have perceived
competitive edges that they would certainly choose to keep if they had the choice. Thiswould create
situations where prices might not aways be the MFV. Fortunately, Fisher Black proved the expected
return must be the risk-neutral return rate to eliminate arbitrage opportunities. Without arbitrage, the MFV
argument that the expected return must be the risk-neutral return rate would be like a city with laws but no
police to enforce the laws. In thisanalogy, the NCET isthe law and arbitrage is the market' s police.
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VI. Real Price Processes and Risk

MFV random walks apply to fair value pricing for asset exchanges, but they do not represent how prices
move in real markets, because the expected return can differ from the risk-neutral return rate due to risk
aversion. Risk aversion and expected return is covered in Section V1. This section focuses on real price
processes and explains how expectations influence price, how price influences risks, and how price and
risks produce dynamic feedback systems that create unstable price processes. Unstable non-equilibrium
prices eliminate the possibility that prices always reflect fundamental value. Thisdirectly challengesthe
logic of classical efficient marketsin which rational participants establish prices based on fundamental
value. This section serves as an important stepping-stone toward justifying efficient markets under these
unstabl e conditions.

A. Price and Expectations

Contrary to some asset valuation models, financial market asset prices are not directly a function of
discounted cash flows nor are asset prices directly afunction of market risks, relative worth comparisons,
or macro economic factors. Instead, prices are mostly the result of the active participants taking action
based on their expectations of other active participants; active means willing and able to act.

The concept that participants take actions based on their expectations of other participants is a direct result
of the NCET. Since participants are fiercely competing for price, any strategy that can produce profitsis
acceptable. Neoclassical finance predicts that profits are solely related to changes in fundamentals, but the
NCET isnot limited to neoclassical profits, because prices do not always reflect fundamental value. De
Long, Shleifer, Summers, and Waldmann (1990) show that arbitrage limitations can allow prices to drift
from fundamental value which creates situations whereirrational participants can earn higher expected
returns than rational participants. Kogan, Ross, Wang, and Westerfield (2006) show that irrational
participants can produce | asting effects on prices which, incidentaly, was clearly evident in the Internet
stock pricesin late 2000. Onceit isrealized that prices can deviate from fundamenta value and that
irrational participants can overpower rational participants, awhole new class of investing strategies
becomes possible where participants take actions based on their expectations of other participants. Studies
by Froot, Scharfstein, and Stein (1992) and Wermers (1999) support thislogic. In addition, higher order
expectation models exist (Allen, Morris, and Shin (2004)) and game theory model s demonstrate how
participants make decisions based on their expectations of other players (von Neumann and Morgenstern
(1953), Camerer (2003), and Camerer, Loewenstein, and Rabin (2004)).

Sinceirrational participants can impact prices and overpower rationa participants, it follows that rational
participants must be concerned about irrational participants. Also, rational participants could be enticed to
execute strategies that exploit irrational behavior'®. Given either of these two possibilities, it must be true
that rational participants are concerned about other rational participants who are taking actions based on
irrational participants. This cascading effect impliesthat al participants are concerned about how other
participants might impact prices. Hence, participants' risk and return potentials are driven by prices, their
risk and return potentials are not always driven by changing fundamentals.

Theideathat participants base their expectations on other participants actions was presented by Keynes's
(1937) “beauty contest” example. People don't bet on the beauty of the contestants; rather, they bet on who
everyone else thinks is the most beautiful. The NCET complements hislogic by showing that the
fundamentals of pricing are rooted in participants expectations of other participants. Thisideology does
not negate the fact that prices are impacted by supply and demand, market risks, macro economic events, or
other factors. These factors can influence price, although not directly. Instead, they indirectly influence
price by atering the participants expectations of other participants.
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The relationship between expectations and price creates a beautifully dynamic investment world. Every
new price influences everyone' s expectations, at least to some degree. Since the NCET model showed all
participants are competing for price, and that price is about expectations of other participants, then expected
goals and results are really measurements of other participants expectations. Nearly all participants
expected goals and results, whether they are aware of it or not, are attempts to game other participantsin
order to satisfy their desires. In other words, nearly everyone is gaming everyone to attain higher
satisfaction. In thisregard, the financial markets are a never-ending selfish competition for satisfaction>*.

B. Price and Risk

Every asset exchange occurs at aprice. Thispriceisnew information. New information affects the future
expectations which in turn affects the inputs or constraints of the expected results. Recalling the expected
return equation, ER = (Price, time), the chain reaction caused by changing expectations can be
examined.

Expectations E[ Pricerx] U E[t,] U E[te] ER (5.1)

Equation 5.1 is a qualitative mathematical representation of how changes in expectations flow through
expected results. The equation does not imply that the numerical expected result aways changes. The
numerical expected result may remain the same, but its properties and inputs will change. The same logic
of changing expectations also filters through expected goals. All the equationsin this section are
gualitative mathematical representations that are designed to show the logical relationships between the
elements of real price processes.

The relationship between expectations and expected results and goals directly affects the participants’ risk.
Risk, when identified in italics, is a measure of the chances of not achieving the highest expected
satisfaction. Thismeansriskis also a measure of the chances of not attaining the optimal prices of the
optimal expected goals and results. When new prices occur, the expectations change which means the
expected results and goal s change which means expected satisfaction changes. In addition to new prices,
any new information can affect the expectations which again causes the chain reaction to risk. In fact, the
complete absence of new information can affect expectations and risk. This occurs, because the passing of
time may influence a participant' s expected results and goals.

C. The Price Process: Price, Expectations, and Risks.

The preceding subsection explained that price, expectations, and risk are interdependent functions. Every
new price causes achange in expectations, E; and every change in expectations causes a change in the
risk, R Ultimately, the change in risk causes participants to exchange assets which creates new prices.
The process starts with information changing the expectations, where priceis aform of information.

Er  =1a1(It|[Prely) =11(Pr%) (5.2)
Rr =12 Er) =120 1(Pr %)) (5.3)
Prx  =13( Rr) =136 20 Er)) =130 20 1(Pr,%))) (54)

From equation 5.4, it is clear that every price helps induce more prices, e.g. asset exchanges; therefore,
there is never an information, price, expectation, or risk equilibrium. They are al in a constant state of
change. Thisiswhat drives prices; it is not just news>?. Information feeds expectations, expectations feed
risk, and risk feeds more prices. Thisrelationship is presented in the following price process equation.

| T ET RT PT+x I T+x E T+x RT+x PT+x+x (55)
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The relationship between prices and past expectationsin equation 5.5 suggests that correlated price
distribution properties can be natural properties of real price processes. Hence, given the evidence
presented in Section V, it makes sense to include these correlated propertiesin MFV random walks. The
price process a so suggests that the prices of different assets can be correlated. The changesin expectations
to one asset may induce changesin other expected goals and expected results. Changes in other expected
goals and expected results mean there are changes to the participants expectations which could cause price
changesin the assets tied to those expectations. Thus, equation 5.5 could be rewritten to show the chain
reaction of price changes simultaneously across all possible assetsin all possible markets. Some of the
price process dependencies have been partially captured in certain asset pricing models such as CAPM
(Sharpe (1964)) and APT (Ross (1976)).

The non-equilibrium price process described in equation 5.5 is a dynamic feedback system, because price
affectsitself. Reflexivity (Soros and Volcker (2003)), self-learning agent-based models (Pouget (2007) and
Routledge (1999)), and nonlinear dynamic theories are supported by this price process, because they
incorporate dependencies between prices and expectations. The dynamic unstable price process eliminates
the ideathat prices always reflect fundamental value®>. Since an asset's price can affect itself aswell as
other asset prices, an asset's priceis not solely based on the fundamental s of discounting future cash flows
and requiring an appropriate risk-adjusted expected return>“. Instead, the asset' s price must incorporate
price itself and how the expectations of other participants will affect the price. This point can be further
expanded to demonstrate that representative agents (Harrison and Kreps (1979) and Duffie and Kan
(1991)) do not exist since the price processis a function of the unique expectations of each participant; not
all participants have the same expectations. In Section IX, efficient markets are justified without using
fundamental value or representative agents.

D. The Price Process and Competitive Edges

Equation 5.5 shows the price processin terms of information, expectations, and risks. The price process
can a so be explained in terms of competitive edges which isimportant, because the price processis a series
of asset exchanges that are dominated by the participants' perceptions of competitive edges.

A competitive edge is having private information about the price. When new information is available, it
alters expectations, which has two fundamental impacts on how competitive edges affect prices. Firg, the
change in expectations may alter a participant' s assessment of competitive edges that can be capitalized on.
Depending on the situation, the change in risk may cause the participant to exchange assets, thereby
creating anew price. Second, the change in information may not alter the assessment of any competitive
edges that can be capitalized on, but it still may cause achangein risk. The changein risk may cause the
participant to exchange assets. Asset exchanges that are not induced by capitalizing on competitive edges
are defined as neutral asset exchanges. Neutral asset exchanges occur when:

1. Thereare no competitive edges. Examples include reaching an optimal exit price, participants
aging and needing to readjust their portfolio' srisk, or starting up a portfolio using efficient market
applications.

2. There are competitive edges, but they cannot be capitalized on; for example, knowing the price will
rise but having to sell dueto amargin call. These are generally situations where capital constraints
hinder the participant's ability to exchange assets.

3. Thereare competitive edges, but they do not improve satisfaction, so they are not capitalized on;
for exampl e, expecting the prices to rise but avoiding the investment dueto risk aversion.
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In summary, participants set prices through asset exchanges where they are either capitalizing on what they
believe are competitive edges or making what they believe are neutral asset exchanges™. Thekey is that
every pricein the price processis directly related to competitive edges.

VII. Expected Returns and Risk Aversion

It iswell known that expected returns are related to risks™*. In general, higher expected returnsimply
greater risks. In this section, the NCET explains the relationship between risk and return by working in
parallel with game theory and risk aversion concepts. Using the NCET model, risk-adverse participants
can be modeled as seeking prices that optimize their expected results and goals for a given level of risk.
For participants with goals aimed at maximizing returns, the model reducesto the classical view of risk-
adverse participants, i.e. participants who seek the prices that maximize their returns for a given level of
risk.

A. Expected Return and Risk

The NCET has shown that participants must establish MFVs to make exchanges. While these exchanges
reflect MFV's, real price processes do not always follow MFV random walks, because risk raises the
expected return above risk-neutral return rate; more risk implies higher expected returns®. In Figure 4, the
difference between the expected return, , and the risk-freereturn, r, isthe risk premium, h. Therisk
premium is related to the distribution of returns. Asthe risk premium increases, so does the variance of the
distribution of returns. A larger spread of possible returns increases the chances of getting returns below
the risk-free return.

Expected Expected
Return (ER) Return (ER)
Digt. of expected Dist. of expected
returnsis small returnsislarge
A/I ERage | : A)
ERwwii [~""" """, , |
>r hi >>r h i
r r
time I time

Figure 4. Risk and Expected Return. Thisfigureillustrates how increasing the expected return causes an
increase in the spread of returns.

B. Risk Aversion

A reasonable assumption is that most participants want the optimal prices that maximize their expected
return given a certain level of risk. If arisk-adverse participant had to pick between two investments with
equal expected returns but unequal risks, the participant would choose the investment with the least risk;
the proof existsin economic game theory for rational participants (von Neumann and Morgenstern (1953)).
From the perspective of the NCET model, it simply means participants would compete for the optimal
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prices of the assets with the lowest risk for agiven level of expected return. Taking unnecessary risksis
not optimal, because it increases the chances of having less wealth. Incurring unnecessary risks also
creates dower wealth increases for some asset allocation strategies which would lead to less satisfaction for
risk-adverse participants. By assuming that most participants prefer more wealth to less wealth, it islogica
to assume that the majority would choose risk-adverse behavior. In thisway, risk-adverse behavior is an
expected result of wealth seeking participants subject to the NCET model.

The relationship between risk and return directly ties into the concept of competitive edges. Just asin the
NCET' s application to asset exchanges, competitive edgesin arisk-adverse world are al about the
distribution of prices. In this case, competitive edges are the knowledge that the spread of pricesfor one
asset is different from other assets with similar expected returns where the difference in spread leads to
different chances of greater wealth. In other words, a participant knows he can take lessrisk to achieve the
same expected return as other participants. If thiskind of competitive edge became public, it would be
short lived, because the participants would immediately buy the asset with lessrisk, thereby reducing the
expected return to an amount comparable with other assets of similar risk.

C. TheParticipant Fair Value

Thusfar, only the fair value of asset exchanges, i.e. the MFV, has been discussed. In practical application,
however, participants determine their own fair value, called the Participant Fair Value (PFV). The PRV
may differ from the MFV, because it is based on each participant's expectations and risk aversion levels.
For most participants, the objective isto buy below their PFV and sell above their PFV while incurring the
minimum risk. In short, the MFV isaneutral stance that reflects what participants are willing to admit to
the competition, while the PFV reflects the confidential expectations that participants believe are
competitive edges.

The NCET fair value is the absence of perceived competitive edges between exchanging participants.
Unlike MFV, PFV only applies to one participant, so there are not two partici pants making an exchange.
To establish the PFV, the method is to treat the participant as both the buyer and the seller; in other words,
the participant acts as both exchanging parties. Once both parties eliminate each others' competitive edges,
the PFV is established. The following example explains this concept. If the current price is below the
participant' s expected future price, then the participant acting as the buyer with the competitive edge gives
up the competitive edge to the seller. Since the seller identifiesthis as a competitive edge, it becomes a
perceived competitive edge for the buyer. Next, the participant, acting as the seller, eliminates the buyer's
perceived competitive edge which establishes atheoretical MFV between the buyer and seller. The
theoretical MFV isthe PFV. This process may seem to contradict the NCET model, because the buyer is
giving up a competitive edge to the seller that negatively impacts the buyer' soptimal price. There actually
is no contradiction, because the PFV is a unique case where the satisfaction of both exchanging entitiesis
equivalent; the buyer' s and seller' s goals and results are exactly the same. Also, since both parties are the
same participant, the selfish non-cooperate nature of the markets does not affect this situation. Hence, the
integrity of the NCET model holds for PFV.

D. Risksand the Return Distribution

To eliminate competitive edges related to risks, all moments of the return distribution must be related to the
risks. The expected return and spread of returns are only the first and second moments. The existence of
higher moments in asymmetric return distributionsiis critical, because the effect of risks on the return
distribution is often not equally weighted about the expected return. To minimize the complexity, the
discussion will be limited to the first and second moments and ignore distributions with more than two
inflection points. The following relationships are the result of the NCET model in a predominately risk-
adverse world.

26



p(returns) = f (risks) — h = f (risks) (6.2)
=r+h — = r+ f (risks) (6.2)

risks ~— — — returns (6.3)
risks ~— — — returns (6.4)

As argued in Section VI, new information affectsrisks. From eguation 6.2, it is deduced that new
information also affects the expected return, because therisk is atered. New information ultimately drives
more prices which influences the expected return, especialy for assets with price variance dependencies.
The process never stops, because prices themselves are new information; therefore, the risk premiumisina
constant state of flux. Changes in the risk premium cause risk-adverse participants to alter their portfolios
in order to maintain specific risk aversion levels.

VIII. Efficient Markets and Participant Behavior

Section V11 builds on the previous sections to define efficient markets under the NCET using non-rational
participants. Sections ||, Il1, IV, and V showed that MFV and MFV random walks are used to establish fair
exchange prices. Sections VI and VIl showed that real price processes do not always follow MFV random
walks partly because of the relationship between risks and expected returns. What efficient marketsdois
create a hypothetical situation where MFV random walks and real price processes can be merged without
allowing any perceived competitive edges. The result is an efficient market random walk. Efficient market
random walks have all the properties of MFV random walks with the exception that the expected return can
be greater than the risk-neutral return rate; thisis proven using the NCET model in subsection C. These
random walks can be applied in several ways to produce a multitude of invaluable economic and financia
models. To fully understand how the NCET fitsinto efficient markets, it is hecessary to review classical
efficient market theory (Fama (1965)).

A. Classical Efficient Markets

Classical efficient market theory isfounded on the relationship between the price and risk described in
Section VII. The concept isthat rational participants know all the current information and correctly factor
the information into the price. The current price isthefair price, and the expected returnisthe risk-free
rate plus arisk premium. The only way to increase the expected return isto invest in riskier assets with
higher risk premiums.

Theideathat rational participants correctly factor al information into the price and risk premium is very
convenient from atheoretical perspective. From a practical standpoint, the theory isless agreeable,
because real participants have different interpretations of the information which leads to different
assessments of the risk premium. The issue of who has the correct assessment is theoretically resolved by
applying the Rationa Expectations Theory (Muth (1961)). Roughly speaking, when participants are
rational, the actual result is the expected result plus arandom error term; therefore, the participants
expected risk premiums tend to be the actual risk premiums. Below are two fundamental equations that
represent aclassical efficient market.

pP(Prix) = F(risks) fordl x>0 (7.2)
p|:( Prix ) = pA( Prix ) foral x>0 (72)
where: pe() = market' sforecast of the price distribution
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pa() = theactua pricedistribution

Equation 7.1 means classical efficient markets are predominately based on risk-adverse participants,
because the risks are related to the price distribution. Equation 7.2 means that no one can beat the market's
price forecast, because the market' s forecast isthe real forecast. The result of combining equations 7.1 and
7.2 isthat no one can beat the market. The current price and forecasted future price distributions accurately
reflect all available information. The only way to increase the expected return isto increase therisk. Inthe
world of classical efficient markets, the participants do not have any advantages over each other.

B. Introduction to NCET Efficient Markets

The ideathat no one has an advantage in classica efficient markets fits nicely into the NCET' s view on
efficient markets. By applying the NCET to efficient markets, the result is the complete absence of any
perceived competitive edges for al participants. By definition, the current price in an efficient market is
perceived asthe fair value. Hypothetically speaking, no participant is aware that any other participant
knows that the risk associated with the price distribution of one asset is different from other assets with
similar expected returns. Once the risks are factored into the distribution, al participants are perceived as

equal.

Just because there are no perceived competitive edges does not imply that the current priceis actualy fair
or that the market' s forecast matches the true forecast. In theory, the majority of participants could have a
poor market forecast which could create competitive edge opportunities for clever participants.

The possibility of poor forecasts creates problems for justifying efficient market theory applications. If the
market' s forecast fails to approximate the true forecast, then efficient market tools would have inherent
errors, because the techniques would be applying the wrong forecast. In order to justify efficient market
theory applications, the market forecast needs to reasonably approximate the true forecast. In Section
IX.A.2, the NCET will be applied to show that market forecasts are reasonably close approximations of the
true forecasts which helps justify the applications of efficient market theory.

C. NCET Mod€l of Efficient Markets

When markets are examined in terms of efficiency, the participants are viewed as competing against the
market. Inthe classical sense, the competition is between participants for the highest returns given a
certain level of risk™*. Thisis actually a specialized application of the NCET model. An efficient market is
a hypothetical situation where arelationship exists between risks and the expected return such that, if a
participant knows the risks, he can estimate the return distribution and the expected return. Since all
information is hypothetically known in an efficient market, the participants know the risks and the
relationship to the expected return. Another key aspect of efficient marketsisthat the participants are
predominately risk-adverse and seeking optimal returns. To model this hypothetical market of
predominately risk-adverse participants using the NCET model, the known risks”? are included in the
public information set. This allows the known risks to be included in the goals and results

The participants are still competing for price, but now they are competing for the optimal prices that
maximize the expected returns given the known risks. By following the NCET model steps, the Efficient
Market Fair Value (EMFV) is based on an efficient market. The EMFV isthe same asthe MFV in Section
Il with the exception of the expected return. In an efficient market, the expected return, g, isbased on the
known risks.

IE.T,Buyer =é leT seller = e Pr=EMFV | PCEr= é g=0dg= r= s=0s (7.3
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Equation 7.3 impliesthe EMFV is perceived as the net present value of the asset in a risk-adverse world
where the exchanging participants know the price distribution. The participants must still act completely
neutral to get the optimal prices, but they can admit the expected return is different than the risk-free rate,
because everyone is hypothetically aware of the known risks and the rel ationship to the expected return.
Thus, the participants are not giving up any risk preferences; the only information provided is that they are
willing to accept the current known risks. Since everyone agrees on the same known risks, there are no
differences between participants and, therefore, no perceived competitive edges.

In this hypothetical situation, the participants cannot admit if they have additional information about either
the risks or the relationship to returns during exchanges. If they did provide additional information, they
would be giving up a competitive edge and negatively affecting their optimal prices. Since no one can
admit anything about the risks other than what is publicly known, everyone is pretending to have no
competitive edges.

Just as with the MFV random walks, the EMFV model can also be expanded to create EMFV random
walks. The same principlesthat applied to MFV random walks also apply to EMFV random walks, with
the exception that the expected return can be different than the risk-neutral return rate.

D. Quas-Rationality and Fundamental Value

The NCET efficient markets do not require rational expectations or rational participants. Instead,
participants can act with varying levels of classical rationality. The NCET qualifies participants as being
quasi-rational; thisis supported in Section IX.A. Quasi-rationality isthe minimum rational behavior
required to establish the NCET' sfair value. Quasi-rationa participants follow two fundamental rules.
One, they avoid purposely giving up or capitalizing on competitive edges that they believe will negatively
affect their satisfaction. Two, they give up or capitalize on competitive edges that they believe will
positively affect their satisfaction”>. Based on these two rules, quasi-rational participants have two
fundamental freedoms. One, they can give up competitive edges that they believe will improve their
satisfaction, but not near exchanges. Two, they can ignore capitalizing on competitive edges that they
believe do not improve their satisfaction. (See Appendix E for additional details quasi-rationa rules and
freedoms.)

The difference between rational participants and quasi-rational participantsis significant. Quasi-rational
participants take actions based on what they believe will maximize their expected satisfaction while rational
participants take actions based on what actually maximizes their expected satisfaction™*. This means quasi-
rational participants still make rational choices™?, but their actions are subject to all the factors that affect
the participants ability to maximize their expected satisfaction. Such factors include psychol ogy,
emotions, social values, instincts, and inherent human behaviors.

In terms of pricing, rational participants take actions based on how information affects the fundamental
value of an asset while quasi-rational participants take actions based on how information affects their
individual expected optimal prices. In aquasi-rational financial market, prices do not always reflect
fundamental value and participants can not be described by a single representative agent” (Harrison and
Kreps (1979) and Duffie and Kan (1991)). The fundamental value serves only as atheoretical reference
price for participants to gauge the actions of other participants. (See Appendix F for additional details on
how quasi-rational behavior is modeled by the NCET.)

Removing fundamental value from financial market pricesis similar to the 1968 abandonment of using
gold to back up the U.S. dollar. In thisanaogy, using fundamental valueto set asset pricesislike the
Federal Reserve' sold policy of using gold to set the value of the U.S. dollar. Both theories set prices using
aconstruct that participants must believe istrue. Thisbelief can be completely removed by relying on the
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competitive interactions between participants to set the market' sfair value. Today, the floating U.S. dollar
ismostly afunction of participants removing each others' competitive edges which naturally setsthe fair
value. In the same way, other financial market asset prices are also set by participants removing
competitive edges. The Federal Reserve ceased backing the dollar with gold, because global economics
became too complex to manage. In the same way, financial market theory should cease backing asset
prices solely with fundamenta value, because the research and knowledge of financial markets has become
too complex to manage with classical efficient market concepts.

While the NCET does not specifically argue against rational participants, it does argue that participants are
quasi-rational. Several studies support the ideathat participants are quasi-rational. Researchers have
shown that participants do not always follow Neumann-Morgenstern rationality. Participants often
demonstrate significant levels of loss aversion, violate Bayes rule for predicting uncertain outcomes, and
are swayed by how problems are presented to them (Shleifer (2000), p. 11). Other research aso
demonstrates that behavior biases are present in real market prices (Zhang (2006)).

E. NCET Efficiency versus Classical Efficiency

The NCET' sflexibility with regards to market efficiency shares similar ties with the EMH strong, semi-
strong, and weak forms. The strongest form of the NCET market efficiency does not allow any competitive
edges for any participant. The semi-strong form allows for limited competitive edges but not systematic
competitive edges or other reasonably identifiable competitive edges, such as correlation analysis or simple
technical analysistechniques. The weakest form allows for unlimited competitive edges for al

participants. While the NCET has borrowed the famous EMH terminology, the difference between the two
isnot an “apples-to-apples’ comparison. The NCET' s strongest form leads to identical results as the EMH
strong form, i.e. in both cases no one has any competitive edges. The NCET' s semi-strong form, however,
does not lead to the same results as the EMH semi-strong form. Instead, the NCET' s semi-strong form
leads to results closer to the EMH'sweak form. Thisisexplained in more detail in Section IX.A.2.

The difference between the NCET and EMH efficiency is best explained by examining how competitive
edges are eliminated. EMH competitive edges are eliminated by rational participants correctly pricing in
information. If arational participant had information prior to others, the participant could predetermine the
other participants reactions to the information and what future price they would set. Hence, the participant
with private information would have a competitive edge. In arational world, the competition for
information eliminates competitive edges. In contrast, the NCET' s competitive edges are eliminated by
guasi-rational participants dynamically competing against each other for price. In aquasi-rational world,
the competition for price eliminates any priceinefficiencies. Information used by arational participant
may not lead to a competitive edge for a quasi-rational participant, because the information may not be
useful for predicting how the competition will set the price. Information not used by rational participants,
such as clusters of stop orders, could lead to a competitive edge for a quasi-rational participant if the
information could be used for predicting how the competition would set the price.

The NCET' s method for eliminating competitive edges has two distinct differences from the EMH's
method. First, quasi-rational participants use information to try and predict how the competition will
impact prices, whereas rational participants automatically know how the competition will impact prices.
Explained another way, quasi-rational participants use information to create adistribution of prices while
rational participants use information to establish adeterministic price, i.e. the fundamental value. Second,
rational participants with equal information do not significantly affect each other, while quasi-rational
participants can significantly affect each other. These two differences can be examined by revisiting the
price process from Section VI.C (eguation 5.5).

I+ Er Ry Prix I4x E1ix Rrix Praxex (7.4)
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Under the EMH, based on |+, al rational participants havethe same Er. Sincethey do not materially
affect each other, the E; hasroughly the same effect on everyone's Ry; thus, given I+, all rationa
participants establish approximately the same Pr."°. Under the NCET, based on |+, quasi-rational
participants may not have the sasme Er which meanstheir Ry may be different. Additionally, quasi-
rational participants affecting each other could further exaggerate the variationsin Ry; thus, given Iy,
guasi-rational participants may have radically different assessments of Pr.,. Several models and research
papers demonstrate how quasi-rational market prices can vary significantly from traditional rational market
prices (Russell and Thaler (1987), De Long, Shleifer, Summers, and Waldmann (1990), Nerlove and
Fornari (1998), and Kogan, Ross, Wang, and Westerfield (2006)).

The price process examination shows that the rationale behind the real price process for the EMH is quite
different from that of the NCET. As presented in Section V1.D, participants subject to the NCET are either
capitalizing on what they believe are competitive edges or making what they believe are neutral asset
exchanges. When new information is released, the question is not, “What isthe new rationa price?’.
Instead, the question is, “ Are there any competitive edges to capitalize on or are there neutral asset
exchangesto make?’. In short, new information causes participants to re-examine their optimal prices
based on their assessment of the competition. New information does not cause participants to ponder what
the rational price should be. What the rational price should be and what the real priceis going to be are two
completely different concepts.

Even though the EMH and NCET differ significantly in efficiency and setting prices, both applications
have the same end result. When markets are efficient, the market' s forecast approximates the true forecast
which helps justify real world applications of efficient market theory. The question is, “How efficient is
the market under the NCET?’. Section IX addresses this question.

IX. NCET and the Efficient Market Hypothesis

One of the NCET" s contributions to finance and economics is the advancement of efficient market theory.
For decades, the Efficient Market Hypothesis (EMH) has stood as the cornerstone of efficient market
theory, but recent theories and studies, such as Behavior Finance (Shleifer (2000)), have challenged the
EMH. The NCET isnot anew challenge to the EMH but, instead, an evolution of efficient market theory.
In this section, it will be shown that the NCET eliminates the need for the EMH' s dependency on rational
participants. This does not imply the EMH research and propositions are obsol ete, but rather that the
rationale behind the EMH is obsolete. Augmentations to some of the propositions may be required, but
their core purpose isleft intact. To understand how the NCET replaces the EMH, a quick review of the
EMH is appropriate.

A. NCET and the Efficient Market Hypothesis

The core of EMH isthat most participants are rational and that the impacts of irrational participants are
self-neutralizing or eliminated by arbitrage. If most investors are rational, then the EMH propositions
should be true which implies model s and theories based on the propositions are correct. Thetests of the
propositions provide reasonably strong evidence supporting the propositions; therefore, models and
theories based on the propositions and EMH logic are justified. Thisisthe primary purpose of the EMH, to
justify applying its propositions and logic to models and theories.

The NCET isadifferent approach to justifying the application of efficient market concepts. Under the

NCET, participants do not need to be rational to justify efficient market applications. Participants merely
need to be quasi-rational. To effectively justify efficient markets, subsection A.1 will justify the logic that
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guasi-rational participants are subject to the NCET, subsection A.2 will justify the NCET' s semi-strong
form, and subsection A.3 will justify efficient market theory.

A.l Justifying Quasi-Rational Participants

Thelogic of participants being quasi-rational and subject to the NCET is supported by thorough research
and sound practical thinking. First, the concept that participants avoid giving up or capitalizing on
competitive edges that they believe will negatively affect their satisfaction is supported by the MFV
evidence provided in Section IV. Second, the concept that participants give up and capitalize on
competitive edges that they believe will improve their satisfaction is supported by the evidence of the EMH
propositions. Since the tests show that finding competitive edges is difficult, participants must be
eliminating them. Third, humans inherently prefer more satisfaction to less. The NCET quasi-rationa
participants do not dismiss the idea that some participants could be rational, because rational participants
are highly specialized quasi-rational participants. While rational participants are theoretically possible, the
NCET'sadvantageisthat it is stable under quasi-rational participants which leaves the door open for
irrational behavior.

A.2. Justifying the NCET’ s Semi-Strong Form Efficiency

Quasi-rational participants subject to the NCET produce a close approximation of the weak form EMH
propositions. The key isthat quasi-rational participants will capitalize on competitive edges that they
believe will increase satisfaction and will not give up competitive edges that decrease satisfaction. Any
competitive edge made public or identified by a sufficiently large population of participants will be
eliminated. The results of such actionslead to the weak form EMH propositions or close approximation.

The way in which the NCET leads to the EMH propositions can be explained by examining fair value. The
NCET'sfair value, whether MFV, PFV, or EMVF, does not allow any perceived competitive edges. If
there are no public perceived competitive edges, then there is no known public information that gives any
participant an advantage. The absence of advantageous public information means the market is efficient in
terms of public information. Hence, the NCET market efficiency leads to the weak form EMH market
efficiency which in turn leads to the EMH propositions. Fortunately, the EMH tests for informational
efficiency are a so the same tests needed to identify competitive edges, e.g. public perceived competitive
edges.

As mentioned in Section VIII.E, the results of the NCET' s semi-strong form efficiency leadsto a close
approximation of the EMH' s weak form efficiency propositions. This can be explained by postul ating that
systematic competitive edges or other reasonably easily identifiable competitive edges are short-lived given
that participants are quasi-rational and subject to the NCET. Since systematic competitive edges would be
relative to the market, there would be alarge population of participants to identify and eliminate
competitive edges. In addition, systematic competitive edges would be easy to identify, since standard
statistical tests can compare expected results to actual results. If thereisalarge population of participants
who can identify systematic competitive edges with relative ease, then such competitive edges should be
very short-lived. The EMH weak form propositions allow participants to test this logic. From the EMH
evidence (Fama (1970), Fama (1991), and Beechey, Gruen, and Vickery (2000)), it is clear that the NCET's
semi-strong form efficiency is a decent approximation of the markets' efficiency.

The NCET' s semi-strong form efficiency does not imply that all competitive edges are eliminated.
Complex and non-systematic competitive edges are possible, e.g. bubbles and insider information. The
evidence supporting the NCET' s semi-strong form efficiency, however, is enough to say that the markets
forecast roughly approximates the true forecast. While competitive edges may exist, their impact on
individual participants diminishes as the participants make more asset exchanges. Increasing the number of
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asset exchanges decreases the chances of a participant consistently being on the wrong side of non-
systematic competitive edges. In addition, participants applying efficient market theory should aso be
diversified which would further diminish the impacts of unknown non-systematic competitive edges. The
result isthat the markets' forecast roughly approximates the true forecast. Thisissimilar to applying the
Rational Expectations Theory, but thereisamajor difference. Nothing about the NCET says that prices are
rational or that the true forecast isrational. Rational Expectations Theory makes sense in certain economic
areas, but it is not required for financial markets.

A.3. Justifying Efficient Market Theory

Efficient market theory is a self-fulfilling prophecy. If competitive edges are released, they are eliminated,
leaving the market efficient once again, at least from the public information view point. Thus, applying the
NCET' sversion of semi-strong form efficient marketsisjustified by two facts. One, the strong evidencein
subsection A.1. points to participants being quasi-rational and subject to the NCET. Two, the market
predictions (the weak form EMH propositions) of applying quasi-rational participants who are subject to
the NCET in a semi-strong efficient market are strongly supported by research and evidence (the EMH
tests). This doubly guarantees that the NCET" s efficient market theory isvalid.

B. NCET’sEfficient Market Advantages

The NCET' s efficient market theory offers significant flexibility in defining participant behavior, asset
pricing, and price processes. There are numerous varieties of possible efficient market models. The major
constraint is that the models must not produce real world competitive edges that can be predicted or
eliminated by alarge number of participants. This allows modelsto have limited competitive edges. In
essence, efficient market models and theories must simply be efficient in the general sense that they result
in non-predictable real world returns, where the returns are distributed around an expected return that is
related to therisks. The NCET's efficient market flexibility also has several benefits specific to modeling.
These include, but are not limited to, predictable distribution moments greater than one, non-Gaussian and
asymmetric distributions, and non-stationary parameters and properties.

C. NCET Quasi-Rationality

Quasi-rational behavior isabroad generalization of participant behavior. To attain higher satisfaction,
most participants exhibit some level of risk aversion, because risk-adverse behavior generaly leads to
better long-term returns. Satisfaction, however, is not just a function of returns and risk aversion;
satisfaction also has emotional, psychological, physiological, and other elements. Incorporating these
elements into behavior modelsis difficult, but, regardless of the specifics surrounding participant behavior,
the participants will always be subject to the NCET. If participants want satisfaction in a selfish non-
cooperative competitive environment where they can intentionally and unintentionally affect each other,
they must be subject to the NCET. Aslong as satisfaction is the primary goal, under these market
conditions, all participant behavior models are atype of quasi-rational model in which the participants are
subject to the NCET.

Theideathat participant behavior is subject to the NCET creates a strong logical connection between
behavior, price processes, and competitive edges. Ultimately, participant behavior models help explain
how behavior drives prices. Theresult is abetter understanding of price processes and price distributions.
The improved knowledge pertaining to price processes and price distributions also improves our knowledge
for measuring and quantifying competitive edges. Thisisimportant, because public models are critically
dependent on competitive edges, specifically the absence of competitive edges.
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D. Key Deduction

The key deduction is that the NCET replacesthe EMH. This point is supported by the following
arguments:

1. TheEfficient Market Hypothesis propositions are not solely the result of rational participants.
Instead, the propositions are the result of quasi-rational participants subject to the NCET.

2. Theapplication of efficient marketsis not justified solely by the evidence supporting the EMH
propositions. Instead, the application of efficient marketsisjustified by evidence supporting the
ideathat participants are quasi-rationa and by evidence supporting the predictions of how quasi-
rational participants would impact the markets, e.g. the EMH tests.

3. Quasi-rationa behavior is abroad generalization of participants seeking satisfaction in aselfish
non-cooperative competitive environment where they can intentionally and unintentionally affect
each other. Under these conditions, quasi-rationa participants are subject to the NCET; therefore,
specific participant behavior models that maximize satisfaction through expectations of price are
types of quasi-rational models and also subject to the NCET.

Parti cipants are competing for price whether markets are efficient or not. Even if the markets someday
become perfectly efficient, participants will continue searching for the true risks and the exact relationship
to expected returns. The NCET will remain a practical market theorem until the true risks, their
relationship to expected return, and the true distribution of returnsis definitively defined and proven with
no possibility of being manipulated.

E. NCET and Behavioral Finance

Behaviora Finance (BF) isatype of quasi-rational approach. It has features of the NCET, because it
applies the concepts of expectations and includes factors affecting the risk. As presented in Section VI, real
price processes do not always follow classical random walks for avariety of reasons. As BF research has
demonstrated, noisy traders can reinforce themsel ves which creates definite impacts on other participants
including arbitragers (De Long, Shleifer, Summers, and Waldmann (1990) and Kogan, Ross, Wang, and
Westerfield (2006)). While the NCET and BF have similarities, they also have differences. Below are two
key differences:

1. Not al arbitrage under BF fitsthe NCET definition. Some of the arbitrage described by BF is
performed by stabilizing agents who bring the price back to atheoretical fundamental value. The
NCET does not support the idea the prices can always be arbitraged to a fundamenta value due to
higher order expectations. In many cases, BF arbitrageurs are merely participants subject to the
risks described in Section VI

2. Theargument by BF that prices are inefficient is potentially misleading. Prices may be inefficient
with regard to classical efficient market theory, but prices are not significantly inefficient with
regard to the NCET.

E. Bridging the gap between the EMH and BF

The argument is often made that it would take an enormous amount of evidence to overturn the EMH; the
EMH, however, does not need to be overturned. The element that needs to be modified is the logic that
only rational participants can produce the EMH propositions. The NCET shows that quasi-rational
participants also produce the EMH propositions. Thus, the EMH propositions do not imply that
participants are solely rational.



BF presents evidence that the EMH logic is violated with reasonable frequency. BF proponents often use
this evidenceto claim the EMH isinvalid. While BF research demonstrates that some investors are
irrational, irrational participants do not imply the markets are inefficient. From the NCET® perspective,
participants are eliminating each others' competitive edges, which naturally produces efficient markets. In
general, non-rational participants simply add volatility to the price process which can create return
distributions with fatter tails and higher peaks than Gaussian distributions.

The previous two paragraphs establish the link between the NCET, the EMH, and BF. The NCET
maintains the EMH propositions and supports efficient market tests without requiring rational investors.
Thisalows the NCET to support BF®non-rational investors while still justifying efficient markets.

X. Conclusion

The No Competitive Edge Theorem (NCET) has three primary contributions to finance and economics.
First, it advances the definition of fair value by incorporating the intentional and unintentional effects of
competing participants. Second, it eliminates the controversy between the Efficient Market Hypothesis and
Behaviora Finance by showing that markets are efficient even when participants behave irrationally.

Third, the NCET unifies the areas of participant behavior, fair value pricing, arbitrage, random walks, risk
aversion, and efficient markets by applying one simple mathematically defined concept, competitive edges.
These contributions derived from the NCET model.

In the NCET model, participants maximize their expected satisfaction which is described by a stochastic
utility function where price is the only financial market variable affecting the utility. This creates afiercely
competitive environment where participants are fighting for price. Since the NCET allows participants to
intentionally and unintentionally affect each other, the competition becomes a selfish non-cooperative
battle where no one can trust anyone. To avoid providing the competition any advantage, participants act
completely neutral near trades, e.g. putting on their poker faces. The neutral stance forces buyers and
sellers to have to independently eliminate each others' perceived competitive edges. Oncethere are no
perceived competitive edges between a buyer and sdller, they can mutually agree on atrade price. The
trade price isthe Market Fair Value (MFV). The absence of perceived competitive edges implies that the
exchange price is perceived as the net present value of the asset in arisk-neutral world where the
exchanging participants know the future price distribution.

Since the MFV requires arisk-neutral world, risk-neutrality is anatural property of MFV pricing; risk-
neutrality is not the result of eliminating arbitrage. Also, arbitrage identified by the competitionisa
perceived competitive edge, meaning arbitrage is aviolation of MFV. This directly opposes the current
ideology that fair value isthe absence of arbitrage. In thisregard, risk-neutrality, No Arbitrage theory, and
arbitrage-free pricing are not independent, stand-alone theories, but rather subcomponents of the NCET.

The argument that real exchanges occur at the MFV was tested using the NCET hypothesis and EMH tests.
The tests supported the hypothesis by showing that the vast majority of asset exchanges occur at the MFV.
The amount of refuting evidence was insignificant and circumstantial .

The application of MFV pricing extends to random walks. MFV random walks are price processes based
on MFV prices. These random walks are required for pricing derivatives and other assets dependent on
price processes. Since MFV random walks are void of any perceived competitive edges, all prices are
martingal es once the prices are appropriately discounted. The absence of perceived competitive edges also
impliesthat al dependencies affecting the price process must be priced into derivative assets. This
established precedence for using advanced modeling techniques that are not i.d.d. or Gaussian based.
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While MFV random walks are criticd to establishing the MFV, real price processes do not follow MFV
random walks for a number of reasons. One reason is that the expected return is related to risk. Risk was
shown as a function of expectations. New information causes a change in expectations which creates a
chain reaction leading to changesin risk. Since every new priceis new information, there is a continuous
flow of information that causes continuous changes in risk which ultimately leads to more prices. The
process never stops. The result is an unbalanced market composed of multiple dynamic feedback systems.
The unbalanced rel ationship between information and risk implies that there is never aprice, risk,
expectation, or information equilibrium. This eliminates the possibility that prices always reflect
fundamental value.

Efficient markets are a special application of the NCET. In an efficient market, the NCET shows that
participants are still competing for the best price, but they do so in the presence of a known relationship
between risks and the return distribution. By incorporating the known risks in the NCET model, an
Efficient Market Fair Value (EMFV) is established. EMFV s have the same properties as MFV s with the
exception that the expected return can be greater than the risk-neutral return rate.

The NCET' sversion of efficient markets isrelated to the EMH. The EMH propositions are the result of
guasi-rational participants subject to the NCET. The propositions remain critical to efficient market theory,
but some of them may need to be updated to reflect the NCET' s logic and rationale for efficient markets.
Efficient market applications remain justified, because the evidence supports the NCET' s semi-strong form
efficiency. Participants, however, are not assumed to be rational, prices are not assumed to be rational, and
rational expectations are not required.

The NCET freesfinancid theories and models from the EMH' s dependency on rational participants.

Parti cipants are motivated to take actions, gather information, and make exchanges. Markets are not
assumed to be perfectly efficient, meaning that participants are not necessarily wasting time by performing
technical analysis, fundamental analysis, or any other analysis. The NCET' s independence of rationa
participants bridges the gap between the EMH and BF by showing that markets are sufficiently efficient
even if participants behaveirrationaly.

The greatest contribution of the NCET isthat it unifies the areas of participant behavior, fair value pricing,
arbitrage, random walks, risk aversion, and efficient markets by applying one simple concept, competitive
edges. All of these areas seamlessly merge together under the umbrella of the NCET. The NCET shows
that financia market theory revolves around the impacts of competition on fair value. Every participant
wants to establish fair values by capitalizing on competitive edges that they believe will improve their
satisfaction. Fair value has three fundamental forms: MFVs used for exchanging assets, EMFVs used for
exchanging ideas and theories while also providing practical application tools, and PFV's used for beating
the competition. Every action taken by participants applies to one of these three forms of fair value. They
are the heart of financial market theory.
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Appendix A. Goals

Goals have conditions that define the entries and exits; for example, a participant could establish agoal to
achieve the maximum cash return on stock XY Z by next week, if the volume exceeds 50K during any hour
and if the U.S. dollar versus the yen is greater than 1.1, while using a stop/loss of 1%, or exiting if
achieving a profit greater than 2%, and applying optimal money management.

G =, (Price time) (A1)
where: t, t te

t, =] (Volume>50K | 1 hour, Dollar/Yen > 1.1)
te = (return< 1%, return> 2%, t < 6 days)

It is only after the entry conditions are met that the goal becomes a live goal and isincluded in the
fulfillment equation. Oncethe goal islive, it is subject to the stop/loss and money management conditions.

Depending on how the goals are set up, there may be interdependencies, especially in terms of capital and
optimal asset allocations. Thisisinconsequentia to the NCET, because participants still strive for the
perfect results as defined by the goal (s) even if the perfect results must be determined simultaneously with
other goals, congtraints, or conditions. Additionaly, if there are interdependencies between goals, there
may be interdependencies between fulfillments which may in turn have adverse effects on satisfaction. If
interdependencies exist, the goals should be optimized such that fulfillments have the minimal negative
impacts on other fulfillments; thus, equations 1.2 and 1.3 are maintained. Participants, however, can still
be self-destructive; for example, athrill seeker who gets fulfillment out of risky large-scal e bets may also
desire a stable retirement fund. He could run out of money for the risky bets and have to transfer funds
from his retirement account into his risky bets account. In this case, the participant's desire for risky bets
outweighs the desire for the retirement fund. In achieving the highest satisfaction, the participant could
self-destruct over time.

Appendix B. Optimization Function/Algorithm

The function/algorithm, [Xx]|} (x), optimizesitsinputs, the set of X, to satisfy an operation of
another function, | ( x); for example,

[AB] | M&[; (A)-1 (B)] (B.1)

Inthiscase, the function returnsthe optimal values of A and B that maximize| (A) -} (B). X1 =A, X, =
B,and| (x)=Max[| (A)-| (B)]. Theapplication of the function can aso be applied to multiple
levels. Below isatwo dimensional application of the optimizing function.

li2(A)i2(B)] [ Max[1(G2(A))=i1G2(B))] (B.2)
AABI | alia(A)12(B)]

Inthis case, the ,functionisoptimizingthe ;function, wherethe ;function isoptimizingthe
maximizationof (} 2 (A))—1 1 (; 2 (B)). Thismulti-level application isused in the NCET model.

The function/algorithm can dsotakeontheform [x:y] |} (x:y). Inthisform, the
function/agorithm still finds the optimal valuesof x andy for | (x:y), but only the optimal values of x
arereturned by the  function/algorithm. This application is useful when only the optimal values of x are
needed and when the optimal values of x are dependent on the optimal values of y; for example,

[A:B] | Max[j (A)-1 (B)] (B.3)
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In this case, theresult of the  function isthe optimal value of A that maximizes; (A) -} (B). Both A and
B were optimized, because A could only be optima when B was optimal, yet only the optimal value of A
was returned by the  function.

Appendix C. Information and Asset Exchanges

Competition in the financial markets is extremely complex with severa interlacing dependencies between
the competing participants. Animportant element of this competition isthat participants can intentionally
affect one another. They can manipulate, confuse, fool, influence, control, and take advantage of each
other. This presents aclear and present danger to participants providing information near exchanges. By
giving up honest information, the participant risks giving the competition an advantage. The advantage
comes from two main possibilities. One, giving up information may advertise vulnerabilities. These
vulnerabilities consist of any information that other participants could exploit. Examplesinclude
information about risk preferences (money management philosophy, risk aversion level), position details
(entering, exiting, size, timeline), and portfolio details (tiesto other assets, asset dependencies). Second,
giving up information may allow the competition the opportunity to eliminate optimal prices. If the
information is useful to other participants, they may buy or sell at the optimal prices or cancel optimal bids
and offers. Examplesinclude information about future price expectations and other information relevant to
the asset. Both of these possibilities allow the competition to exploit vulnerabilities and/or capitalize on
information by eliminating optimal prices.

Parti cipants are aware of the risks surrounding information leaks during exchanges. They are also aware
that other participants are aware of therisks. Itisa“you know, that | know, that you know” situation 2.
Given this common knowledge, participants are extremely suspicious of any information provided near
exchanges. Besidesthe fact that the information could be false or misleading, participants know that giving
out honest information is risky and can lead to non-optimal prices. If information were given out, the
competition would ponder why honest information was provided when everyone knowsitisarisk. Asa
result, the competition would be skeptical and reluctant to act on the information. To avoid thisissue, the
best action isto release information before revealing the motivation to exchange assets. There are
exceptionsto thisrule, but they are rare and becoming more so as computerized trading continues to
replace paper trading.

Thelogic behind information exchanges near asset exchanges comes from the foll owing assumptions:

Parti cipants are predominately selfish; they seek their own satisfaction ahead of others.

Parti cipants can take whatever action necessary to achieve satisfaction.

Parti cipants can not trust each other.

Assumptions one, two, and three imply that participants are uncertain; thereis no way to gauge
their morals or true motivations.

Assumptions one, two, three, and four imply that participants are predominately non-cooperative.
Participants are aware of these assumptions, and participants are aware that other participants are
aware of these assumptions.

rpODNDPE
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Ultimately, these assumptions lead participants to avoid divulging information near asset exchanges. The
assumptions are supported by the evidence provided in Section IV.B.1. To better understand the practical
implications of thislogic and rationale, the following paragraphs provide answers to frequently asked
guestions on the subject.

What if a participant isready to make an exchange and believesthe overall effect of providing
information is positive? This means the participant thinks the positive effects of giving out the
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information outweigh the negative effects. The participant knows heistaking arisk by giving the
competition a possible advantage, but the participant believes the reward isworth therisk. To accurately
reflect the real markets, the NCET assumes thisis not the case. The rationale behind thislogic is based on
the fact that the markets are uncertain®? and competitive. The uncertainty is not only about price
distributions and future events, but also about the competition. There isno way to assign aknown
probability to the morals or motivations of other participants. The competition will do whatever is
necessary to improve its satisfaction which may involve manipulating, controlling, and exploiting other
participants. Furthermore, there is no way to know which participants will obtain the information
exchanged. The information provided could reach alarge population of participants which increases the
exposure of a possible disadvantage being exploited. Participants are aware of these issues, and
participants are aware that everyone elseis aware. Under these circumstances, the best option is not to
provide any information.

What if information is given out during an exchange? Given the nature of the situation, if information
were given out at the moment of the exchange, the other participants would be extremely skeptical. Unless
the information was irrefutable, it would not be well trusted. Since everyone knows that no one can be
trusted, that most participants want profits, and that giving out honest information near the moment of
exchangeisrisky and generally not optimal, the other participants would most likely assume the party
providing the information has some advantage by doing so. Thus, the information is more likely to be a
disadvantage to other participants and, therefore, possibly not used. Participants are aware of the
sengitivity surrounding information leaks during exchanges. Anyone who breaks the rulesis met with
skepticism and doubt which could lead to negative effects on their optimal prices.

What if a participant isready to make an exchange and has useful information that is not a possible
disadvantage? This could be the case in certain situations. For example, a participant may simply forget
to provide information before entering an exchange. While this could occur, the assumption isthat the
information' s optimal impact occurs when information is released prior to revealing the motivation to
exchange assets. Asdiscussed, any information provided during an exchange is met with sharp criticism
and scrutiny which is never as good asif it were met with less criticism and scrutiny. This model assumes
the participants take all optimal actions before exchanging assets.

What if a participant hasan unfair advantage such that thereislittlerisk in providing information
during an exchange? The fact that the financial markets have alarge diversity of participants reinforces
the fact that participants should not give out information during exchanges. Just asin nature, the strong
prey on the weak. Some participants are big players, others are small players. The big players can afford
to give away potentially useful information. Large ingtitutions are not always concerned about being
bluffed out of positions or being manipulated. They have the largest bank roll which means they can push
other participants around by controlling prices. Fortunately, this fact does not affect the NCET, because
pricesimposed by big participants are not fair prices. If both parties, buyers and sellers, do not meet the
NCET guidelines for exchanges, then one of the parties must be acting unfairly. Thisisreadily apparent
after reading Section |11 where competitive edges are clearly defined. Section V also shows that arbitrage
eliminates many of the opportunities for large participants to impose their will.

What if the buyers and sellers are complementary? The NCET model does not make any assumptions
about honesty or trust. Just asin the real markets, the participants are free to take whatever action possible
to reach their goals. Thisincludes manipulation, lying, and unfair acts. Theoretically, information could be
exchanged if both parties were honest and complemented each other, e.g. seller wanting aloss, a buyer
wanting a profit, and both parties trusting each other, but parties rarely complement each other. Thelarge
majority of participants want profits which makes the chances of complementary parties unlikely. In
addition, the complementary information exchange would require trusting the other party which is another
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extremely unlikely circumstance. Thereality isthat the odds of a successful complementary exchange are
so small that no participant would take the chance of assuming the other party was complementary.

The bottom line isthat given the market's uncertainty and strong competition, participants must have on
their poker faces when making exchanges. All information should be given out prior to revealing the
motivation to exchange assets. Any mistakes or weaknesses will be exploited, and any unusual actions will
be highly scrutinized which leads to non-optimal prices and less satisfaction. Thisrationae can be
summarized by the following logical characterization of participants. Participants appear completely
neutral near asset exchanges. To the extent that participants choose not to appear neutral, their effect is
eliminated by other participants demanding to remain neutral. To the extent that participants choose not to
appear neutral and whose effects cannot be eliminated by other participants’ demands, their effect is
eliminated by arbitrage.

Appendix D. Conditional Competitive Edges

Competitive edges, as defined in equation 2.1, are when a participant possesses information about the price
distribution that other participants do not have®. This definition eliminates confusion about what can be
defined as a competitive edge because it is mathematically defined. In the academic world, competitive
edges are often loosely presented; for example, under the Efficient Market Hypothesis, a competitive edge
isreceiving information first, while under Behavioral Finance, receiving information first might be useless
if irrational traders are forming a stampede that will not be stopped by the information release. In the
professional investing world, the definition of competitive edges varies greatly depending on the strategy
employed by the participant; for example, afloor trader may believe knowing the location of stop loss
order clusters is a competitive edge while another investor may believe a competitive edgeis the ability to
influence analysts.

Liquidity is agood example of a competitive edge that both academicians and professional investors can
agree on. It isonethingto know a price will occur, it is another to know that a price will occur with
sufficient volume to ensure a position can be entered or exited at that price. Liquidity, however, is not
necessarily a competitive edge under the NCET, because liquidity may not effect the price distribution.
Liquidity only translates into a competitive edge when a participant has private information about alarge
volume trade that will ater the price distribution; therefore, liquidity is useless unless the participant knows
it will effect the price distribution in away that other participants are unaware of .

Liquidity and other theoretical competitive edges can be thought of as conditional competitive edges.
Conditional competitive edges exist when a participant knows the price distribution is conditional on a
factor or factors that the other participants do not know. A conditional competitive edge becomes a
competitive edge when it becomes private information about the price distribution.

Appendix E. Quasi-Rational Fundamental Rulesand Freedoms

Rule One: Participants avoid purposely giving up or capitalizing on competitive edges that they believe
will negatively affect their satisfaction. Isit possible that a participant might make an exchange while
purposely giving up or capitalizing on a competitive edge that they believe will negatively affects
satisfaction? Would the exchange price be optimal? The answers are no and non-applicable respectively.
The answer to the first question is no, because this action would purposely produce an exchange price that
reduces the participant' s satisfaction. This violates the premise of the NCET model that participants do not
purposely choose lower satisfaction. Given this situation does not occur, the second question is not
applicable.
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Rule Two: Participants give up or capitalize on competitive edges that they believe will positively affect
their satisfaction. Isit possible that a participant believes a competitive edge could exist that improves
satisfaction, yet is not given up or capitalized on? Would that mean the exchange price is non-optimal ?
The answer to both questionsisno. The catch isthe phrase improves satisfaction. As explained in Section
I1.H of the NCET model, the optimal satisfaction is dependent on al the conditions and constraints of the
participant. In other words, optimal satisfaction is simply the best satisfaction participants can expect given
their situation and limitations. For a competitive edge to exist that improves satisfaction, there must be no
constraints hindering the participant' s ability to achieve the improved satisfaction. Hence, the participant
would immediately give up or capitalize on the competitive edge in order to adjust his actions to be

optimal, i.e. establish the optimal price. If constraints exist hindering the participant' s ability to achieve the
improved satisfaction, then it cannot be achieved; therefore, the competitive edge does not improve
satisfaction and is not given up or capitalized on. Asan example, say a participant isin along position and
expects the price to rise in the near future, but hasto sell immediately due to amargin call. Given all the
constraints surrounding the participant's optimal actions, selling isthe only option. By nature, the
participant's actions are as optimal as possible. From the participant' s perspective, the competitive edgeis
just information about the distribution that does not affect his optimal price. Under this circumstance, the
competitive edge is naturally accounted for and eliminated without any action required to capitalize on the
competitive edge.

Freedom One: Participants can give up competitive edges that they believe will improve their satisfaction,
but not near exchanges. Isit possible that a participant might make an exchange without giving up
competitive edge that they believe would improve satisfaction? Would the exchange price be optimal? The
answers are no and non-applicable respectively. The answer to the first question is no, because it violates
the second fundamental rule. Since the situation does not occur, the second question is not applicable.

Freedom Two: Participants can ignore capitalizing on competitive edges that they believe do not improve
their satisfaction. Isit possible that a participant might make an exchange while capitalizing on a
competitive edge that they believe does not improve satisfaction? The answer is no, because this violates
the second fundamental rule. Yet, thisfreedom may still appear to contradict the NCET model. Isit
possible that a participant might make an exchange at his optimal price while not capitalizing on a
perceived competitive edge? Would that mean the exchange price was optimal yet not at the MFV? The
answer to thefirst question is yes while the answer to the second question isno. The catch isthat it is not
always possibleto capitalize on perceived competitive edges. Thisis best explained by the following
example. Say abuyer is aware the seller has a competitive edge, but capitalizing on the perceived
competitive edge does not improve the buyer' s satisfaction. Consequently, the buyer would not capitalize
on the perceived competitive edge which would appear to leave a perceived competitive edge between the
two exchanging participants. Thisis not the case, because any deviation from the optimal price affects
satisfaction. If the seller had a perceived competitive edge that altered the optimal price for the buyer, then
the edge would be capitalized on by the buyer which would eliminate the perceived competitive edge
between the exchanging participants. If the seller had a perceived competitive edge that did not alter the
buyer' s optimal price, there may be no way to capitalize on the perceived competitive edge. The perceived
competitive edge' s effect on the buyer' s optimal actions would be null. From the buyer's perspective, itis
simply additional information about the distribution that does not affect his optimal price. Hence, the
perceived competitive edge is naturally accounted for and eliminated between the participants without
requiring any action to capitalize on the competitive edge.

Appendix F. Quasi-Rational Participantsand the NCET Model
In Section |1, the premise of the NCET model was that participants seek satisfaction and do not purposely

choose lower satisfaction. While participants do not seek lower satisfaction, they may accidentally,
inadvertently, or involuntarily take actions that negatively affect their satisfaction. Some factors causing
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lower satisfaction are lack of knowledge, poor optimization, psychological issues, emotional impacts, and
inherent behaviora properties. It is certainly plausible that panic and fear can manifest into situations
where participants hurt themselves, but they do not purposely choose to engage in or induce these
circumstances. The NCET model is flexible enough to incorporate these factors into its satisfaction and/or
goals and results; for example, if participants cannot take high stress levels, they may not capitalize on
certain competitive edges, even if the returns are high. In this case, the satisfaction utility weighting of the
stress outwei ghs the desire for the profits.

When additional factors areincluded in the NCET model, the model still produces optimal prices and the
MFV; the model till reflects that participants seek optimal actions which ends with making exchanges at
the MFV. Theterm optimal is not just financially driven but is optimal with respect to al the factors
affecting satisfaction. From a purely financial perspective, the price may appear completely irrational, but
from an advanced satisfaction viewpoint the price may appear completely rational.

While many factors can be assimilated into the model, others may overcomplicate the NCET; for example,
if aparticipant panics and sells due to aradical shock to his sensibility, his actions are not necessarily tied
to satisfaction. The actions are more of an instinctive natural reaction. The NCET model and resulting fair
value are till stable under these extreme situations, because the participants till follow the NCET
guidelines. While the participant panicked, the action is still considered optimal for two basic reasons.
One, the participant did not purposely seek an action to create less satisfaction. Two, the participant is
temporarily unaware of actions that could be used to capitalize on competitive edges that could improve
satisfaction. At the moment of panic, all awareness of normal optimization techniques was frozen. The
only optimization applied was the immediate need to sell. The objective is still to attain the optimal price
and to follow the NCET stepsto the MFV. Aslong as participants maintain the natural instinct not to
purposely hurt themselves and to seek satisfaction, they will follow the quasi-rational guidelines even under
extreme situations.

The application of quasi-rationality maintains the core link between the classical rationality and the NCET
rationality. Inthe classical sense of rationality, humans seek the highest well-being. This concept is
mirrored by the NCET' s view that participants seek the highest possible satisfaction. Participants act
guasi-rationally with respect to their individual personalized satisfaction. What isrational to one
participant may not be rational to another. During market crashes, for example, selling is absolutely
rational for some investors. If aparticipant isin along position and the markets crashes, that participant
may be forced into financia survival mode. Therisk of catastrophic financial loss and a nervous
breakdown is not worth taking the chance that the crash will stop or reverse. For other participants,
however, it may be perfectly rational to buy during crashes. If they are not already in financial and
emotional distress, it may be an opportunity where the reward isworth the risk. All things considered,
rationality has to do with the participants position, abilities, information, capital constraints, risk aversion,
and emotional resilience.
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Notes
1 See Hicks (1946) and Samuelson (1965) for earlier works relating risk to fair value.
12 See Simon (1955) and Smith (1991) for information on rational choice theory.

13 Models of quasi-rational behavior can be found in bounded rationality literature (Conlisk (1996)) and
behavioral economics (Camerer, Loewenstein, and Rabin (2004)).

4 |t is theoretically possible that quasi-rational participants could have beliefs that do not improve their
satisfaction. As an extreme example, an insane person could believe that alower portfolio value means
higher wealth. Technically, thisis quasi-rational behavior, because the participant acted on what he
believed would improve his satisfaction. To eliminate thisissue, the NCET assumes that the majority of
guasi-rational participants do not systematically have beliefs that drastically deviate from the satisfaction
they attain. Thisassumption is supported by Myagkov's (1997) logic that learning opportunities and
competition drive out broad-based radical irrational behavior.

15 For example, arationa participant might push a stock price up enough to attract irrational participants
who could reinforce themselves into a strong bullish trend.

6 From this point forward, aneed will be viewed as a desire, since aneed is always required to fulfill a
desire. For example, a man has asick child who needs an expensive surgery that he can't afford at the
moment. He desiresto have his child live, and he needs more money to pay for the surgery. The man may
not desire having more money, but he needs to acquire more money to pay for the surgery. In this case, the
need for money can be viewed as adesire for money.

171t is conceivable that a participant could simply desire the thrill of making trades and not care about
returns or price, but eventually he would run out of money from commissions and losses; therefore, even
this participant desires favorable price movement.

18 For example, the goal could beto invest in the best possible stock in the Dow, or it could be to invest in
the best possible portfolio of stocksin the Dow.

19 See O'Hara (1998), Madhavan (2000), and Harris (2002) for studies on Market Microstructure.

19 The model assumes that participants cannot make goals easier in order to achieve higher satisfaction,
because goals are an inherent property of participants. This assumption means participants cannot pretend
to be satisfied to feel good; they must achieve satisfaction to feel good. Goals always represent the
participants true desires.

111 See Liang (1999) and Busse and Green (2002) for research on the impacts of analysts and columnists on
market prices.

12 \/olume could be considered an  if the participant's volume is large enough to affect market liquidity.
In these cases, the participant' s volume impacts the supply and demand which could affect the future
prices.

113 A price, or set of prices, exists that optimizes the expected result, because time will pass between the

goal' s beginning and the goal' send. During thistime, there is always a buyer or seller willing to exchange
assets. The price may not be favorable, but thereis always a price at which exchanges can be made.
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14 Each participant has a set of information from which the participant chooses what is relevant based on
their specific circumstances and abilities to correctly optimize their actions.

15 pogition: If participants admitted they were initiating long positions, other buyers might comein
causing the priceto rise. Morelikely, the sellers might simply raise their asking price. In either case, the
entry price would be higher and less optimal.

Forecast: If participants were closing along position by selling and admitted they had evidence that the
price was going to fal, other sellers might rush in causing the price to fall, or the buyers might simply
reduce their bid price.

Participant: If participants were initiating short positions and admitted they were risk-adverse, the buyers
might purposely bid up the price after the exchange, thereby forcing the participants with the short
positionsto exit at aloss. This happens daily in the futures markets when insiders run the stops.

21 Competitive edges for price should not be confused with competitive edges for satisfaction; they are
completely different. Satisfactionis highly specific to each individual and is subjective in nature. This
subjective nature makes it difficult, if not impossible, to define a quantifiable competitive edge for
satisfaction that is universal to all market participants. By showing that al participants satisfaction
depends on the competition for price, it is possible to define a quantitative competitive edge that is
universal to al participants.

22 The NCET definition of arbitrage could be further relaxed by allowing the portfolio's return rate to fall
aslow asone, ERpe > 1y, pP(Rer < 1) = 0 | PF. Thiswould account for real world speculative
arbitrage, but it would not produce risk-free expected returns above the risk-neutral return rate, and it is not
possible to simulate a pure arbitrage portfolio under this definition. In a sense, speculative arbitrageisa
pseudo arbitrage. It isaway to increase the expected return above the risk-neutral return rate without
risking aloss.

1 In low volume markets or markets with a small number of similarly sized participants, the percentage of
non-MFV prices might increase, but thisis purely speculative, and the percentage increase in non-MFV
exchanges will amost certainly be small.

41
BAI@EN = NPV

@+r(x))

*2 Equation 4.1 could be written as an approximation if price dependencies were incorporated that could
not be easily exploited or arbitraged away. Short or long-term price memory could be present but not
worth the cost or risk of trying to capture the profit.

*3 Applying expected returns and discount rates other than the risk-free rate to non-MFV distributions
could result in derivative prices equaling the MFV, but, unlike current derivative pricing theories, the
NCET isnot limited to arbitrage for establishing fair value. Other competitive edges arise from the fact
that a participant not subscribing to the MFV rulesis giving out exploitable information that could be used
against them.
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>1 The NCET" s heavy correlation between expectations, competition, and selfish motivations strikes many
similar cords with advanced Bayesian non-cooperative games with large numbers of players (Gibbons
(1992)).

>2 Evidence supporting the idea that prices are driven by factors other than news is supported, in part, by
Fischer Black' sanalysis of Noise (1986).

>3 See Penman and Sougiannis (1998) for techniques that establish fundamental value based on cash flow
discounting with risk adjusted premiums.

>4 See Cliff and Brown (2005) for research supporting the idea that prices do not always reflect
fundamental value, because sentiment affects asset valuations. In addition, Baker and Wurgler (2006)
provide research on how investor sentiment affects returns.

>5 Neutral asset exchanges do not violate the NCET' sfair value, specifically equations 1.37, 1.38, and
1.39. After reading Section VI1I1, see Appendix E for a detailed explanation.

&1 For simplicity' s sake, the risk referenced in Sections VIl and VI is the standard deviation of the
price/returns.

" Therisks here are the market risks, not the participants' individual risks which are based on resource
constraints and other factors.

"2 Known risks are simply the risks that have been publicly identified as relating to the return distribution.
Other risks may exist, but they are not considered avail able information.

3 Competitive edges can be given up if they improve satisfaction but not near asset exchanges as detailed
in Section 11.J.

"4 While prices do not always reflect fundamental value, and while participants cannot be described by a
single representative agent, these concepts are critical, because they provide a basis for making judgments,
and they provide areference point from which to produce measurements. These concepts are the simplest
theoretical explanations of how markets would work in a perfect world. To understand the market®true
complexity, there must first be a basis from which to judge that it is complex. Thislogic also appliesto
utility theory, portfolio theory, and other theories; they provide a necessary foundation from which to
derive measurements and judgments.

"> The spread of Pr., depends on the EMH efficiency form. Applying the EMH weak-form efficiency
allowsfor alarger spread of Pr. than using the EMH strong-form efficiency, because participants have
private information which can lead to different assessments of Pr.,. In addition, the spread of Pr. can
change depending on how fast information is priced into the asset. Findly, the impacts of irrational
participants are minimal on Pr., since the EMH assumes their impacts are eliminated by rational
participants or are self-neutralizing. 1n any of these cases, the spread of Pr.x must be small if markets are
assumed to be efficient using the EMH rational.

©1 The “you know, that | know, that you know” situation is equivalent to the fourth criterion of common
knowledge required for a game to have a unique Nash equilibrium (Nash (1951)).

©2 Uncertainty referenced in this paper reflects Frank H. Knight©(1921) and J.M. Keynes (1937) view of

risk and uncertainty. In short, risk means all probabilities are known, where uncertainty means that not all
probabilities are known.

49



D.1

Competitive Edge Examples:

1. Purearbitrage is a situation where a participant knows two prices are currently available while another
participant only knows of one price. The more knowledgeable participant could instantly buy and sell for
risk-less profit.

2. A participant could know that unexpected good news about a stock is going to be released which will
push the stock price up.

3. A participant could know that mutual funds are switching from bonds to stocks which will drive up
stock prices.
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