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Generalized Optimal Strategy of n Currencies

Dieudonne Ndong Ovono

Abstract— A tricky way some courageous investors make
money is precisely to buy or sell money itself! The exchange of
foreign currency ("'forex' market) is the purchase, or trade, of
a particular currency from an individual or institution and the
simultaneous sale of another currency at the equivalent value
or current exchange rate. This exchange rate or price
fluctuation is based on demand, political, social and economic
events surrounding each country currency, this is a stochastic
phenomenon, hence hard to predict, of course there is a strong
potential for loss.

Currencies are always traded in pairs. When someone says
they are “buying the EUR/USD”, they are buying Euros and
selling Dollars. One challenge is to predict the rise and fall of
the value so that one can make the decision to buy or sell a
position. Another challenge is to select the best currency pair
in term of return on investment. The innovative approach
developed in this paper attempts to solve these challenges.

Index Terms—Markov Chain, Forex Market, Trading
Strategy, Expected Payoff, Two Players Game, Gambler Ruin.

I. INTRODUCTION

HIS paper presents a generalized approach to determine

the optimal strategy when trading several pairs of

currency in forex stock market. The model developed
herein is based on stochastic mathematics, namely Markov
Chains, briefly reviewed in section Il herein, ([1], Chap 7
through 10 and [6], Chap 4). Then we use advance matrix
calculus, ([1], Chap 1 to 3), ([2], Chap 1), ([3], Appendix
A), ([4]) and ([5]), and combine the concepts of “gambler’s
ruin problem”, “two-person zero-sum game”, rise and fall of
stock market” and “mixed strategy” into a generalized
approach. We then use our generalized formulae to
determine the optimal currency to trade on. In the meantime
we demonstrate that the trader is a loser by default.

In section 111, we present our “generalized optimal strategy”
technique that uses an n x n matrix to represent several pairs
of currency. The concept was developed by the author and
therefore has no direct reference.

The last section illustrates the technique using data from a
financial experiment conducted by the author in trading
forex.

Il. THEORETICAL FOUNDATIONS

A. Markov Chains and Games

In a Markov chain, let pi denotes the probability of
remaining in state E;. If p;i=1, then E; is called an absorbing
state. A Markov chain is said to be absorbing Markov

Manuscript revised Jan 23, 2015. D.N.Ovono is an oil & gas engineer and
researcher at One Science Solution Inc., phone: 1-832-706-4036, e-
mail:arthur_ovono@yahoo.com and
dieudonne.ovono@onesciencesolution.com

ISBN: 978-988-14048-2-4
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

chain if and only if it contains at least one absorbing state
and it is possible to go from any non-absorbing state to an
absorbing state in one or more trials.

e Gambler’s Ruin Problem:

For an absorbing Markov chain that has a transition matrix

P of the form
I. | O
S | @

Where S is of dimension s X r and Q is of dimension s X s.
Let the matrix T = [I; — Q] . T is called the fundamental
matrix of the Markov chain. The entries of T give the
expected number of times the process is in each non-
absorbing state provided the process began in a non-
absorbing state.

The expected number of trials before absorption for
each non-absorbing state is found by adding the entries in
the corresponding row of the fundamental matrix T.
Probability of being absorbed: The (i,j)th entry in the
matrix product T.S gives the probability that, starting in
non-absorbing state i, we reach the absorbing state j. More
details can be found in reference [6], pp.230-234.

e The Rise and Fall of Stock Prices:

Let I (increase), D (decrease) and N (no change) be the three
states of a stock price, the transition matrix P is a 3 x 3
matrix, where rows 1(1), 2(D) and 3(N) are initial states I, D
and N and columns 1, 2 and 3 are final states I, D and N. In
the long run, if t=[t; to t3] is the fixed probability vector
derived from P, the entries ti, t> and ts indicate respectively
that a stock will have increased its price 100t;% of the time,
decrease it price 100t,% of the time and remained the same
100t3% of the time.

To know how long a stock will spend, for instance, on state
I and N before arriving in state D, one could assume D is an
absorbing state by replacing the current probability p2, (or
poo) with 1 and make all other entries in the D row (or row
2) 0. The matrix thereof could be subdivided into identity
(1), zero (O), absorbing (S) and non-absorbing (Q) matrices.
The (i,j)th entry of T = [I; — Q]! gives the average time
spent in state j having started in state i before reaching the
absorbing state D.

The average amount of time between visits to state i (called
mean recurrence average) is given by the reciprocal of the
i component of the fixed vector t.

B. Two Person Games

A two-person game is any conflict or competition between
two people. If whatever is lost (or gained) by player 1 is
gained (or lost) by player Il, the game is said to be a zero-
sum game. Such a game can be represented by an m x n
matrix A=[a;] called a game matrix or payoff matrix,
where each entry is termed payoff and in which player |
chooses any of the m rows and player 11 chooses any of the
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n columns. A strategy for a given matrix is the decision for
player I to select rows and player Il to select columns. A
game defined by a matrix is said to be strictly determined
if and only if there is an entry of the matrix that is the
smallest element in its row and is also the largest element
in its column. This entry is then called the saddle point
and is the value of the game. If the value is positive, the
game favors player I, if the value is negative, the game
favors player Il and if the value is zero, the game is fair.
The row containing the saddle point is the best strategy of
player | and the column containing the saddle point is the
best strategy of player Il, such strictly determined games
are called game of pure strategy.

C. Mixed Strategies

The expected payoff E of player | in a two-person zero-
sum game, defined by the matrix A, in which the row
vector P and column vector Q define the respective strategy
probabilities of player | and player Il is

E = PAQ

D. Optimal Strategy in “Two-Person, Zero-Sum Games”
with 2X2 Matrices

bl

Using the model of “Rise and Fall of Stock market prices’
presented earlier, we obtain:
a a 1
EW=PAQ=[p 7] [ o]

ann

EQ=PAQ= [ p [o o] []]

aTLTL
leading to the following theorem:

The optimal strategy for player I is P=[p1 p2] where
Py = az2—A21 D, = a11-A12
1 ay1+az2—a12—0az;’ 2
a;3tap—a;p;—a #0

L
ai1+azz—a12—azi

The optimal strategy for player Il is @ = [Z;] where

Az2—A12 _ ai1—Aaz1
P2 =
ai1+azz—ajz—dzi
aj;tag—a;p;—a #0

q1 =

L
ai1+az2—a12—0z1

The expected payoff E corresponding to the optimal
strategy is
E = PAQ =

A11A3 — Q12021
Q11+ Ay — Q13 — Ayq

I1l. GENERALIZED “OPTIMAL STRATEGY IN TWO
PERSON ZERO-SUM GAME” TO AN N X N MATRIX

A. Definitions and Notations

The “Game or Payoff” Matrix, A:
Let A be a n x n matrix representing the Markov Chain
“game matrix” or “payoff matrix” in the “two-person zero-
Sum games”. A is represented as followed:

A1 ' Qap

An1 = Qpn
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Trader, Player-1 Probability Vector, P:

P: the best currency pair investment or the “optimal
strategy” for the trader, 1 x n probability distribution vector
to trade n pairs of currencies. The trader plays rows and is
represented by “player-I" in the “two-person zero-sum
game” model.

P =[pips - Pno1Pul”

Forex Market, Player-11 Probability Vector, Q:
Q: n x 1 probability distribution of the Forex market
conditions (up or down) for each pair of currency. The
Forex market plays columns and is represented by “player-
II”” in the “two-person zero-sum game” model.
q1
Q= qn-1|
an
Expected Payoff:
The Expected Payoff is defined by:
E=P.AQ

B. Trader Best Strategy, Optimal Currency

Matrix Calculus:

Let U, V be column vectors and A be an n x n matrix. Let q,,
be the y™ entry of V, it can then be shown that (refer to [4]
for details on matrix calculus):

oUT AV -
v
Hence, for
T
V= [q1 ey qn]
We obtain
. [
aU" AV av :
=UTA—=UTA|1
aq, 0q, :
Lol

Optimal P, Function of A entries:

Assuming player-I chooses rows 1, 2, ..., n-1 with
probabilities p1, pz, ..., pn-1, then player-1 chooses row n
with probability p, = 1 — X7 'p;, so that X1, p; =

1 with p; = 0, leading to

n—-1
P=1[pps Ppor (1 — Zl p)]"

It follows that the optimal payoff £, with regard to the yth
row, when player-I1 choses that row again player-1 is

e [@1 @ s

~ B . : : th =
E, = [Ps - Pt (1 Zl pl)][am am]y entsl"y—l
0 0;

aiq Ain [.
Ey=[pipy o puos A=S1p)I[ F » F ]2
Ap1 *° Auuldl:
0

Ey =p; o Puog (1= 3217 )] | : l
any

=piaiy + P2azy - Pp-1dm-1y T 1-31"m) Any
=X o agt(1 =X ) apy
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:Z?;ll bi aiy+(1 - 2711_1 pi) dny
It follows that, fory +1 <n
Ey1 =X 01 iyt (1 = X171 01) angyeny

Using calculus of variation, (refer to ([2] Chap.2) for details
on extremals), the optimal payoff is obtained for

El_EZ_ _E _E = :En
Where E; = o0 2% s the derivative Wlth regard to the g;
situated at the i =y'" entry of Q.

Leading to n-1 equalities and equations of the form:

E,=E, 1 =..=E, fory-] ., n-1
Ey =E yi1 S Zl 1D a1y+(1 —
TP any =Xt o iyt (1 — X1 Dr) angy+ny
< 21{;—11 bi (aiy — Ajy+1) ~ Any + an(y+1)) =aney+1) ~ any

This leads to a system of n-1 equations with n-1 unknown p;
p2, ..., Pn-1. Such a system can be represented by

M.P]m(n.l):X

Where M is n-1 x n-1 matrix of the system of equations, X
isn-1 x 1 column vector and P;__ (1) is the 1 x n-1 column
vector containing the first n-1 probabilities of the player-I:

Summary Results for P:

M=[my], my = (@ik — Aik+1) — ank T Anks1))
X—{xl} Xi = an(1+1) Anj
Pi.an={pi} = [P1 P2 - Pna]"
=P1..@p=M1Xand pi=1 — Yk=n-1p
fori=1,2,...,n-1

C. Forex Market Optimal Up and Down

A reasoning similar to the previous section leads to the
following:

Optimal Q, Function of A entries:
Yiiqi=1p<1=q,=1-31"q; =
q1
Q: qn.—l
1-X""q)

If player-1 chooses a given row x of A, all entries of P are
equal to 0 except the x™ entry which is 1. The expected
payoff is:

E, =P.A.Q=
a1 0 Qip Ch
[0..1..0] Gn-1
n1 1-X"q)

Ey = [q1 @x1 + 42052 - Gnt Ax(n-1) t 1-
Z‘g_l qj) axn]
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= Zjn=_11 q; axj+(1 - 2711_1 pj) dxn
E,=E, ., forx=1, ... ,n-1

Ey=Exi 1 & jn=_11 q; axj+(1 -
Y1710 an =2l 45 agenit(1 = X171 45) agrnyn

< Zjnz_11 q; (axj — A(x+1)j ~ Axn + a(x+1)n) =a(x+1)n ~ Axn

We obtain a system of n-1 equations of n-1 unknowns
41,92, - Gn-1, Which can be represented by

N.Qi. (=Y

Where N is n-1 x n-1 matrix of the system of equations, Y
is n-1 x 1 column vector and Q.. (1) is the 1 x n-1 vector
containing the first n-1 probabilities of the player-II:

Summary Results for Q:
N=[ny;], n; = (@) — A+1)j — Akn T+ Aks1)n)
Y=[y;l, ¥ = aG+1)n - ajn
Qu.ov=1{9;} = [q1 G2 - qn-1]"

=0Q1...wn=N1Y and gqn=1 — Z] o lql,
fork=1,2,...,n-1

The Optimal Expected Payoff, E:

Formula, Assembling E:
Following the previous sections, E is entirely defined by the
entries of A.

E=P.AQ=[p1p; - Pn- 1Pn][ llQn 1‘

1- Assembling P:

M=[my ], my = (ajk — Ajge1) — Ank + Ans1y)s 171, 2,
.,n-1

X=[xx], Xk = an+1) - Ank

= [py P2 - Pno1]’ =ML.X, for the first (n-1)"" entries and

the n™ entry is given by p.=1 — =71 p;

=P =[p1 Py Pn-1Pul’ =[M "X Pal’

2- Assembling Q:

N=[ny;], ngj = (@ — Aa+1)j — akn + Ak+yn), 151, 2,
.,n-1

Y=[yl, Yk = a+1)n - Akn

= [qq G2 - Gn_1]"™=NLY, for the first (n-1)" entries and

the n'" entry is given by gn=1 — Zﬁ g,

2Q =[0Gz Gn-1an]" =INT'X qa]"
Fork=1,2, ... ,n-1
3- Calculating E:
To evaluate E, first one has to calculate M~! and X, then
evaluate (M~1X) which gives the (n-1) first p; and then,

deduce p,, by pn=1 — X=%"1p,. Similarly, evaluate N~'Y,
and the (n-1) first q;, then deduce gn=1 — Z’ - 1q,-.

E=P.AQ=[M'X) p,]"A[(N'Y) q,]
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oo (22T afoen (1-3779)
E—[(M X) (1 ZH p:|| A|N"Y) (1 ZH q;
Alternative Assembling Method for E:

1- Assembling M and N, X and Y-
The representation can be rearranged as followed:
M={m;}, My, = apgern) — ank — @i+ — i), 151, 2,
on-1, k=1,2,...,n-1
X:{xk}, Xk = an(k+1) - dnk k=1, 2, cee g n-1

N={n,;}, Ny = ags1yn — akn — (A@+n)j — Ak 171 2, ...
n-1,k=1,2, ..., n-1
Y={yr}, Yk = ax+1)n - Akn, k=1, 2, ..., -1

2- Assembling P:
Clearly, the entries of the matrix M are obtained from the
sub-matrix A -1)x (n—1) DY replacing the it" row, i<n-1, by

(M1 -0} = ({Anz.m} = {@np.m-01}) — @iz a1}
—{ain.m-1P)

Or by replacing the jt* column, j<n-1, by

M. m-11i} = @ngen — {1 — (ap.@-v1+13

—{ap. @m-vP)
Meanwhile, the entries of X are:
X ={anz.n} — {2np..o-11}

Where:
{m; (1. @m-1)} is the i row of M, with entries from column 1
ton-1
{m1. -1y} is the j™ column of M, with entries from row 1
ton-1
{ap1..m-1y;} is the j™ column of A, with entries from row 1
ton-1
{ap . m-1),j+1} is the (j+1)™ column of A, with entries from
row 1ton-1
{a, 2.0} is the n" row of A, with entries from column 2 to
n
{a, 1. m-1)7} is the n row of A, with entries from column 1
ton-1
Etc...

3- Assembling Q:
Conversely, the entries of the matrix N are obtained from
the sub-matrix A -1)x (n-1) bY replacing the j** column,
j<n-1, by
{"[1...(n—1)],j} = ({3[2...n],n} - {a[l...(n—l)],n}) - ({a[z...n],j}
- {a[l...(n—l)],j})
Or by replacing the i** row A, i<n-1, by
ni1.m-v} = {@@rpnt — @D {1}na
— {@@+ v 1.@-v} — {@i.m-01})
Meanwhile, the entries of Y are:
Y = ({3[2...n],n} - {a[l...(n—l)],n})

Where:
N @-11} isthe j™ column of N, with entries from row
lton-1
{n;[1.. -1y} isthei" row of N, with entries from column
lton-1
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{ap..(m-1),} isthe j™ column of A, with entries from row 1
ton-1

{apz.n ) isthe j™ column of A, with entries from row 2 to n.
{air11.. -1} isthe (i+1)" row of A, with entries from
column 1ton-1

{ajz. nyn} is the n" column of A, with entries from row 2 to
n

{ap1. m—1))n} isthe n column of A, with entries from row 1
ton-1

Etc...

IV. APPLICATION EXAMPLE WITH ACTUAL DATA
Problem Formulation

TABLE 1 - TRADING DATA

1.3973 1.3976 1.3972 1.3991 1.3891 1.3963 1.3971 1.3991
1.3882 1.3975 1.3974 1.3988 1.3830 1.3976 1.3965 1.3988
1.3872 1.3977 1.3969 1.3984 1.3897 1.3974 1.3968 1.3985
1.2910 1.3980 1.3969 1.3996 1.3901 1.3980 1.3961 1.3981
1.3903 1.3987 1.3970 1.3994 1.3904 1.3986 1.3957 1.3974
1.3885 1.3997 1.3976 1.4000 1.3908 1.3984 1.3965 1.3972
1.3901 1.3993 1.3970 1.3990 1.3912 1.3986 1.3970 1.3970
1.3900 1.3988 1.3974 1.3991 1.3913 1.3987 1.3966 1.3965
1.3893 1.3984 1.3983 1.39388 1.3919 1.3988 1.3965 1.32968
1.3893 1.3977 1.3979 1.3985 1.3917 1.3983 1.2961 1.2968
1.3904 1.3979 1.3980 1.3989 1.3916 1.3984 1.3953 1.3971
1.3903 1.3983 1.3987 1.3990 1.3918 1.3990 1.3973 1.3975
1.3908 1.3981 1.3989 1.3987 1.3952 1.3984 1.3974 1.3965
1.3910 1.3980 1.3982 1.3983 1.3966 1.3981 1.3977 1.3960
1.3906 1.3987 1.3985 1.3988 1.3963 1.3978 1.3952

1. Statistical Approach: Using actual data (Table 1), what
are average Euro/USD rate, standard deviation, median and
mode? Draw the histogram and frequency polygon.

2. Probability: Using actual trading data over a two months
period in 2009, a total of 5265 was gained when S1080 was
lost, leading to the odds for winning of $265/51080. What is
the probability of winning, losing?

3. Trader’s Ruin: Assuming the trader starts with a balance
of S500 and will lose or win $2 par trade, using the above
win/lose probability figures, what is the probability the
initial $500 balance decreases to 5$494 or increases to $506?
If the balance reaches S6, what is the probability of getting
broke (Hint: use the Gambler’s Ruin Problem model)?

4. Optimal Currency Pair: The trader can exchange several
pairs of currencies; meanwhile the forex market will go up
and down for each pair. Assuming the trader will win or lose
at least the “spread” of each pair as summarized in the
below 6x6 matrix for three currency pairs, what is the
optimal pair of currencies to trade, amount EUR/USD,
GBP/USD and JPY/USD ? (1- Propose a generalization of the
2 x 2 matrix to the “optimal strategy for a 2-person zero-
sum game with an n x n matrix”. 2- Apply to the case of a 6
Xx 6 matrix below, each pair having two possibilities of “sell”
or “buy” versus its “up and down”.

TABLE 2 — SPREAD OF TRADE OR NUMBER OF PIP (PERCENTAGE IN POINT BETWEEN
SELL AND BUY)

Foreign Exchange Market (forex)

Up Down Up Down Up Down
Euro Sell -4 2 0 0 0 0
Euro Buy 2 -4 0 0 0 0
Trader  GBP Sell 0 0 -6 3 0 0
GBP Buy 0 0 3 -6 0 0
JPY Sell 0 0 0 0 -10 5
JPY Buy ] 0 0 0 5 -10
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TABLE 5 - TRANSITION MATRIX

. . . . Forex Market
5. Predicting the Rise and Fall: To decide rather or not we EurofUSD saoa $196 SA%8 500 S502 $504 506
“buy” (the exchange rate will rise) or “sell” (the exchange $44[ 1 o 0o o o 0 o0
. . . $496/0.803 0 0197 O 0 0 0
rate will fall) and at what time we would likely close the ass| 0 0803 0 0197 o o o
position. Using actual data below (Table 2), calculate the Trader :500 0 0 083 0 0197 0 0
. .. 502 0 0 083 0 0197 O
average amount of time elapsed between visits to each ssoal 0 0 0 o0 083 0 0197
state (increase, decrease, neutral). (Hint: use the “mean $s66 0 0 0o o0 0 0 1

recurrence time” and the Rise and Fall of Stock

. . TABLE 6 - TRANSITION MATRIX, REARRANGED
model).Note: data points are shown in reverse order, they ’

P=  $494 $506 $496 $498 $500 $502 $504
start at {1.4026,1.4014, -12.00} up to {1.4425, 1.4419, s494a[ 1 oo o o o o0
$506 | 0 1 0 0 0 0 0
6.00}, read from bottom up, for each set of three columns. wseos3 0 0 o o o o
$498 | 0 0O |083 0 0197 O 0
TABLE 3 - RE-ORDERED DATA $5001 0 0 | 0 083 0 0l 0
$502| 0 0 0 0O 083 0 0197
s o= ) : %504/ 0 0197l 0 0 0 0803 0
e B Tzt
temi oo iems iems iz|  Using Excel, the fundamental matrix of the Markov chain is
e == givenby T=[I-Q]:
izms e 1923 izEs e
iz=3 400 1923 i@ 2
s e B = TABLE 7 - FUNDAMENTAL MATRIX AND NUMBER
isao7 200 izqve i=@ve g-=R= =
133D apo| 13wo  1smes 2w OF TRADE BEFORE ABSORPTION
g ey e e i T=[I—Q]'1, fundamental matrix Expected number of trade
SN R o $2 %4 $6 S8 S10 before absorption
13918 -2 20 13387 1m0 -l $2 1.245 0.305 0.074 0.017 0-00 1.644
Sl [, i $4] 1.241 1.546 0.375 0.088 0.01 3.267
$6 1.227 1.528 1.602 0.375 0.07 4.807
TABLE 4 - RE-ORDERED DATA (FOLLOWED) $8 1.171 1.458 1.528 1.546 0.30 6.007
e = F———— = = 0.94 1.171 1.227 1.241 1.243 5.824
Prcs Frice Frefin Frice Frie Fredin Frice Fries mrofin Price Frce L
1393 aswe  2o0| 1awo  Lmws a0 iaws  imw 1m imm im= am
1rae nEmrs =oo| tams L 2oo| 1mma  1mw sz imm imm 2| - . . .
e wsmn zof awe w2 ames ame  21x :me :m= e aNd the probability of being absorbed (broken) is given by
1am7 1awe zoo| 13ws L= ioa| imms rmam m| imm oimm s ™ .
1smc  namss moo| iamn LmEd ooo| o LW iml 1mm imm om the pfObabI“ty matrix T.S:
157 nmmo maco| ismee mes 2oo| nowes i rm imm imm sm
13m7  13ms eoo| 13w 1mes 200 1amo 1mw 1m{ 1mm imm am
iams nam ace|  iamme  imwe  -mco| Lmmo LmaE 1m| imw  imw o TABLE 8 - PROBABILITY OF BEING ABSORBED
1smz  nEmes aoo| tam LmEs Ao s imam sm ime imm osm
PRI -zoe|  tamma uomme moo| smms imae 1m| imes 1mm ER- T.S:  Probability of being Absorbed T.S: Probability of being Absorbed
11377 n=men =oo| tames bmes 2oo| nomEn imem om| ime imm sm $494 $506 S0 s12
11973 13mg zoa| 1amms wmes aoo| nmm me rm{ imm oimmm 2.m|
1Emmz namEs ool 13mo  1mes ool 1mmo 1mE 2m| 1mm  imm 2.m) 0.999 0.00 $2| 0.999
1rmr nEmms aoo| tames romes ags| nomer nmes sm| ime ime o=m
13m0 13w woo{ 13mm 1mez 1ol 1mes  imm im| ime ime am 0.997.0.00 $41 0.997
imsg?  namss  -aoo|  lawwa Lows ool 1mms  1mm 1m 1mm  imm  um 0.985 0.01 $6( 0.985
1o 1o -nml 0.940 0.06 $8[ 0.940
0.755 0.24 $10| 0.755
Solution

Starting at $500, the probability of moving to $494 is 0.985;
the probability of moving to $506 is 0.015.

Starting at $6, the probability of getting broken is 0.985. in
conclusion, the probability of losing is very high, meaning
that trading forex is a very risky business that requires a lot

Statistical Analysis
Using Excel and the functions average(), median(), mode()
and graphic capabilities, we obtain:

Histogram and Frequency Polygon of experience_
Mean 1.3961 pr
S el i Optimal Currency Trade
Stdveviatin 00033 | £ 13 The transition matrix of spread is given in Table 2:
- | R A mia and niq are calculated using the Excel INDEX() function.
Classwidth  0.00128 E22523 25822 -mreaenarown [y and [xy] are calculated combining Excel MMULT() and
ZEEi53833% é INVERSE() functions. The results are given by:
RRRaaaaanaas
Exchange Rate ranges . e ! = e e . -
Fig. 1 - Graph and Results from Statistical Analysis i) @ e 0 0 s & 00 0 0
Probability from Odds ~ dde o = W [ Pl ST - e
If the odds for winning are a/b, the probability for winning s, | e o
is p=a/(a+h)=$265/($265+$1080)=0.197 and the probability ’ PL-S {5120 P4 5]« M. ¥ = MMULTINVERSEIMIY} .15 102 03 o8- K- MMULTINVERSEIN
of losing is 0.803. l m (e 2 s
pa 0,16129 qd 0,16129
ps 0,09677 Q5 0,09677
Trader’s Ruin s Y‘n’.,-‘k U,n‘m/: :.A},mk n,wn,/:
The transition matrix is rearranged as showed on the Best sratey, rade Euro (el or Buy)
following tables. Fig. 2 — Calculations of Entries of Matrices M and N
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The expected payoff is E =
[0.241935 0.241935 0.16129 0.16129 0.096774 0.096774]*

4 2 00 0 0 170.241935]
|2 4 00 00 |0.241935
00 -6 3 00 | 016129
[ oo 3 -6 o0 0o [lo1e129]
loo oo -10 5 llo09s774|
loo o0 5 -10llooos77al

E = —0.4838, unfavorable to the trader.

The optimal strategy for the trader is the rows 1 and 2 with
highest probabilities of 0.24 as shown in the probability
distribution vector P. However, the expected value is
negative indicating that even the trader plays rows 1 and 2
(Euro/USD sell and buy), he/she will still lose.

Predicting the Rise and Fall

Data reporting the past history of currency trading in 2009
were rearranged in three columns. Additional columns “I to
17, “I to D”, etc were added to return 1 or 0. For instance, in
the column H “I to I, row 128 (cell H128), the exchange
rate that was increasing from 1.3952 to 1.3960, closed
higher at 1.3965, “I to I"=1, all the other “X” to “Y” are
zero. We used the IF() and AND() functions as shown to
complete all the “X” to “Y” columns and calculate the
probability of “X to Y” and statistically fits the transition
matriX to the model:

Note: For clarity purposes, only partial data are displayed to
show an example (H128) of the formulae used.

H128 - Ji || =IF(AND(3C128>$C129;5D128>$C128);1;0)
A 8 c b £ F G [ H | ) 3 L M N 0 P
Time Position Open Close

1 opened Price  Price Profit Win lose | Itol ItoD ItoN | Dtol DtoD DtoN |Ntol NtoD NtoN
120 2009.07.03 0143 13972 139%1 59 50 S8 10 0 0 0 of o o o
121] 2009.07.03 0137 13970 13990 $20 S0 20 10 0 0 0 of o o o
122 2009.07.0301:18 1395 13970 S5 85 S0 0 o 0 1 0 of o o o
123 2009.07.03 0114 1398 13971 S3 83 80 [ 0 0 0 of 1 o o
124 2009.07.03 01:0 1398 13972 S48 50 0o 0 0 1 0 of o o o
125 2009.07.03 0055 13971 13973 S2 52 so 0 o 0 1 0 of o o o
125 2009.07.03 0054 13975 13973 82 s S0 0 1 0 0 0 of o o o
127 2009.07.03 0036 139%5 13968 S3 83 S0 10 0 0 0 of o o o
128 2009.07.03 00-16 s5 85 S0 il 0 0 0 0 of o o o
0 0 0 1 of o o o

129 2009.07.02 21:42
130| 2009.07.02 17:59
131

132 TOTAL: -5815 5265 51080 2500 3600 200 2800 3100 2000 4 0 0
133 Subtotal- 63,00 61,00} 4
134 Odds for Winning: 265,00 to  $1080 0,39683 0,571 0,0317] 0459 0,508 0,03279] 1 0 0]
135 Probability of Winning a/(a+b): 0.18703 Probability X to Y

136 Probabilty of Losing bl{a+b): 0,80297

137 Check: 1

Fig. 3 — Counting Rise and Fall with Excel. The probability X to Y (I
to I, | to D, etc) is the probability that a rate that was in state X
moves to state Y. For instance 0.397 is the probability that a
rate that was increasing continues to increase (I to I).

13951 51 $0 $1

14026 14014 $12 0§12

By considering N as the absorb state, the results are:

N absorbing state Identity matrix ~ Fundamental matrix ~ days

M 1 D | T=[-q]* to steady|
N 1 0 0 | o
| 0.032(0.397 0571 10 I| 1432 1664 30.55
O 0.033| 0,459 0508 01 O 1336 1756 30.92
Results Interpretation: Probability
14,32 days startin |, average time spentin |, before unchanged TS

16,64 days startin |, average time spentin D, before unchanged
13,36 days startin D, average time spentin |, before unchanged 1,00
17,56 days startin D, average time spentin D, before unchanged 1,00
Probability Fixed Probability Vector
TS P P.P P.P.P P.P.P.P
0,397 0571 0032| 0452 0517 0031|0448 0521 0,031 0448 0521 0,031

1,00 0,459 0,508 0,033 0,448 0,521 0,031 0,448 0,521 0,031 | 0,448 0,521 0,031
1,00 1,000 0,397 0,571 0,032 | 0,448 0,521 0,031 | 0,448 0,521 0,031
Fixed Probability Vector

| D N Check Euro/USD increases 44,81% of the time
t= 0,448 0,521 0,031 1,000 Euro/USD decreases 52,06% of the time
1/ti= 2,232 1,921 31,954 Euro/USD neutrals 3,13% of the time
1/ti: Mean Recurrence Time Conclusion: mostly decreases, so sell!
t: Average number of time elapsed between visits to state ith.

Fig. 4 - Results
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V. CONCLUSION

The generalized approach outlined herein could serve as “a
posteriori” (after the fact) estimate that is used to analyze
the trade, up to a given point of time, and then allows the
trader to reconsider or adjust the current strategy or selection
of optimal pair of currency, in term of expected payoff. The
tool can then be used as “a priori” (before the fact) indicator
for the next currency pairs to trade. This model is a technical
analysis tool for selecting the optimal pair when trading
multiple currency pairs. It predicts the best pair to focus on
and the expected return in term of payoff. Finally, the
formulas found in section Ill, used for a given set of
currency, confirms an intuitive result which is that trading
forex is intrinsically “unfavorable” to the trader.

TABLE 9 - SYMBOLS

Symbol Description

T Markov Chain Fundamental Matrix

P Markov Chain Transition Matrix

I Identity Matrix of Dimension r x r

I Identity Matrix of Dimension s X s

E Expected Pay-off

P Player | Probability Vector

Q Player 11 Probability Vector

Inverse of the Matrix M

Product of the Matrix M by the Vector X
Ut Transpose of U

{m;1. -1} | The i"" row of M, with entries from

column 1 to n-1

The j™ column of N, with entries from

row 1ton-1

i @-1)
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