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Abstract

In this thesis, upward and downward conditional probabilities will be calculated for
28 currency pairever 7 time periods ranging from-thinute to 3@minute. The data
used in this research are historicalrrency exchange rates fron27/92009 to
12/82015that have minimum -ininute time intervals. First, these raw datacon-
verted to sequences of 0, 1 andligits which represent downward, upward and no
movements of exchange rathging a time period (g. 1-minute) respectively. Then,
Bayes & applied an converted data to calculavard and downwardondi-
tional probabilities when a specific binary pattern (sequence of 0 digit9) is ob-

servedn data.A C++ programs developedo aubmate all these processes.

We found that AUDNZD (Austlian Dollar / New Zealand Dollahasthe highest
conditional probabilityof 68.86% among other currency pairs. In addition, exchange
ratesare more predictable in lower time intervals ahdw resistance (reverting) be-
haviourduring upward and downwardawementsThis resistance power decreases as

the time interval increasésm 1-minute to 36minute

Furthermore, w divide the 28 currency pairs into two groups called High Probability
Currency Pairs (HPCPs) and Low Probability Currency Pairs (LPCPghevhiey

have conditional probabilities of more or less than 60%. For each currency pair, con-
ditional probabilities are shown on diagramgich have applications in predicting

the future direction oturrencyexchange rates and creating automated trastnage-

gies for currency market.

Keywords: Conditional ProbabilityB a y e s fCurRencly MarketForex
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1 Introduction

What is the probability of an upward movementiumrency exchangetes (e.gEuro
/U.S. Dollay if an upward movement has already been observéddstorical data
Theprimary goal of this research is to answer this queskioather wordsye are in-
terested to calculate the conditional probabsiof upward or downward movements
in currency exchange rates based on an observed pattern in historicalTprecesi-
comes of this researclhaveapplicatiors in predicing the future direction of currency

exchange ratesnd creahg automated trading algithms

According to theEfficient MarketHypothesis (EMH)marketpricesare efficient if all
informationis reflectedin the priceq1], [2]. Therefore, it is impossible to predict the
future prices by studying the historical prices. In other words, the price time series
will be random walk and the probability ththe price goes up or down is 5Q%ur-

rent price will beindependent afhe previous prices[1], [2]. It is beyond the scope of

this thesis to test whether EMH is true or falsethis research, werainterested to

find conditional probabilities of greater than 60%currency exchangetes.

CurrencyMarket orForeign Exchangemarket Eorex or FX is a marketvherecur-
rencies of different countrie&.g. British Pound [GBP]),Euro [EUR], U.S. Dollar
[USD]) canbe exchanged with each othg]. For example, a trader may buy GBP

and sell USD at the same tinfeX marketruns 24 hows a day, operates days a
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week and is the most liquid market amantgerfinancial market44]. The details of

FX marketarediscussed in section 2.1

In this thesis, we usB a y e s {b] to caltukate the conditional probabilities in FX
rates. Tle conceptof conditional probabilitys the fundamental block of thiesearch,
which is discussedn section 2.2B a y e s & the fauhdation of this thesibgcause
it gives us a mathematical frameworkdalculatethe probabilities oFX ratesdirec-
tions (upvard anddownward movementys given an observed pattern in histori€&

rates

Section 3 explains on the methodology of this thesis that is to calculate conditional
probabilities in different curremes through the followingubsections data collec-

tion; conversion of raw FX to sequences of 0, 1, and @sdiginary patterns and ex-
periment designNext, theoutcome of the researclare presentedvia upward and
downward conditional probabilitiediagrams in section 4. These diagrams skiosv
likelihood that a FX rate (e.g. GBRpesup or davn in next time interval (e.g.-1

minute) base on an observed binary pattenrthe past.

Although the main objective of this thesis is to calculate the conditional probabilities
of upward anddowrward movemers in FX ratesthe finding of this thesiBasappli-
cations increatng robustprobabilitymodels thatrecapable oforecasing the future
direction of FX ratesPlus the results of this researele applicabléo creaing auto-
mated trading algorithmdg-inally, the methoddevelopedn this thesiscan be equally
applied to detectingpatterns in the prices of other financial asset classels as

stocks and commodities.
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2 Literature Review

In the first section (2.1), details BX marketarediscussed. In section 2.2, the con-

cept of conditional probability and Bayesian statissqaesented.

2.1 Currency Market

Unlike stock exchange where theraighysical place that all trad¢buying and sell-
ing stocks)ccur, currency market or foreign exchange market (FanekX) does not
have a central location and is call@der The Countermarket(OTC) [6]. In FX mar-
ket, currencies of different countries (e.g. Euro, U.S. Dollar Bmitish Pound)are
exchanged3]. For examplejt happens often tha trader buy Euro (EUR)while
seling U.S. Dollar (USD) at therery same time which means that the trader has

bought EURUSD currency pair

The market paicipants of FXmainly consisttravellers, small or large companies,
speculators, investors, investment banks, financial institutions, central banks and gov-
ernmentg7]. Each of these market participants have their own purfooggarticipat-

ing in currency market. For instance, travalerho wantto travel fromtheir home
country to a foreign country nedd converttheir native currency to the destination
currency In addition central banks or governments participate in Fa¢kat to con-

trol or modify the economic conditiofig].

In the FXmarket, the value of each currency is calculated in comparison with another
currency andgrices are quoted ascurrencypair such aEURUSD (EUR/USD) [8].

In this example, EUR and USD are caltbd base andhe counter currencies, respec-
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tively [8]. In thisthesiswe do not wuse A/ 0 to sem@arat e

show the symbolof ur r ency pai r wi t hAoather eXample oflae . g .

currency pair iISSBPUSD (British Pound/U.S. Dollgr When the value of this pas

1.5, it means that £1 equals $1.5.

In fact, exchange rates for each currency pair are quoteid and ask priceby mar-
ket makeir[9]. Market makeidenotesa broker oradealer that buys a financial instru-
ment (e.g. currency paigt the bid price and sells it at the ask price. The ask price is

normallyhigher than the bid price and their difference is caj@ead[8].

In FX trading it is possibleto make profit regardless of the directiontbe market
[4]. In other words, when wexpect a FX rate will go up (or down), we can buy (or
sell) the FX rate to make profit in both directioAsiother advantage of FX trading is
that the market is open 24 hours a day, 5 days a weeklailthtrading volume of $4
trillion [4]. However,there isarisk in FX tradng due the price volatility in the FX

market[10].

22 Bayeso Rul e
B a y eute @llows us to calcuta conditional probabilityith a simple formula as
shownin formula 2.1[5].

o1
o'!sg o P
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In this formula,PA b B) i sditidn&l probabdity of A given Bin other words, if
B happens, P(AbB) det ewillnampea SheR#zeB )l iikse | ti hheo o

joint probability ofA and Bhappening togeth¢5].

B a y e s i8 oftenadpleed on financial time series to test theefficiency (predicta-
bility). For instancetick-by-tick dataof USDJPY were tested ifi1], [12], [13] and
[14]. These sourcemeported inefficiencies in higfrequency tick data. In addition,
Rechenthiret al.[15] apdied conditional probability in a popular.8l stock for dif-
ferent intraday time intervals and identified shaerm predictability in high

frequencystockdata.

Although there might be inefficiencies imgh-frequencytick data as reported by the
abovesourcesordinary tradersnay not be able to uski$ information to create prof-
itable trading strategies due to the transactions costs. Therefore, onlydugéancy
traders whomay have access to higlech infrastructures and pay less transaction

costs in comparison with ordinatraders can make profisingthis information

In this thesiswe applyB a y e s @n 28 gurrency pairs over intday timespans
ranging from iminute to 36minute to calculate upward and downward conditional
probabilities. The details of our methotbgy are explained in the next section (sec-
tion 3). The results of this research have applications in predicting direction of FX
rates and creating automated trading systems. In addition, ordinary traders may find
the outcomeof this thesis helpful in dggning profitable trading strategies with hold-

ing periods of ranging from-thinute to 3éminute.
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3 Methodology

In this section, methodology dhis researchis discussedFirst, the raw exchange
rates will besummarised with sequences of 0, 1 and 2 dwitgh represent down-
ward, upward and no movement, respectivElgtails of data source and conversion
procedureareexplained in section 3.5ection 3.2lescribes how binary patter(se-
quences of 0 and 1 digitaje created angtilisedin this thesisThen, we calclate the
conditional probabilitie®f upward and dowrnward movements in FX rates based on
observed binary pattesin historicalFX rates(section 3.3). Finally, details of exper-
iment design tccalculateconditional probabilitiedor different currency pairsover

different time intervalswreexplained in sectio.4.

A C++ program is developed to automate the taslssigimarising raw FXateswith
sequences of 0, 1 and 2 digits dhen,calculatingupward and downwardonditional
probabil it i eTBhedoyrce Boaeyodthi®C++ prdgram is provided in ap-

pendix 2.

3.1 Data

We need real prices iorder to calculate the conditional probal@btof upwvard and
dowrnward movemerd in FX rates Thedata (currency exchangates) for thighesis
are extractedfrom the exchange rates betwe2i/92009 and 12/82015 The datg
which are provided by Professor Edward Tsang have been purchasedfrom
www.kibot.com These dataarelicenced for access by CSEE/CCFEA studentse

data are in text format (.txt).
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Figure 31 shows a sample picture of GBBR exchange rate$he time interval of
the data is one minute. The first column is date. The second column is time stamp.
The next four columns are open, high, low, and cl&3dLC) FX rates and all of

them are bid priceld 6].

b9/27/2089,1?:86|1.6853 1.0854,1.0853,1.0854,2
09/27/2009,17:01§1.0856)1.0864,1.0855,1.0862,9
09/27/2009,17:02)1.0859)1.0864,1.0859,1.0864,1
09/27/2009,17:03§1.0861)1.0865,1.0861,1.0865,5
09/27/2009,17:0441.0866)1.0866,1.0863,1.0864,6
09/27/2009,17:05)1.0865)1.0865,1.0864,1.0865,3
09/27/2009,17:0641.0864)1.0864,1.0864,1.0864,3
09/27/2009,17:07)1.0862)1.0862,1.0859,1.0861,5
09/27/2009,17:08]1.0862)1.0864,1.086,1.0864,6

09/27/2009,17:10]1.0863)1.0865,1.0863,1.0863,4
09/27/2009,17:11)1.0864)1.0865,1.0864,1.0865,4
09/27/2009,17:12]1.0864)1.0864,1.0864,1.0864,1
09/27/2009,17:1341.0865)1.0865,1.0862,1.0862,4
09/27/2009,17:1441.0861)1.0861,1.0861,1.0861,1
09/27/2009,17:15§1.0862)1.0863,1.0859,1.0859,4
09/27/2009,17:1641.086,}.086,1.0859,1.0859,2

09/27/2009,17:17{1.086,) .086,1.0856,1.0856,6

Figure 31. Sample pictur of GBREUR exchange rates.

In this thesispnly bid open FX rateas shown with a red rectangle on figure, 3uk
utilisedto calculateconditional probabilities of upwaranddownward movemestin
FX rates As we are interested itme direction of FX rates (up or down) and not in
spot prices, we convert the raw FX ratese@guences of 0, 1 and 2 digi8e use the
following notationgor this conversion:

1. If price increaseggoes up)uring acertaintime interval (e.g. dninute), it

is represerdgd byl.
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2. If price decreasegoes downguring acertaintime interval (e.g. dminute),
it is represerdd byO.
3. If price stays at the same letklring acertaintime interval (e.g. ininute),

it is represered by2.

Figure 32 illustrates anexample ofthis conversionfor GBPEUR. 0, 1 and 2 digits
represent downward, upward and no movements, respectivdelyvant totake into
account the timewhenprice stays atte same level and does not motkat is why2

is used aarepresentation of no movementFX ratesduring ay givenperiod

| GBPEUR_binary_1min - Notepad

File Edit Format View Help

111100021121010202102202201002210111021121
111010110200111110210022122102011121102120
010011021010211011010021100120101010210221
021010120101010102012102010102112011101010
001120212010111112001201011210220210102102
100010100010002101001110000121000010012110
021101202010111100200112211110000000111111
210021020110101112010210201221121201010110
220011120011010201100211021202100110101001
110201201121000021000010100012110110210110
000201011212201001010002111011010110201200
020101000120010102011021012102100012110101
121011022101001102100102010111022010010100
010011022101011011101000002120102000201110
120012101010101002200011011010012212010221

Figure 32. SummarisingsBPEUR with sequences of 0, 1 and 2 digits

Summarising raw FX rateas discussed in three above stdpss two advantages.
First, FX data are summarised to sequent€s 1 and 2 digits which results iaduc-

ing the size of the original raw data. Therefore, further processing of FX bates
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comeseasier and less time caming rather than processing the data manu&lsc-
ond, upward and downward movements in FX rategaptured and we can use them
to calculateupward and downwardonditional probabilities in FX rates based on ob-

served binary patterns (sequences of Oladits) in historical data.

However, summarising the data manually is not practB=tauselhte size of the da-
ta filesaretoo big, processing the data manualypuld consume a considerable time
In addition, we may introduce human egdrthe data are processed byhuman In
order to eliminate the human ersauring conversion anceducethe durationof this
process, a C++ program coded(seeconvertPriceToBinaryand convertALLReal-

PricesToBinaryunctionsin Appendix2).

The C++ program converts raw FX rateséguencesf 0, 1 and 2 digits automatical-

ly. After the converted data are generated, we can utilize them to calculate upward
and downward conditional probabilitidssed on observedinary patterns in data
Binary patterns in this thesis are sequences of upward and downward movements in

FX rates which are represented in sequences of 1 (up) and 0 (down) digits.

We usea binary pattern as condition inB a y e s tw catculdteaupward and down-
ward conditional probabilitiedzor example, we want to calculate the chance that a
FX rates goesip in the next time interval (e.g-rhinute), if we observéhree upward
movements in data (pattern 111). The details of binatfems and calculation of

conditional probabilities are explained in sections 3.2 and 3.3, respectively.
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3.2 Binary Patterns

Binary patterns are sequesa# 0 and 1 digits. 0 and 1 represent downward and up-
ward movements in FX rates, respectively. For eampatternl00 means that FX
rate g@s up,down and downThe duration between each of these movements in this

example is equal to theme intervalused to convert raw FX ratés.g. Tminute).

Table 3.lillustrates the binary patterns that aleployed in this researchThe first
column is the reference number of each pattern and tloadés the binary pattern
The binary patterns are utilised as condition8ia y e s & calculdteeupward and
downward conditional probabilitie¥his concepts explainedin the next section.

Table 3.1Representationf binary patterns in this thesis.

Pattern Number Binary Pattern Definition
0 0 Down
1 1 Up
2 10 Up, Down
3 11 Up, Up
4 100 Up, Down, Down
5 101 Up, Down, Up
6 110 Up, Up, Down
7 111 Up, Up, Up

3.3 Calculation of Conditional Probability

The main goal of this thesis is to calculate thedttiomal probability that a FX rate
(e.g. GBRJSD) will go up or down inthe next time interval (e.g-rhinute) when a
specific binary pattern (from table 3.i5) observedn data To achievethis goal,we
applyB a y e s as discudsesl in section 2Fhrmulas 3.1 and 3.are derived from
B ay e s @rmula 2.1¢ forcalcuhatng upward and downward conditional probabili-

ties, respectively.

D
B+
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(@}
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P(up | Binary Pattern) and P(up | Binary Pajteame the likelihoods thdhe price
goes upanddown, respectivelygiven an observedinary pattern in historical data.
The binary pattern is sequence of 0 (down) and 1 (ugipits as shown in table 3.1
which is utilised as condition in the above formules( up 2 Bi nary
Pdown Z2 Binary Patt er n) aspecific bindrygatterofrom t
table 3.1is observed in datand then the price goes @ymd down, respectively.

P(Binary Pattern) is the chance that a specific binary past@iservedn data.

For example, to calculate the conditional probability of upward movesndrgnpat-
tern 100(up, down, down)s observedn data, we use formula3which is derived

from formula 3.1

. 00D prm
OO0Obpmmm — o
Opmm

In this example, the binary pattefrondition inB a y e s)ads 100wahddhe direction

that we want to calculate the conditional probability is upward. In other words, when

we see updown and down wardchovements (pattern 100) ina FXrae( up )b
is the chance that the FX rate will go upthe next time interal (e.g. Xminute) Pic-
ture of GBEEUR with pattern 100s shown in figure 3. Pattern 100 igllustrated
with red and blueectangls. When this patterhappens, if the next digit is 1 (upward
movement)the patterns illustrated with a blue rectang®therwisejt is shown with

a red rectangle

T 151
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GBPEUR_binary_1min - Notepad
st View He

111-211219192921 eo220flegzz10111021121
B::

11187611626011111620909b>1257626111211621206
eiedilezieieziielae 1fech 2e1e1010210221
©3101e12010101010201210201061e2112e111e1e1e
661126212619111112661261911216226216162162

21ei1eei11fieepbeizhookofieogh 2110
=) 11 962961122111-99 eecoT11111

l1ez2e12 291@19119
hooki1ie21z2ez2pechieieleds
'= [chR= SX=T= = 12119119219119

B2 ©0119101160201200
929191299191929 1ei1ziez2pecel 19191
12191

192 foehe>ei1e1116=2>elpe0)
effeo] |19221e Tofleek 992129192999291
ze==

1 1219191919 1611 2212919221

:2ﬂﬁ§-1929119191

229911129911919291
11020120112
evezele1121

Figure 33. Pattern100in GBPEUR: bluerectangles illustrate Bp=1 100),

red rectangles shoR(down=0 100) or Pio movement =2 100).

In thisexample (Figure 3), we want t o c al.Einsttletotal niiberp b
of all rectangles (botlblue and red are counted. This number isqualto P(100)

which is put in the denominator of formula 3.3. Then we count the humbétusf
rectangles (situations where the FX rate goes up after pattermajens). This
number isequalto P p Z afidds®ut in nominator of the formula 3.3 because
pattern 100 happens and then the FX rate goedlext, number oblue rectangles
(Pup % i8dvided)by total number of rectangleB(100)). The final result is

equal to)P(up b 100

The simple, straightforward ancbbustapproachdiscussed abovenables us to ex-

plore different binary patterna FX time seriesand find the uward and downward
conditional probabilitiedor different FX rates.As mentioned previously in section

3.1, processing data manually is a time consuming task and may include human error.
To overcome these obstaclése sameC++ programwhich isresponsibldor conver-

sion of raw data (see section 3.1), adatonates calculation of upward and down-
ward conditional probabilities in FX rateBhesource code of this programpsovid-

edin appendix XseesearchPatternsinBinaand runStatisticalAnalysigunctionsin

appendix 2
T 167
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3.4 Experiment Design

The approach disssed in previous section (3.3) to calculate upward and downward
conditional probabilitiesis appliedto 28 different currency pairs. The following 28
currency pairareanalysed in this researaimorder to calculate conditional probabili-
ties

EURUSD Euro /U.S. Dollar)

EURNZD (Euro / New Zealand Dollar)
AUDNZD (Australian Dollar / New Zealand Dollar)
EURAUD (Euro /Australian Dollay

EURCAD (Euro / Canadian Dollar)
EURJPY(Euro / Japan Yen)

GBPEUR(Pound Sterling Euro)
GBPUSD(Pound Sterling U.S. Dollar)
GBPJPY(Pound Sterling Japan Yep

GBPNZD (Pound Sterling New Zealand Dollgr
USDJPY(U.S. Dollar/ Japan Yeh

CADUSD (Canadian Dollaf U.S. Dollar)
CADGBP (Canadian Dollaf Pound Sterling
CADJPY (Canadian Dollaf Japan Yeh
CADNZD (CanadiarDollar/ New Zealand Dollgr
AUDUSD (Australian Dollar U.S. Dollar)
AUDCAD (Australian Dollar/ Canadian Dollgr
AUDGBP (Australian Dollar/ Pound Sterling
AUDJPY (Australian Dollar/ Japan Yep
NZDUSD (New Zealand Dollar U.S. Dollar)
NZDJPY (New Zeahnd Dollar/ Japan Yeh
CHFUSD(Swiss Fran¢ U.S. Dollar)

CHFAUD (Swiss Frand Australian Dollay
CHFCAD (Swiss Fran¢ Canadian Dollgr
CHFEUR(Swiss Frand Euro)

CHFGBP(Swiss Fran¢ Pound Sterling
CHFJPY(Swiss Fran¢ Japan Yeh

CHFNZD (SwissFranc/ New Zealand Dollgr

2222292299299 _29_29_9_929_29_9_29_9_9_9_-°9_-°5_-°2:-2--2-

In addition,the exchange rates feachcurrency paiareconvertedo 7 time intervals
including Xminute, 2minute, 3minute, 5minute, 1Gminute, 15minute and 30
minute Therefore, we have 196 (7x28pmbinations Then these 196Gummarised
data are analysedwith 8 binary patterns as shown in table 3Sb we havel568

(7x28xB) tests to calculate upward and downward conditional probabilities.
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As mentioned in previous sections, in order to eliminate human errors arue tede

of data processingye automate the process of calculating conditional probabilities.
Therefore, he sameC++ program which converts data and calculates conditional
probabilities for each currency pgsee section3.1 and 3.3)alsocalculatesupward

and downwardconditional probabilitiesfor all the 1568 combinationsliscussed

above(seerunStatisticalAnalysiunction in appendix 2)

The outputs of the C++ program are upward and downward conditional probabilities
for each of 28 currency paiover 7 timespans based on 8 binary patterns as discussed
in this sectionThese conditional probabilities are visualised on probability diagrams

shown in section 4.
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4 Resultsand Discussions

This section presentbefinal results of thehesis. As mentioned in previous sections,
the main target of this research is to calculateptiobabilities whether a FX rateill

go up or down in the nexime interval (e.g. 1 minuter 10-minute when a specific
binary patterris observedn historical data.As we are interested to find probabilities
of more than 60% in this researd¢he 28 currency pairare dividedinto two groups
based on 60% probabilityrhe first groups namedLow Probability Currency Rirs

or LPCP (section 4.1). This groupoatains currency pairs which hawgward or
downward conditionalprobabilities of less than 60% (< 60%). The second group (sec-
tion 4.2)which isnamedHigh Probability Currency Pairs or HPCGRscludes all FX
rates that have ward or dowrward conditionalprobabilities of equal or more than

60% ( >= 60%).

The results(conditional probabilitiesfor each currency paiare visualised on dia-
grams (e.g. figure 4.1) These diagramshow upward and downward conditional
probabilities for each currency pandhave applicationg predicting the future di-
rection of a specific FX raté@he X-axis of each diagrandisplays binary pattes as
shown in table 3.1 and-#xis is the conditional probability in percentage. In addition,
each diagranshows conditionalprobabilities over different periodsranging from 1

minute to 3éminute

Finally, the results for all of the currency paiemalysedn this thesisare compared
with each other in order to find currency pairs whinhy bemore predictable and
may have moretrading opportunitiegseesection 4.3 We can use the conditional

probabilitydiagrams to create trading signal generators in automated trading systems.
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For example, if we know in advance that when a speuifiary patternhappensa FX
rate has a higdr chance to go up rather going down in the next mimaecan use

this prior knowledge to buy the currency pamd expect the FX rate to rise

4.1 Low Probability Currency Pairs (LPCPSs)

Low Probability Currency PairLPCP9 are currency pairs which havewgrd or
dowrward probabilities of less than 60%he probability diagramsre shown and
discussedor LPCPs such as EURUSD, USDJPY and GBPEWFhis sectionThe

diagramdor the rest of LPCPs arkustratedin the appendiA.

4.1.1 EURUSD (Euro / US Ddlar)

Figure 4.1shows the conditiongrobability of upwardand downwaranovementsor
EURUSDgivena binary pattern is observed in data. The diagrams are showti-for
ferent time intervalsanging from iminute to 3@minute For example, if we observe
a downward movement of EURUSD in the last min(iee observepattern 0) the
chancethat EURUSD gesup and downn the next minuteare4955% and 37.8%,
respectively and the rest 12% (1007 4955 -37.84) is the probability that the FX
rate stag at the same levelWe can use theseatjrams to find the probabilityhether
EURUSD will go up or down in the netime interval (ranging from-ininute to 30

minute).
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Figure 4.1. Probability of upward and downward movements for EURUSD.

The red line shwn on diagrams is 50% line or random walk line. If the probability is
lower than this level, the chano€EURUSDmovingto that direction is low. Even if
the probabilityis around 50%it is random walkwhich means that we cannot predict
the next direcon of EURUSD with high confidencéAs shown in Figure 4.1, most of
upward and downward probabilitiégsr EURUSD are below or around 50% lirkhe
probabilities ofdowrward movements iri-minute time interval§or EURUSD are
528%%, 5456% and 5%2% for patterns 1, 11 and 111, respectivélreseare the

highest probabilities calculated for EURUSD

Furthermore, we can see from figure 4.1 that EURUSD shawsistance behaviour
toward last direction of the FX rate. In other words, when we see an upward move-
ment in EURUSD (patternthat contain 1 and the end, e.g. 1, 11, 101 and 111), the

probability that EURUSD gesdown in the next time interval is highdrain going up
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and vice versaln addition, when theonditionalprobabilities are below 50%hey

increasasthetime interval increases fromrinute to 3@minute

By taking all of the above points into account, we can conclude that EURUSD may be
an effcient pairat least under our experiment desggmditionsbecause the probdibi

ties are below or around 50%.

4.12 USDJPY (US Dollar / Japan Yen)

Figure 4.2 shows the conditional probability of upward and downward movefoents
USDJPY. All the probabilities (upward ahdownward) tend to move towafiD%
random walk line. Therefore, USDJPY may be l@sslictable as the timatervalin-

creases.

The highest upward probability is 34% if patern 100 happens in data (fondinute
period. In contast, USDJPY showstronger resistant reactions whepwardmove-
ments(patterns that have 1 at the end, e.g. 1, 11, 101 andatd Dbserveth data
For instance when pattern 111 happens inminute periodfor USDJPY, the chance

that USDJPYgoesdown inthe next minute is 587%.
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USDJPY - Upward Movement

H 1 min
B 2 min
M 3 min
H 5 min
H 10 min
15 min

W

Probability of Upward
Movement (%)

M 30 min
0 1 10 11 100 101 110 111
Binary Pattern

USDJPY - Downward Movement
70

x
=

H 1 min

(=1

W2 min
W 3 min
H5 min
o 10 min

e T I SV
S o o o

Probability of Downward
Movement (%)

15 min
W 30 min

=

0 1 10 11 100 101 110 111
Binary Pattern

Figure 4.2. Probability of upward adéwnward movements for USDJPY.

4.1.3 GBPEUR (Pound Sterling / Euro)

Figure 4.3 shows the conditional probability of upward and downward movefoents
GBPEUR.Most of the probabilities are either around or below 50% random walk and
they move closer to the random walk line when the time frame increases from 1
minute to 36minute. The highest conditional probabilityf upward movementor

this currency pair is 588% in 1-minute periodwhen pattern 100 is observed in his-

torical data.
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GBPEUR - Upward Movement
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Figure 4.3. Probability of upward and downward movements for GBPEUR.

4.2 High Probability Currency Pairs (HPCPs)

High Probability Currency Pairs (HPCPs) are FX rates which hawardmr down-
ward probabilities equal or more than 60% such as EURNZD, AUDNZD and EUR-
AUD. The conditional probability diagranaseshown for these FX rates this sec-

tion. Thediagrams for other HPCPs are illustrated in appendix 1.

4.2.1 EURNZD (Euro / New Zealand Dollar)

Figure 44 displays the wward and downvard probabilities for EURNZD. The high-
est upward probability is 59486 when pattern 100 is observed iArinute period

When patterns 1, 11 and lafeobservedn 1-minute time interval, downward condi-
tional probabilities are 593%0, 634% and 64.2%, respectivelylt means that the

more the EURNZD moves upward, the chance that this currency pair moves down-
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ward increases. In other words, EURNZD showssastah behaviour toward@n up-
ward trend.Furthermore, as the time interval increases fremirdute to 36minute
the probabilities move towarchndom walk line (50% line). Therefore, EURNZD
may not be more predictable in highpariods(e.g. 30minute) than lower time inter-

vals (e.g. iminute).

Figure 44. Probability of upward and downward movements for EURNZD.

4.2.2 AUDNZD (Australian Dollar / New Zealand Dollar)

Figure 45 illustrates the up and down probabilities for AUDNZD. The highest up-
ward probabilities ar&8.3%%, 5529%% and 62.2% when pattera 0, 10,100 are ob-
served in Aminute periodSo AUDNZD showsa resistant reaction (AUDNZD has a
higher chance of upward movent) when downward trend happens in 1 minute data.
This resistant power decrease as the time interval increases fromute to 30
minute. In addition, as the time interval increases frormihute to 36minutg the

probabilities move towardandom walk lhe (50% line). Therefore, AUDNZD may
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