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ABSTRACT

Current investment in the-gold-market has become-more popular although there is a
high risk investment, Gold prices, which have béen modified to not be predictable.

In this report, we design Hidden Markov Model (HMM) to predict the gold price by
using gold history data being input to train the model. .In addition, the input data is converted to
observation and uses Windows Sliding Algorithm to split-the data before training HMM. The
result in this experiment we'compare prediction data and actﬁal data with Linear graph, they are

closely. Moreover, result of MAPE is1.0727% at 40 hidden states.
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Bullish Pattern

Name

Pattern

Suggestion

PIERCING PATTERN
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Bullish Pattern

Name

Pattern

Suggestion
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Bullish Pattern

Name

Pattern

Suggestion

Meeting Line
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Bullish Pattern

Name

Pattern

Suggestion

Dark Cloud Cover
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Bullish Pattern

Name

Pattern

Suggestion

Bearish Long Legged Doji
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A, ={A,B,m}
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AN 3.5 M3TANTT0an 15T UNARIY Window Sliding Algorithm
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4 -4.279166667 1.95
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Prediction data = old price + avg price + avg price open (3.4)
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fl. Class Pregram.cs

using System;

using System.Collections.Generic;

using System.Ling:

using System.Text;

using System.Data:

using System.10;

using System.Runtime.Serialization. Formatters.Binary;
using System.Globalization:

using System.Threading:

namespace HMMTRAINING

Srrearn stream;

RinaryFs

static Str;

static void Main(string[] args)
{

,(.CurremThrcad.CurremCulturc = new Culturchafo(’en-1i87);

L.CurrentThread CurrentUICulture = new Cidlivclafi("en-USY);
. inti, . mpk;

setVp = new Setrimg

2 pem = new Program();

int[,] ObsArrayPattern = new int[1000, 5];

int[] EachRowPatt = new intf400]; /¥ Rows Numberfor cach pattern
int[,] DsPredic = ncw int[48. 5]:

int[] PatTrain = new int[48];

int NumrowDt = 0;

int NumColumnDt = 0;

int sizedata, Psizedata;

] MAForTest = new {

1.[setVp._MaxN, setVp._MaxN];

icl.] MBForTest = new Double[setVp._MaxN. setVp._Max0);
2[] PIForTest = new {aubilz[setVp._MaxN];
chkFrPait;

able EachPattData = new DataTable();

¢ 3¢ actionData = new

SQL ="SELECT OBSERVATION FROM OB_CONVERTSET] "+ fselect OBS
"ORDER BY CONMONTH ASC™

EachPattData = actionData.SQLRcadData(SQL);
sizedata = EachPattData.Rows.Count;

int[] Storedata = new int[sizedatal;

- WriteLine(" ")

WriteLine("====—===—=====——++8TART Experiment++ ")

oo, WriteLine("SET STATE 1 ¥ + setVp._MaxN.ToString());

i, WriteLine("PATTERN ; "'+ 'setVp. MaxO.ToString()):



Cunscle.WriteLine(™ s
int counter = 0;
for (i = 0: i < Storedata.GetLength(0): i++)
{
Storedata[i] = (int)EachPattData.Rows[i][“OBSERVATION"];
)
foreach (var window in GetWindows(Storedata, 5)) /save OBS ine DBS
{
chkFrPatt = window[4]. ToString():
StorcPattern(window, chkFrPatt);
ShowArray(window, counter);

1
s

for (k = 0; k <48; k++)

chkFrPatt = k.ToString();
SQL ="SELECT * FROM OB_PATTERN" + chkFrPatt;
EachPattData = actionData.SQLReadData(SQL);

NumrowDt = EachPattData.Rows.Count; #1710 93 OBS ftiufas pattem

NumColumnDt = EachPattData.Columns.Count; /Awindow 3

Asray.Clear(ObsArmrayPattern. 0, ObsArrayPattern.Length);

for (i = 0; i < NumrowDt; i++)

f
3

for (j = 0; j < NumColumnDt; j4+)

f
i

if(j=0)

f
U

ObsArrayPatternli. j] = (int)EachPattData.Rows[i][“PaiData t*];

1
3

clscif ==1)

i
i

ObsArrayPattern[i. j] =(int)EachPattData:Rows[i]["PatPata2"];

1
i

clseif (j==2)

r
U

ObsArrayPattern(i. ] = (int)EachPattData.Rows[i]["PatData3"];

5

clse if (j == 3)
{
ObsArrayPattern(i. j] = (int)EachPattData.Rows[i]["PatData4"];
}
clseif j==4)

f
3

ObsArrayPattern(i, j] = (int)EachPattData.Rows[i]["PatData3");
}
14 End Loop Get Obs
pem. TrainModel(ObsArrayPattern, chkFrPatt, NumrowDt);

]
i

SQL = "SELECT OBSERVATION FROM OB_OBSPREDICT " +
"ORDER BY CONMONTH ASC™;

EachPattData = actionData.SQLRcadData(SQL);

Psizedata = EachPattData.Rows.Count:

int{] PredicData = new int[Psizedatal;

"),
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for (i = 0; i < PredicData.GetLength(0); i++)

f
i

PredicData[i] = (int)EachPattData.Rows[i]["OBSERVATION"];

7 139 predict

forcach (var window in GetWindows(PredicData, 5)) - wain data
{

counter++;

chkFrPatt = window[4]. ToString():

NumrowDt = EachPattData.Rows.Count; // TR0 909 OBS aiuaay pattern

NumColumnDt = EachPattData.Columns.Count; #window 5
Axrav.Clear(ObsArrayPattern, 0. ObsArrayPattern.Length):
SQL = "select * from OB_OBSTB WHERE TRAINED = 1%
EachPattData.Clear();

EachPattData = actionData.SQLReadData(SQL);

Agtay Clear(PatTrain, 0, PatTrain,Length);

Consoie.WriteLine("Test Model);

4 Loop record modet are trained

for (int pat = 0; pat < EachPauData.Rows.Count: pat++)
{

PatTrain[pat] = Convei. Tolnt32(EachPattData:Rows[pat][*OBSER Y ATION]);

1
H

for (mp = 0; mp < 48; mp+)s a7 13

f
i

DsPredic[mp, 0] = window[0]:
DsPredic[mp. 1] = window[1];
DsPredic[mp. 2] = window([2);
DsPredic[mp. 3] = window[3];
DsPredic[mp. 4] = mp;

)

pgm.TestModel(DsPredic, PatTrain, chkFrPatt EachPattData.Rows.Count:-counter);

1
J

public double(.] GenerateMatrixA()

f
1

inti. j;

double SumRow;

:[.] MatxA = now

Me[setV._MaxN, setV., MaxNJ:

fom: RanA = new §

for (i = 0; i < setV._MaxN; i++)

{
for (j = 0: j < setV._MaxN; j++)
{
MatxAl[i. j] = RanA .NextDouble();
}
)

/iNormailize MatrixA
for (i=0; i < setV._MaxN; i++)
{
SumRow = 0;
for (j=0: j < setV._MaxN: j++)
{
SumRow += MatxAli. jI;



for (j = 0: j < sctV._MaxN; j++)

i
i

MatxAli. j] = MatxAli, j] / SumRow;

1 -
i

return MatxA;

1
3

public double[.] GenerateMatrixB()

f
s

i js

double SumRow;

MatxB = new Duble[setV._MaxN, setV._MaxOJ:

Random RanA = new Rawiom();
#Create MatrixB
for (i =0; i < setV._MaxN; i++)
{
for (j = 0: j < setV._MaxO; j++)
{
MatxBl[i. j] = RanA.NextDouble():

1
s

/iNormaiiize MatsixB

for (i =0:1 < setV._MaxN; i++)

{
SumRow = 0;
for (j = 0; j < setV._MaxO; j++)
(

3

SumRow += MatxBl[i. j];

for (j = 0; j < setV._MaxO; j++)
1
L

MatxBl[i. j] = MatxB[i. j] 7 SumRow;
1]
I

return MatxB;
)
public doublef] GeneratePI()
{

mt i

double SumRow;

+ie[) MatxPI = new Double[setV._MaxN];

Randon: RanA = new Ransdom();
for (i = 0; i < sctV._MaxN; i++)
{
MatxPI[i] = RanA .NcxtDouble();
)
#Nonnaiiize Pl
SumRow =0;
for (i=0; i < setV._MaxN; i++)
{

SumRow += MatxPI[i];
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1
l

for (i =0; i < setV._MaxN; i++)

f
v

MatxPI[i] /= SumRow;

1
i

return MatxP;

1
|

private static 1f Me<T[]> GetWindows<T>(T[] array. int windowHeight)

f
i

for (var y = 0: y < array.GetLength(0) - windowHeight + 1; y++)

T
1

var slice = new TwindowHeight];
CopyArray(array. y. slice, 0.-windowHeight);

yield rewrn slice;

1
i

private static void CopyArray<T>(T{] src. int srcY. T[] dst, int dstY’, int height)

i
U

for (vary = 0; y < height; y++)
{ dstldstY +y] = src[srcY +yl: }

1
5

private static void StorePattern<T>(T[] WinData, string PattName)

4
1

int IndexPat:

InPatt;

Applioccss actionData = new A
SQL = "sclect TOP 1 Pandndex from OB PATTERN® + PattName + " ORDER BY Paulndex DESC™;
InPatt = actionData.SQLReadData(SQL);

if (InPatt.Rows.Count > 0)

f
1

1.Tolnt16(InPatt.Rows[0][ "Pattndex"]) + 1;

IndexPat = Corve

SQL = "INSERT INTO OB_PATTERN" + PattName + "{PatIndex.PatDatalPatData2 PatDatad PatDatad, PatDaras) " +

"values {" + IndexPat +

. + WinData[0] +

" 4+ WinData[1] +

"' + WinData[2] +

" + WinData[3] +

" + WinData[4] +

R

actionData.SQLqueryAction(SQL); .
clse

SQL = "INSERT INTO OB_PATTERN" + PattName + "(Patnindex,PatDatal.PatDawa2. PatDatal, PatDatad. PatData3) * +
“values "+ 1+
"." + WinData[0] +
“" + WinData[1] +
"." + WinData[2] +
"." + WinData[3] +
“.* + WinData[4] +
e,

actionData.SQLqueryAction(SQLY);

42
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private static void ShowArray<T>(T[] array. int counter)

JserstHMM\:DrophoxIS-VYEARZWCODE Temp \ResultPattemn Train.txt", true);

string lines = counter +* 7 + array[0] + " + amray[1] + " " + array[2] + " " + array[3] + " " + array[4];
file. WriteLine(lines);

file.Close();

1
i

public void TrainModel(int[.] Obs. 3
{

int turn:

Pattern. int row)

int tumNaN = 0;

t Trained;

Chk = new Du

s> actionData = new A

rair();

SQL = "SELECT TRAINED FROM OB_OBSTE WHERE OBSERVATION ="+ Pattern;
Chk = actionData.SQLReadData(SQL);

Trained = Chk.Rows[0][“TRAINED"]:

if (Trained = DRNuil.Value)

{
SQL = "UPDATE OB_OBSTB SET TRAINED= "true’ WHERE‘OBSERVATTION =" +Pattern;
actionData.SQLqueryAction(SQL);

e hmmCal = ngw HMKC =(pg.GenerateMatrixA(); pg.GeneratcMatrixB(), pg.GeneratePI(), {

1. Tolnt16(Pattem));

for(::)

tum++;

hmmCal ForwardProcedure(Obs, row);
hmmCal.BackwardProccdure(Qbs. row);
hmmCal.ReEstimation(Obs. row);

if (hmmCal.ProbMBarPatt !=hmmCalProbMBarPatt)

{
tumNaN-++;
Consaie. WriteLine("Number of Find NaN "+ tumNaN);
if (turnNaN < 5)
{goto ABC;)

Ve file = new Streas ("CrilUsersWHMMUDropboxtS-VYEARZUWCODE W Tempt TxiFileHMMparaniterModel” +
;1. Tolnt16(Pattern) + 1) + ".1x1™. true);
if (hmmCal.ProbMPatt < hmmCal.ProbMBarPatt)

f
L}

#write to file

string lines = "Problatern " + (Pattem + 1) +" ;" + hmmCal.ProbMPatt + *

file.WriteLine(lines);
file.Close();
hmmCal.CopyModclBarToMainModel();

te.WriteLine("Copy Model");
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£wrie e fiie

string lines = “ProbPattern " + (Pattem + 1)+ " 1 " + hmmCal.ProbMPatt + "ar'n";
file. WriteLine(lines):

file.Close();

#Senalize the objedt

stream ¢.0pen("C:WUserstHMMADropbox WS-VY EAR2WCODENTempHMMparamiter Model” + (€ .Tolnt16(Pattemn) + 1) + ".dat*,

itefdode.Create, FrivAceess. Write):

bformater = new | Forsties();

¢

«.WriteLine("Writing HMMparamiwerMedel ¥ + (Cnnvert. Tolnt16(Pattern) + 1) + * .dat Information™);
bformater.Serialize(stream, hmmCal);
stream.Close();

break;

- WriteLine(™ Pattern © + (€

:ort. Tolnt16(Pattern) + 1) + ™ Exit For : * + tun);
Crpunie, WriteLine(" "),

1

1

public void TestModel(int[,] Obs. int[] PatTrained, $t:i:; Pattern. int RowPatTrained. int RowToPredicDate)

{

- setVp = new Seiun

:();

tic[,] MAForTest = new Duihi

e[setVp._MaxN, sctVp. MaxNJ;

J MBForTest = new Daubic[setVp._MaxN, setVp. MaxOJ;

ite(] PIForTest = now Deuble[setVp._MaxNJ;
for (int i = 0 i < RowPatTrained; i++)
{

hmmCal = null;

stream = File.Open("C i\ UsersiH MM uDropboy ™ S-VY BAR2COD
%

iculate)bformater.Deserialize(stream);

empHMMparamiterModel!” + (PatTrained[i] + 1) + “.dat”,

ehnie.Open);

bformater = new B.

hmmCal = (33

stream.Close();

MAForTest = hmmCal. MA;
MBForTest = hmmCal.MB;
PIForTest = hmmCal.PI;

hmmCal = new HMRC, i«(MAForTest. MBForTest., PIForTest, 0);
hmmCal. ForwardProcedurcObs(Obs. Obs.GetLcngth(0). PatTrained[i]);

at¢.FindMaxProb({ caveri. Tolnt16(Pattern), RowToPredicDate);




9. Class HMMCalculate.cs

using System;

using System.Collections.Generic;
using System.Ling;

using System.Text:

using System.Runtime.Serialization;
using System.IO;

using System.Data;

using System.Threading;

using System.Globalization;
namespacc HMMTRAINING

f
i

[Seriaii

0]
clags HMMCuleotaie
{

inti k.t.j.r. q;

nt Pattern;

public double[.] MA;

public double[,] MABar;
public double[,] MB;

public double[.] MBBar;
public double{] PI:

public double[] PIBar;

public int[,] ObsArrayPatt;
public doublcl. .] Alpha;
public double[. .] Beta;
public doublc[] ObsProb;
public doublc[] ObsProbBar;
public double[] ObsProbTest;
public double ProbMPatt;
public double ProbMBarPatt = 0;
public double[] AlphaBeta;

static Lise<PeobTostdate> ProbList = new List<Prgh TestDaa>():
public HMMCalculate()

{

}

public HMMCalculate({3o1

[.] MatrixA, Doabic[.] MatrixB. £

<[] MatrixPl, int Patt)

f
i

MA = new double[setV._MaxN. setV, MaxN];
MB = new double[setV._MaxN, setV,_MaxQ];
PI = new double[setV._MaxN]:

Pattern = Patt;

MA = MatrixA;
MB = MatrixB:
PI= MatrixPI;

- MABar = new double[setV._MaxN. setV._MaxN];
MBBar = new double[setV._MaxN. setV._Ma;(O];
PIBar = new double[setV._MaxN];
ObsArrayPatt = new intfsctV._MaxRows. setV._LengthPat];
Alpha'= new double[sctV._MaxRows. setV._MaxN, setV._LengthPat];



]
i

public void GetObjectData(S¢

I
3

1
5

Beta = new double[setV,_MaxRows, sctV._MaxN. setV._LengthPat];
ObsProb = new doublefsctV._MaxRows]:

ObsProbBar = new double[setV._MaxRows];

ObsProbTest = new double[setV.,_MaxRows];

AlphaBeta = new double[setV._MaxN]:

x info, Stremmmglonioxt context)

MA = (Doubie[Dinfo.GetValue("Matrix A™, typeofiDouble[.]));

MB = (Doabie].)info.GetValue("MatrixB", typeofiDoutic[]));

PI = (Bsubie[]info.GetValue("PI". typeof(Doubic[]));
ObsProb = (

<[1)info.GetValue("ObsProb”, typeofl Doubie[]);

:)info.GetValue("ProbPattem™, typeof{i

ProbMPatt = (

SECGE

info.AddValue("Matrin A", MA);
info.AddValue("MatrixB", MB);
info.AddValue("F1". PI);
info.AddValue("ObsProt”. ObsProb);

info.AddValue("ProbPattem”, ProbMPatt);

public void ForwardProcedure(int[,] Obs. int row)

{

int MaxT;
MaxT =setV._LengthPat;
double SumRowAlpha;

AP Initiali

t=0;

for (r=0:r < row; r++)

{
for (i =0; 1 < setV._MaxN: i++)
{

k = Obs[r. t];
Alphalr. i. t] = PI[i] * MBIi. k];

}
#Fw Termination
for (r=0; r < row; r++)
{
for (t=1: 1 < MaxT; t++)
{
k = Obs[r. t];
for (i = 0:1 < setV._MaxN; i++)
{
SumRowAlpha = 0;
for (j = 0; j < setV._MaxN; j++)

4
i

if (Alphalr. j. t- 1] 1= 0 & MA[j. i] 1= 0)
{
SumRowAlpha += (Alpha[r. j. t - 1] * MA[j. i]):
1

i

Alphalr. i, t] = SumRowAlpha * MBI[i. k];

iexi context)

46



#nduction

t=MaxT - L: 2 set pesition last mdes, array Alpha

for (r=0; r <row; r++)
{
SumRowAlpha = 0;

sUHMMADrophoxS-VYEARZWCODE

("Cvlser
true);
for (i = 01 < setV._MaxN: i++)
{
SumRowAlpha += Alphalr. i, t];
}
ObsProb(r] = SumRowAlpha:
string lines = "ProblPatiermn " + (Pa;tem +1)+" Rew: "+ r+" ="+ ObsProb[r];
file. WriteLine(lines);
file.Close();
}
ComputcProbM(row);
}

private void ComputcProbM(int row)

i
s

double SumRowProb = 0;
for (i=0:1 <row; i++)
{
SumRowProb = &tath.Log10(ObsProblil);
)

ProbMPatt = Murh.Pow(10. (SumRowProb / row));

IS

)

public void BackwardProccdure(int[.] Obs. int row)

{
int MaxT;
double SumRowBeta;
MaxT =setV._LengthPat - 1;
Hinitalization
t=MaxT;
i for (r=0; r <row; r++)
{
for (i = 0; i < setV._MaxN; i++)
!

s

Beta[r.i t]=1;

1
i

Afinducticn
for (r=0:r < row; r++)
{
for (t=MaxT - 1;t >= 0 t--)
{
k =Obs[r. t+1];
for (i = 0:1 < setV._MaxN; i++)

SumRowBeta =.0;

iz, WriteLine(*ProbPattern " + (Pattern 4+ 1)+ 1 * + ProbMPatt);

47
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for (j=0; j <sctV._MaxN; j++)

f
s

if (MALL jJ = 0 && MBI[j. k] != 0 && Beta[r.i.t+ 1] = 0)

i
L

SumRowBeta += MA[i. j] * MB[j. k] * Beta[r. j. t + 1];
1
’

Betalr. i. t] = SumRowBeta:

public void ReEstimation(int[.] Obs. int row)
{
double SumAlphaBeta = 0;
double Sum =0;
double ProbAijk = 0;
double SumProbAijk = 0;
int MaxT;
double[] SumAlphaBetaO = new double[setV._MaxO];
double[] AlphaBetaO = new douhlc[setV._MaxO];
Mcompute expected number of time in state i*/
for (i = 0; i < setV._MaxN: i++)

!
3

SumAlphaBeta = 0;
for (r = 0; r < row; r-++)//L.oop cack: row far each pattern
{

Sum =0;

MaxT = setV._LengthPat;

for (t = 0; t < MaxT; t++)

f
i

if (Alphalr. i, ] !=0 && Beta[r. i. t] 1=0)
{
Sumn += Beta[r. i. t] * Alphalr. i. t];

1
J

if (ProbMPatt > 0)
{
SumAlphaBeta += (Sum / ObsProbl[r]);

1
i

}#End Leop Row
AlphaBeta[i] = SumAlphaBeta;
}
freompute Pibar
t=0: /7 st first obs for all row in cach patem
for (i = 0; i < setV._MaxN: i++)
{
SumAlphaBeta = 0;
for (r = 0; r < row; r++)/"Loop cach row for cach pattem
{
Sum =0;
if (Alpha[r, i, t] != 0 && Beta[r. i. t] !=0)
{
Sum = Beta[r, i,4] * Alphalr. i, t];
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1
i

SumAlphaBeta += (Sum / ObsProbl[r]);
}
PIBar[i] = SumAlphaBeta;
H
feompute Abar
MaxT = setV._LengthPat - 1;
for (=0; 1 < sctV._MaxN; i++)
{
for(j =0; j < setV._MaxN; j+)

f
1

SumProbAijk = 0;
for (r = 0: r < row; r++)i/Loop cach row for each pattern
{
Sum =0;
ProbAijk =0;
for (t=0;1< MaiT; t++)
{
k=0bs[r.t +1];
if(MALL. jl '= 0 && MBJj. k} '= 0 && Alphalr. i. t] 1= 0)
{
Sum += Alphalr, i. t] * MA[i. j} * MB[j. k] * Beta[r. j, t + 1];

1
3

if (ProbMPatt > 0)
{
ProbAijk += (Sum / ObsProblr]);
] .
SumProbAijk += ProbAijk;
}

MABarfi. j] = SumProbAijk / AlphaBeta[il;

)
#Compute b bar
MaxT = setV._LengthPat;
for (j = 0; j <setV._MaxN; j++)
{
for (i=0; i < setV._MaxO; i++)
{
SumAlphaBetaO[i] = 0;

1
J

for (r= 0; r < row; r++)#Loop cach row for cach pattemn
{
Sum = 0:
for (i = 0: i < setV._MaxO; i++)
{
AlphaBetaO[i] = 0;

1
5

for (t = 0; t < MaxT; t++)

f
i

if (Alphalr. . t] }= 0 && Betalr. j. t] !=0)

f
1

k = Obs[r. t];

AlphaBetaO[k] += Alphalr. j. t] * Betalr, j. t];
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v
)

for (q =0; q < setV._Max0O; g++)
{
if (ProbMPatt > 0)

1
i

SumAlphaBetaO[q] += (AlphaBctaO[q] / ObsProb[r]);

for (q =0; q < setV._MaxO; q++)
{
MBBarlj. q] = SumAlphaBetaO[q] / AlphaBeta[j];

)
NormalizcParamiterBar();
ForwardProcedure_ModclBar(Obs, row);
}
private void NormalizeParamiterBar()
{
double SumRow;
Nowmaitize MatrixABar
for (i = 0; 1 < setV._MaxN; i++)
{
SumRow = 0;
for ( = 0; j < setV._MaxN; j++)
{
SumRow += MABari, j];
}
for (j = 0; j < setV._MaxN;j j++)

f
U

MABArli, j] = MABar[i. j] / SumRow;

1
i

/iNormailize MatrixBBar

for (i=0:1 < setV._MakN; i++)

{
SumRow = 0;
for ( = 0; j < setV._MaxO; j++)
{ SumRow += MBBat[i. j]: }
for (j =0; j < setV._MaxO; j++)
{ MBBar[i. j] = MBBarli. j] / SumRow; ]

)

{Novmailize PIBar

SumRow = 0;

for (i = 0: i < setV._MaxN; i++)

{
SumRow += PIBar[i];

}

for (i = 0; i < setV._MaxN; i++)

¢

PIBar[i] /= SumRow;
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private void ForwardProcedure_ModelBar(imt[,] Obs, int row)

int MaxT;
MaxT = sctV._LengthPat;
double SumRowAlpha;
Py hutialization
t=0;
for (r =0:r < row; r++)
{
for (i=0:i<setV._MaxN; i++)
{
Alphalr, i. t]=0; ## set Alpba = 0
k = Obs|r. ];
Alphalr. i. t] = PIBar{i] * MBBar[i. k];
}
fPw Termination
for (r = 0: r <row; r++)
{
for (1 = 1; t < MaxT; t++)
{
k = Obslr. t];
for (i = 0; i < setV._MaxN; i++)
{
SumRowAlpha = 0;
for (j=0;j <setV._MaxN; j++)
{
if (Alphalr. j. t - 1] 1= 0.& MA[. 1] !=0)

r
s

SumRowAlpha #= (Alpha[r.j. t - 11 * MABar({j.

1
J

Alphalr. i, t] = SumRowAlpha * MBBat[i. k];

finduction
t=MaxT - 15/ sct position last index array Alpha
SumRowAlpha = 0;
for (r = 0; r <row; r+-+)
{
SumRowAlpha = 0;
for (i = 0; i < setV._MaxN; i++)

f
1

SumRowAlpha += Alphal[r, i, ;]:

1
i

ObsProbBar[r] = SumRowAlpha;

#Console. WritcLine{"ProbPatternBar | Row: "+ o+ " ="

1
i

ComputcProbMBar(Obs. row);

]
i

private void ComputeProbMBar(int[.] Obs. int row)

r
U

double SumRowProb = 0;

i):

+ SumRowAlpha):
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for (i = 0:1 < row; i++)

f
3

SumRowProb = fatk.Log10(ObsProbBarli]);

1
J

ProbMBarPatt = #1.Pow(10, (SumRowProb / row));

Cu

uiv. WriteLine("ProbPatternBar ¥ + (Pattern + 1) + " : " + ProbMBarPatt);

1

public void CopyModelBarToMainModel()
{
for (i = 0; i < setV._MaxN; i++)
{
for (j = 0; j < setV._MaxN: j++)
(
MAIi jl = MABar(i. j];
}
for (i=0; i <setV._MaxN; i++)
{
for (j = 0: j < setV._MaxO; j++)
{
MBIi. j1 = MBBarli. jI:
}
for (i=0:i<sctV._MaxN; i++)
( .
PI[i] = PIBar[i];

)
public void ForwardProcedurcObs(int[.] Obs, int row. int model)
{
int MaxT;
MaxT = sctV._LengthPat;
doubie SumRowAlpha;
#Fw Initialization
t=0;
for (r=0;r <row: ri+)
{
for (= 0; i < setV._MaxN; i++)
{
k = Obs[r, t];

Alphalr, i. t] = PI[i] * MB[i. k];

1
i

HFw induciion
for (r=0:1 <row; r++)

f
l

for (t = 1: t < MaxT; t++)

{
k = Obslr. t];
for (i = 0; i <setV._MaxN; i++)
{

SumRowAlpha = 0;

for (5= 0; j < sctV._MaxN; j++)
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if (Alphalr. j. t- 1] 1= 0 & MAJj. i] 1= 0)
{
SumRowAlpha += (Alphalr. j. t - 1] * MA[. i]):
1

J

Alphalr. i. t] = SumRowAlpha * MBIi. k];

1
i

#FW Termination
t=MaxT - I; 77 set position Jast index array Alpba
for (r=0: 1 <row; r++)
{

SumRowAlpha = 0;

for (i=0; i < setV,_MaxN; i++)

{

SumRowAlpha += Alpha[r, i t]:
}

ObsProbTest[r] = SumRowAlpha;
{

WriteLine(" Row * +r +* Madel * + (model) + " = "+ ObsProbTest[r]);

Sueamwiiter file = new Siv

WisershHM

ViDropbox il §-VY EAR2VCODE N TamptProbiestiprobtest.ixt", true);
string lines = Row " +1r+" Model ¥ + (model) +" = "'+ ObsProbTest[r];
file.WriteLinc(lines);
file.Close();
if (ObsProbTest[r] !=0)
{

ProbList. Add(new Prols

tDutalr. model, ObsProbTest[r]));

+d.Current Thread.CurrentCulture = new 'l

relne(Ten-USY);

T

sd.CurrentThread.CurrentUICulture = new Calwrelnfa(on-1US");
inti;
string SQL;
string Predicdate;
string SearchDatcAct;
string lines;
“string[] FactorObs = new: string[4]:

DrateTinie CONMONTH;

Y

lean ResultP;

Doukic ActualOPEN, ActualHigh, ActualLow, ActualColse, PdAvgPrice. PAAvgOpen. oldprice, PREDICTPRICE,pdtprice;

3 ptd = new {rob

actionData = new

- PredicDateDt = new DaraTable():

SQL = "SELECT CONMONTH FROM OB_OBSPREDICT " +
"WHERE Row =" + (RowDatcPreDic +4);

PredicDateDt = actionData,. SQLRcadData(SQL);

CONMONTH =

t. ToDateTime(PredicDateDt.Rows[0]["CONMONTH™));
Predicdate = CONMONTH. ToString("vyyy-MM-dd");

ScarchDateAct = CONMONTH. ToString("yvyy-MM-dd");

PredicDateDt.Clear();



SQL ="SELECT * FROM OB_OBSPREDICT WHERE CONMONTH =" + SearchDateAct + *™;
PredicDateDt = actionData.SQLReadData(SQL);

ActualHigh = { ervori, ToDouble(PredicDateDt.Rows[0]["PHIGH"]);

ActualLow = Convert. ToDouble(PredicDateDt.Rows[01[“PLOW"]);

ActualColse = {'ornver. ToDouble(PredicDateDt.Rows[0]["PCLOSE"]);

Ed

ActualOPEN = .ToDouble(PredicDateDt.Rows[0]["POPEN"]);

oldprice = { urvert. ToDouble(PredicDateDt.Rows[0]["OLDPRICE"]);

if (ProbList.Count == 0)

I
s

ptd.model = 48;

refmn:

Find MaxProb for Predic
pid = ProbList.Max();
H#Find vale from MaxProb

PredicDateDt.Clear();

SQL = "SELECT AVG_PRICEOPEN.AVG_PRICEFROM OB_OBSDETAIL WHERE OBSERVATION ="+ ptd.model.ToString();

PredicDateDt = actionData.SQLReadData(SQLY);
PdAvgPrice =

vt ToDouble(PredicDateDt.Rows[0)[*AVG_PRICE"]);

PdAvgOpen = {eovert. ToDouble(PredicDateDt.Rows[0][" AVG_PRICEOPENT]);

PREDICTPRICE = oldprice + PdAvgOpen +PdAvgPrice;
pdtprice = oldprice + PdAvgPrice;

PredicDateDt.Clear();

wt file = new 3

Streuri Wy
lines = Predicdate +
"." + ptd.model +
“." + ObsChkCompareData. ToString() +
"." + Actual OPEN. ToString() +
. + ActualHigh. ToString() +
“." + ActualLow.ToString() +
"." + ActualColse. ToString() +
“." + oldprice.ToString() +
"." + PREDICTPRICE.ToString(}+
" + pdiprice.ToString();
il (ptd.model == ObsChkCompareData)
{
ResultP = true;

lines +="." + ResultP.ToString():

ResultP = falsc;
lines +="." + ResultP.ToString();
H
file.WriteLine(lines);
file.Close();
ProbList.Clear();

. WriteLine(“Date " + Predicdate + ™ Maximurs : © + ptd.model + “Actual Modeh ™ + ObsChkCompareData);

ey (TS ersWHMMEDropbox V18-V Y EARZMCODEY TeruphResult ResuliResultPrediciesy”, true);
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fl. SettingVar;cs

using System:

using System.Collections.Generic:
using System.Ling;

using System.Text;

namespace HMMTRAINING

{

public class

(
i

public static int MaxN =40;  #Stawe in MAmx A
private static int MaxO =48;  /Matix b according 10 pattern

private static int MaxPatt = 48; /7Observation Pattern in Hash table

private static int MaxRows = 500; vs at ObsaraytObservation Pattem) default is 100

private static int LengthPat = 5; #set Leneth of vach paemk

public int _MaxN;
public int _MaxO;
public int _MaxPatt;
public int _MaxRows;

public int _LengthPat;

public ScltingVar()
{
_MaxN = MaxN;
_Max0O = Max0;

_MaxPatt = MaxPatt;
_MaxRows = MaxRows;

_LengthPat = LengthPat;
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4. ProbTestData.cs

using System:
using System.Collections.Generic:
using Systern.Ling;

using System.Text:

namespace HMMTRAINING
{

class ProbifestBate 1 amnpaablo<PeshTen

f
1

public int row:
public int model;

public double Prob;

pubtic ProbTestData(int _row, int _Model. double _Prob)
{
row = _row;
model = _Model;
Prob =_Prob:

I
3

retrn 0;
clse

retarn 13
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9. AppProcess.cs

using System;

using System.Collections.Generic:
using System.Ling;

using System.Text:

using System.Data:

using System.Data.SqlClicnt;
using System.Data.OleDb;
namespace HMMTRAINING

5

OleDbiana

or ExAdapter;

public Dat ExccllReadData(string cnstrEX. string EXSQL)

EobjConn = new (g} y(censtrEX):

if (EobjConn.State ==

nState.Open)

f
t

EobjConn.Close();

]
3

EobjConn.Open();

0;

ExAdapter = new Olelbi}

dt =necw

(EXSQL. EobjConn);
ExAdapter.Fill(dt);

ExAdapter = null;

EobjConn.Close():

rerumn dt;

public void SQLqueryAction(string SQL)

SQLCon = new

if(SQLCon.State == ¢

!
1

SQLCon.Close();

1
J

SQLCon.Open();

SQLCmd = new & 11nd(SQL, SQLCon);

rsReader = SQLCmd.ExccuteReader();
rsReader.Close(),

rsReader.Dispose();

SQLCon.Close();
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public BawTebic SQLReadData(string SQL)

i
U

SQLCon = new SuiConuccicou(enStrSQLY):

if (SQLCon.State == {"on
{
SQLCon.Close();

21¢.0pen)

1
i

SQLCon.Open(};

dt = new La

<0

rsAdapter = new Nl

Adanter(SQL. SQLCon);
rsAdapter.Fill(dt);

SQLCon.Close(};

rsAdapter.Dispose();

return dt;

)
20
T
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