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Research Title: MACD.indicator. with the modified Signal Line. and trading weight inference.and
Application.to. Analysis tracing SET-high. dividend 30, stacks

ABSTRACT

This research presents a method.to improve MACD indicator by modifying a
signal line. The MACD indicator with the modified signal line is named MACDP. It will
be an alternative indicator for selection a stock into portfolio. In addition, an
improvement of the proposed method is developed by using fuzzy logic to infer the
trading weight for each buy/sell signal.

By testing the proposed method with the stock prices data in SET-high
dividend30 and comparing with the original MACD and some existing methods, the
result yields the higher success rate and profit rate than the original MACD, and

outperforms some existing methods in term of profit rate.

Keywords : MACD, Fuzzy Logic, Trading System, Technical Analysis
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If " is MIN-CONFIDENCE then ,z' IS TRADE-CONFIDENCE
SsgwatlmgAe ") is MIN-CONFIDENCE Fafidnarnuasafie
He (d"0) = 11, (0.53478) = 0.53478

uaziiusswarinafio 2’ IS TRADE-CONFIDENT Builelyf v, wymiilaiudamineds

slihAmmnsdmiugng | z' €[0,1] Fruaailee

u,(, )= min {1, (@), pe zl)} = min{0.53478, 11, (,2)}

— u,(,2")
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(919) idudauAoidunsmyosilarsunmituanFnvaaiedian MIN-CONFIDENCE g
nawiliilogasign dn = 0.53478 damasaiiuanninlustedion MIN-CONFIDENCE iy

He, (A" = p1, (0.53478) = 0.53478

(7)) udimhiaiduns myeeilertuniuiuauiinvesilvdien TRADE-CONFIDENCE i

Ahokuns e Tim AR v,y (,2) = min{0.53478, 4, (. ")}
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If m ., is MACD-LOW then ,z' IS TRADE-CONFIDENCE
Tszwadivgfia m ., is MACD-LOW Fafidnmnusiedie
He (M )= g, (~0.49455)=0.13373

o A : fu <
uazlusenatinafie z' is TRADE-CONFIDENT Sailely o, unuilafdudnuase

slpinmmnusisdmiunng | 2" €[0,1] Aurailag

u,(,z") =min {”f.,, (m )l z’)} =min {0.13373, ,ue?(,z‘)}

U (,2)
— ,ij (?Hl!._ﬁ ) o uz(“zl)
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(#8) tavdhAsiaunsMeerlsnsuauiuayBnyesiodion MACD-LOW Tngrvaesi
MACD m,., =-0.49455 dmmauifussnnluitadion MACD-LOW winy

He (M) =t (<0.49455) = 0.13373

(¥27) udimAeiaunTIMYaIen TR DU 1T YesioFion TRADE-CONEIDENCE (#hd

Aol N T IYRITURIAINGR U, tuy(,2') = min{0.13373, 1, (, 2]
& Jd R

If m ., is MACD-HIGH orm n 1S MACD-MEDIUM then ,z' is TRADE-DOUBT
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Wsznaivgfie m ., is MACD-HIGH or m 1S MACD-MEDIUM Fefiinpruaie
Ao
max {t, 01 ), o (7 )} = max {0,0.73253} = 0.73253

o A 9 v @ o v
uazdiusewatinaflea z' 1S TRADE-DOUBT Fudlel u, unwilsiduriauese ol

IrueRdmSunng | 2' €[0,1] Annilas
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M9199 1.2 arsuanssiafuatululug data.py

import pandas as pd

class DataDefinition (str):
def __new__(cls, name, colNumber, dtype):
return str._ new_ (cls, name)

def __init__(self, name, colNumber, dtype):
super(DataDefinition, self).__init__ (name)
self.colNumber = colNumber
self.dtype = dtype

DATE = DataDefinition('date’, @, 'S8")
OPEN = DataDefinition('open’, 1, 'f8')
HIGH = DataDefinition( 'high’', 2, 'f8')

LOW = DataDefinition('low’, 3, 'f8')
CLOSE = DataDefinition(‘close’, 4, ‘f8")

def -getRawData(uri="../resources/stockdata/KBANK.csv'):
data = pd.read_csv(uri, dtype={DATE: DATE.dtype,
OPEN: OPEN.dtype, HIGH: HIGH.dtype,
LOW: LOW.dtype, CLOSE: CLOSE.dtype,
}, parse_dates=[®], index_col=0,
na_values='-")

return data.sort_index(ascending=True).dropna()

def getPricesData(symbol="KBANK‘, type='close’):
if type not in [OPEN, HIGH, LOW, CLOSE]:

raise Exception( 'param-value error: type= "' + type +'". Hint,
type=x for x in {"open”, "high", "low", "close”}")
uri-= '../resources/stockdata/’ + symbol + ’'.csv'

rawData = None

ThYY
rawData = _getRawData(uri)
except:
raise Exception('error occur while parsing raw data. Hint, please
check if symbol="" + symbol + '" exists and matches the name of csv file.')

data = rawData[type]
return data

A1519% N.3 A51Lanssiaruatululng ema.py

import pandas as pd
import pandas.stats.moments as mt

def getEMA(pricesData, n=12):
ema = pd.Series(mt.ewma(pricesData, span=n), index=pricesData. index)
return ema
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A15199 .4 Asreuanssanuatululvg macd.py

import pandas as pd
import pandas.stats.moments as mt
from ema import getEMA

def getMACDAndSignallLine(pricesData, ni, n2, n3):
ema_nl = getEMA(pricesData, nl)
ema_n2 = getEMA(pricesData, n2)
macd = ema_nl - ema_n2
signalline = pd.Series(mt.ewma(macd, span=n3), index=pricesData.index)
return macd, signallLine

o s as ¢ R .
A1919% n.5 arsranaassiadiuatululng modifiedsignalline.py

import pandas as pd
from macdtester.basic import getTradingPeriods, isAnUpCrossingPoint

def getModifiedSignalLine(macd, signallLine, K):
periods = getTradingPeriods(macd, signalline)
modifiedSignallLine = pd.Series(float( 'non'), index=signalline.index)

for period in periods:

avmin = getAvailablyMinimumPointsInAPeriod(macd, signalline,
period)

avmax = getAvailablyMaximumPointsInAPeriod(macd, signalline,
period)

dmin = getMinimumCertainties(macd, signallLine, period)

dmax = getMaximumCertainties(macd, signalline, period)

upCrossingPoint = None

for t in period:

if upCrossingPoint is None and isAnUpCrossingPoint(macd,
signalline, t):
upCrossingPoint = t

if upCrossingPoint is None:
hMinimum = macd[avmin[t]] - signalline[avmin[t]]
modifiedSignalline[t] = signallLine[t] +
hMinimum* (dmin[t]**K)
elif t == period[-1]:
modifiedSignalline[t] = signalline[t]
else:
hMaximum = macd[avmax[t]] - signalLine[avmax[t]]
modifiedSignalline[t] = signallLine[t] +
hMaximum* (dmax[t]**K)

return modifiedSignalline

def getAvailablyMaximumPointsInAPeriod(macd, signalline, period):
avialablyMaximumPoints = pd.Series(’', index=period)
upCrossingPoint = None
for t in period:
if upCrossingPoint is None and isAnUpCrossingPoint(macd,
signallLine, t):
upCrossingPoint = t
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if upCrossingPoint is not None:
avialablyMaximumPoints[t] = macd[upCrossingPoint:t].idxmax()

return avialablyMaximumPoints

def getAvailablyMinimumPointsInAPeriod(macd, signalline, period):
avialablyMinimumPoints = pd.Series('’, index=period)
for t in period:
if isAnUpCrossingPoint(macd, signalline, p18) B
avialablyMinimumPoints[t] = macd[period[@]:t].idxmin()
break

avialablyMinimumPoints[t] = macd[period[@]:t].idxmin()
return avialablyMinimumPoints

def getMaximumCertainties(macd, signalline, period):
avmax = getAvailablyMaximumPointsInAPeriod(macd, signalline, period)
maximumCertainties = pd.Series('’, index=period)
upCrossingPoint = None
for t in period:
if t == period[-1]:
maximumCertainties[t] = 1
break

if upCrossingPoint is None and isAnUpCrossingPoint(macd,
signalline, t):
upCrossingPoint = t

if upCrossingPoint is not None:
hCurrent = macd[t] - signalline[t]
hMaximum = macd[avmax[t]] - signallLine[avmax[t]]
maximumCertainties[t] = 1 - (hCurrent/float(hMaximum)) if
hMaximum != @ else 1

return maximumCertainties

def getMinimumCertainties(macd, signalline, period):
avmin = getAvailablyMinimumPointsInAPeriod(macd, signalline, period)
minimumCertainties = pd.Series('’, index=period)
for t in period:
if isAnUpCrossingPoint(macd, signalline, %)
minimumCertainties[t] = 1
break

hCurrent = macd[t] - signalline[t]
hMinimum = macd[avmin[t]] - signallLine[avmin[t]]

minimumCertainties[t] = 1 - (hCurrent/float(hMinimum)) if hMinimum

1= 8 else 1

return minimumCertainties
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71157199 .6 AsuansTRaRualululwg basic.py

import numpy as np

def getTradingPeriods(macd, signalline):
downCrossingPoints = getDownCrossingPoints(macd, signalline)
periods = []
for i in xrange(len(downCrossingPoints)-1):

periods.append(macd[downCrossingPoints[i]:downCrossingPoints{i+1]].index)

return periods

def isAnUpCrossingPoint(macd, signallLine, t):
i = macd.index.get_loc(t)

if i >= 1 and (macd.ix[i] » signalline.ix[i]) and (macd.ix[i-1] <
signalline.ix[i-1]):
return True
elif i >= 2 and (macd.ix[i] > signalline.ix[i]) and (macd.ix[i-1] ==
signalline.ix[i-1]) and (macd.ix[i-2] < signalline.ix[i-2]):
return True
else:
False

def isADownCrossingPoint(macd, signalline, t):
i = macd.index.get loc(t)

if i >= 1 and (macd.ix[i] < signalline.ix[i]) and (macd.ix[i-1] >
signalline.ix[i-1]):
return True
elif i >= 2 and (macd.ix[i] < signalline.ix[1i]) and (macd.ix[i-1] ==
signalline.ix[i-1]) and (macd.ix[i-2] > signalline.ix[i-2]):
return True
else:
False

def getUpCrossingPoints(macd, signalline):
upCrossingPointList = []
firstDownCrossingExists = False
for t in macd.index:
if not firstDownCrossingExists and isADownCrossingPoint(macd,
signalline, t):
firstDownCrossingExists = True

if firstDownCrossingExists and isAnUpCrossingPoint(macd, signalline,
t)s
upCrossingPointList.append(t)

return upCrossingPointList

def getDownCrossingPoints(macd, signalline):
downCrossingPointList = []
for t in macd.index:
if isADownCrossingPoint(macd, signalline, t):
downCrossingPointList.append(t)
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f157199 N.6(sD)

return downCrossingPointList

class Trade(object):
def __init_ (self, buyPoint, sellPoint, capital, weight=1):
self.buyPoint = buyPoint
self.sellPoint = sellPoint
self.capital = capital
self.weight = weight

def getProfit(self, pricesData):
return ((pricesData[self.sellPoint] -
pricesData[seLf.buyPoint])/Float(pricesData[seLf.buyPoint]))*seLflcapital*se
Lf.weight

class TotalTrade(object):
def __init_ (self, tradeList):
self.initialCapital = tradelist[@].capital
for trade in tradelList:
if trade.capital != self.initialCapital:
raise Exception( ‘ALl trade in tradelist must have the same
capital.')

self.tradelList = tradelList

def getProfitRate(self, pricesData):
if len(self.tradelist) == 1:
profitRate =
seLf.tradeList[e].getProFit(pricesData)/Float(se&f.initialCapital)
else:
profits = np.array([trade.getProfit(pricesData) for trade in
self.tradelList])
profitRate = np.sum(profits)/float(self.initialCapital -
np.sum(profits[profits < 0]))

return profitRate

def getUpCrossingPointInAPeriod(macd, signalline, period):
upCrossingPoint = None
for t in period:
if isAnUpCrossingPoint(macd, signalline, g )3
upCrossingPoint = t
break

return upCrossingPoint

def getMaximumPointsInAPeriod(macd, signalline, period):
upCrossingPoint = None
for t in period:
if isAnUpCrossingPoint(macd, signalline, t):
upCrossingPoint = t
break

maximumPoint = macd[upCrossingPoint:period[-l]].idxmax()

return maximumPoint
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def getMinimumPointsInAPeriod(macd, signalline, period):
upCrossingPoint = None
for t in period:
if isAnUpCrossingPoint(macd, signalline, t):
upCrossingPoint = t
break

minimumPoint = macd[period[@]:upCrossingPoint].idxmin()

return minimumPoint

M131991 1.7 anseuanssiaduatululvg plot.py

import pandas as pd

import matplotlib.pyplot as plt

import numpy as np

from matplotlib import ticker, font_manager

class IndexManager(object):
def __init_ (self, indexSeries):
self.index = indexSeries
self.evenlyIndex = pd.Series(np.arange(len(indexSeries)),
index=indexSeries)

def evenlyIndexToDateTimeIndex(self, x):
try:
return self.index[x]
except:
return None

def datetimeIndexToEvenlyIndex(self, d):
try:
return self.evenlyIndex[d]
except:
return None

def dateMappingFormatter(self, x, pos=None):
d = self.evenlyIndexToDateTimeIndex(int(x + ©.5))
if d is not None:
return d.strftime( "Zbo\nky ")
else:
return "'
def standardPlot(pricesData, macd, signallLine, show=True):
idm = IndexManager(pricesData.index)
plt.rc('axes’, grid=True)
plt.re('grid', color='6.75", linestyle='-", linewidth=6.5)
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left, width = 0.1, 0.8
rectl = [left, @.6, width, @.3]
rect2 = [left, ©.1, width, @.5]

fig = plt.figure(facecolor='white")
axescolor = '#f9f9f9'
axl = fig.add_axes(rectl, axisbg=axescolor)

ax2 = fig.add_axes(rect2, axisbg=axescolor, sharex=ax1)

def getIndexOfFirstDayEachMonth(datearr):
dateSeries = pd.Series(datearr.month)
isFirstDay = np.ones_like(dateSeries, dtype=np.bool)
isFirstDay[1:] = (dateSeries[1:] != dateSeries[:-1])
return dateSeries.index[isFirstDay]

axl.xaxis.set_major_locator(ticker.FixedLocator(getIndexOfFirstDayEachMonth(
pricesData.index)))

axl.xaxis.set_major_formatter(ticker.FuncFormatter(idm.dateMappingFormatter)

)

axl.set_xlim(idm.evenlyIndex[@] - 2, idm.evenlyIndex[-1] + 2)

axl.plot(idm.evenlyIndex, pricesData, color='black’, lw=2,
label="closing price")

ax2.plot(idm.evenlyIndex, macd, color='red’, lw=1.5, label='MACD Line")

ax2.plot(idm.evenlyIndex, signalline, color='blue’', lw=1, label="Signal
Line")

for label in axil.get_xticklabels():
label.set_visible(False)

axl.yaxis.set_major_locator(ticker.MaxNLocator(5, prune=‘both’))
ax2.yaxis.set_major_locator(ticker.MaxNLocator(5, prune='both'))

props = font_manager.FontProperties(size=10)

legl = axl.legend(loc='best', shadow=True, fancybox=True, prop=props,
scatterpoints=1, markerscale=1)

legl.get_frame().set_alpha(@.5)

leg2 = ax2.legend(loc="best’, shadow=True, fancybox=True, prop=props,
scatterpoints=1, markerscale=1)
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leg2.get_frame().set_alpha(®.5)
if show: plt.show()
return fig

def addModifiedSignalline(fig, modifiedSignalline, color="'violet’, .
show=True):

idm = IndexManager(modifiedSignalline.index)

ax2 = fig.get_axes()[1]

ax2.plot(idm.evenlyIndex, modifiedSignallLine, color=color, lw=1,
label="'Modified Signal Line')

if show: plt.show()

return fig

def addMarkers(fig, macd, tList, markerSize=48, color='#60CC60’,
show=True) :

idm = IndexManager(macd.index)

ax2 = fig.get_axes()[1]

ax2.scatter(idm.evenlyIndex[tList], macd[tList], color=color,
s=markerSize)

if show: plt.show()

return fig

d s o/
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import numpy as np
import matplotlib.pyplot as plt

class Universe(object):
def __init__(self, lower, upper):
assert lower <= upper
self.lower = lower
self.upper = upper

nou

def contains(self, value):
return self.lower <= value and value <= self.upper

def contains_all(self, values):
values = np.array(values)
return (self.lower <= values).all() and (values <=
self.upper).all()

def sample(self, step=None):
if step is None:
step = 0.@1 if self.upper - self.lower <= 10 else 8.1

return np.arange(self.lower, self.upper, step)
def __eq__(self, other):

return other is not None and isinstance(other, Universe) and
other.lower == self.lower and other.upper == self.upper
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class Variable(object):
def __init_ (self, universe):
assert isinstance(universe, Universe)
self.universe = universe
self.value = None
self.terms = dict()
self.abcd_for_term = dict()

def set_value(self, value):
assert self.universe.contains(value) or value is None
self.value = value

def set_term(self, term_name, abcd=(None,None,None,None),
description=""):

assert len(abcd) ==
if self.abcd_for_term.has_key(term name):

for i1 in Xrange(len(abcd)):

if abcd[i] is not None and abcd[i] != ' ':
self.abcd_for_term[term_name][i] = abcd[i]

else:

self.abcd_for_term[term_name] = list(abcd)

if all((param is not None and param != ‘') for param in
self.abcd_for_term[term_name]):
self.terms[term_name] = FuzzySet(self.universe,
self.abcd_for_term[term_name], description=description)
else;
self.terms[term_name] = None

def fuzzify(self, term_name):
if self.terms[term_name] is None:
print [type(param) for param in self.abcd_for_term[term_name]]
assert all((type(param) in [int, float]) for param in
self.abcd_for_term[term_name])
raise Exception("Some parameters have not been set for term:
%5, params: %s" % (term_name, str(self.abcd_for_term[term_name])))

return self.terms[term_name](self.value)

def defuzzify(self, accum_mf):
outs = self.universe.sample()
weights = accum_mf(outs)
sum_weights - weights.sum()
out = (outs * weights).sum()/sum_weights if sum_weights != @ else
None
self.set_value(out)

return out

def displayterm(self, term_name, xlim):
if self.terms[term_name] is None:
raise Exception("Some parameters have not been set for term:
%s, params: %s" % (term_name, str(self.abcd_for_term[term_name])))
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fig = plt.figure(facecolor="white")

‘ax = fig.add_axes([©.1, ©.1, 0.8, 0.8])
ax.set_xlim(x1lim)

ax.set_ylim(e, 1.2)

X
B

self.universe.sample(step=0.005)
self.terms[term_name](x)

ax.plot(x,y,lw=3)
ax.set_title(term_name, fontsize=20)
plt.show()

class FuzzySet(object):

def __init__ (self, universe, abcd, mf=None, description='"):
assert isinstance(universe, Universe)

assert (abcd is not None and mf is None) or (abcd is None and mf is

not None)

if abcd is not None:

assert len(abcd) == 4 and universe.contains_all(abcd)
self.mf = FuzzySet.fuzzy_number_mf(*abcd)

else:
self.mf = mf

self.universe = universe
self.description = description

def __call_ (self, values):
assert self.universe.contains_all(values)
return self.mf(values)

def __and__(self, other):
assert isinstance(other, (int, float, FuzzySet))
if isinstance(other, FuzzySet):
assert self.universe == other.universe
def new_mf(x):
return FuzzyOperation.AND(self(x), other(x))
else:
def new_mf(x):
return FuzzyOperation.AND(self(x), other)

return FuzzySet(self.universe, None, mf=new_mf)

def __or_ (self, other):
assert isinstance(other, (int, float, FuzzySet))
if isinstance(other, FuzzySet):
assert self.universe == other.universe
def new_mf(x):
return FuzzyOperation.OR(self(x), other(x))
else:
def new_mf(x):
return FuzzyOperation.OR(self(x), other)

return FuzzySet(self.universe, None, mf=new_mf)




131

70

9 n.8(6D)

class fuzzy_number_mf(object):
def __init_ (self, a, b, c,

it not (a <= b and b <=
(%f <= Xf <= Xf <= %f)' % (a, b, c,

def mf(x):
if x < a: return 0
elif a <= x and x <
elif b <= x and x <
elif ¢ <= x and_X.<
elif x == d and d =
else: return o

self.func = np.frompyfu

def __call__(self, x):
return self.func(x)

class FuzzyOperation(object):

@c lassmethod

def define_operation_and(cls, o
assert isinstance(operation
cls.AND = operation

fclassmethod

def define_operation_or(cls, op
assert isinstance(operation
cls.OR = operation

class Interface(object):
def call™(sel¥, a5\\b)ime

class MAX(Interface):
def __call (self, a, b):
return np.maximum(a, b)

class MIN(Interface):
def __call_ (self, a, b):
return np.minimum(a, b)

class PROD(Interface):
def __call_ (self, a, b):
return a * b

class SUM(Interface):
def __call__ (self, a, b):
return a + b

AND = MIN()
OR = MAX()

)

¢ and ¢ <= d): raise Exception, 'not!

d)

bz

e

d:
C:

return (x-a)/float(b-a)
return 1

return (d-x)/float(d-c)
return 1

nc(mf, 1, 1)

peration):
, FuzzyOperation.Interface)

eration):
, FuzzyOperation.Interface)

aise NotImplementedError
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class FuzzyRule(object):
def __init__(self, antecedence, consequences):
self.antecedence = antecedence
self.consequences = consequences

def evaluate(self, inputs, outputs):

BN

iparam variable
treturn a dictionary of the form {'z1': activ_mf z1, 'z2°':
activ_mf z2, ...}
where zi is the output-variable's name and activ_mf_zi is the
corresponding result membership function from this rule's evaluation.

e

w = self._aggregate(inputs)
activ_mf = self._activate(w, outputs)
return activ_mf

def _aggregate(self, inputs):

stack = []
for element in self.antecedence:
if isinstance(element, FuzzyOperation.Interface):
operation = element
tokenl = stack.pop()
fuzzified_valuel = tokenl if not isinstance(tokeni, tuple)
else inputs[token1[@]].fuzzify(tokenl[1])

token2 = stack.pop()
fuzzified_value2 = token2 if not isinstance(token2, tuple)
else inputs[token2[@]].fuzzify(token2[1])

result_token = operation(fuzzified valuel,
fuzzified_value2)
stack.append(result_token)
else:
stack.append(element)

if len(stack) != 1: print stack
assert len(stack) == 1

token = stack.pop()
w = token if not isinstance(token, tuple) else
inputs[token[@]].fuzzify(token[1])

return w

def _activate(self, w, outputs):
activ_mf = dict()
for element in self.consequences:
variable_name, term_name = element
activ_mf[variable _name] =
outputs[variable_name].terms[term_name] & w

return activ_mf
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class FIS(object):
def __init__(self):
self._define(self.fuzzydefinition)

def get_inputs(self):
return self.inputs

def get_outputs(self):
return self.outputs

def set_inputs(self, **kwargs):
assert set(kwargs.keys()) == set(self.inputs.keys())

for key, value in kwargs.iteritems():
assert self.inputs[key].universe.contains(value)
self.inputs[key].set_value(value)

return self

def set_term_param(self, variable_name, term_name, abcd):
self.inputs[variable_name].set_term(term_name, abcd=abcd)

return self

def evaluate(self):
accum_mf = dict()
for output_variable_name in self.outputs:
accum_mf[output_variable name] = None

for rule in self.fuzzy rules:
for output_variable_name in self.outputs:
activ_mf = rule.evaluate(self.inputs, self.outputs)
if output_variable_name in activ_mf.keys():
accum_mf[output variable name] =
(activ_mf[output_variable_name]
if
accum_mf[output_variable_name] is None
else

accum_mf[output_variable_name] | activ_mf[output_variable_name])

for output_variable_name, output variable in
self.outputs.iteritems():
output_variable.defuzzify(accum mf[output_variable_name])

return self

def _define(self, definition):
properties = {'inputs': None, ‘outputs': None, 'fuzzy rules': None}
definition(properties)
assert properties['inputs'] is not None
assert properties[ 'outputs’'] is not None
assert properties[ 'fuzzy rules'] is not None
self.inputs = properties[ 'inputs']
self.fuzzy_rules = properties[ 'fuzzy rules’]
self.outputs = properties[ 'outputs’]
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return self

def fuzzydefinition(self, properties):
REAL = Universe(-999, 999)
NORM = Universe(®, 1)

properties[ "inputs'] = {'dmin‘: Variable(NORM),
‘macd_avmin': Variable(REAL)}

properties| ‘outputs'] = {'z': Variable(NORM)}

properties['inputs'][ 'dmin‘'].set_term( 'MIN-CONFIDENCE', abcd=(@, 1,
1, 1))

properties[ “inputs'][ 'macd_avmin'].set_term( 'MACD-HIGH',
abcd=(None, None, REAL.upper, REAL.upper))

properties[ “inputs'][ ‘macd_avmin'].set_ term(’'MACD-LOW’,
abcd=(REAL.lower, REAL.lower, None, None))

properties[ 'inputs'][ 'macd_avmin'].set_term('MACD-MEDIUM ",
abcd=(None, None, None, None))

properties[ 'outputs’']['z'].set_term('TRADE-CONFIDENCE ', abcd=(@, 1,
1, 1))

1))

properties[ 'outputs "1['z'].set_term( 'TRADE-DOUBT', abcd=(@, ©, ©,

AND = FuzzyOperation.MIN()
OR = FuzzyOperation.MAX()
properties[ 'fuzzy rules'] = [
FuzzyRule(antecedence = (( ‘dmin', 'MIN-
CONFIDENCE"),),
consequences = (('z', 'TRADE-CONFIDENCE'),)),

FuzzyRule(antecedence = ((‘macd_avmin', ‘MACD-

LOW')Y,),
consequences = (('z', 'TRADE-CONFIDENCE'),)),

FuzzyRule(antecedence = (('macd _avmin', 'MACD-
HIGH'), ('macd_avmin', 'MACD-MEDIUM'), OR),
consequences = (('z', 'TRADE-DOUBT'),))
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from macdtester.basic import isAnUpCrossingPoint, isADownCrossingPoint,
Trade, \
TotalTrade, getTradingPeriods
from macdtester.macd import getMACDAndSignalline
import numpy as np
from macdtester.data import getPricesData
import os
import pandas as pd

def isABuyPoint(macd, signalline, t):
if isAnUpCrossingPoint(macd, signalline, t):
return True
else:
return False

def isASellPoint(macd, signalline, t):
if isADownCrossingPoint(macd, signallLine, t):
return True
else:
return False

def getTotalTradesInAPeriod(macd, signalline, period):

tradelist = []

buyPoint = None

sellPoint = None

capital = 1

for t in period:

if buyPoint is None and isABuyPoint(macd, signalline, t):
buyPoint = t

if buyPoint is not None and isASellPoint(macd, signalline, t):
sellPoint = t

if sellPoint is not None:
tradelist.append(Trade(buyPoint, sellPoint, capital))
buyPoint = None
sellPoint = None

if len(tradelList) > @:

return TotalTrade(tradelist)
else:

return None

def originalMACDTest(pricesData, macd, signalline):
periods = getTradingPeriods(macd, signalline)
profitRatelList = []
successlList = []
for period in periods:
totalTrade = getTotalTradesInAPeriod(macd, signalline, period)
if totalTrade is not None:
profitRate = totalTrade.getProfitRate(pricesData)
profitRatelist.append(profitRate)
if profitRate > 0:
successlList.append(1)
else:
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def

def

def

successList.append(®)

if len(profitRateList) > @:

return np.mean(successList), np.mean(profitRatelList)
else:

return None, None

getAllBuyPoints(pricesData, macd, signalline):
periods = getTradingPeriods(macd, signalline)
allBuyPoints = []
for period in periods:
totalTrade = getTotalTradesInAPeriod(macd, signallLine, period)
if totalTrade is not None:
for trade in totalTrade.tradelist:
allBuyPoints.append(trade.buyPoint)

return allBuyPoints

getAllsellPoints(pricesData, macd, signalline):
periods = getTradingPeriods(macd, signalline)
allSellPoints = []
for period in periods:
totalTrade = getTotalTradesInAPeriod(macd, signalline, period)
if totalTrade is not None:
for trade in totalTrade.tradelList:
allSellPoints.append(trade.sellPoint)

return allSellPoints

originalMACDTestWithSET106(verbose=False):

directory = '../resources/stockdata/’

ignorelist [ 'BANPU', ‘MAKRO', 'VGI', "STEIY

symbolList = [f.replace(’.csv’',"") for f in os.listdir(directory) if

nou

f.endswith('.csv') and f.split(’. ‘)[@] not in ignorelList]

resultList = pd.DataFrame({ ‘success rate': None, 'profit rate’: None},

index=symbollList)

for symbol in symbollList:
if verbose: print ‘testing ' + symbol + ‘...
pricesData = getPricesData(symbol=symbol)
macd, signalline = getMACDAndSignallLine(pricesData, 12, 26, 9)

pricesData = pricesData[25:]

macd = macd[25:]

signalline = signallLine[25:]

successRate, profitRate = originalMACDTest(pricesData, macd,

signalline)

resultlist[ ‘profit rate'][symbol] = profitRate
resultlList[ 'success rate’][symbol] = successRate




76

A1519% N.9(ra)

if verbose:
import webbrowser
f = open(os.getcwd() + '/temp.html', 'w')
f.write( 'Original MACD test with SET-168')
f.write(resultList.to_html())
f.close()
webbrowser.open(os.getcwd() + '/temp.html’, new=2)

resultlist = resultList.dropna()

avgsuccessRate = resultlist[’'success rate'].mean()
avgProfitRate = resultlList[ 'profit rate'].mean()
return avgSuccessRate, avgProfitRate

=i o W o h
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from macdtester.basic import isAnUpCrossingPoint, isADownCrossingPoint,
Trade, \
TotalTrade, getTradingPeriods
from macdtester.macd import getMACDAndSignalline
import numpy as np
import os
import pandas as pd
from macdtester.data import getPricesData

def isABuyPoint(macd, signalline, t):

i = macd.index.get loc(t)

if (i »>=2 and
macd.ix[1i] > signalline.ix[i] and
macd.ix[i-1] > signalline.ix[i-1] and
isAnUpCrossingPoint(macd, signallLine, macd.index[i-2])):
return True

else:
return False

def isASellPoint(pricesData, macd, signalline, buyPoint, t):
profitRate = (pricesData[t] -
pricesData[buyPoint])/float(pricesData[buyPoint])
if profitRate »>= ©.03 or isADownCrossingPoint(macd, signalline, t):
return True
else:
return False

def getTotalTradesInAPeriod(pricesData, macd, signalline, period):
tradelist = []
buyPoint = None
sellPoint = None
capital = 1
for t in period:
if buyPoint is None and isABuyPoint(macd, signalline, t):
buyPoint = t

if buyPoint is not None and isASellPoint(pricesData, macd,
signallLine, buyPoint, t):
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sellPoint = t

if sellPoint is not None:
tradelist.append(Trade(buyPoint, sellPoint, capital))
buyPoint = None
sellPoint = None

if len(tradelList) > @:

return TotalTrade(tradelist)
else:

return None

def MACDR1Test(pricesData, macd, signalline):
periods = getTradingPeriods(macd, signalline)
profitRatelist = []
successList = []
for period in periods:
totalTrade = getTotalTradesInAPeriod(pricesData, macd, signalline,
period)
if totalTrade is not None:
profitRate = totalTrade.getProfitRate(pricesData)
profitRatelList.append(profitRate)
if profitRate > 0:
successList.append(1)
else:
successlist.append (@)

if len(profitRateList) > @:

return np.mean(successList), np.mean(profitRateList)
else:

return None, None

def getAllBuyPoints(pricesData, macd, signallLine):
periods = getTradingPeriods(macd, signalline)
allBuyPoints = []
for period in periods:
totalTrade = getTotalTradesInAPeriod(pricesData, macd, signalline,
period)
if totalTrade is not None:
for trade in totalTrade.tradelist:
allBuyPoints.append(trade.buyPoint)

return allBuyPoints

def getAllSellPoints(pricesData, macd, signalline):
periods = getTradingPeriods(macd, signalline)
allSellPoints = []
for period in periods:
totalTrade = getTotalTradesInAPeriod(pricesData, macd, signalline,
period)
if totalTrade is not None:
for trade in totalTrade.tradelList:
allsellPoints.append(trade.sellPoint)
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return allSellPoints

def MACDR1TestWithSET1e@(verbose=False):

directory = '../resources/stockdata/"

ignorelist = ['BANPU', 'MAKRO', 'VGI', ‘STPI']

symbolList = [f.replace('.csv',’'') for f in os.listdir(directory) if
f.endswith('.csv') and f.split(’.')[@] not in ignorelist]

I on

resultList = pd.DataFrame({ 'success rate’: None, ‘profit rate': None},
index=symbolList)

for symbol in symbolList:
if verbose: print ‘testing ' + symbol + '...
pricesData = getPricesData(symbol=symbol)
macd, signalline = getMACDAndSignalline(pricesData, 12, 26, 9)

pricesData = pricesData[25:]

macd = macd[25:]

signalline = signalline[25:]

successRate, profitRate = MACDR1Test(pricesData, macd, signalline)

resultlist[ 'profit rate’'][symbol] = profitRate
resultlist[ 'success rate'][symbol] = successRate

if verbose:
import webbrowser
f = open(os.getcwd() + 'Stemp.html', ‘w")
f.write( ‘Original MACD test with SET-166')
f.write(resultList.to_html())
f.close()
webbrowser.open(os.getcwd() + '/temp.html', new=2)

resultlist = resultlList.dropna()

avgSuccessRate = resultList[ 'success rate'].mean()
avgProfitRate = resultList[ 'profit rote'].mean()
return avgSuccessRate, avgProfitRate
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from macdtester.basic import isAnUpCrossingPoint, isADownCrossingPoint,
Trade, \
TotalTrade, getTradingPeriods
import numpy as np
import os
import pandas as pd
from macdtester.data import getPricesData
from macdtester.macd import getMACDAndSignalline

def isABuyPoint(pricesData, macd, signalline, t):

i = macd.index.get_loc(t)

if (i »>=2 and
macd.ix[1i] > signallLine.ix[i] and
macd.ix[i-1] > signalline.ix[i-1] and
isAnUpCrossingPoint(macd, signalline, macd.index[i-2]) and
(macd.ix[i] - signalline.ix[i])/float(pricesData.ix[i]) >= ©.005):
return True

else:
return False

def isASellPoint(pricesData, macd, signallLine, buyPoint, t):
profitRate = (pricesData[t] -
pricesData[buyPoint])/float(pricesbData[buyPoint])
if profitRate >= 0.03 or isADownCrossingPoint(macd, signalline, t):
return True
else:
return False

def getTotalTradesInAPeriod(pricesData, macd, signalline, period):

tradelist = []

buyPoint = None

sellPoint = None

capital = 1

for t in period:

if buyPoint is None and isABuyPoint(pricesData, macd, signalline,
T
buyPoint = t

if buyPoint is not None and isASellPoint(pricesData, macd,
signalline, buyPoint, t):
sellPoint = t

if sellPoint is not None:
tradelist.append(Trade(buyPoint, sellPoint, capital))
buyPoint = None
sellPoint = None

if len(tradelList) > @:

return TotalTrade(tradelist)
else:

return None

def MACDR2Test(pricesData, macd, signalline):
periods = getTradingPeriods(macd, signallLine)
profitRatelist = []
successList = []
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for period in periods:
totalTrade = getTotalTradesInAPeriod(pricesData, macd, signalline,
period)
if totalTrade is not None:
profitRate = totalTrade.getProfitRate(pricesData)
profitRatelist.append(profitRate)
if profitRate > @:
successList.append(1)
else:
successList.append(0)

if len(profitRatelList) > ©:

return np.mean(successlList), np.mean(profitRatelList)
else:

return None, None

def getAllBuyPoints(pricesData, macd, signalline):
periods = getTradingPeriods(macd, signalline)
allBuyPoints = []
for period in periods:
totalTrade = getTotalTradesInAPeriod(pricesData, macd, signallLine,
period)
if totalTrade is not None:
for trade in totalTrade.tradelList:
allBuyPoints.append(trade.buyPoint)

return allBuyPoints

def getAllSellPoints(pricesData, macd, signalline):
periods = getTradingPeriods(macd, signalline)
allSellPoints = []
for period in periods:
totalTrade = getTotalTradesInAPeriod(pricesData, macd, signalline,
period)
if totalTrade is not None:
for trade in totalTrade.tradelist:
allSellPoints.append(trade.sellPoint)

return allSellPoints

def MACDR2TestWithSET10@(verbose=False):

directory = '../resources/stockdata/’

ignorelist [ 'BANPU', 'MAKRO', 'VGI', 'STPI']

symbollList = [f.replace('.csv’','') for f in os.listdir(directory) if
f.endswith('.csv’) and f.split('.')[@] not in ignorelist]

resultlist = pd.DataFrame({ 'success rate’: None, 'profit rate’: None},
index=symbollList)

for symbol in symbollist:
if verbose: print ‘testing ' + symbol + '
pricesData = getPricesData(symbol=symbol)
macd, signalline = getMACDAndSignallLine(pricesData, 12, 26, 9)

pricesData = pricesData[25:]
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macd = macd[25:]
signalLine = signallLine[25:]
successRate, profitRate = MACDR2Test(pricesData, macd, signalline)

resultlist[ 'profit rate'][symbol] = profitRate
resultlist[ 'success rate’][symbol] = successRate

if verbose:
import webbrowser
f = open(os.getcwd() + '/temp.html', 'w')
f.write('Original MACD test with SET-168")
f.write(resultlist.to_html())
f.close()
webbrowser.open(os.getcwd() + ‘'/temp.html’', new=2)

resultlist = resultList.dropna()

avgSuccessRate = resultlList[‘success rate'].mean()
avgProfitRate = resultlist[ ‘profit rate’'].mean()
return avgSuccessRate, avgProfitRate

A157497 0,12 ansreuanssiaduaululng tradingtest_modifiedsignalline.py

from macdtester.basic import isAnUpCrossingPoint, isADownCrossingPoint,
Trade,\

TotalTrade, getTradingPeriods, getUpCrossingPointInAPeriod

from macdtester.macd import getMACDAndSignalline

import numpy as np

import os

import pandas as pd

from macdtester.data import getPricesData

from macdtester.modifiedsignalline import getModifiedSignalline

def

def

def

isABuyPoint(macd, modifiedSignallLine, upPoint, t):

iup = macd.index.get_loc(upPoint)

i = macd.index.get_loc(t)

if i <= iup and isAnUpCrossingPoint(macd, modifiedSignalline, t):
return-True

else:
return False

isAsellPoint(macd, modifiedSignalLine, t):

if isADownCrossingPoint(macd, modifiedSignalline, t):
return True

else:
return False

getTotalTradesInAPeriod(macd, modifiedSignalline, period, upPoint):
tradeList = []

buyPoint = None

sellPoint = None

capital = 1
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for t in period:
if buyPoint is None and isABuyPoint(macd, modifiedSignalline,
upPoint, t):
buyPoint = t

if buyPoint is not None and isASellPoint(macd, modifiedSignalline,
£
sellPoint = t

if sellPoint is not None:
tradelist.append(Trade(buyPoint, sellPoint, capital))
buyPoint = None '
sellPoint = None

if len(tradeList) > @:

return TotalTrade(tradelList)
else:

return None

def modifiedSignallineTest(pricesData, macd, signalline,
modifiedSignalline):
periods = getTradingPeriods(macd, signallLine)
profitRatelList = []
successlist = []
for period in periods:
upPoint = getUpCrossingPointInAPeriod(macd, signalline, period)
totalTrade = getTotalTradesInAPeriod(macd, modifiedSignallLine,
period, upPoint)
if totalTrade is not None:
profitRate = totalTrade.getProfitRate(pricesData)
profitRatelist.append(profitRate)
if profitRate > @:
successlList.append(1)
else:
successlList.append(®)

if len(profitRatelist) > ©:

return np.mean(successList), np.mean(profitRatelList)
else:

return None, None

def getAllBuyPoints(pricesData, macd, signalline, modifiedSignallLine):
periods = getTradingPeriods(macd, signalline)
allBuyPoints = []
for period in periods:
upPoint = getUpCrossingPointInAPeriod(macd, signalline, period)
totalTrade = getTotalTradesInAPeriod(macd, modifiedSignallLine,
period, upPoint)
if totalTrade is not None:
for trade in totalTrade.tradelist:
allBuyPoints.append(trade.buyPoint)

return allBuyPoints
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def getAllSellPoints(pricesData, macd, signalline, modifiedSignallLine):
periods = getTradingPeriods(macd, signalline)
allSellPoints = []
for period in periods:
upPoint = getUpCrossingPointInAPeriod(macd, signalline, period)
totalTrade = getTotalTradesInAPeriod(macd, modifiedSignallLine,
period, upPoint)
if totalTrade is not None:
for trade in totalTrade.tradelList:
allSellPoints.append(trade.sellPoint)

return allSellPoints

def modifiedSignallLineTestWithSET100(K=1, verbose=False):

directory = '../rescurces/stockdata/ "’

ignorelist [ 'BANPU', 'MAKRO', 'MGI', 'STPI']

symbolList [f.replace('.csv','"') for f in os.listdir(directory) if
f.endswith(".csv') and f.split("'. ')[@] not in ignorelist]

1]

resultlist = pd.DataFrame({ 'success rate’: None, 'profit rate': None},
index=symbollist)

for symbol in symbollist:
if verbose: print ‘testing ' + symbol + ..
pricesData = getPricesData(symbol=symbol)
macd, signallLine = getMACDAndSignalline(pricesData, 12, 26, 9)
modifiedSignallLine = getModifiedSignallLine(macd, signallLine, K)
pricesData = pricesData[25:]
macd = macd[25:]
signallLine = signalline[25:]
modifiedSignalline = modifiedSignallLine[25:]
successRate, profitRate = modifiedSignallLineTest(pricesData, macd,

signalline, modifiedSignalline)

resultList[ 'profit rate'][symbol] = profitRate
resultlist[ ‘success rate'][symbol] = successRate

if verbose:
import webbrowser
f = open(os.getcwd() + '/temp.htmlL', 'w")
f.write('Original MACD test with SET-108')
f.write(resultList.to_html())
f.close()
webbrowser.open(os.getcwd() + '/temp.html', new=2)

resultlList = resultlList.dropna()

avgSuccessRate = resultlList[ 'success rate’].mean()
avgProfitRate = resultlist[ ‘profit rate’].mean()
return avgSuccessRate, avgProfitRate
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from macdtester.basic import isAnUpCrossingPoint, isADownCrossingPoint,
Trade, \
TotalTrade, getTradingPeriods, getMaximumPointsInAPeriod,\
getMinimumPointsInAPeriod, getUpCrossingPointInAPeriod
import numpy as np
from macdtester.modifiedsignalline import
getAvailablyMinimumPointsInAPeriod,\
getMinimumCertainties
from macdtester.fuzzy import FIS
import os
import pandas as pd
from macdtester.data import getPricesData
from macdtester.modifiedsignalline import getModifiedSignalline
from macdtester.macd import getMACDAndSignalline

def isABuyPoint(macd, modifiedSignalline, upPoint, t):
iup = macd.index.get_loc(upPoint)
i = macd.index.get_loc(t)
if i1 <= iup and isAnUpCrossingPoint(macd, modifiedSignalline, t):
return True
else:
return False

def isASellPoint(macd, modifiedSignalline, t):
if 1isADownCrossingPoint(macd, modifiedSignalline, t):
return True
else:
return False

def getTotalTradesInAPeriod(macd, modifiedSignalline, period, upPoint,
overBought, overSold, avmin, dmin):
tradelList = []
buyPoint = None
sellPoint = None
capital = 1
weight = None
for t in period:
if buyPoint is None and isABuyPoint(macd, modifiedSignalline,
upPoint, t):
buyPoint = t
weight = fuzzyInfer(overBought, overSold, macd[avmin[t]],
dmin[t])

if buyPoint is not None and isASellPoint(macd, modifiedSignalline,
)
sellPoint = t

if sellPoint is not None:
tradelist.append(Trade(buyPoint, sellPoint, capital, weight))
buyPoint = None
sellPoint = None
weight = None




85

A1919% n.13(s10)

if len(tradelList) > @:

return TotalTrade(tradelist)
else:

return None

def modsigTradingWeightTest(pricesData, macd, signalline,
modifiedSignallLine, R):
periods = getTradingPeriods(macd, signalline)
profitRatelList = []
successlList = []
for i in xrange(len(periods)):
if i-R < @: continue

period = periods[i]
avmin = getAvailablyMinimumPointsInAPeriod(macd, signalline,
period)
dmin = getMinimumCertainties(macd, signalline, period)
overBought = getOverBought(macd, signallLine, periods, i, R)
overSold = getOverSold(macd, signalline, periods, i, R)
upPoint = getUpCrossingPointInAPeriod(macd, signalline, period)
totalTrade = getTotalTradesInAPeriod(macd, modifiedSignallLine,
period, upPoint, overBought, overSold, avmin, dmin)
if totalTrade is not None:
profitRate = totalTrade.getProfitRate(pricesData)
profitRatelist.append(profitRate)
if profitRate > ©:
successlList.append(1)
else:
successlList.append(8)

if len(profitRatelList) > @:

return np.mean(successlList), np.mean(profitRatelList)
else:

return None, None

def getAllBuyPoints(pricesData, macd, signalline, modifiedSignalline, R):
from tradingtest_modifiedsignalline import getTotalTradesInAPeriod as
modsig_getTotalTradesInAPeriod
periods = getTradingPeriods(macd, signallLine)
allBuyPoints = []

for i in xrange(len(periods)):
if i-R < @: continue

period = periods[i]
upPoint = getUpCrossingPointInAPeriod(macd, signalline, period)
totalTrade = modsig_getTotalTradesInAPeriod(macd,
modifiedSignallLine, period, upPoint)
if totalTrade is not None:
for trade in totalTrade.tradelist:
allBuyPoints.append(trade.buyPoint)

return allBuyPoints
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def getAllsSellPoints(pricesData, macd, signallLine, modifiedSignallLine, R):

from tradingtest_modifiedsignalline import getTotalTradesInAPeriod as
modsig_getTotalTradesInAPeriod

periods = getTradingPeriods(macd, signalline)

allSellPoints = []

for i in xrange(len(periods)):
if i-R < @: continue

period = periods[i]
upPoint = getUpCrossingPointInAPeriod(macd, signalline, period)
totalTrade = modsig_getTotalTradesInAPeriod(macd,
modifiedSignalline, period, upPoint)
if totalTrade is not None:
for trade in totalTrade.tradelist:
allSellPoints.append(trade.sellPoint)

return allSellPoints

def getOverBought(macd, signalline, periods, i, R):
if i-R < @:
raise Exception('R 1s teo much.")

maxPoint = getMaximumPointsInAPeriod(macd, signalline, periods[i-R])
overBought = macd[maxPoint]
return overBought

def getOverSold(macd, signalline, periods, i, R):
if i-R < @:
raise Exception('R is too much. ')

minPoint = getMinimumPointsInAPeriod(macd, signallLine, periods[i-R])
overSold = macd[minPoint]
return overSold

fis = FEEW)
MaxDefuzz = fis.outputs[ 'z ‘].defuzzify(fis.outputs[ ‘z'].terms[ 'TRADE-
CONFIDENCE'])
MinDefuzz = fis.outputs[‘z’].defuzzify(fis.outputs[’'z'].terms[ TRADE-
DOUBT'])
def fuzzyInfer(overBought, overSold, macd_avmin, dmin):

half = (overBought + overSold)/2.@

oneForth = (overSold + half)/2.0

threeForth = (overBought + half)/2.e

fis.set_term_param( ‘macd_avmin', 'MACD-HIGH', abcd=(half, overBought,
Ya )

fis.set_term_param( 'macd_avmin', 'MACD-LOW', abcd=('', '', overSold,
half))

fis.set_term_param( ‘macd_avmin', 'MACD-MEDIUM', abcd=(oneForth, half,
half, threeForth))

fis.set_inputs(macd_avmin=macd_avmin, dmin=dmin)
z = fis.evaluate().get_outputs()['z'].value
w = (z-MinDefuzz)/float(MaxDefuzz-MinDefuzz)

1}

n
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return w

def modsigTradingWeightTestWithSET10@(K=1, R=1, verbose=False):
directory = '../resources/stockdata/ "
ignorelList = ['BANPU', ‘MAKRO', 'VGI', 'STPI']
symbollList [f.replace(’'.csv','") for f in os.listdir(directory) if
f.endswith('.csv’) and f.split('.')[@] not in ignorelList]

il

1}

resultlist = pd.DataFrame({'success rate’': None, 'profit rate': None},
index=symbolList)

for symbol in symbollList:

if verbose: print ‘testing ' + symbol + '.
pricesData = getPricesData(symbol=symbol)
macd, signalline = getMACDAndSignallLine(pricesData, 12, 26, 9)
modifiedSignallLine = getModifiedSignallLine(macd, signalline, K)
pricesData = pricesData[25:]
macd = macd[25:]
signalline = signallLine[25:]
modifiedSignalline = modifiedSignalline[25:]
successRate, profitRate = modsigTradingWeightTest(pricesData, macd,

signalline, modifiedSignalline, R)

resultList[ ‘profit rote'][symbol] = profitRate
resultlList[ 'success rate’][symbol] = successRate

if verbose:
import webbrowser
f = open(os.getcwd() + '/temp.html', ‘w')
f.write( 'Original MACD test with SET-1€6')
f.write(resultList.to_html())
f.close()
webbrowser.open(os.getcwd() + '/temp.html', new=2)

resultlist = resultlist.dropna()

avgSuccessRate = resultList[’success rate'].mean()
avgProfitRate = resultList[ 'profit rate’].mean()
return avgSuccessRate, avgProfitRate

=] o/ o i
A191991 N.14 msreunaassanuatululig main.py

print 'preparing data...
symbol = 'KBANK'
pricesData = getPricesData(symbol)

macd, signalline = getMACDAndSignallLine(pricesData, 12, 26, 9)
modifiedSignallLine = getModifiedSignallLine(macd, signalline, 1)

pricesData = pricesData[25:]

macd = macd[25:]

signalline = signalline[25:]
modifiedSignalLine = modifiedSignalline[25:]
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print ‘original MACD test for ' + symbol

successRate, profitRate = originalMACDTest(pricesData, macd, signalline)
print ‘success rate: %f' % successRate

print ‘profit rate: ¥f' % profitRate

raw_input(“Press Enter to continue...")

allBuyPoints = org_getAllBuyPoints(pricesData, macd, signalline)
allsellPoints = org_getAllSellPoints(pricesData, macd, signalline)

fig = standardPlot(pricesData, macd, signalline, show=False)
addMarkers(fig, macd, allBuyPoints, color='#86CC06', show=False)
addMarkers(fig, macd, allSellPoints, color='#FFee8é’', show=True)

print 'MACDR1 test for ' + symbol

successRate, profitRate = MACDR1Test(pricesData, macd, signalline)
print 'success rate: %f' % successRate

print 'profit rate: %f' % profitRate

raw_input(”Press Enter to continue...")

allBuyPoints = macdrl_getAllBuyPoints(pricesData, macd, signalline)
allsellPoints = macdrl_getAllSellPoints(pricesData, macd, signalline)

fig = standardPlot(pricesData, macd, signalline, show=False)
addMarkers(fig, macd, allBuyPoints, color='#80CC6¢', show=False)
addMarkers(fig, macd, allSellPoints, color='#FFAB68', show=True)

print ‘MACDR2 test for ' + symbol

successRate, profitRate = MACDR2Test(pricesData, macd, signallLine)
print ‘success rate: %f' % successRate

print ‘profit rate: %f' % profitRate

raw_input("Press Enter to continue...”)

allBuyPoints = macdr2_getAllBuyPoints(pricesData, macd, signalline)
allSellPoints = macdr2_getAllSellPoints(pricesData, macd, signalline)

fig = standardPlot(pricesData, macd, signalline, show=False)
addMarkers(fig, macd, allBuyPoints, color='#06CC08', show=False)
addMarkers(fig, macd, allSellPoints, color='#FFeeee"’, show=True)

print ‘modified signal line test for ' + symbol

successRate, profitRate = modifiedSignallLineTest(pricesData, macd,
signallLine, modifiedSignallLine)

print ‘'success rate: %Xf' % successRate

print ‘profit rate: %f' % profitRate

raw_input(“Press Enter to continue...")

allBuyPoints = modsig_getAllBuyPoints(pricesData, macd, signalline,
modifiedSignallLine)

allsellPoints = modsig_getAllSellPoints(pricesData, macd, signalline,
modifiedSignalline)

fig = standardPlot(pricesData, macd, signalline, show=False)
addModifiedSignallLine(fig, modifiedSignallLine, show=False)
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addMarkers(fig, macd, allBuyPoints, color='#98CC08', show=False)
addMarkers(fig, macd, allSellPoints, color='#FFE088', show=True)

print ‘modified signal Line with trading weight test for ' + symbol
successRate, profitRate = modsigTradingWeightTest(pricesData, macd,
signalline, modifiedSignallLine, 1)

print 'success rate: %f' % successRate

print ‘profit rate: %f' % profitRate

raw_input(“Press Enter to continue...")

allBuyPoints = modsigw_getAllBuyPoints(pricesData, macd, signalline,
modifiedSignallLine, 1)

allSellPoints = modsigw_getAllSellPoints(pricesData, macd, signalline,
modifiedSignallLine, 1)

fig = standardPlot(pricesData, macd, signalline, show=False)
addModifiedSignalline(fig, modifiedSignallLine, show=False)
addMarkers(fig, macd, allBuyPoints, color='#80CC06', show=False)
addMarkers(fig, macd, allSellPoints, color='#FF9900 ', show=True)

print ‘original MACD test in SET-168'

successRate, profitRate = originalMACDTestWithSET1@0(verbose=True)
print ‘original MACD test in SET-106'

print ‘success rate: %f' % successRate

print ‘profit rate: Zf' % profitRate

raw_input(“Press Enter to continue...™)

print 'MACDR1 test in SET-188'

successRate, profitRate = MACDR1TestWithSET100(verbose=True)
print ‘MACDR1 test in SET-108'

print ‘success rate: %f' % successRate

print ‘profit rate: %f' % profitRate

raw_input(“Press Enter to continue...™)

print 'MACDR2 test in SET-160'

successRate, profitRate = MACDR2TestWithSET1@@(verbose=True)
print 'MACDR? test in SFT-108'

print 'success rate: %f' % successRate

print ‘profit rate: %f' % profitRate

raw_input("Press Enter to continue...")

print ‘modified signal Line test in SET-180'

successRate, profitRate = modifiedSignallLineTestWithSET100(K=0.1,
verbose=True)

print ‘modified signal Line test in SET-168’

print 'success rate: %f' % successRate

print ‘profit rate: %f' % profitRate

raw_input(“Press Enter to continue...")
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print 'modified signal line with trading weight test in SET-106°
successRate, profitRate = modsigTradingWeightTestWithSET10@(K=08.1, R=1,
verbose=True)

print 'modified signal line with trading weight test in SET-168'

print ‘success rate: %f' % successRate

print ‘profit rate: %f' % profitRate
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> from macdtester.modifiedsignalline import getModifiedSignalLine

> modifiedSignalline = getModifiedSignalLine(macd, signalLine, 1)

Fadumdsildasadudygraudaulasiemuiui K =1
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ansowdonnsnvesstue 4 sreulawei
> from macdtester.plot import standardPlot, addModifiedSignalLine
> figure = standardPlot(pricesData, macd, signalline, show=False)

> addModifiedSignalLine(figure, modifiedSignalline, show=True)

1
= closing price |

1951 _

180 |

165}

— MACD Line |
—— Signal Line |

Ll Il

Miyn Jul Aug Sep Oct Nov
2DQ33 2013 2013 2013 2013 2013

d o at ¥ af s
SUR 9.4 N5 Mveea1UIIAT MACD Leustyayin wasidudysindauuas
uATIARTIA FUALANAD MACD (@uauNSUADI A0l Uaziaidy Aol R0l
AnuUas AauaasaIngInnveau KBANK auis3ui 30 wauniay 59 28 weiniegu w.e.

2556

ﬂ‘ v 1 1 s o a 1 a: dl
1NFUN 2.4 wiuleins vy MACD Tureiuusng sgdnnueged 1Weswin
v ﬂ"l o [ 4 = = [ o o ol o L s n‘: d‘ L
Voyan lunsiunaaigrdsuiwuuendluiudeadlsiuiutes salunelinng
' a - w W o ) - o W 1 -
maamﬂu‘t‘uamuaﬁamsamﬂwqm efindayadiuiu 26 Tuusnialu feddssialuil
> pricesData = pricesData[25:]
> macd = macd[25:]
> signalLine = signalLine[25:]

> modifiedSignalLine = modifiedSignallLine[25:]
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ot v a/s
2.3 ﬂ’!'iﬂﬂﬁaﬁﬂ'l]ﬂu‘i’]ﬂﬂ?
o v ei -l @ v L7 v aa &J u‘:l =
amnsadeyaiwiealiluiide v.2 uldveaeuivisnstiorns MACD wuuasfy

Iameddaseluil

> from macdtester.tradingtest_originalmacd import originalMACDTest

> successRate, profitRate = originalMACDTest(pricesData, macd, signalLine)
fuUT successRate asiAndudniaudusauaziugs profitRate sxiiAndudnsiils

nMsnaaeufiuIsnsduansaildluivesfeniu

> from macdtester.tradingtest_macdrl import MACDR1Test

> from macdtester.tradingtest macdr2 import MACDR2Test

> from macdtester.tradingtest modifiedsignalline import
modifiedSignallLineTest

> from macdtester.tradingtest_modsigtradingweight import
modsigTradingWeightTest

> successRate, profitRate = MACDR1Test(pricesData, macd, signalLine)

> successRate, profitRate = MACDRZ2Test(pricesData, macd, signallLine)

> successRate, profitRate = modifiedSignalLineTest(pricesData, macd,
signalLine, modifiedSignalLine)

> successRate, profitRate = modsigTradingWeightTest(pricesData, macd,

signalLine, modifiedSignalLine, 1)

\le modsigTradingWeightTest vanefiansnaasuisniseenefmeidudyqinsiauadlag
Tomsgoreuvumaimin uasdmisiiines “17 luussvingavnoden R 7ildvue
Innunudeurasiogldinnngaveuunnisiedu (overbought) LaryBUIANISUBAY

(oversold)
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v.4 N1VAFRUAURY SET-100
-l J 0’: - s L4 1 o
N1INAdUITNTYDUNe MACD LLUUﬂQLﬂMﬂUVJuIU SET-100 L'ﬁ'ﬂ‘lﬁ']ﬂ']i]mi’]

AnudnSanazdnsilslagwdsauisovileee

> from macdtester.tradingtest_originalmacd import originalMACDTest

> successRate, profitRate = originalMACDTestWithSET100(verbose=False)

Tagmnivual verbose=True TUsunsNazRIIAMuAURTATUNIT AWl UMsusTeE

o | a‘l as at A o lall v
Awalliiaiedy uaglauanwaniswageuiviuseiidefnniasaduudy

Twhusufeafunisnaaeuisnisteneduannsavilaed

> from macdtester.tradingtest macdrl import MACDR1TestWithSET100

> from macdtester.tradingtest_macdr2 import MACDR2TestWithSET100

> from macdtester.tradingtest modifiedsignalline import
modifiedSignalLineTestWithSET100

> from macdtester.tradingtest modsigtradingweight import
modsigTradingWeightTestWithSET100

> successRate, profitRate = MACDR1TestWithSET100(verbose=False)

> successRate, profitRate = MACDR2TestWithSET100(verbose=False)

> successRate, profitRate = modifiedSignalLine TestWithSET100(K=0.1,
verbose=False)

> successRate, profitRate = modsigTradingWeightTestWithSET100(K=0.1, R=1,

verbose=False)
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A.1 ATNAFIUNUTIEARILISTOUIY MACD LUUASLAY
ﬁdl&l O‘j - s £ 23 -, t 7 1 s
Lﬁ@mﬂﬂ@UQﬁ‘Ua’U'}U MACD LLUU@QLF]JJﬂ‘U‘U'E]Hﬂ'i']ﬂ']ﬂﬂ‘ﬂﬂ\iﬂuuﬂﬁgm'ﬂu SET-100
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A15197 A.1 NﬁﬁWé"\J"lﬂﬂ"li“ﬂﬂﬁ@UﬁU‘ﬂUﬂ?ﬁ’lU’lﬁ“ﬁaﬂ’]ﬂ MACD Luuaaay

Snsilsiede | sas1Aaudsa
AAV | 004152485 0.5
ADVANC | -0.007576406 0.25
AMATA | -0.03471458 0.2
AOT | 0.06484792 1
AP | -0.003529688 | = 0.3333333
BAY | -0.004849183 anll
BBL | -0.02333021 0
BCH | 003718669 | 0.3333333
BCP | -0.03071106 0
BEC | -0.01405196 | 0.3333333
BECL | -0.01651352 0
BGH | -0.0001424501 0.5
BH 0.02831455 0.5
BIGC | 0.01939976 0.5
BIC | 0.006111734 0.25
BLA | -0.0316507 0.25
BLAND | 006615166 | 0.6666667
BTS | 0.002929456 0.5
CENTEL | 0.0409938 0.3333333
CK 0.01555904 |  0.6666667
CPALL | -0.005113042 | 0.3333333
CPF | -0.01404534 0
CPN | 0.002644574 0.5




f15799 A.1(6D)

Sasrinlsiade | snsranudnsa
DCC -0.02191067 0
DELTA -0.01587302 0.3333333
DEMCO | -0.04719374 0.5
DTAC -0.0163744 0
EGCO -0.01563797 0
ESSO -0.003918203 0.3333333
GLOBAL | 0.06495277 1
GLOW -0.02712663 0
GOLD 0.08643411 1)
GSTEL -0.09897661 0
GUNKUL | 0.04715088 0.5
HEMRAJ | -0.03530174 0.3333333
HMPRO | -0.04090909 O=5
INTUCH | 0.005654527 [0Re]
IRPC 0.01831995 0.6666667
ITD 0.02370366 0.3333333
IVL 0.03157063 0.6666667
JAS -0.003053161 0.5
KBANK -0.02060374 0.25
KCE 0.01717486 0.25
KKP -0.02016369 0.1666667
KTB -0.01068238 0.2
RERL -0.0267912 08553333
LH 0.01522248 0.25
LOXLEY | -0.01981665 (13553333
LPN 0.001602912 0.3333333
MAJOR | -0.01147648 0.25
MALEE -0.02528024 0.5
MBK -0.01366987 0
MCOT | -0.005539036 0.25




GJ 1
A15199 A.1(s1D)

dnsilsde | Sasranudnse
MDX 0.01701897 0.6666667
MINT 0.03941077 0.6666667
PF 0.038342 0.6666667
PS 0.008217001 0.4
PTT -0.01580587 0
PTTEP -0.009547626 0.2
PTTGC -0.001555896 0.4
QH -0.02462485 0.2
RATCH -0.02213806 0
ROBINS | -0.005619471 0.3333333
ROJNA 0.00350156 0.5
RS -0.008616345 0.4
SAMART 0.04434695 0.5
SAMTEL 0.08741259 0.5
SAT 0.06336098 0.5
%< -0.001585139 0.5
SCB -0.005291459 0.2
SCC -0.01807761 0.25
SECG -0.01081936 0.25
SF -0.002588956 0.3333333
SIRI -0.0001886705 0.3324383
SPALI 0.07342657 0.5
SPCG 0.04328041 0.5
SRICHA | -0.008356602 0.4
SS| -0.02586595 0
STA -0.01809218 0.25
STEC -0.03486337 0.2
TCAP -0.007045382 0.1666667
THAI 0.2248521 1
THCOM 0.03455645 0.75
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EJ 1
M15199 A.1(s13)

dmsailsiade | Snsaudnsa
THRE | -0.03142418 0.3333333
TISCO | -0.001968565 0.6666667
TMB -0.01728829 0.2
TOP -0.01324572 (0.3333333
TPIPL | 0.005226613 0.4
TRUE 0.08824234 0.5
TTA | -0.002693158 3333333
TTCL 0.1191934 0.5
TTW | -0.003076923 (1.3333333
TUF 0.02942312 0.6666667
TVO -0.01376945 0.25
UV | -0.01069695 | 0.6666667
WHA | -0.02333021 0 V
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Py
A.2 NINATOUUITIEGARNI835WY8 MACDR1
WevaaouIsions MACDR! fudeyasaUnvesiuusasalu SET-100 dusifuf

= a v v € a
5 nsnpIAN 9 28 waAdnou w.a. 2556 azldnadnsfansian a.2

A af =]
15797 A.2 NadWSIINNIMAFRURLTERAR2835T091 MACDRL

snsirnlsiade | Smsrarudusa
AAV | 0.003063725 0.5
ADVANC | -0.02737226 0
AMATA | 0.01764238 0.6
AOT | 0.04394993 1
AP | -0.03373352 | 0.3333333
BAY | -0.003246753 0
BBL | 001383367 0.5
BCH | -0.02293093 | - 0.3333333
BCP. | -0.02844155 | 03333333
BEC - | -0.01190373 | 0.3333333
BECL | -0.02257702 0.2
BGH | 0.003088803 0.5
BH 0.0308434 0.75
BIGC | 0.05007538 1
BJC | 0.006255538 | 0.6666667
BLA | -0.01091891 05
BLAND | 0.006149406 |  0.6666667
BTS | -0.001308463 0.25
CENTEL | 0.02654592 | 0.6666667
K 0.02782243 |  0.6666667
CPALL | 0.01445668 0.5
CPF | 0.06140287 1
CPN | 0.03056541 0.75




P v
M15799 A.2(D)

dnsnlaiade | Snsiaanuduse
PEC -0.03259262 0
DELTA -0.01069287 0.3333333
DEMCO | -0.02117234 0.5
DTAC 0.03015753 0.75
EGCO -0.01433518 0
ESSO 0.01869706 0.6666667
GLOBAL | 0.05772321 1
GLOW 0.01157899 0.5
GOLD 0.07044114 1
GSTEL -0.09897661 0
GUNKUL | 0.003068182 0.5
HEMRAJ | -0.001189165 0.6666667
HMPRO | 0.04322139 | 1
INTUCH 0.04653979 1
IRPC 0.042067 1
ITD 0.06911441 1
VL -0.02706492 0.3333333
JAS 0.01231293 0.75
KBANK -0.01429443 0.25
KCE -0.00701293 o
KKP -0.03681064 0.25
KTB -0.01185932 0.4
KTC -0.002112116 P8533333
LH -0.004276373 0.5
LOXLEY | -0.01642673 0.6666667
LPN -0.02979956 /33339353
MAJOR | 0.004642657 0.6666667
MALEE -0.03590565 0.25
MBK -0.01912155 0
MCOT 0.034673753

L
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A5 A.2(A3)

dasinlsiade | Sasarnud1se
MDX 0.0190855 0.6666667
MINT 0.005120412 0.6666667
PF 0.05126178 1
PS 0.003941703 0.5
PTT 0.008963553 0.5
PTTEP 0.01460455 0.5
PTTGC 0.01840894 0.6666667
QH -0.01873107 67
RATCH -0.02174234 0
ROBINS 0.01100078 0.6666667
ROJNA 0.01726805 0.5
RS -0.02510089 0.25
SAMART | -0.03731259 0.5
SAMTEL | 0.03905131 1
SAT 0.04093567 1
SC 0.03110845 0.75
SCB -0.003929677 0.25
SCC 0.008958333 0.8
SCCC 0.00125 0.5
SF 0.05601178 1
SIRI -0.01920705 0.3333333
SPALI 0.07213556 1
SPCG -0.02163636 8.5
SRICHA 0.03294182 0.6
SSI 0.01896836 0.6666667
STA 0.007262761 0.3333333
STEC 0.02635414 0.6666667
TCAP -0.01762926 .25
THAI 0.0483871 1
THCOM 0.03792921 1
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M990 A.2(sa)

dnsinlsiade | Snsraanudnse

THRE 0.01257182 0.6666667
TISCO | -0.004436208 0.6666667
TMB -0.02069459 Qi5
TOP -0.02772626 0.3333333
TPIPL | 0.02142649 0.5
TRUE 0.01934117 0.5
TTA 0.02182362 0.6666667
TTCL | -0.01797829 0.5
TTW 0.03015449 J:
TUF 0.006174?;33 | 0.6666667
TVO | -0.007653264 0.25

uv -0.003083534 0.3333333
WHA 0.01383367 0.5
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A.3 NINAFBUNUITIEAN 8358098 MACDR2

105

P - ﬂv 1 = ' a 5 | -
LﬁJBﬂﬂﬁ@U'}E'ﬁﬂ‘mﬂ MACDR2 °U'i}3;lj'£‘1i"H"T]UV]‘EJ'ENﬁULW]ﬁSWJ‘Lu SET-100 a4i@iuv 5

< a 1Y v fw al
ATNHIAN DN 28 NEAINTYU WAL 2556 QﬁlﬂNﬁﬁWﬁﬂQﬂWiﬁﬂW A.3

915797 A.3 waANSINNIIMAFURLTIER R3S 018 MACDR3

dnsaflsinde | Snsaruduia
AAV 0.06862745 1
ADVANC | -0.05474453 0
AMATA | 0.05631028 1
AOT 0.05163043 1
AP -0.03373352 0.3333333
BAY None None
BBL 0.04 4
BCH -0.01042379 0.5
BCP -0.0729927 0
BEC None None
BECL None None
BGH -0.02857143 0
BH None None
BIGC 0.05007538 |
BJC -0.01586922 0.5
BLA -0.009431537 0.5
BLAND | 0.006149406 0.6666667
BTS V None None
CENTEL | 0.02654592 0.6666667
CK 0.06292009 1
CPALL 0.1118881 1
CPF 0.07862903 1
CPN 0.06024096 1




- '
A15NN A.3(AD)

dnsflsiade | snsraudnse
DCC -0.008733624 0
DELTA | 0.03553299 1
DEMCO | -0.02117234 0.5
DTAC 0.03043478 1
EGCO None None
ESSO 0.08270677 1
GLOBAL | 0.06857143 1
GLOW 0.0719697 1
GOLD 0.0962963 1
GSTEL- | -0.09897661 0
GUNKUL 0.08 1
HEMRAJ | 0.05250197 1
HMPRO | 0.04166667 1
INTUCH | 0.06325301 1
IRPC 0.03954802 1
ITD 0.06911441 1
IVL -0.02706492 03858353
JAS 0.03198309 1
KBANK | 0.05555556 1
KCE 0 0.5
KKP -0.09289617 0
KTB 0.0001581278 0.5
KTC 0.06382979 1
LH 0.05825243 1
LOXLEY | -0.04116902 0.5
LPN None None
MAJOR | 0.03763441 1
MALEE | -0.04058524 0.5
MBK None None
MCOT 0.03649635 1
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A1519% A.3(Ra)

dasailaade | dasanad1sa
MDX 0.06735751 1
MINT -0.01155015 0.5
PF 0.05126178 1
PS 0.003941703 0.5
PTT None None
PTTEP None None
PTTGC None None
QH -3.144654e-05 0.6666667
RATCH None None
ROBINS | 0.03076923 1
ROJNA None None
RS 0.008231352 0.5
SAMART | -0.03731259 0.5
SAMTEL None None
SAT 0.04093567 1
& 0.06515808 ¥
SCB 0.09150327 1
SCC 0.03125 1
SCCC 0.045 1
SF None None
SIRI 0.05454545 1
SPALI 0.109589 1
SPCG -0.02163636 0.5
SRICHA | 0.07233441 1
S5l None None
STA -0.04316547 0
STEC 0.06230348 1
TCAP 0.04651163 1
THAI 0.0483871 1
THCOM | 0.03998731 1
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N195799 A.3(MB)

sasilsiade | snsaaudsa
THRE 0.05963303 1
TISCO | -0.0338652 0.5
TMB -0.0381748 0.3333333
TOP -0.07228916 0
TPIPL | 0.01444436 0.6666667
TRUE 0.01934117 0.5
TTA 0.03488372 1
TTCL | -0.01797829 0.5
TTW None None
JTURE 0.03904858 1
TVO None None
uv 0.01226659 0.5
WHA 0.04 1
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M99 0.4 NﬁﬂWﬁQqﬂﬂqiﬂﬂﬂaUﬂuiqﬂﬂ']ﬂ'ﬂﬂ?ﬁ'ﬁaﬂqﬂﬂ']ﬁlkﬂu Iyﬁyﬂmﬂﬂuﬂﬂ'ﬂ

gnsainlsede | snsranudne
AAV | 0.0285939 0.5
ADVANC | -0.001020604 0.25
AMATA | 0.02330137 0.8
AOT | 0.04089056 05
AP 0.05179162 | 0.3333333
BAY | -0.01114767 0
BBL | 0.01000074 0.5
BCH | 0.0180484¢ |  0.6666667
BCP | -0.002217107 0.5
BEC ~ | -0.01062707 | 0.3333333
BECL | 0.007078014 0.6
BGH | 002941717 1
BH 0.02692902 05
BIGC | 0.01055606 0.5
BJC | 0.01453005 0.25
BLA | 003654194 1
BLAND | 0.05524593 1
BTS | 0.02057487 0.5
CENTEL | 0.09173134 1
CK 0.0378355 1
CPALL | -0.006722263 |  0.1666667
CPF | -0.007165193 | 0.3333333
CPN | 0.03239137 0.75




d 1
N19199 A.4(Ad)

snsrinlsiede | SasiAanuduse
DEE -0.01143283 0.3333333
DELTA 0.004011334 0.3333333
DEMCO 0.05038311 QL5
DTAC 0.03096711 0.75
EGCO -0.01832116 0.1666667
ESSO 0.02801577 0.6666667
GLOBAL 0.1230748 1
GLOW -0.01264117 0.25
GOLD 0.03111617 1
GSTEL -0.06059942 0
GUNKUL | 0.06479561 0.5
HEMRAJ 0.0805447 1
HMPRO 0.05260417 1
WlNTUCH 0.0173011 0.5
IRPC 0.04923313 0.6666667
ITD 0.12874 1
VL 0.102724 1
JAS 0.04343407 0.75
KBANK 0.02210084 0.5
KCE 0.06232463 el )
KKP -0.01323144 0.1666667
KTB 0.03157746 0.4
KTC 0.03957525 PBB33333
LH 0.04601844 0.75
LOXLEY 0.03903938 0.6666667
LPN 0.02992135 0.6666667
MAJOR 0.0393074 0.5
MALEE 0.03511253 0.5
MBK -0.007734172 0.5
MCOT 0.006179671 0.5
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A1519% A.4(AD)

dnsilsiede | Snsaudnse
MDX 0.05526415 0.6666667
MINT 0.0973798 1
PF 0.02711796 1
PS 0.04835052 0.6
PTT -0.02482605 0
PTTEP -0.02858822 0
PTTGC | -0.009212495 0.4
QH 0.03408888 0.6
RATCH | -0.004569179 0.4
ROBINS 0.08424226 1
ROJNA | -0.002941 1776 0
RS 0.02216642 0.2
SAMART 0.1210526 1
SAMTEL | 0.07380952 0.5
SAT 0.04479629 0.5
SC 0.03817473 0.75
SCB 0.02540431 0.4
SCC 0.001029921 0.25
SECE 0.01659907 0.25
SF -0.02519007 0.3853333
SIRI 0.04802016 0.3333333
SPALI 0.0837669 1
SPCG 0.08185673 1
SRICHA 0.02873827 0.6
SSI 0.009009009 0.3333333
STA 0.0227667 0.5
STEC 0.004823906 0.4
TCAP -0.007252779 0.3333333
THAI 0.2411765 1
THCOM 0.03886688 1
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N15199 A.4(73)

Snsfinlsiade | Sasiaudnsa

THRE | 0.03503795 1
T1SCO | 0.03588541 0.6666667
TMB | 0.004253968 0.4
TOP -0.01400859 0.3333333
TPIPL | 0.04348536 1
TRUE | 0.04709742 0.5
TTA 0.0506845 0.6666667
T TEL: 0.1332465 0.5
TTW | -0.002380143 0.33%3333
TUF 0.04621289 0.6666667
TVO | 0.002764768 0.5

uv 0.07987666 0.6666667
WHA 0.01000074

0.5
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NEAWIAIAIT NN A5
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M990 A.5 wadNSINNINAdBURUS e8I Te e dudyyasauUaslagly

N15YUIBUUUAIUINLN

W o o ) o
ﬂﬂiqﬂ'ﬂﬁtﬂﬁﬂ BATINITUED l%‘ﬂ

AAV 0.08471074 .
ADVANC | -0.0141833 0
AMATA | 0.02182419 0.75
AOT -0.01558781 0
AP 0.09614763 0.5
BAY -0.002919159 0
BBL 0.01367898 0.4
BCH 0.02089764 0.5
BCP -0.006154946 0.6666667
BEC -0.003887253 0.5
BECL 0.005175805 0.5
BGH 0.01638369 1

BH 0.007015517 .5353333
BIGC 0.0006941895 0.3333333
BJC 0.02925661 0.3333558

BLA 0.04007289 1
BLAND 0.05996902 d

BTS 0.02578527 03355333
CENTEL 0.1112633 1

CK 0.0167932 1
CPALL | -0.001331059 0.2

CPF -0.009916686 0

CPN 0.0376882 0.6666667




A15799 A.5(m0)

Snsilsiede | Sasranuduie
DCC 0.008249498 0.5
DELTA | -0.005185238 0.5
DEMCO 0.03282601 0.6666667
DTAC 0.02965986 0.6666667
EGCO -0.01199028 0.2
ESSO 0.0579683 1
GLOBAL | 0.02375822 1
GLOW | -0.008713376 0.3333%633
GOLD 0.03169528 1
GSTEL -0.05558335 0
GUNKUL 0.1353383 1
HEMRAJ | 0.08274094 1
HMPRO 0.01024154 1
INTUCH | 0.005566903 0.3333333
IRPC 0.05890163 1
ITD 0.1058488 !
VL 0.1208039 1
JAS 0.0183659 0.6666667
KBANK 0.03519333 0.6666667
KCE 0.04524426 0.6666667
KKP -0.00286406 0.2
KTB 0.05126523 0.5
KTC 0.07468538 0.5
LH 0.05734187 0.6666667
LOXLEY 0.06296589 1
LPN 0.0578597 1
MAJOR 0.05370632 0.3333333
MALEE 0.05493771 0.6666667
MBK -0.01123983 0.6666667
MCOT 0.02283008 0.6666667
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= '
15199 A.5(Ma)

dnsrilsiade | snsaanudnda
MDX 0.09864304 1
MINT 0.1076452 1
PF 0.04858948 1
PS 0.05467749 0.5
PTT -0.01656187 0
PTTEP -0.02016443 0
PTTGC -0.0119366 0.5
QH 0.02163648 0.5
RATCH | -0.0002165085 L5
ROBINS 0.02542332 1
ROJNA 0 0
RS 0.03258348 0.25
SAMART 0.2368421 1
SAMTEL 0.200749 1
SAT 0.151561 1
SC 0.02168852 0.6666667
SCB 0.03483834 / 0.5
SEE 0.01090548 0.3333333
SCCC -0.01686751 0
SF -0.04932356 0
SIRI 0.08605854 0.5
SPALI 0.02249256 1
SPCG 0.1314554 1
SRICHA 0.03123624 0.3
SSI 0.01082571 0.5
STA -0.0111773 0:335525%
STEC 0.02595165 05
TCAP -0.001001516 0.4
THAI None None
THCOM | 0.03174737 1
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o '
N1519% A.5(Md)

Sasafinlsiade | dnsraudisa
THRE 0.03763597 1
TISCO | 0.04573856 1
TMB 0.004426997 0.5
TOP | -0.003108063 0.5
TPIPL | 0.02515006 1
TRUE 0.1002924 1
TTA 0.07454123 1
TTCL 0.3055556 1
TTW | -0.007281417 0
B 0.04001775 v,
TVO 0.01543855 0.6666667
uv 0.01274199 0.5
WHA 0.01367898 0.4
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This paper presents a slock sclection approach assisted by fuzzy procedures. In this approach, stocks are classified into groups
according to business types. Within each group, the stocks are screened and then ranked according to their investment weight
obtained from fuzzy quantitative analysis. Groups were also ranked according to their group weight obtained from fuzzy analytic
hierarchy process (FAHP) and technique for order preference by similarity to ideal solution method (TOPSIS). The overall weight
for each stock was then derived from both of these weights and used for selecting a stock into the portfolio. As a demonstration,

our analysis procedures were applied to a test set of data.

1. Introduction

Presently, investors are more interested in investing in stocks
and bonds than keeping their money in the bank because it
yields a higher return. However, this higher return also comes
with higher risk; investors may lose some of their investment,
get a lower-than-expected return, or get a lower return than
that from another type of investment. Therefore, they have to
analyze a stock carefully before investing in it,

In addition to several established approaches to stock
analysis—such as quantitative fundamental analysis, tech-
nical analysis, and stochastic analysis—new analytical tools
have been developed and widely used including ones that are
based on Brownian movement, fuzzy logic, and the analytic
hierarchy process.

The analytic hierarchy process (AHP) is a multicriteria
decision-making approach and is a structured technique
for organizing and analyzing complex decisions, based on
mathematics and psychology. It was developed by Saaty in
the 1970s, to help one make decision when one is faced
with the mixture of qualitative, quantitative, and sometimes
conflicting factors that are taken into consideration. AHP has
been very effective in making complicated, often irreversible

decisions. It has been extensively studied and refined since
then (e.g., [1-11] and references therein).

Fuzzy sets and fuzzy logic, especially, are of wide interest
today. They are effective tools for modeling, in the absence
of complete and precise information, complex business,
finance, and management systems. The subjective judgement
of experts who have used fuzzy logic techniques produces
better results than the objective manipulation of inexact
data. The concept of a fuzzy set is a reflection of reality
reflection which serves as a point of departure for the
development of theories which have the capability to model
the pervasive imprecision and uncertainty of the real world.
As applied to stock analysis (e.g., [12-15] and references
therein), fuzzy logic uses integrated experiential knowledge
of human experts to make better quantitative estimates, not
possible with classical logic, based on robust mathematical
principles.

By reason of vagueness of boundaries of stock data
in future and the attendant imprecision, uncertainty, and
preference of decision makers, therefore, fuzzy logic and
AHP seem suitable for this problem. This paper proposes an
approach to stock analysis based on calculated weights from
fuzzy quantitative analysis and fuzzy multicriteria decision
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2.2. Consistency Fuzzy Matrix. In this subsection, we intro-
duce the definition of consistency fuzzy matrix and consis-
tency index which was developed by Ramik [3, 4],

Definition 11. Let A = (au)"x" be an # x n matrix where a;; >
0foralli, j € I, and A is a reciprocal matrix ifaj; = 1/a; for
alli,jel,.

Definition 12. Let A = (a,j},,x,, be an nxn matrix where a; >0
foralli,j € I, and A is a consistency matrix if there exist
weight vectors w = (w;),,, w; > 0, for all i € I, where
Y w = landa; = wjw, foralli,j € I,

Definition 13. Let A =
d;; > 0 are fuzzy numbers for all i, j € I, and A is a reciprocal
fuzzy matrix ifd; = 1 @ dj foralli,jel,

(@;;) nxn b€ an 12 x 1 fuzzy matrix where

In particular, if every member of A = (d,),x, is a

M
,‘J, ,a;), A isareciprocal

l/a )foral]:;EI

triangular fuzzy number @;; = (au, a;
fuzzy matrix lfa ;= (lfa”, l,n’a

Deﬁnz’rmn 4. LetA = (@;;)yxn be an nxn fuzzy matrix, where

[gu(rx) a;;(a)] > O foralli, j € I, and Aisa consistency
fu?:ry matrix if there exist a € (a;(a).a;;(a)] forall i j € I,

i
and some « € [0,1] with Wthh A= (a ),,,,, is a consistency

matrix; that is, there exist w" = (w{' ),,X,, w > 0, foralliel,
where Y7 w* =1 and a;; w;"fw, for all i hjel,.

According to Definition 14, since w{' > 0 for all i €
I,, there exist fuzzy vectors W = (i; ),m, where w ¢
[w;(a), w;(x)] > 0 foralli € 1. These vectors are called fuzzy
we:ght vectors.

It is clear that if 4 is a fuzzy consistency matrix then itis a
fuzzy reciprocal fuzzy matrix and A is nota fuzzy consistency
matrix if it is not a fuzzy reciprocal fuzzy matrix. Because
of these reasons, construction of a fuzzy consistency matrix
usually starts by first constructing a reciprocal fuzzy matrix
A. Ramik and Korviny [4] proposed a method for calculating
thy weight vector 0 = (; },m for a fuzzy reciprocal matrix
A = (@j;)pxn> Where @ -_(a aM,a 7y forall i,j € I, by

using the method of geometric mean. W, = (wy,wy’, wy)

are defined for all k € I, where
W 1/n
(H; 1 kj)
n n 1n’
T (M)

i (H?ﬂag’)”n

L
w,=Cp -

= 7)
A o (
L m}.:]a‘_,}d )
un1/n
u (H};]aﬂ'f
wy, :CU-"-—*"—" n i
Licy (nj=1“£j )
My /n
(n; 1% )
Cp = min
iel, ( )1/"
1”1 if
(H )l/n (8)
Cy = max H i
iel, U"
( J iy 'I

In addition, Ramik and Korviny [4] defined a consistency
index for measuring the nearness of a fuzzy reciprocal matrix
to the corresponding fuzzy consistency matrix as follows.

Definition 15. Let A =
of which @; = (a{;,a::” aﬂ) are triangular fuzzy numbers,
evaluated from a scale § = [1/0,0] for some real number
@ > 1; the consistency index of A represented by the symbol
IZ(A) is defined as

(@) n be a fuzzy reciprocal matrix,

‘ M
S w; w;
a el i =L i M
Iy (A) =C, n':&;x {max{ " a;| oM % ‘,
J J
S ()
B @y
TRe B
J
where W = (i), are fuzzy weight vectors and @; =

(wh,w}, wY) for all i € I, as expressed in (7) and

1
¢° = | max {n — g{2=2min 52 ((z/mzlinﬂ}
! 1
ax {O’ - 0'(2*211)."11, gl2=2n)/n _
If the consistency index I7(A) = 0, the fuzzy reciprocal

fuzzy matrix A is absolutely consistent. The closer the value
of I'{A) to 0 is, the more consistent the matrix is. Generally,
an acceptable value is I(A) < 0.1 or 10%.

Theorem 16 (see [4]). If Aisannxn Sfuzzy reciprocal matrix
with triangular fuzzy elements evaluated with the scale [1/o, 0]
Jorsome o > 1, then 0 < Ig(Z) < 1.

n n/(n-2)
| ™
o} 2

( n/(n=2)
.,-(2/71)("_2)/2)}’ o 5) (10)

2.3. Financial Ratios. A sustainable investment and mission
requires effective planning and financial management.

The quantitative stock analysis is a useful tool that will
improve investment’s understanding of financial results and
trends over time and provide key indicators of organizational
performance. Investor may use the quantitative stock analysis
lo pinpoint strengths and weaknesses of each company that
impact to its stock.
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Rule-1:if x, is @) and x, is @, and x; is @5 then y is
b,.
Rule-2:if x, is @, and x, is @, and x; is @,5 then y is
b‘t.

Rule-g:if x, is &,) and x, is @, and x; is @, then y is

bq.
Xy, Xy, X3, and y are fuzzy variables of E/P, P/BV, P/P,,
and W), respectively, and &y,, @,, and 4,3, k € I, are
linguistic terms of E/P, P/BV, P/P,, and W, respecuvely,
that is, E/P = {@;,d,,....a,} P/‘BV {@)5,35,,. ... 8}

P[P, = {fiy3,8p3,.... g}, and W= {by,by,....,}.

Step 1.6. This step involves importing E/P, P/BV, and P/P, of
the latest day and making estimation with Mamdani method
using the fuzzy rules constructed in Step 1.5 hence obtaining
an output of a fuzzy sel % under the membership 12, on B.

Step 1.7. 'This step involves performing defuzzification of the
fuzzy output to a crisp output by a centroid method. A
crisp 29 is the average weight of the weight at each point
z on domain B where w, = ug(z)/ Js ug(2)dz for all
z € B; that is, the crisp output is 2% = | zw,dz =

_[B zZUg(z)dzf f Ug(z)dz. It is the investment weight of
each individual stock in a particular industrial group. These
weights are then used to rank stocks in an industrial group.

3.2. Step 2: Analysis of Industrial Groups. Industrial groups
are ranked by weights calculated by the method of fuzzy mul-
ticriteria decision-making consisting of AHP, fuzzy analytic
hierarchy process, and Fuzzy Technique for Order Preference
by Similarity to Ideal Solution Method (FTOPSIS).

AHP is a method for calculating decision weights devel-
oped by Saaty [11] and Paul Yoon and Hwang [5]. It com-
pares paired data that are metrics of real quantities such
as price, weight, and preference. Here, these quantities are
preferences. Levels of preferencesare represented by numbers
in a set Q, {1/, 1/(n = 1),..%1/3:1/2,1,2,3, S —
1,n} expressed as a reciprocal matrix. Generalizing this
idea, the set of crisp preference values Q, is replaced by
a set of fuzzy preference values ﬁi = {1/fg 1/(n-1),...,
1/35:1/25.1,24,35,...,(n = 1)5,7ig}, where kg = (k- 8, k. k +
8) and 1/ks = 1@k; = (1/(k+0), 1/k, 1/(k-6)) forall k € I,
and0<d < 1.

The other technique, FTOPSIS developed by Chan [17]
and Balli and Korukoglu [10], is a fuzzy technique for ranking
preference levels by comparing the similarity of alternate
choice to the ideal choice in order to find the best alternative.
It covers diverse alternate choices, decision criteria, and
decision makers.

Applying this technique to »; decision makers, 1, deci-
sion criteria, and n; industrial groups as alternate choices, the
analysis steps are as follows.

Step 2.1 (finding weights for decision makers), In this step,
a decision maker i, i = 1,...,n,, is compared to another
decision maker j in terms of their preference level based on a
preference function ¢(i, j) defined as

u’ Elc EO j>i
() =1L j=1i (15)
leg(ji);  j<i.

The decision maker’s preference matrix D = (Gij)n xn, 18 2
reciprocal matrix where

@ (i j); i<j
a; = 11; Y (16)
lee(ji); i>].

Step 2.2 (finding a fuzzy weight vector @, = (@), for D=
(@ij3n, xm, ): B = (w‘;‘_k, wfk, wzk) is a fuzzy weight vector for
allk € I, where

n 1/n
2 (I—Ijll kl)
ujﬂ'.k = CL s "'“;l_“""‘;']'__"‘""'ms
2 (n.i-:laij )
n MMM
wf 3 (H}'ankj) a7)
Kl Bl
Z:'Ml (]-_I::l Iau ) ]
uy/n
U (H_’;;]ak}.) l
wy =Cp S 7 [
2k (njzlﬂij )
with
n M 1/n,
. (ﬂj:!ar'j )
CLEEN ooy
! (Hj:laii) (18
no M 1/n,
(H.i=l i )
CU = IEI?X n U 1/n,
. (n_i=la¢})

If its consistency index I (D) as defined in Definition 15
is less than 0.1, it is accepted as being valid. Otherwise, the
decision maker’s weight is reevaluated by repeating Step 2.1.

Step 2.3. This step involves decision makers d,,d, ...,
d,,l constructing decision criteria ¢, ¢, ..., ¢, for evaluating
industrial groups G;,G,,...,G, , where ¢, i = 1,...,m,, is
constructed from investment welght of n; individual groups
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TarLel
Linguistic term Fuzzy number
Very low (VL) (0,0,0.1,0.2)
Low (L) {0.1,0.2,0.3)

Medivm low (ML)
Medium (M)
Medium high (MH)
High (H)

Very high (VH)

(0.2,0.3,0.4)
(0.3,0.4,0.6,0.7)
(0.6,0.7, 0.8)
(0.7,0.8,0.9)
(0.8,0.9,1,1)

Step 2.6. This step involves aggregating weights of decision
criteria based on the decision makers’ weights as follows:
— M, M, U

., = < cl,w'f',w’ ’,w;,->,

o

(23)

(]/nl)zkl w:k’ \‘f =

max;" {co ) for all i e I,,,

L _ s Hy L M,
where w;; = mmk S w

(Uln )ZL =1 wJA‘ EII -

ik)n,xn,» and 7, is the number of decision makers.
24) shows these aggregation results.

IU (CIHI
®

Equation

Weights of Decision Crileria c,,c,, . . ., G, . Consider

6§ e el

Wy i T ..

o,

Next, we aggregate industrial groups based on the deci-
sion makers’ weights (see (22)) by the following equations:
M, M, u>

amF
x,»,-—(xj,.,xﬂ £,

pll ol (25)

L _ ny M, n M My
where x; = min! { u.a):k} xit = (1n 3 L N o X =

pMe U y
(]/” Y wjrk:k[ = maxit {by ) for all j € nyyi € my,

= (B, jit Iy, » and , s the number of decision makers.
Thesc results are si'lown in (26).

Evaluation Malrix of Industrial Groups Gy, Gy, ..,

G,,. Con-
sider

C! 2 Cuj
Gy Xy Xy o0 Xy,
G, Xy Xy o X, |F X (26)
Gn.. X1 nm2 nyn,
G G

Gy d,(3,,%7) d, (715,77
G, d,(7,.%7) d, (735,7;,7)

Gu} du (T’u,llv;'ﬁ) dl‘(vl!_qz’v;:-)

Step 2.7. This step involves constructing a decision matrix by

normalizing the industrial groups’ evaluation matrix X (see
(26)) as follows:

ﬁ = (FJ‘")u,xn2 %

L UM M 27
N R ST
Ti= r2ipws -yl where x = mjgix{xﬁ}.

XXX i

Then, multiplying the normalized matrix with the decision
weights from Step 26, V. = (Vjduun, Where v; =
LM,

1»'r L )and'ﬁj,- =F;®W, ;whenjel,  i€l,.

(v,,. iV

Industrial Groups' Evaluation Matrix. Consider

“ (’3 Cu]
Gy vy ¥y ¥in,
Fr S T T (28)
Gn,1 Vil Y2 nyny

Step 2.8. This step involves defining positive ideal solution
(G") and negative ideal solution (G™) from (28) as G* =
~ ~ y— comg ey 2

BHLdn N % Pandyd =(v,,vl,...,vnz),respectlveiy,where
- nlin;?*{vf,.;}, jelr,,icl,

Ve max?"{ ﬂ} and v

V = (;jr‘)n,xnz'

Step 2.9. This step involves calculating the distances between
the industrial groups’ evaluation results with the positive and
negative ideal solutions, as defined by the following:

ny

d; = Zdv (T"ﬁ‘?:)’ el

i=1

)
S Y d/ (), jel,,
i=1

(29)

where d,(¥;,, V] 7;7) are calculated in the same way as (uzzy
numbers are calculated according to Definition 8 (depicted
in (30)).

Distances between the Industrial Groups’ Evaluation Resulls
and Positive and Negative Ideal Solutions G* and G~ . Consider

&, df = Zld (77;7)

d, (P, 77) i

s o 0
d (v2uz’ VZn ) dz' (3 }
dl‘ (:pnﬂrl: 2 ?v “) dl:a_
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TasLe 3: P/BV of STPL
STPI stock 27/12/2013 28/12/2012 30/12/2011 30/12/2010
Closing price of common 15.7 6275 2875 27
stock (baht)
Number of common stocks 1477443980 368,492,092 367,873,233 367,546,097
Number of preferred stocks 0 0 0 0
Total assets 10867008638 7347262706 3522893354 4259624240
Total liabilities 4956210154 2922198628 423972604 1021904292
Accounting value per share 4000692117 12.00857271 8.42388212 8.809017357
PIBV 3.924320978 5.225433658 3.412915754 3.065041072
P/BV of 2014 (2nd quarter) 4.8
P/BV (weighted average) 4.350963831
P/BV (highest) 25.18861616
P/BV 17.27353263

TaBLE 4: P/P, of STPL
STPI stock 14/10/2014 27/12/2013 28/12/2012 30/12/2011 30/12/2010
Closing price of common . 5
staick (bakit) 20.8 15.7 62.75 28.75 27
Dividend interest rate (%) 1.63 1.50 0.5 12.16 7.86
Dividend amount (baht) 0.339 0.2496 0.3138 3.496 21222
Expected inlerest (r) 0.0703 0.0707 0.0728 0.0750 0.0641
Balit ghined from tght 1.0703 1.0707 10728 1.0750 1.0641
investment (1 + r)
Target price in 2014 29.3056
(,l(?sing price to target price 0.7098
ratio

TasLE 5: E/P, P/BV, and P/P, of stocks in G,

Financial ratio CK CNT ITD NWR PREB SEAFCO STEC STPI SYNTEC PRG TIEL UNIQ
E/P (%) 10.86 7.86 0.89 6.14 10.5 6.38 5.59 13.83 3.26 798 42 7.66
PIBV 8.71 9.1 7.35 4.73 8.19 719 16.06 17.27 3.8 8.99 16.19 8.3
PIE, 243 112 0.94 2.38 2.94 0.97 1.67 0.71 1.86 0.83 2.87 24

Rule I: if x was LX and y was LY and z was LZ Lhen
w was RHW.

Rule 2: if x was LX and y was LY and z was MZ then
w was MW,

Rule 27: if x was HX and y was HY and z was HZ
then w was RLW.

Step 1.6. This step involves importing the values of current
P/E (inversing to E/P), P/BV, and P/P,, which, in this study,
were the values of the 22nd of January 2015 shown in Table 6.

Note. The E/Ps of CNT and NWR were not applicable,
meaning thal they suflered a loss, so they were not included
in further calculation.

Step 1.7. This step involves performing defuzzification of the
fuzzy output values to crisp values with the centroid method,
obtaining the investment weights shown in Table 7.

For the purpose of easy demonstration, the investment
weights of the stocks from the other 5 industrial groups were
made up. All of the weights are tabulated in Table 8.

Step 2 (analysis of industrial groups). Stocks from 6 industrial
groups, G|, G,, ..., G, were analyzed. Three decision makers,
dy, d,, d constructed 4 decision criteria, ¢, ¢, ¢,
calculated in the following steps.
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TaBLE 9: Trapezoidal fuzzy numbers representing linguistic terms used for fuzzy evaluation of industrial groups.
Criteria Industrial group Decision maker
d, d, dy
G, 0.6 0.7 0.7 0.8 0.6 0.7 0.7 0.8 0.8 0.9 1 1
G, 0.8 0.9 1 1 0.7 0.8 0.8 0.9 0.7 0.8 0.8 0.9
& Ty 0.7 0.8 0.8 0.9 0.7 0.8 0.8 0.9 0.7 0.8 0.8 0.9
G, 0.8 0.9 1 1 0.8 0.9 1 1 0.8 0.9 1 1
G, 0.6 0.7 0.7 0.8 0.6 0.7 0.7 0.8 0.6 0.7 0.7 0.8
G 0.6 0.7 0.7 0.8 0.7 0.8 0.8 0.9 0.6 0.7 0.7 0.8
G, 0.6 0.7 0.7 0.8 0.7 0.8 0.8 0.9 0.7 0.8 0.8 0.9
G, 0.7 0.8 0.8 0.9 0.6 0.7 0.7 0.8 0.6 0.7 0.7 0.8
6 Gy 0.8 0.9 1 1 0.8 0.9 1 1 0.8 0.9 1 1
G, 0.6 0.7 0.7 0.8 0.7 0.8 0.8 0.9 0.7 0.8 0.8 0.9
G 0.6 0.7 0.7 0.8 0.6 0.7 0.7 0.8 0.7 0.8 0.8 0.9
G 0.7 0.8 0.8 0.9 0.7 0.8 0.8 0.9 0.7 0.8 0.8 0.9
G, 0.7 0.8 0.8 0.9 0.7 0.8 0.8 0.9 0.7 0.8 0.8 0.9
G, 0.8 0.9 1 1 0.7 0.8 0.8 0.9 0.7 0.8 0.8 0.9
G Gy 0.8 0.9 1 1 0.8 0.9 1 1 0.7 0.8 0.8 0.9
Gy 0.7 0.8 0.8 0.9 0.6 0.7 0.7 0.8 0.6 0.7 0.7 0.8
G; 0.7 0.8 0.8 0.9 0.6 0.7 0.7 0.8 0.7 0.8 0.8 0.9
{4 0.6 0.7 0.7 0.8 0.6 0.7 0.7 0.8 0.7 0.8 0.8 0.9
G, 0.6 0.7 0.7 0.8 0.6 0.7 0.7 0.8 0.6 0.7 0.7 0.8
G, 0.6 0.7 0.7 0.8 0.8 0.9 1 1 0.7 0.8 0.8 0.9
¢ G; 0.7 0.8 .8 0.9 0.7 0.8 0.8 0.9 0.7 0.8 0.8 0.9
G, 0.8 0.9 1 1 0.8 0.9 1 1 0.8 0.9 1 1
G, 0.7 0.8 0.8 0.9 0.7 0.8 0.8 0.9 0.7 0.8 0.8 0.9
Gy 0.7 0.8 0.8 0.9 0.6 0.7 0.7 0.8 0.7 0.8 0.8 0.9
TanLE 10: Evaluation of fuzzy decision criteria. Step 2.10. This step involves obtaining the nearness coeth-
— = = X f:ients CC‘,-, Jj = 1.%..6,t0 t.he positive ideal solution and the
Criteria investment weights shown in Table 18.
d d; d
o 08 09 1 1 08 09 1 1 08 09 1 1 Step 3 (analysis of all stocks from different industrial groups).
& 07 0.8 0.8 09 07 0.8 0.8 09 07 08 08 09 The two kinds of investment weights obtained from Steps 1
6 08 09 1 1 08 09 1 -1 0809 1 1 and 2 were used to calculate the final investment weights for
& 05 0.6 07 08 08 09 INNew o] & all of the stocks in the market, W,,,(s;;), where i represents

{0.024,0.024, 0.024, 0.024)

(0.021,0.021,0.021,0.021)] .
(34)

Step 2.9, This step involves calculating the distances from
the results of industrial groups evaluation in Table 14 to the
(%) and the (S7) ideal solutions shown in Tables 16 and 17,
respectively.

the ith company and j the jth industrial group, and the final
weights were ranked as shown in Table 19.

From Table 19, investors can use the calculated weights
to help with their decision-making and strategy-planning.
The better stocks to invest in show higher final investment
weights.

5. Conclusions

The innovation appearing in this paper is to present the
tactic of conveying the stock selection to portfolio by using
two tactics, fuzzy quantitative analysis and fuzzy hierarchical
analysis. The two tactics imply the final investment weight.
Investors can determine their strategies by using the final
investment weights. The final investment weights may be
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TABLE 15: Decision matrix.

Criteria
G L 5 &
G, 0.031 0436 054 0432 0.024 0123 023 0389 0.028 0148 0148 0.486 0,021 0104 0116 0.346
G, 0.028 0158 0187 054 0.021 0124 0.124 0437 0.028 0158 0.168 054 0.024 0115 0134 0.346
Gy 0.028 0148 0165 0486 0.028 0.148 (0165 0.486 0.028 0164 0179 054 0.024 0119 0133 0.389
G, 0.031 0167 0206 054 0.024 0123 0123 0.389 0.024 0.4 014 0.486 0.028 0134 0166 0.432
G, 0.024 013 0144 0432 0.024 0118 0118 0389 0.028 0143 0143 0486 0.024 0119 0133 0.389
G, 0.024 0.135 0.15 0.432 0.024 0132 0132 0437 0.028 0133 0133 0432 0.024 0114 0128 0.389

Group

TABLE 16: Distances between G, j=1,...,6,and 8" for each decision criterion.

Distance Criteria Sum
al o G G
d; =d, (G,,S") 0.381572 0.348712 0.378268 0.309819 1.418371
d; =4,(G,,8%) 0.364995 0.346628 0369604 0.301308 1382533
ds =d (68T 0.374072 0.326879 0.365443 0.298251 1.364645
a4} =, (G 87 ) (.356869 0.348712 0.384022 0.284309 1.373911
de =d,(Gs,5") 0.388341 0.351266 0.381127 0.298251 1.418985
d; =d, (G, $") 0.38534 0.341527 0.389187 0.300654 1.416708
TaBLE 17: Distances between Gj, j=1,...,6,and S~ for each decision criterion.
Distance xriteriy Sum
) 21 G 5
d; =d, (G,$) 0.223775 0.197715 0.247374 0.174345 0.843208
d; =d,(G,,87) 0.281158 0.220808 0.276399 0.17835 0.956716
dy =d, {G;,S7) 0.251745 0.251745 0.278567 0.198531 0.980589
d; =d,(G,.5) 0.285192 0.197715 0.245285 0.225285 0.953478
d; =d,.(G;,87) 0.221504 0.196478 0.246015 0.198531 0.862528
d; =d, (G, 8) 0.223065 0222647 0,218246 0.197315 0.861274
TabLE 18: Nearness coefficients to the positive ideal solution.
Industrial group G, G, G, G, G, G
cc, = m 0.304297 0.38056 0.392965 0.380328 (0.318558 0.315015
1 ]
Weights 0.157599 0172877 0.176738 0.173169 0.159816 0.159816
TaBLE 19: The final investment weights of all of the stocks in the market.
Sij S12 S102 593 S76 S46 572 $34 522 523 41 Ses 101 Soa

Woa (s,»j) 0.0473  0.0472 0.03%96 0.0332 0.0317 0.03114 0.0307 0.03063 0.0287 0.02543 0.02503 0.02478  0.0247

Sij 562 Sa2 o1 65 S13 S26 S95 S54 534 524 S3 S35 55
Woa (S,j) 0.0237 0.0227 0.0218 0.0215 0.0201 0.01998 0.0195 0.01894 0.0183 0.01829 0.01792 0.01720 0.02373
i Sas S4a S1o4 U H S74 S61 S51 Sq3 63 Ss3 Sgy Sis S35

‘.’VQA (s;j) 0.0167 0.0166 0.0166 0.0166 0.0159 0.01583 0.0157 0.01544 0.015 0.01459  0.01411 0.01279  0.01279
i S7s S5 S108 S71 a1 S36 Sye S4a 514 Sy3 o 573 Ss6

Wo,\(-‘.'_;) 0.0127  0.0127 0.0127 0.0111  0.0102 0.01004 0.0094 0.00960 0.0096 0.0079 0.00608 0.00608 0.00529

Siy S33 S1s 21 Sz S5z
Wos (5;) 0.0047 0.0039 00034 0.0018 0.0007
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Stability Analysis of an Approximate System of
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Abstract : In this study, we investigated a nonlinear fuzzy control fast-slow system
that is singularly perturbed. A reduced system was introduced and an approximate
solution of the system was defined Furthermore, a stability analysis of the
approximate system with Takaki-Sugeno fuzzy logic controller was constructed. We
provided sufficiently stability conditions and proved the approximate system to be
asymptotically stable in the sense of Lyapumov. A demonstrative example is also
provided toshowcase the method of stability analysis.

Keywords : Fuzzy control system, Stability analysis, Lyapunov, Takaki-Sugeno
fuzzy logic controller.
2010 Mathematics Subject Classification : 47H09; 47H10.

1 Introduction
It is quite natural to model a dynamical control system plagued with
uncertainty by a fuzzy system of differential equations. There are many ways to

model such a system[1-9] The most popular way is to use the Takaki-Sugeno fuzzy

2(‘.cn:espcmdan author.



2 Preliminaries

This section describes the definitions and theorems pertaining to this research.

Definition 2.1 Let A be a crisp set. A fuzzy set A on the crisp set A is
defined by

Az{(x,uA (x))]xeA,uA (x)e[O,l]}, : (21)
where 2, 1. A —>[0,1] is a membership function.

Note: for convenience, sometimes we denote a fuzzy set A by A ,

Definition 2.2 Let A be a fuzzy set with membership function # and & €[0,1].
An o -cut, denoted as [u]a , is defined by

{xeA}u(x)za};0<asl

e {xeA'u(x)>0} v -

Definition 2.3 Let A be a fuzzy set with membership function ¥ : R > [0,] ]
A is called a fuzzy number, if U satisfies the following conditions,

1) ' FxeR ul(xy=1;

2) VAe[0,1]1,Vx,x, € R, u(Ax, +(1~A)x,) = min{ulx),u(x,)},

3) for each o €[0,1] there is a closed interval [a,b] such that

[a =[a.b].

Definition 24 Let a* <a™ < g™ <Y,

A fuzazy number. 4 is called a
Trapezoidal fuzzy number denoted by (a",aM,a”> ,if the membership function
R — [O,]] is defined by

L
JC'-G 1
———ig" S xS g
a’'—a
1
xX—a
u(x)=<ﬁ;aM SXSGU ; (2.3)
a’ —a

0 ; otherwise




A(g)eR™ ,C(g) eR™" and B(x,£)eR",

J(5.3,8) =(fi(x, 3, 8)ss £,(%,3,6)) € R,

2(x,,8) =(8,(%,,6)s.0, 8, (x,3,6)) eR", x° = (xf,...,xf) eR"

30 = (yio,...,yf,) € R", and the symbol X = (Jil,...,J'c”) and Y = (j)l,...,j}m)

are the derivatives of X and ) respect to the time variable f,respectively.

First, we define an approximate solution of 3.1. Suppose that there exists

an (xo,yo) e R"xR"” such that the fast equation becomes stationary, ie,
C(&)y+ g(x,y,€)=0, then system 31 can written in the following form,

x=A(&)x+ f(x,y,&)+ B(x,&)u
0=C(e)y+g(x,y.¢)
10 63|

Y(tg) ="

Furthermore, if £ is small enough, it is reasonable to replace system 3.2 with the

(32)

following algebraic differential equation,
x=A(&)x+ f(x,y,&)+ B(x,&)u
0=Cy+g(x,»)
xS
W)=y’
where C'=C(0), and g(x,y)=g(x,,0).
Assumption(A-1) Suppose that the solution of Cy-+ g(x,»)=0 with

(33)

y(Io) = y° has a unique solution Yy =H(x) and H is continuously
differentiable,
By substitution ¥ = H(X) in 3.3, we obtain
x=A(&)x+ f(x H(x), &Y+ B(x,8)u
{ x(t,) = x°
In this paper, this system 34 is called an approzimate system of system 3.1.

(34)



[f (x(s), H(x(s5), £) = f(¥(5), H(¥(5), £))]
+[B(x(s), £)u+ B(y(s), £)u]

< f{"S(r -9)|

fo

]ds

< M(L, (= yl+] = ) Ly e~ el s

fo

< M (L, (I Lo o)+ Ly e — el

= M (L (1+ Ly )+ Ly o= 5 2. (37

where M is the bound of ”S(I)" on [0,00) .Using 36 and 37 and induction on

, we have

(M (L, (14 1,)+ Ly Ju))’

[0 = (Fry) < ) =]«
M(L, (1+L, )+ L, Jul)) ¢
N AL e i
For a sufficiently large 7, (M(Lj (1+ LH)+LB ”u”)) t <1 and by a

n!
wellknown extension of the contraction mapping principle, there is a unique

Xe Cn such that
x(t) = (Fx)t

& S(t<5)x" + j.S (t =) £(x(5), H(x(s),8) + B(x(s,€))ulds  (39)

Therefore, the semi-linear ACP 34 has a unique mild solution X € Cn ‘

The Lipschitz continuity of the mapping X >xisa consequence of the
following argument. Let X and ) be the mild solution of system 3.4 with the initial

value x” and yo , respectively. It follows from the definition of a mild solution and

the uniformly Lipschitz continuity of /7 , B and f that

()= yt)| < M”x“ -y’ H +M (L, (1+L,)+L, ”u”)“lx(s) —y(s)||ds 310,

and by Granwals Lemma, this implies that



" n

A(x,£) = ZZ( ,,-f(a)xk] F(x,H(x),8) = Z[ f(xH(x), e)J

i=l k=1

and B(x,g) = Z[% b,(x,g)) |

Therefore, system 34 can be transformed to a real-value system,

V(x,e)=A(x, &)+ F(x, H(x),8)+ B(x, £)u. (41)
Throughout this paper we denote
X/ ={xeX| p(x)=0}. (42)

and partition this set X by using signs of E(x 6) as follows,

B ={xe X|B(x.¢)= 0} B ={xe X|B(x,2)>0},

and

BE ={xe XlE(x,g)<0}_ (43)

Theorem 4.1 Let an approximate control system 3.4 be fed with a control signal
ue ]R, obtained from a weighted-sum defuzzification method for TSFC, Let x = ()
be an equilibrium point Suppose that there exists a function V' (+,£): X —> R of

which V(x,£)>0 , Vx #0 and all first-order partial derivatives are continuous,
with

1) A(x, )+ F(x, H(x),£) <0 for all x & B,
2) u, < ——[ AR +F(x,H(x),g)] for allx € X' M B ,and

E(x,s)
u Z_(‘Z(xag)"‘_ﬁ(xgH(X),E)

’ B(x,¢)
3)S={xeXJV(x,g):0}={x:0}

Then the fuzzy control system is globally asymptotically stable in the sense of

J forall xe X' NB i=1,.,m,

Lyponov at the origin.

Proof We first show that V(x, 8) is negative semi-definite. Let X, € X andlet us

consider signs afB(x, 6) .We partition this proof into 3 cases as follows,
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E(xG,E)JrF(me(xo)ag)} (45)

u(xo)z—( B(x,,£)
This implies that ¥ (x, &) = A(x, &)+ F(x, H(x),£) + B(x, £)u <0.
Therefore, V' (x,,£) <0 ,Vx' € X "B foralli=1,...,n.
Case 8 x, € B® then B(x,,&)=0.
By condition 1), A(x,, &)+ F(x,, H(x,),5) < 0.
This implies that ¥ (X, €)= A(%, &)+ F (x5, H(%), €) + B(x,, £)u < 0.
From Casel)to CaseS), we conclude that V(X)) <0 for all x, € X ie, and

V(x,€) is negative semidefinite, Condition 3) of the theorem ensures the
fulfillment of LaSalle’s invariant set principle. This means that LaSalle's global
invariant set theorem applies; hence the equilibrium point at the origin is globally

asymptotically stable. H
Theorem 43 Let-5'= {x e X[ (x.e)= 0} and §, = {x e XV (x.6)= 0} g
such that
Vi(x,8) = A(x,8) + F(x, H(x),£) + B(x,£)u,(x) then S < US,.
i=l
>V (x8)p,(x)

" . -
Proof We will show that S C US}..Notre that V' (x,£) = i=!

P Z:¢r (x)

for all XEX . Let x,€S then F(x;;&)=0.This _implies ~ that

m
Z Vr(xo, &')(0r (xo) =0 . Following the proof of Theorem 4.1, there exists an index
i=1

2 m
k such that V,(x,,&)=0.Thus X, EUle. o
i
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) Oy~ TX; l+&
X(0) =S —1)x" + [S(-9)| | x(p=x)=x, [+| 0 |ulds,
® xx, = Bx, 0
- 0 0 iy, 0 0
where S(f)=exp| 0 =26 0 |t=| 0 & 0
I RNV A 0V, 0 e

The objective of this presentation is to find the control u; for which the
approximate system 5.3 can be stabilized by the TSFC method described above.
Following the proof of Theorem 4.1, wedesign a stable fuzzy control system as

follows.
Step1) Choose a Lyapunov function V', calculate V|
A(x,8) + F(x, H(x), ) , and B(x,z).
In this example, we choose 7/(x)= x + X2 + X_ . Then we have
V(x,6) =—2(e +0)x] 226 + V&2 =2(1 + & + B)x?
+2(0+ p)xx, + 2(1+&)xu. (5.4)
In ‘this case, we have
A(x,8)+ F(x, H(x), ) ==2(¢ + 0)x2 - 226 +1)x
21+ e+0)x] +2(c + p) x;x, (55)
and  B(x,6) =2(1+8&)x,. (56)
Step8) Partition the discourse space X by using B(x,&).

In this example, we obtain
B ={(0,x,,x,) € X|x, =0} = {0} x[~50,50] x[~50,50],

B ={(x,%;,x, ) o> 0} = (0,50]x[~50,50]%[~50,50] and

B™ ={(x,%,,%,) € X|x, <0} =[-50,0)x[-50,50]x[50,50] . (57)

Step8) Check that A(x,&)+ F(x, H(x),£) <0 for all x € B® 1 it is
not, we have to choose a new Lyapunov function and repeat Step 1, Else go to the

next step.
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3 P | z Uy
4 N | P u,
5 N fN| u
6 N | z Ug
7 z\ \[| /¥ u,
8 Z | N Uy
9 71| R s

Table 52 The fuzzy control rules of this ezample
Step6) Determine Y, from each fuzzy control rule / obtained in Step 5 by

using condition 2) of Theorem 4.1,

In this example,
Rulellf ¥, is P ANDx, is Pthen X =(0,50]x(0,50]x[—50,50]
Consequently, X' M B* = (0,50]x(0,50]x[=50,50] and X'NB =@,

By condition 2), we have

u (< - A2+ Fon He)
B(x,¢)
2 2
=(8+G)x|+(28+1)x2 +(1+s+ﬂ)x3 —(O-_l-psz. off
l+¢ (1%, (1+&)x, 1+¢&
From (58), we can choose -y, (x) = —[J+pr2.
l+e&
Rule? IfX, is P AND X, is N.then X} =(0,50]%[=50,0)x[-50,50]
.Consequently, X3 M B* =(0,50]1x[~50,0) x [-50,50] and
X; M B~ = By condition 2), we have
2 2
0, (x) s[‘”“}x, . (2 +1)x] . (1+ &+ B)x _(m-p]xz_ -
e (1+¢&)x, (1+&)x I+e
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(5.13)

2 A
>[8+G]x| Qe+ . (1+&+ B)x __(o+p)x2 |
(1+&)x, (1+&)x, 1+¢&
From (5.13), we can choose
2 2

a5 =(s+ajxl L Qe+Dx - (1+&+[)x] +20(0‘+p).

l+¢ (1+8)x, (1+¢&)x, l+&
Rule? If X, is ZAND x, is P.then X' =(=20,20)x(0,50]x[~50,50].
Consequently, X;' M B* = (0,20)x (0,50]x[~50,50] and
X-f b = (—20,0) X (0, 50] X [—50, 50] . We next consider two cases.
Case?.1)If x € X'~ B* =(0,20)%(0,50]x [50,50].by condition 2),

we have

u, (x) S(

2 2
&'+o’)xl+(2‘s+l)x2 7 (1+ &+ B)x; _(a+p]x2‘

(5.14)
I+& Wi & (1+&)x, l+&

5
From (6.14), we can choose %, (x) = —( 0 psz
e

Case?. 2) If x & X.f MNB7=(=20,0)%(0,50]x [—50,50] .by condition 2), we

have

u,(x) = (

2 2
8+0‘)x1+(28+1)x2 +(I+e+ﬁ)x3_[0'+p]x2_ R

l+¢ (1+&)x, (1+&)x, I+¢

o+
From (515), we can choose 4, (X) =~—( 1 p)xz.
L

g+ p
From Case 1) and Case 2), we conclude that we can choose u,(x)=— x,-
I+¢

Since Rule 8 (If x; is Z AND X, is N)and Rule 9(f X, is Z AND X, is 7) are

o+
pimilar to Rule 7, We can choose Uy (x)= U, (A) -, (x) ot —[ 1 P)xz :
+ &

Step7) Check that S = {x = X|V(x,£) = O} = {0}

In this example, following Rule 1- Rule 9 obtained in Step 6 and Theorem 4.2,
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