JIOJIATOK A

CkpurT, 110 peani3ye 3alporoHOBaHy MOJIENb YIPABIIHHS NEPEMILIEHHIM

import numpy as np
import pandas as pd

import skfuzzy

from time import time
from skfuzzy import trimf, trapmf

from datetime import datetime

class FactBase:
def __init_ (self):
self. fact_base = {}

def _ len_ (self):

return len(self._fact_base)

def __str__ (self):
facts = "'

for fact in sorted(self._fact_base):
facts += fact
facts += "\t - \t'
facts += str(self._fact_base[fact])
facts += '"\n'

return facts

def _ repr__ (self):

return self. str_ ()

def return_facts(self):

return self. fact_base.copy()

def fill from_rule_base(self, rule_base):
for rule in rule_base:
fields = list(rule['if'].keys()) + list(rule['th'].keys())
for field in fields:
self._fact_base[field] = 0.0
for fact in self._fact_base:
if 'event_Start' in fact:
self. fact_base[fact] = 0.0
if 'sat_Start' in fact:



self. fact_base[fact] = 1.0
if 'sat_Start_k' in fact:

continue

def update(self, fact, value):

try:

self. fact_base[fact] = float(value)
except ValueError:

self._fact_base[fact] = value

class RuleBase:

def __init_ (self, epsilon=0.75):
self. rule base = []

self.epsilon = epsilon

def __len__ (self):

return len(self._rule_base)

def _ str_ (self):

rules =

for rule in self._rule_base:
rules += 'IF '

for part in rule['if']:
rules += part

rules += ' is
rules += rule['if'][part]
rules += ' and '
rules = rules[:-5] + ", THEN '
for part in rule['th']:
rules += part

rules += =

rules += str(rule['th'][part])

rules += ',
rules = rules[:-2]
rules += '\n'
return rules
def __repr__(self):

return self. str_ ()

def add_one_rule(self, rule_txt):
rule = rule_txt
while rule[-1] == ';' or rule[-1] == '

rule = rule[:-1]

75



if_field = rule.split(';>;")[0]
th_field = rule.split(';>;")[1]

rule = {}
rule["if'] = {}
rule['th'] = {}

for part in if_field.split(';"):
fact = part[:part.rfind(' is ")]
value = part[part.rfind(' is ") + 4:]
rule[ 'if'][fact] = value
for part in th_field.split(';"):
fact = part[:part.rfind(' = ")]
value = part[part.rfind(' = ') + 3:]
try:
rule[ 'th'][fact]
except ValueError:
rule[ "th'][fact]

self. rule_base.append(rule)

float(value)

value

def add_rules(self, rules_txt):
for rule_txt in rules_txt:

self.add_one_rule(rule_txt.strip())

def add_rules_from_file(self, file_path):
with open(file_path) as rules:

self.add_rules(rules)

def return_rules(self):

return self. rule_base.copy()

def check(self, fact_base):
for rule in self._rule_base:

facts = fact_base.return_facts()

fuzzy values = []

for fact in rule['if']:
fuzzy_val = self.fuzzification(rule['if'][fact], facts[fact])
fuzzy_values.append(fuzzy val)

output = min(fuzzy_values)

if abs(output) < self.epsilon:
continue

for fact in rule['th']:
if rule['th'][fact] == 'RUN":

fact_base.update(fact, 1.0)

continue



if 'sat_Start_k' in fact:
for base_fact in facts:
if 'sat_Start' in base_fact:
fact_base.update(base_fact, rule['th'][fact])
fact_base.update(fact, float(rule['th'][fact]) * output)

@staticmethod

def

fuzzification(term, value):

value = np.array([value])

np.array([0, 0.6 1, 1])
np.array([-0.6, 0, 0.6])
np.array([-1, -1, -0.6, 0])

hig_term_param

mid_term_param

low_term_param

if term == 'high' and trapmf(value, hig_term_param)[@] > @:
return trapmf(value, hig_term_param)[0]

if term == 'middle' and trimf(value, mid_term_param)[0]:
return trapmf(value, mid_term_param)[0]

if term == 'low' and trapmf(value, low_term_param)[0]:
return trapmf(value, low_term_param)[0]

return False

class Engine:

def

def

__init__ (self, facts, rules, epsilon=0.75):

self.epsilon = epsilon

self.facts = facts

self.rules = rules

self.rules.add_rules_from_file('rules_type4.csv')
self.rules.add_rules_from_file('rules_type3.csv')
self.rules.add_rules_from_file('rules_type2 1.csv')
self.rules.add_rules_from_file('rules_type2_2.csv')
self.rules.add_rules_from_file('rules_typel 1.csv')
self.rules.add_rules_from_file('rules_typel 2.csv')

self.rules.add_rules_from_file('rules_type@.csv')

self.facts.fill from_rule_base(self.rules.return_rules())

simulation(self, environmental_change_path):

path = environmental_change_path

self.fact_memory_logging()

with open(path) as environmental_change:
#Emynauia 3miH B OTO4YeHHi

for chg in environmental_change:
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#AKwo B pAAKY, WO MAa€E MiCTUTKU 3MiHM B oTOoYeHHi micTuTbcA papok 'next’,
#T0 ofHOYacHi 3MiHM B OTO4YeHHi1 3aKkiH4Yu/nCb i BUKOHYETbCA nepexip Ao
#nepeBipku npasBun

chg = chg.strip()

if chg[:-1] == "next':

self.rules.check(self.facts)
#loryBaHHA cTaHy nam'AaTi ¢akTiB
self.fact_memory_logging()
#0OnyckaHHA ¢akTiB noain (event), Ta ¢axkTiB, WO 6a3ywTbCA Ha O3HaKax
#nicna nepeBipku ycix npaswun,
for fact in self.facts.return_facts():
if 'sat_' not in fact:
self.facts.update(fact, 0.0)
continue
#MapcuHr paaka nopgin i BipgnoBipgHa 3miHa 6a3u ¢akTis
chg = chg.split(';")
self.facts.update(chg[0], chg[1])

def fact_memory_logging(self):

JloryBaHHA cTaHy 6a3u dakTiBs
with open('LOG_facts.csv', 'a') as log_facts:

log facts.write(str(self.facts.return_facts()).replace(', ', ";"').replace(':

', ') . replace( > "").replace('{', '').replace('}', "').replace('.', ',"))
log_facts.write('\n")

facts = FactBase()
rules = RuleBase()
engine = Engine(facts, rules)

engine.simulation(environmental_change_path="environmental_change.csv')
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