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Outdoor Climate Simulation

start_time = 4014
end_time = 4306
weather_data = read_weather_from file()

time = start_time
outdoor_temperature = weather_data[int(start_time)]

while time < end_time:
time = time + 1
outdoor_temperature = weather_data[int(time)]
output(time, ["outdoor_temperature', outdoor_ temperature])



Outdoor Climate Simulation

startTtlme = 4014 MODEL
end_time = 4306 PARAMETERS
weather_data = read _weather_from file()

time = start_time
outdoor_temperature = weather_data[int(start_time)]

while time < end_time:
time = time + 1
outdoor_temperature = weather_data[int(time)]
output(time, ["outdoor_temperature', outdoor_ temperature])
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Outdoor Climate Simulation

start_time = 4014
end_time = 4306
weather_data = read_weather_from file()

time = start_time
outdoor_temperature = weather_data[int(start_time)]

while time < end_time:
time = time + 1
outdoor_temperature = weather_data[int(time)]
output(time, ["outdoor_temperature', outdoor_ temperature])

INITIAL
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Outdoor Climate Simulation

start_time = 4014
end_time = 4306
weather_data = read_weather_from file()

time = start_time
outdoor_temperature = weather_data[int(start_time)]

while time < end_time: SIMULATION LOOP
time = time + 1
outdoor_temperature = weather_data[int(time)]
output(time, ["outdoor_temperature', outdoor_ temperature])



Outdoor Climate Simulation

start_time = 4014
end_time = 4306
weather_data = read_weather_from file()

time = start_time
outdoor_temperature = weather_data[int(start_time)]

while time < end_time:
time = time + 1
outdoor_temperature = weather_data[int(time)]
output(time, ["outdoor_temperature', outdoor_ temperature])

STATE
TRANSITION
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Outdoor Climate Simulation

start_time = 4014
end_time = 4306
weather_data = read_weather_from file()

time = start_time
outdoor_temperature = weather_data[int(start_time)]

while time < end_time:
time = time + 1
outdoor_temperature = weather_data[int(time)]

output(time, ["outdoor_temperature', outdoor_ temperature]) SIMULATION

OUTPUT
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Outdoor Climate Simulation =

start_time = 4014
end_time = 4306
weather_data = read_weather_from_file()

time = start_time
outdoor_temperature = weather_data[int(start_time)]

while time < end_time:
time = time + 1
outdoor_temperature = weather_data[int(time)]
output(time, [“outdoor_temperature', outdoor_temperature])



Outdoor Climate Simulation = Indoor Climate Simulation

start_time = 4014

end_time = 4306

weather_data = read_weather_from_file()
wall_rate = 0.1

time = start_time

outdoor_temperature = weather_data[int(start_time)]
indoor_temperature = weather_data[int(start_time)]
lower_transition_temperature = indoor_temperature - 1.0
upper_transition_temperature = indoor_temperature + 1.0

while time < end_time:
outdoor_transition_time = int(time) + 1

rate = wall_rate
target_temperature = outdoor_temperature
dT = target_temperature - indoor_temperature

if dT < O:
transition_dT = lower_transition_temperature - indoor_temperature
else:
transition_dT = upper_transition_temperature - indoor_temperature
iT abs(dT) <= abs(transition_dT):
indoor_transition_time = infty
else:
indoor_transition_time = time + (1.0/rate)*log(abs(dT)/(abs(dT) - abs(transition_dT)))

if indoor_transition_time < outdoor_transition_time:
if dT < O:
indoor_temperature = lower_transition_temperature
else:
indoor_temperature = upper_transition_temperature
lower_transition_temperature = indoor_temperature - 1.0
upper_transition_temperature = indoor_temperature + 1.0
time = indoor_transition_time
else:
dt = outdoor_transition_time - time
indoor_temperature = target_temperature - dT*exp(-rate*dt)
time = outdoor_transition_time
outdoor_temperature = weather_data[int(time)]
output(time, ["'outdoor_temperature', outdoor_temperature])
output(time, ["indoor_temperature', indoor_temperature])
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Indoor Climate Simulation =

start_time = 4014

end_time = 4306

weather_data = read_weather_from_file()
wall_rate = 0.1

time = start_time

outdoor_temperature = weather_data[int(start_time)]
indoor_temperature = weather_data[int(start_time)]
lower_transition_temperature = indoor_temperature - 1.0
upper_transition_temperature = indoor_temperature + 1.0

while time < end_time:
outdoor_transition_time = int(time) + 1

rate = wall_rate
target_temperature = outdoor_temperature
dT = target_temperature - indoor_temperature

if dT < O:
transition_dT = lower_transition_temperature - indoor_temperature
else:
transition_dT = upper_transition_temperature - indoor_temperature
if abs(dT) <= abs(transition_dT):
indoor_transition_time = infty
else:
indoor_transition_time = time + (1.0/rate)*log(abs(dT)/(abs(dT) - abs(transition_dT)))

if indoor_transition_time < outdoor_transition_time:
if dT < O:
indoor_temperature = lower_transition_temperature
else:
indoor_temperature = upper_transition_temperature
lower_transition_temperature = indoor_temperature - 1.0
upper_transition_temperature = indoor_temperature + 1.0
time = indoor_transition_time
else:
dt = outdoor_transition_time - time
indoor_temperature = target_temperature - dT*exp(-rate*dt)
time = outdoor_transition_time
outdoor_temperature = weather_data[int(time)]
output(time, [“outdoor_temperature', outdoor_temperature])
output(time, ["indoor_temperature', indoor_temperature])




Indoor Climate Simulation - Heating System Simulation

start_time = 4014

end_time = 4306

weather_data = read_weather_from_file()
wall_rate = 0.1

heater_rate = 0.4

heater_temperature = 100
lower_sensor_threshold = 70
upper_sensor_threshold = 75

time = start_time

outdoor_temperature = weather_data[int(start_time)]
indoor_temperature = weather_data[int(start_time)]
lower_transition_temperature = indoor_temperature - 1.0
upper_transition_temperature = indoor_temperature + 1.0
heater_is_on = False

while time < end_time:
outdoor_transition_time = int(time) + 1

if heater_is_on:

rate = wall_rate + heater_rate

target_temperature = (wall_rate*outdoor_temperature + heater_rate*heater_temperature)/float(rate)
else:

rate = wall_rate

target_temperature = outdoor_temperature
dT = target_temperature - indoor_temperature

if dT < O:
transition_dT = lower_transition_temperature - indoor_temperature
else:
transition_dT = upper_transition_temperature - indoor_temperature
if abs(dT) <= abs(transition_dT):
indoor_transition_time = infty
else:
indoor_transition_time = time + (1.0/rate)*log(abs(dT)/(abs(dT) - abs(transition_dT)))

if indoor_transition_time < outdoor_transition_time:
if dT < O:
indoor_temperature = lower_transition_temperature
else:
indoor_temperature = upper_transition_temperature
lower_transition_temperature = indoor_temperature - 1.0
upper_transition_temperature = indoor_temperature + 1.0
if indoor_temperature <= lower_sensor_threshold:
heater_is_on = True
elif indoor_temperature >= upper_sensor_threshold:
heater_is_on = False
time = indoor_transition_time
else:
dt = outdoor_transition_time - time
indoor_temperature = target_temperature - dT*exp(-rate*dt)
time = outdoor_transition_time
outdoor_temperature = weather_data[int(time)]
output(time, ["outdoor_temperature', outdoor_temperature])
output(time, ["indoor_temperature’, indoor_temperature])
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Heating System Simulation -

start_time = 4014
end_time = 4306
weather_data = read_weather_from_fileQ)
wall_rate = 0.1

heater_rate = 0.4

heater_temperature = 100
lower_sensor_threshold
upper_sensor_threshold

= 70

=75

time = start_time

outdoor_temperature = weather_data[int(start_time)]
indoor_temperature = weather_data[int(start_time)]
lower_transition_temperature indoor_temperature - 1.0
upper_transition_temperature = indoor_temperature + 1.0
heater_is_on = False

while time < end_time:
outdoor_transition_time = int(time) + 1

if heater_is_on:
rate = wall_rate + heater_rate
target_temperature = (wall_rate*outdoor_temperature + heater_rate*heater_temperature)/float(rate)
else:
rate = wall_rate
target_temperature = outdoor_temperature
dT = target_temperature - indoor_temperature

if dT < O:
transition_dT = lower_transition_temperature - indoor_temperature
else:
transition_dT = upper_transition_temperature - indoor_temperature
if abs(dT) <= abs(transition_dT):
indoor_transition_time = infty
else:
indoor_transition_time = time + (1.0/rate)*log(abs(dT)/(abs(dT) - abs(transition_dT)))

if indoor_transition_time < outdoor_transition_time:
if dT < O:
indoor_temperature = lower_transition_temperature
else:
indoor_temperature = upper_transition_temperature
lower_tran: ion_: door_temperature - 1.0
upper_transition_temperature = indoor_temperature + 1.0
if indoor_temperature <= lower_sensor_threshold:
heater_is_on = True
elif indoor_temperature >= upper_sensor_threshold:
heater_is_on = False
time = indoor_transition_time
else:
dt = outdoor_transition_time - time
indoor_temperature = target_temperature - dT*exp(-rate*dt)
time = outdoor_transition_time
outdoor_temperature = weather_data[int(time)]
output(time, [“outdoor_temperature", outdoor_temperature])
output(time, [“indoor_temperature", indoor_temperature])

28



Heating System Simulation - Window Opening Simulation

start_time = 4014

end_time = 4306

weather_data = read_weather_from_:
wall_rate = 0.1

heater_rate = 0.4
heater_temperature = 100
lower_sensor_threshold = 70
upper_sensor_threshold = 75
lower_occupant_threshold = 72
upper_occupant_threshold = 76
window_rate = 0.4

time = start_time

outdoor_temperature = weather_data[int(start_time)]
indoor_temperature = weather_data[int(start_time)]
lower_transition_temperature indoor_temperature - 1.0
upper_transition_temperature = indoor_temperature + 1.0
heater_is_on = False

window_is_open = False

observed_temperature = weather_data[int(start_time)]

while time < end_time:

outdoor_transition_time = int(time) + 1

window_is_open:
envelope_rate = wall_rate + window_rate
else:
envelope_rate = wall_rate
if heater_is_on:
rate = envelope_rate + heater_rate
target_temperature = (envelope_rate*outdoor_temperature + heater_rate*heater_temperature)/float(rate)
else:
rate = envelope_rate
target_temperature = outdoor_temperature
dT = target_temperature - indoor_temperature

if dT < O:

transition_dT = lower_transition_temperature - indoor_temperature
else:

transition_dT = upper_transition_temperature - indoor_temperature
if abs(dT) <= abs(transition_dT):

indoor_transition_time = infty

indoor_transition_time = time + (1.0/rate)*log(abs(dT)/(abs(dT) - abs(transition_dT)))

if indoor_transition_time < outdoor_transition_time:
if dT < O:
indoor_temperature = lower_transition_temperature

upper_transition_temperature

upper_transition_temperature = indoor_temperature + 1.0

if indoor_temperature <= lower_sensor_threshold:
heater_is_on = True

elif indoor_temperature >= upper_sensor_threshol
heater_is_on = False
time = indoor_transition_time

else:
dt = outdoor_transition_time - time
indoor_temperature = target_temperature - dT*exp(-rate*dt)
time = outdoor_transition_time

outdoor_temperature = weather_data[int(time)]

output(time, [“outdoor_temperature', outdoor_temperature])

output(time, [“indoor_temperature", indoor_temperature])

if observed_temperature >= max([outdoor_temperature, upper_occupant_threshold]):
window_is_open True

if observed_temperature <= max([outdoor_temperature, lower_occupant_threshold]):
window_is_open = False
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start_time = 4014
end_time = 4306

weather_data = read_weather_from_:

wall_rate = 0.1

heater_rate = 0.4
heater_temperature = 100
lower_sensor_threshold = 70
upper_sensor_threshold = 75
lower_occupant_threshold = 72
upper_occupant_threshold = 76
window_rate = 0.4

time = start_time

outdoor_temperature = weather_data[int(start_ti
indoor_temperature = weather_data[int(start_t

lower_transition_temperature
upper_transition_temperature =
heater_is_on = False
window_is_open = False

indoor_temperature - 1.0
ndoor_temperature + 1.0

observed_temperature = weather_data[int(start_time)]

while time < end_time:

outdoor_transition_time = int(time) + 1

if window_is_open:

envelope_rate = wall_rate + window_rate

else:

envelope_rate = wall_rate

if heater_is_on:

rate = envelope_rate + heater_rate
target_temperature = (envelope_rate*outdoor_temperature + heater_rate*heater_temperature)/float(rate)

rate = envelope_rate

target_temperature = outdoor_temperature

dT = target_temperature - i

if dT < O:

ndoor_temperature

Traditional Simulation Code

transition_dT = lower_transition_temperature - indoor_temperature

else:

transition_dT = upper_transition_temperature - indoor_temperature

if abs(dT) <= abs(transitio
indoor_transition_time

n_dT):
= infty

indoor_transition_time = time + (1.0/rate)*log(abs(dT)/(abs(dT) - abs(transition_dT)))

if indoor_transition_time <
if dT < O:
indoor_temperature

if indoor_temperature <

heater_is_on = True

elif indoor_temperature

heater

time = indoor_transitio
else:

dt = outdoor_transition

outdoor_transition_time:

= lower_sensor_threshold:

>= upper_sensor_threshol

s_on = False

n_time

_time - time

upper_transition_temperature

lower_transition_temperature

upper_transition_temperature = indoor_temperature + 1.0

indoor_temperature = target_temperature - dT*exp(-rate*dt)

time = outdoor_transiti

on_time

outdoor_temperature = weather_data[int(time)]

output(

if observed_temperature >=
window_is_open = True
if observed_temperature <=
window_is_open = False

e, [“outdoor_temperature’
output(time, [“indoor_temperature”,

outdoor_temperature])
indoor_temperature])

max([outdoor_temperature, upper_occupant_threshold]):

max([outdoor_temperature,

lower_occupant_threshold]):
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Outdoor Climate Model

outdoor

OUTDOOR temperature
CLIMATE

v

def OUTDOOR_CLIMATE(start_time, end_time, weather_data):

def initialize():
time = start_time
outdoor_temperature = weather_data[int(start_time)]
state = [time, outdoor_temperature]
return state

def external_transition(state, elapsed_time, input_value):
pass

def internal_transition(state):
[time, outdoor_temperature] = state
time = time + 1
outdoor_temperature = weather_data[int(time)]
state = [time, outdoor_temperature]
output_values = [["outdoor_temperature', outdoor_temperature]]
return [state, output values]

def time_advance(state):
[time, outdoor_temperature] = state
if time < end_time:
remaining_time = 1
else:
remaining_time = infty
return remaining_time

DEVS_model = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]




Outdoor Climate Model

Traditional Simulation Code: DEVS Model Code:

start_time = 4014 def OUTDOOR_CLIMATE(start_time, end_time, weather_data):

end_time = 4306

weather_data = read weather_from_file(Q) def initialize():
time = start_time

time = start_time outdoor_temperature = weather_data[int(start_time)]

outdoor_temperature = weather_data[int(start_time)] state = [time, outdoor_temperature]
return state

while time < end_time:
time = time + 1 def external_transition(state, elapsed_time, input_value):
outdoor_temperature = weather_data[int(time)] pass

output(time, [“outdoor_temperature', outdoor_temperature])
def internal_transition(state):

[time, outdoor_temperature] = state

time = time + 1

outdoor_temperature = weather_data[int(time)]

state = [time, outdoor_temperature]

output_values = [["outdoor_temperature', outdoor_temperature]]
return [state, output values]

def time_advance(state):
[time, outdoor_temperature] = state
if time < end_time:
remaining_time = 1
else:
remaining_time = infty
return remaining_time

DEVS_model = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]
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Outdoor Climate Model

Traditional Simulation Code: DEVS Model Code:

start_time = 4014 def OUTDOOR_CLIMATE(start_time, end_time, weather_data):

end_time = 4306

weather_data = read_weather_from_file() def initialize():

time = start_time

outdoor_temperature = weather_data[int(start_time)]
state = [time, outdoor_temperature]

return state

time = start_time
outdoor_temperature = weather_data[int(start_time)]

while time < end_time:
time = time + 1 def external_transition(state, elapsed_time, input_value):
outdoor_temperature = weather_data[int(time)] pass

output(time, [“outdoor_temperature', outdoor_temperature])
def internal_transition(state):

[time, outdoor_temperature] = state

time = time + 1

outdoor_temperature = weather_data[int(time)]

state = [time, outdoor_temperature]

output_values = [["outdoor_temperature', outdoor_temperature]]
return [state, output values]

def time_advance(state):
[time, outdoor_temperature] = state
if time < end_time:
remaining_time = 1
else:
remaining_time = infty
return remaining_time

DEVS_model = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]
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Outdoor Climate Model

Traditional Simulation Code: DEVS Model Code:

start_time = 4014 def OUTDOOR_CLIMATE(start_time, end_time, weather_data):

end_time = 4306

weather_data = read_weather_from_file(Q) def initialize():

time = start_time

outdoor_temperature = weather_data[int(start_time)]
state = [time, outdoor_temperature]

return state

time = start_time
outdoor_temperature = weather_data[int(start_time)]

while time < end_time:
time = time + 1 def external_transition(state, elapsed_time, input_value):
outdoor_temperature = weather_data[int(time)] pass

output(time, [“outdoor_temperature', outdoor_temperature])
def internal_transition(state):

[time, outdoor_temperature] = state

time = time + 1

outdoor_temperature = weather_data[int(time)]

state = [time, outdoor_temperature]

output_values = [["outdoor_temperature', outdoor_temperature]]
return [state, output values]

def time_advance(state):
[time, outdoor_temperature] = state
if time < end_time:
remaining_time = 1
else:
remaining_time = infty
return remaining_time

DEVS_model = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]
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Outdoor Climate Model

Traditional Simulation Code: DEVS Model Code:

start_time = 4014 def OUTDOOR_CLIMATE(start_time, end_time, weather_data):

end_time = 4306

weather_data = read_weather_from_file(Q) def initialize():

time = start_time

outdoor_temperature = weather_data[int(start_time)]
state = [time, outdoor_temperature]

return state

time = start_time
outdoor_temperature = weather_data[int(start_time)]

while time < end_time:
time = time + 1 def external_transition(state, elapsed_time, input_value):
outdoor_temperature = weather_data[int(time)] pass

output(time, [“outdoor_temperature', outdoor_temperature])
def internal_transition(state):

[time, outdoor_temperature] = state

time = time + 1

outdoor_temperature = weather_data[int(time)]

state = [time, outdoor_temperature]

output_values = [["outdoor_temperature', outdoor_temperature]]
return [state, output values]

def time_advance(state):
[time, outdoor_temperature] = state
if time < end_time:
remaining_time = 1
else:
remaining_time = infty
return remaining_time

DEVS_model = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]
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Outdoor Climate Model

Traditional Simulation Code: DEVS Model Code:

start_time = 4014 def OUTDOOR_CLIMATE(start_time, end_time, weather_data):

end_time = 4306

weather_data = read_weather_from_file(Q) def initialize():

time = start_time

outdoor_temperature = weather_data[int(start_time)]
state = [time, outdoor_temperature]

return state

time = start_time
outdoor_temperature = weather_data[int(start_time)]

while time < end_time:
time = time + 1 def external_transition(state, elapsed_time, input_value):
outdoor_temperature = weather_data[int(time)] pass

output(time, [“outdoor_temperature', outdoor_temperature])
def internal_transition(state):

[time, outdoor_temperature] = state

time = time + 1

outdoor_temperature = weather_data[int(time)]

state = [time, outdoor_temperature]

output_values = [["outdoor_temperature’™, outdoor_temperature]]
return [state, output values]

def time_advance(state):
[time, outdoor_temperature] = state
if time < end_time:
remaining_time = 1
else:
remaining_time = infty
return remaining_time

DEVS_model = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]
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Outdoor Climate Model

Traditional Simulation Code: DEVS Model Code:

start_time = 4014 def OUTDOOR_CLIMATE(start_time, end_time, weather_data):

end_time = 4306

weather_data = read_weather_from_file(Q) def initialize():

time = start_time

outdoor_temperature = weather_data[int(start_time)]
state = [time, outdoor_temperature]

return state

time = start_time
outdoor_temperature = weather_data[int(start_time)]

whille time < end_time:
time = time + 1 def external_transition(state, elapsed_time, input_value):
outdoor_temperature = weather_data[int(time)] pass

output(time, [“outdoor_temperature', outdoor_temperature])
def internal_transition(state):

[time, outdoor_temperature] = state

time = time + 1

outdoor_temperature = weather_data[int(time)]

state = [time, outdoor_temperature]

output_values = [["outdoor_temperature', outdoor_temperature]]
return [state, output values]

def time_advance(state):
[time, outdoor_temperature] = state
if time < end_time:
remaining_time = 1
else:
remaining_time = infty
return remaining_time

DEVS_model = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]
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Outdoor Climate Model = Indoor Climate Model

outdoor

OUTDOOR temperature | BUILDING
CLIMATE “l ENVELOPE

outdoor
heat transfer

def OUTDOOR_CLIMATE(start_time, end_time, weather_data):

def initialize():
time = start_time
outdoor_temperature = weather_data[int(start_time)]
state = [time, outdoor_temperature]
return state

def external_transition(state, elapsed_time, input_value):

pass

def internal_transition(state):
[time, outdoor_temperature] = state
time = time + 1
outdoor_temperature = weather_data[int(time)]
state = [time, outdoor_temperature]

output_values = [["outdoor_temperature', outdoor_temperature]]

return [state, output_values]

def time_advance(state):
[time, outdoor_temperature] = state
if time < end_time:
remaining_time = 1
else:
remaining_time = infty
return remaining_time

DEVS_model = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]

INDOOR
CLIMATE

indoor
temperature

v
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Outdoor Climate Model = Indoor Climate Model

outdoor outdoor

OUTDOOR temperature R BUILDING heat transfer R INDOOR

CLIMATE

ENVELOPE - CLIMATE

indoor
temperature

def

def

def

def

def BUILDING_ENVELOPE(wall_rate):

initialize(initial_temperature):
state_has_changed = False

outdoor_temperature = initial_temperature

state = [state_has_changed, outdoor_temperature]
return state

external_transition(state, elapsed_time, input_value):
state_has_changed = True

[port, outdoor_temperature] = input_value

state = [state_has_changed, outdoor_temperature]
return state

internal_transition(state):

[state_has_changed, outdoor_temperature] = state

state_has_changed = False

state = [state_has_changed, outdoor_temperature]

output_values = [["outdoor_heat transfer'™, [outdoor_temperature, wall_rate]]]
return [state, output values]

time_advance(state):
[state_has_changed, outdoor_temperature] = state
if state_has_changed:
remaining_time = 0
else:
remaining_time = infty
return remaining_time

DEVS_model = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]

v
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Outdoor Climate Model = Indoor Climate Model

outdoor outdoor indoor
OUTDOOR temperature BUILDING heat transfer INDOOR temperature

\ 4

CLIMATE ENVELOPE CLIMATE

def INDOOR_CLIVATEQ):

def initial izeCinitial_temerature, initial_rate):
indoor_ tenperaturo - i temperatur:
toner_t - tomperature = indoor temperature - 1.0
Upper transition tamperaturs = indoor temperature + 1.0
outdoor_tenperatire
envelope_rate = ini
tial_temperature
o_tine = infty
hanged = False
state = [indoor_temperature, lower_transition_temperature, upper_transition_temperature,
outdoor_tenperature, envelope_rate, rate, target_ temperature, dT,
indoor_transition_renaining_tine, outdoor_has_changed]
return state
def external_transition(state, elapse: input_val,
[indoor_tenperature, loer. tion_tenperature,
outdoor_terperature, envelope_rate, rate,
indoor_transition_renaining_tine, outdoor_has_changed]
dt = elapsed_tine
indoor_temperature = target_temperature - dT*exp(-rate*dt)
= input_value
utdoor_heat._transfer
Dnow cutdoor_terperature, new enuelopo_rate] = ness
iF new_envelo e == emiope_rots or ot (e aitdone_temgeratire == cutioor_tanperaturs)
utdoo has changed = T
outoor. temparaBire = now_outdoor._temperatire
envelope_rate = new_envelope_rate
rate = envelope_rate
target_tenperatire = outdoor_tenperature
T = target_tenperature - indoor_tenperature
ifar <o
transition dT = lover_transition_temperature - indoor_tenperature
else
transition_dT = upper_transition_tenperature - indoor_tenperature
if abs(dn) s(transition_dr).
indoor_transition_remaining_tine = infty
else
indoor_transition_renaining_tine = (1. o )/Cabs(dT) - ition_dn))
state = [indoor_tenperature, lower_transition_tenperature, upper_transition_tenperature,
outdoor_tenperaturs, envelope_rate, rate, target. temperature, dT,
incoor. Trancttion_remaining. tTme, Sutaoor_has. changed]
return state
def internal_transition(state)

door_tenperature, lower_transition_temperature, upper
outdoortemperaturs, emvelope_rate, rate. target mpemm. ar,
indoor_transi tdoor_has_changed] =

n_tenperature,

¥ outdor. s charged
_has_changed < False

Ukt Satues = [indost senperature’, Indoor_temperature]]
else
ifaT <0
indoor_tenperature = lover_transition_tenperature
else

indoor_tenperature = upper_transition_terperature

lower_transition_temperature

upper_transition_temperature
arget. tenperature - indoor. tenperature

ion_remaining_tine = (L. o /(abs(dT) - abs(transition_dT)))
output_values = [["indoor_tetperature_transition”, indoor_terperature]]
state = [indoor_terperaturo, lower_transition.tenperature, upper. transi
outdoo! erature, envelope_rate, rate, target temperature, dT,
dl

ndoor.Erancation reraining tine, Sutdoor has_ change
return [state, output_values]

n_temperature,

def tine_advance(state):
door_tenperature, lower_transition_temperature, upper.

Gutdoor terperature, envelope.rato. Tate. targes. tonperature, A,
indoor_transition_renaining_tine, outdoor_has_changed] = state
if outdoor_has_changed:

renaining_tire = 0
else

renaining_tine = indoor_transition_renaining_tine
return renaining_tine

n_temperature,,

DEVS_model = [external_transition, internal_transi

ion, time_advance]

return [initial

e, DEVS_nodel]
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heater
heat transfer
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def SENSOR(lower_sensor_threshold, upper_sensor_threshold):

def ini lizeQ):
heater_should_change = False
heater_should_be_on = False
state = [heater_should_change, heater_should_be_on]
return state

def external_transition(state, elapsed_time, input_value):
[heater_should_change, heater_should_be_on] = state
[port, indoor_temperature] = input_value

heater_should_change = True
heater_should_be_on = True

heater_should_change = True
heater_should_be_on = False
state = [heater_should_change, heater_should_be_on]
return state

def internal_transition(state):
[heater_should_change, heater_should_be_on] = state
heater_should_change = False
state = [heater_should_change, heater_should_be_on]
output_values = [[“"heater_change™, heater_should_be_on]]
return [state, output_values]

def time_advance(state):
[heater_should_change, heater_should_be_on] = state
if heater_should_change:
remaining_time = 0
else:
remainin me = infty
return remaining_time

DEVS_model = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]

if (not heater_should_be_on) and indoor_temperature <= lower_sensor_threshold:

elif heater_should_be_on and indoor_temperature >= upper_sensor_threshold:

HEATER
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HEATER

def HEATER(heater_temperature, heater_rate):

def initialize():
heater_has_changed = False
heater_is_on = False
state = [heater_has_changed, heater_is_on]
return state

def external_transition(state, elapsed_time, input_value):
[heater_has_changed, heater_is_on] = state
heater_has_changed = True
[port, heater_is_on] = input_value
state = [heater_has_changed, heater_is_on]
return state

def internal_transition(state):

[heater_has_changed, heater_is_on] = state
heater_has_changed = False
state = [heater_has_changed, heater_is_on]
if heater_is_on:

rate = heater_rate
else:

rate = 0

output_values = [["heater_heat_transfer"”, [heater_temperature, rate]]]

return [state, output_values]

def time_advance(state):
[heater_has_changed, heater_is_on] = state
if heater_has_changed:
remaining_time = 0
else:
remaining_time = infty
return remaining_time

DEVS_model = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]
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def INDOOR_CLIVATE_WITH_HEATERQ):

nitial ize(initial_terpe: initial_rat

indoor_tenperature = initial_térperaturs

Tover_transition_temperature

upper_transition terperature
itial_tenperature

itial_rate

= initial_temperature

rate
targec terperaiure = initial_terperature
ar

Indoor_transition_renaining_tire = infty

sition temerature, upper_transition_tesperatre,
te, e heater_rate.
Tnoocetrarettron_romabmin, i, outoor_ias_chaged]
return state

der external transitionCstate, elapsed_tine, it vatue):
Lin perature, lower_tr \_témperature. upper_tran
oot tanperaturs, envelope. rate, heater. temperature, heater
rate, target_tenperature, dT
indoor_transition_renaining.

ion_tenperature,
ey

e, outdoor_has_changed] = state

dt = elapsed_f
Indoor. tomperature = target_temperature - dTexp(-ratetdt)

[new_ outdoor.tefperature, nen_smvelope rate] =
elope_rate or ot (ow.outdoor_tenperature
e

outdoor_tenperature):

en_ autuaor _tenperature
emelope.ra

rate = envelope_rate + heater_rats
target_temperatire = (envelope_ mm'ou(noar _tenperature + heater_rate*hester_tanperature)/float(rats)
T = target_tenperature - indoor_tenperatu
i a7 < 0
transition_dT = lower_transition_tenperature - indoor_tenperature
etse:
ransition_tenperature - indoor_tenperature

\_renaining_tine = infty

1se:
indoor_transi

\_renaining_tine = (1.0/rate)*0g(abs(dN)/(abs(dT) - abs(trans

fon_am))

state = [indoortemperature, Iover.transition tenperature. upper_{ransition_ tanperature,
oF.omperaturs, emlaps rats. heater. tomperature, heater fat
e, target.tenperaturo, o
indoor_transition_renaining_tine, outdoor_has_changed]
return state

def internal_transition(state)
Lindoor Temperature, “lower. transition_terperature
_terperature, envelop " e
- Garger
indosr_trans

. upper_transition_tenperature,
Fature, heater_rat

enperaturo, ars
fon_renaining

re. outdoor_has_changed] = state

i outdoor_has_changed:
outdoor_has_changed = Fal
ik, vats = FT-Indoor_Lonperature”, Indoor_tamperaturel]

etse
ifar <0

indoor_tenperatur

Tover_transi tion_terperature
otee:

foor._temper Upper_transition_tenperature
Lover transieton semperatire = ndoor_temperature - 1.0
upper_trar temperature _tenperature + 120
7~ Target. temparature - indoor. tanperatur

n_tenperature - indoor_tenperature
n_tenperature - indoor_tenperature

e = infty

indoor_transi tion_remaining_tine = (1.0/rate)*log(abs(dT)/(abs(dT) - abs(transition_dT)))

output_vallues = [["indoor_tenperature_transition”, indoor_temperature]]

state temperaturs, Iaver_ transttion temperature. upper_transition_temerature.

ope_rata, Feater_tesperature, heator_rats

rget_temperature.
oo SransTtion retaining tire. outdoor_has_changed]
return [state, output_values]

def tine_advance(state):
deor_temperature, o transition_ temperature
outdoor_temperaturs, envelope_rate. feater

soper_

ion_tenperature,

e, outdoor_has_changed] = state

ndoor_transition_renaining_tine

0EVS_nadel

[external_transition, internal_transition, tine_advance]

return [initialize, OEVS nodel]
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heat transfer
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def OCCUPANT(lower_sensor_threshold, upper_sensor_threshold):

def initialize(initial_temperature):

1 temperature

indoor_temperature _temperature

state = [window_should_change, window_should_be_open,
outdoor_temperature, indoor_temperature]

return state

ion(state, elapsed_time, input_value):
[window_should_change, window_should_be_open,
outdoor_tenperature, indoor_temperature] = state
t, input_temperature] = input_value
‘outdoor_temperature"
nput_temperature
“indoor_temperature_transi "2
indoor_temperature = input_temperature
if (not window_should_be_open) and indoor_temperature >= max([outdoor_temperature, upper_sensor_threshold]):
window_should_change = True
X { be_open = True
elif window_should_be_open and indoor_temperature <= max([outdoor_temperature, lower_sensor_threshold]):
window_should_change = True
window_should_be_open = False
state = [window_should_change, window_should_be_open,
outdoor_temperature, indoor_temperature]
return state

def internal_transition(state
[window_should_change, window_should_be_open,
outdoor_tenperature, indoor_temperature] = state

iow_should_change

state = [window_should_change, window_should_be_open,

outdoor_temperature, indoor_temperature]
output_values = [["window_change", window_should_be_open]]
return [state, output_values]

def time_advance(state):
[window_should_change, window_should_be_open,
outdoor_tenperature, indoor_temperature] = state
if window_should_chang

DEVS_nodel = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]

heater

WITH -
HEATER
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heater
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def BUILDING_ENVELOPE_WITH_WINDOW(wall_rate, window_rate):

def initialize(initial_temperature):
state_has_changed = False
outdoor_temperature = initial_temperature
window_is_open = False
state = [state_has_changed, outdoor_temperature, window_is_open]
return state

def external_transition(state, elapsed_time, input_value):
[state_has_changed, outdoor_temperature, window_is_open] = state
[port, message] = input_value
state_has_changed = True

if port == "outdoor_temperature":
outdoor_temperature = message
elif port == "window_change:

window_is_open = message
state = [state_has_changed, outdoor_temperature, window_is_open]
return state

def internal_transition(state):
[state_has_changed, outdoor_temperature, window is open] = state
state_has_changed = False
state = [state_has_changed, outdoor_temperature, window_is_open]
if window_is_open:
envelope_rate = wall_rate + window_rate
else:
envelope_rate = wall_rate

return [state, output_values]

def time_advance(state):
[state_has_changed, outdoor_temperature, window_is_open] = state
if state_has_changed:
remaining_time = 0
else:
remaining_time = infty
return remaining_time

DEVS_model = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]

output_values = [["outdoor_heat_transfer™, [outdoor_temperature, envelope_rate]]]

HEATER
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heater
change

69




Temperature (F)

100

90

80

70

60

50

40

DEVS Simulation Output

A

—— QOutdoor Temperature

— Indoor Temperature

"

\

|

. AN

A
\

S

('R

WA W

—

V

70



Temperature (F)

100

90

80

70

60

50

40

DEVS Simulation Output

—— QOutdoor Temperature

— Indoor Temperature

AL

| » |
IR R R

71



start_time = 4014
end_time = 4306

weather_data = read_weather_from_:

wall_rate = 0.1

heater_rate = 0.4
heater_temperature = 100
lower_sensor_threshold = 70
upper_sensor_threshold = 75
lower_occupant_threshold = 72
upper_occupant_threshold = 76
window_rate = 0.4

time = start_time

outdoor_temperature = weather_data[int(start_ti
indoor_temperature = weather_data[int(start_t

lower_transition_temperature
upper_transition_temperature =
heater_is_on = False
window_is_open = False

indoor_temperature - 1.0
ndoor_temperature + 1.0

observed_temperature = weather_data[int(start_time)]

while time < end_time:

outdoor_transition_time = int(time) + 1

if window_is_open:

envelope_rate = wall_rate + window_rate

else:

envelope_rate = wall_rate

if heater_is_on:

rate = envelope_rate + heater_rate
target_temperature = (envelope_rate*outdoor_temperature + heater_rate*heater_temperature)/float(rate)

rate = envelope_rate

target_temperature = outdoor_temperature

dT = target_temperature - i

if dT < O:

ndoor_temperature

Traditional Simulation Code

transition_dT = lower_transition_temperature - indoor_temperature

else:

transition_dT = upper_transition_temperature - indoor_temperature

if abs(dT) <= abs(transitio
indoor_transition_time

n_dT):
= infty

indoor_transition_time = time + (1.0/rate)*log(abs(dT)/(abs(dT) - abs(transition_dT)))

if indoor_transition_time <
if dT < O:
indoor_temperature

if indoor_temperature <

heater_is_on = True

elif indoor_temperature

heater

time = indoor_transitio
else:

dt = outdoor_transition

outdoor_transition_time:

= lower_sensor_threshold:

>= upper_sensor_threshol

s_on = False

n_time

_time - time

upper_transition_temperature

lower_transition_temperature

upper_transition_temperature = indoor_temperature + 1.0

indoor_temperature = target_temperature - dT*exp(-rate*dt)

time = outdoor_transiti

on_time

outdoor_temperature = weather_data[int(time)]

output(

if observed_temperature >=
window_is_open = True
if observed_temperature <=
window_is_open = False

e, [“outdoor_temperature’
output(time, [“indoor_temperature”,

outdoor_temperature])
indoor_temperature])

max([outdoor_temperature, upper_occupant_threshold]):

max([outdoor_temperature,

lower_occupant_threshold]):

72
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DEVS Model Code

outdoor BUILDING | outdoor INDOOR
OUTDOOR [temperature | gnyelope |heattransfer | cymate |
CLIMATE - WITH - WITH N
WINDOW HEATER
A indoor
def OUTDOOR_CLIMATE(start_time, end_time, weather_data): - heater
def initialize(): heat transfer
time = start_time
outdoor_temperature = weather_data[int(start_time)]
state = [time, outdoor_temperature]
return state > SENSOR > HEATER
heater
def external_transition(state, elapsed_time, input_value): change

pass

def internal_transition(state):
[time, outdoor_temperature] = state
time = time + 1
outdoor_temperature = weather_data[int(time)]
state = [time, outdoor_temperature]
output_values = [["outdoor_temperature', outdoor_temperature]]
return [state, output values]

def time_advance(state):
[time, outdoor_temperature] = state
if time < end_time:
remaining_time = 1
else:
remaining_time = infty
return remaining_time

DEVS_model = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]
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def

def

def

def

def BUILDING_ENVELOPE_WITH_WINDOW(wall_rate, window_rate):

initialize(initial_temperature):

state_has_changed = False

outdoor_temperature = initial_temperature

window_is_open = False

state = [state_has_changed, outdoor_temperature, window_is_open]
return state

external_transition(state, elapsed_time, input_value):
[state_has_changed, outdoor_temperature, window_is_open] = state
[port, message] = input_value

state_has_changed = True

if port == "outdoor_temperature':
outdoor_temperature = message
elif port == "window_change":

window_is_open = message
state = [state_has_changed, outdoor_temperature, window_is_open]
return state

internal_transition(state):
[state_has_changed, outdoor_temperature, window_is_open] = state
state_has_changed = False
state = [state_has_changed, outdoor_temperature, window_is_open]
if window_is_open:

envelope_rate = wall_rate + window_rate
else:

envelope_rate = wall_rate

output_values = [["outdoor_heat_transfer™, [outdoor_temperature, envelope_rate]]]

return [state, output_values]

time_advance(state):
[state_has_changed, outdoor_temperature, window_is_open] = state
if state_has_changed:
remaining_time = 0
else:
remaining_time = infty
return remaining_time

DEVS_model = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]
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at = elapsed_t
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Troe
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def OCCUPANT(lower_sensor_threshold, upper_sensor_threshold):

indoor_temperature _temperature
state = [window_should_change, window_should_be_open,

outdoor_temperature, indoor_temperature]
return state

def external_transition(state, elapsed_time, input_value):
[window_should_change, window_should_be_open,
outdoor_tenperature, indoor_temperature] = state
t, input_temperature] = input_value
‘outdoor_temperature"
nput_temperature
elif port == “indoor_temperature_transi "2
indoor_temperature = input_temperature
if (not (s
window_should_change
window_shoul open = True

elif window_should_be_open and indoor_temperature <= max([outdoor_temperature, lower_sensor_threshold]):

window_should_change = True
window_should_be_open = False
state = [window_should_change, window_should_be_open,
outdoor_temperature, indoor_temperature]
return state

def internal_transition(state

[window_should_change, window_should_be_open,
outdoor_tenperature, indoor_temperature] = state

iow_should_change

state = [window_should_change, window_should_be_open,

outdoor_temperature, indoor_temperature]
output_values = [["window_change", window_should_be_open]]
return [state, output_values]

def time_advance(state):
[window_should_change, window_should_be_open,
outdoor_tenperature, indoor_temperature] = state
if window_should_chang

DEVS_nodel = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]
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def SENSOR(lower_sensor_threshold, upper_sensor_threshold):

initialize():

heater_should_change = False

heater_should_be_on = False

state = [heater_should_change, heater_should_be_on]
return state

external_transition(state, elapsed_time, input_value):

[heater_should_change, heater_should_be_on] = state

[port, indoor_temperature] = input_value

if (not heater_should_be_on) and indoor_temperature <= lower_sensor_threshold:
heater_should_change = True
heater_should_be_on = True

elif heater_should_be_on and indoor_temperature >= upper_sensor_threshold:
heater_should_change = True
heater_should_be_on = False

state = [heater_should_change, heater_should_be_on]

return state

internal_transition(state):

[heater_should_change, heater_should_be_on] = state
heater_should_change = False

state = [heater_should_change, heater_should_be_on]
output_values = [[“heater_change™, heater_should_be_on]]
return [state, output_values]

time_advance(state):
[heater_should_change, heater_should_be_on] = state

DEVS_model = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]
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def HEATER(heater_temperature, heater_rate):

initialize():

heater_has_changed = False

heater_is_on = False

state = [heater_has_changed, heater_is_on]
return state

external_transition(state, elapsed_time, input_value):
[heater_has_changed, heater_is_on] = state
heater_has_changed = True

[port, heater_is_on] = input_value

state = [heater_has_changed, heater_is_on]

return state

internal_transition(state):
[heater_has_changed, heater_is_on] = state
heater_has_changed = False
state = [heater_has_changed, heater_is_on]
if heater_is_on:
rate = heater_rate
else:
rate = 0
output_values = [["heater_heat_transfer"”, [heater_temperature, rate]]]
return [state, output_values]

time_advance(state):
[heater_has_changed, heater_is_on] = state
if heater_has_changed:
remaining_time = 0
else:
remaining_time = infty
return remaining_time

DEVS_model = [external_transition, internal_transition, time_advance]

return [initialize, DEVS_model]
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