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Weather Station: 1st Design

weather_data

WEATHER_DATA

temperature:
humidity: REAL
pressure: REAL
correct_limits (t, p, h): BOOLEAN

-- Are current data within legal limits?
invariant

correct_limits (temperature, humidity, pressuure)

FORECAST+

f A
‘display +
== and display the latest data.
current_pressure: REAL
ssize: REAL Y

I display + l
== Retrieve and display the latest data.

temperature: REAL

\Paidi : REAL

S

TQETISTICS+
ﬁ: v
( display + k

o= display the latest data.
m“ @ure: REAL




Weather Station:

Testing 1st Design

iclass WEATHER STATION create make

feature - Attributes
cc: CURRENT_CONDITIONS ; fd: FORECAST ; sd: STATISTICS
wd: WEATHER DATA
feature l
make
do create wd.make (9, 75, 25)
create cc.make (wd) ; create fd.make (wd) ; create sd.make (wd
wd. set_measurements (15, 60, 30.4)
cc.display ; fd.display ; sd.display
cc.display ; fd.display ; sd.display
wd.set_measurements (11, 90, 20)
cc.display ; fd.display ; s8d.display
end
Fnd

class FORECAST create make
feature - L
current_pressure:
last_pressure: REAL
weather _data: WEATHER DATA
feature -
make (wd: WEATHER_ DATA)
ensure weather_data =
update
do last_pressure := current_pressure
current_pressure := (Weather data)pressure
end
display

Attri

a-weather_data

do update

temperature
pressure
humidity

wd
WEATHER_DATA [

fd~ FORECAST

weather_data

CC,4CURRENT_CONDITION

weather_data

class CURRENI_CONDITIONS
feature - Attribu
temperature: REAL
humidity: REAL
weather_data: WEATHER DATA
feature - C nds
make (wd: WEATHER_DATA)

create make

PR
ces

ensure weather_data = wd
update
do temperature := weather_data.temperature
humidity := (weather data.humidity
end
display
do update

class STATISTICS create make
feature - Attrik

butes

weather_data: WEATHER DATA

current_temp: REAL

max, min, sum_so_far: REAL

num_ readings: INTEGER
feature - C ok

make (wd: WEATHER DATA)
ensure weather_data =
update

do current_temp :=

a-weather_data

weather data.temperature

—-— Update min, max if neces

end
display
do update




o - OBSFR/&R
Kereate {OB3 0. mato

observers

" OBSERVEIG:)

feature -- { SUBJECT }
update *
-- React to a update.

The”Observerattern

subjects

[

=~ -
Y

4 \ 4

i SUBJEC’I;/ R

feature -- { NONE }

observers: LIST[OBSERVER] »
feature -- { OBSERVER }

- - = -

attach, detach

notify +
-- Notify an update to observers feature -- { SUBJECT }
ensure up_to_date_with_subject: BOOLEAN *
Yo : observers : o.update_to_date_with_subject
L 2 ) -- the latest state of the subject?

< \R
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1
1
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1
1
1
1 -- Is current observer up to date with
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1
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Observer Pattern: Application to Weather Station

observers
P g = [N RS S S SRS USSR UESUS LA = S T s = = ~~ %
4 \

1 4 \
I 1 OBSERVER* \
] 1
1 3 g |
1 obg : SERVER] !
B P :
1 notify + 1
1 »f}Ij\Iotify an update to observers 1 feature - { SUBJECT } 1
1 nsure 1 1 up_to_date_with_subject: BOOLEAN * 1
1 Yo : observers : o.update_to_date_with_subject 1 1 -- Is current observer up to fiale with 1
1 k I 1 -- the latest state of the subject? 1
1 J I \ 1
1 1 |
1 ] |
1 | |
1 | 1
! EATHER_DATA+ : :
: temperature: REAL ! :
| humidity: REAL ' :
1 pressure: REAL . |
I correct_limits (t, p, h): BOOLEAN ! |
. -- Are current data within legal limits? ! I
\ invariant h

\ correct_limits (temperature, humidity, pressuure) Il
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Weather Station: Subject

l feature

class SUBJECT create make
feature - Attri
LIST[OBSERVER]

butes
observers :
feature - Cor
make
do create {LINKED_LIST|[OBSERVER]} observers.make

ensure no._observers: observers.count = 0 end
feature -- Invoked by an OBSERVER
attach (o: OBSERVER) ‘o/ to the observers

require not_yet_attached: not observers.has (o)

ensure is attached: observers.has (o) end
detach (o: OBSERVER) -- Add ‘o’ to the ob:
require currently attached:
ensure is attached: not observers.has (o)

oked by a SUBJECI

observers.has (0)
end

ttached observer about the update.

notify ! i
do across observers as cursor loop cursor.item.update end
ensure all views_updated:

ify ea

class WEATHER DATA
inherit SUBJECT

create make
feature -- data available to observers
temperature: REAL

humidity: REAL
pressure: REAL

correct_limits(t,p,h: REAL): BOOLEAN

feature —— I ialization
make (t, p, h: REAL)
do
make_subject —-- initialize empty
set_measurements (t, p, h)
end
feature - Called by we er station

set_measurements(t, p, h: REAL)
require correct_limits(t,p,h)
invariant
correct-limits (temperature, pressure,
end

rename make as make_subject end

humidity)

end
end

across observers as o all o.item.up_to_date_with_subject end|




Weather Station: Observers

deferred class Result = current_pressure = weather_data.pressure
update
OBSERVER do —— & only on demand
feature -- To be effected by a descendant end
up_to_date_with_subject: BOOLEAN
- Is this observer up to date with its £lafs S CONNILOS
- - B o . o - N h inherit OBSERVER
deferred feature —-
end make (a_weather_data: WEATHER DATA)
do weather_data := a_weather_data
weather_data.attach (Current)
update ensure weather data = a_weather data
- Up(ﬂ the obse /s view of Yg? weather_data.observers.has (Current)
deferred end
feature leri
ensure up_to_date_with_subject: BOOLEAN
up_to_date_with_subject: up_to_date_with_subject ensure then Result = temperature = weather_data.temperature and|
end humidity = weather_data.humidity
update
end do same as lst design; Called only on demand
end
class STATISTICS
inherit OBSERVER
feature - ¢ s
make (a_weather_data: WEATHER DATA)
do weather_data := a_weather_data

class FORECAST
inherit OBSERVER

feature - C 1ds
make (a_weather_data: WEATHER _DATA)
do weather_data := a_weather_data
weather_data.attach (Current)
ensure weather_data = a weather _data
weather_data.observers.has (Current)
end
feature -- Que

up_to_date_with_subject: BOOLEAN
ensure then

weather_data.attach (Current)
ensure weather_data

a_weather_data
weather_data.observers.has (Current)
end
feature - 0
up_to_date_with_subject: BOOLEAN
ensure then
Result = current_temperature = weather_data.temperature
update
do —-—

—end

on demand




Weather Station: Testing the Observer Pattern

class WEATHER _STATION create make

wd: WEATHER DATA
feature - C
make
do create wd.mak
create (cc Jnake

cc.displ

feature Attributes
cc: CURRENT_CONDITIONS

’

4 ;'-fd.display ; sd.display

cc.display ; fd.display ; sd.display A)o Sc Gllfeﬁ;,

rements (15, 60, 30.4)

fd: 'FORECAST ; sd: STATISTICS

(C . wectipr ok
. WA ateath ((C)

create ¢fd.make (wd) ; create sd.make (wd]

class EQR
inherit OBSERVER
feature Commands

make (a_weather._data: WEATHER DATA)
= do weather. _data := a_weather_ data

wearthentcda talatizachil(CGiiErenE)
ensure weather_data =

a_weather._data

weather_data.observers.has (Current)
end

s CURRENT_CONDITIO.
inhers ER
feature - Co

nds

Ly

make (a_weather._data: WEATHER DATA)

wd.set_measurements (11, 90, 20) — do weather _data := a_weather_data
wd.notify C O weather_data.attach (Current)
. s g = g ensure weather_data = a _weather data
cc.display ; fd.display ; sd.display L
end 0D - %! 1. weather.data.observers.lias (Current)
end end
A class STATISTICS t
inherif OBSERVER‘ ,7
WEATHER DATA feature - command
o FORECAST make(a_weather_data: WEATHER_DATA)
temperﬂfure do weather._data := a_weather_data
preSSure / weafher_dafa weather_data.attach (Current)
A ensure weather_data = a_weather_data
o g — e —, — L_ e
humldlfy Y 4 @ N CONDI .\‘ weather_data.observers.has (Current)
observers - f"" T U= » end
/ ! wea'rher_da'r’ \
2 ORS /‘ t
A) Bl
- —\(
i




Multiple Subjects vs. Multiple Observers: Observer Pattern

Ve

wd;: WEATHER_DATA

-

-

wd2: WEATHER_DATA

N

N A

lﬁ¥“J’M*( [N ]
7 ke
wdm—1: WEATHER_DATA
S >4

~

w@ WEATHER_DATA
N\

Q1. Overall Complexity? {)/~-7\),

[

application; ]

applications ]

Y Wmfiﬁi{/

applicati@ }

Q2. Complexity of adding a new subject? ﬂé/l)

Q3. Complexity of adding a new observer?
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Multiple Subjects vs. Multiple Observers: Event-Driven Design

-

{Wdfz: WEATHER_DATA }\p”b”s" S"”"‘V/ application, }
- L
ﬂdﬂf_( /> change_on_temperature: EVENTJ‘\(/ "

/ ( -
[wdn_l: WEATHER_DATAJ / \ 7 application,,_;

L
[ w@\/ EATHER_DATA \{ applicati@ ‘J
J
~

[ wdi: WEATHER_DATA

Q1. Overall Complexity? 17( w =< /1)

Q2. Complexity of gdding a new subjec
2_ Oct

Q3. Complexity of addi
Q4 Complexity of adding a new ever




Cyber-Physical Systems: Plant, Sensors, Controller, Actuators

sensors

ﬁ
<*“CONTROLLER
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Event-Driven Desiqgn in Java

public class WeatherStation ({
public static void main(String[] args) {
-’WeatherData wd = new WeatherData(9, 15, 25);
- CurrentConditions (e = new CurrentConditions () ;
tem.out.println("=======");

Wi (15, 60, 30.4);
ceridisplay ()
System.out.println("=======");
wd. setMeasurements (11,
cc.display();

—}

) &

ox€

D

public class CurrentConditions {
private double temperature;
public void updateTemperature (double t)
public void updateHumidity (double h)

private double humidity;
{ temperature = t; }
{ humidity = h; }

public CurrentConditions() {
MethodHandles.Lookup lookup = MethodHandles.lookup();
try {
MethodHandl1

lookiga —zacay =
this.getClas5(),
MethodType.methodlype (void. cle fﬁ.class) Y
WeatherData.changeOnTemperature(subscribe/(this, ‘_t) H
MethodHandle uh = lookup.findVirtual (
this.getClass(), "updateHumidity",
MethodType.methodType (void.class, double.class));
WeatherData. changeOnHumiditz. subscribe (this, uh);
} catch (Exception e) { e.printStackTrace(); }

public void display() {

System.out.println("Temperature: " + temperature);
System.out.println("Humidity: " + humidity); } }

7 Vad
public class Event {
Hashtable<Object, MethodHandle> listenersActions;
Event () { listenefsActions = new Hashtable<>(); }

i B void (subscribe (Object listener, MethodHandle action) {
listenersActions.put( listener ,
}
voidlgublisbqoznject arg) {
for (Object listener : listenersActions.keySet()) {
—_——
MethodHandle action = listenersActions.get (listener);

txr
actiogy’. invokeWithArguments ( listener..
} catch (Throwable e) { } I

}

Geony) ;
—

public class WeatherData {
private double temperature;
private double pressure;
private double humidity;
public WeatherData (double t,
setMeasurements(t, h, p);

}

double p, double h) {

public static Event (changeOnTemperaturée = new Event();
public static Event (changeOnHumidity = new Event();
public static Event changeOnPressure = new Event();
public void setMeasurements (double #, double J, double ,ﬁ) {

temperature = t;
humidity = h;
pressure = p;

chan geOnTemperaturd . gublish ( tempel'ag:ure) H

changeOnHumidity .publish (humidity);

s bo -

changeOnPressure .publish(pressure);




Event-Driven Design in Java: Runtime
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