Lecture 9
Part 1

Design 1 - Remote Procedure Calls



Weather Station: 1st Design chents:
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weather_data

feature

display +J .
Jo -- Retrieve and display the latest data.
urrent_pressure: REAL
last_pressure: REAL

J

temperature: REAL
humidity: REAL
pressure: REAL
correct_limits (t, &12: BOOLEAN
-- Are current data within legal limits?
invariant
correct_limits (temperature, humidity, pressuure)

(- CURRENT CONDITIONS+ B

weather_data feature
display +
-- Retrieve and display the latest data.
temperature: REAL

humidity: REAL

( . STATISTICS+

weather_data

feature
.

-- Retrieve and display the latest data.
temperature: REAL




Weather Station:

1st Implementation

class WEATHER DATA create make
feature - Data

temperature: REAL

humidity: REAL

pressure: REAL

feature —- Quer 5
correct_limits(t,p,h: REAL): BOOLEAN
ensure

Result implies -36 <=t and t <= 60

Result implies 50 <= p and p <= 110
Result implies 0.8 <= h and h <= 100

feature - C 5
make (t, p, h: REAL)
require

correct_limits (temperature, pressure,

ensure

temperature = t and pressure = p and humidity

invariant
correct_limits (temperature, pressure,
end

class FORECAST create make
feature —— A
current_pressure: REAL
last_pressure: REAL
weather_data: WEATHER DATA
feature - Cor
make (wd: WEATHER_DATA)
ensure weather-data = a-weather_data
update
do last_pressure := current=oressure

current_pressure :>Aweather_datarpressure
—

tributes

nds

end

I

class CURRENT CONDITIONS create make
feature - A
temperature: REAL
humidity: REAL

weather_dat

riobi

WEATHER DATA

feature -
make (wd: WEATHER_DATA)
ensure weather_data = wd
update
o temperature :seWeather data.fg€mperature
humidity :=@eather_data.bdmidity
—_—

class STATISIY{ﬁ create make

feature - ibutes
weather_data WEATHER_DATA
current_temp: REAL

max, min, sum_so_far: REAL
num_readings: INTEGER

feature - ¢ s
make (wd: WEATHER DATA)
ensure weather._data = a-weather_data

update




Weather Station: e

current_pressure: REAL
last_pressure: REAL

Tesulni n g 1 s-l- Desi g n fe’,;iitrheelifja\tua. WEATHER_DATA ‘d

make(wd WEATHER DATA)
ensure weather data = it

iclass WEATHER STATION create make

update
feature -- Attributes do last_pressure := current_pressure
cc: CURRENT_CONDITIONS ; fd: FORECAST ; sd: STATISTICS current_pressure := (weather data.pressure
- —_— — . ple—
wd WEATHER_DATA - J, end
3 displa
feature ands f—)
P do Qupdate
make - . . e

class CURRENT_CONDITIONS create make
feature - Attributes
temperature: REAL
humidity: REAL
weather_data: WEATHER DATA
feature - C
make ( resim—pieimm——gies )

ensure weather.data =

d reate &ci.make (9 15 25)
create _g_c..make (@) ; create fd.make (wd) ; create sd.makG(wd)

]wd.set_mea'surements (15, 69, 30.4)
== - — —_—
cc.display ; fd. dlsgé Y sd.display

_l' CCy disg‘gy ; fd.display ; sd.display
!

nds

de set measurements (11, 90, 20) update
cc.display ; fd.display ; Sd display o temperature := weather data.tgpperature
end humidity := weather data.humidity
Iend Qispl;
Ie\@ do’_update
WEATHER DATA ‘ class STATISTICS create make
— ‘I @d ES !RECAST feature —- Attributes
femper‘a’rure * flé\/ = weather data: WEATHER DATA
current_temp: REAL
Pressure 'g m qo We(ﬂ'her_d(ﬂ'a max, min, sum_so_far: REAL
h .d.f *# num_ readings: INTEGER
umidal g feature - C ofs
Y @CURRENT_CONDITION e s o

ensure weather_data = aekiGddbedtlaie
/i L/ weather_data 21 update

do current_temp := weatheér datasytemperature

—-— Update min, max if neces

end
display
do update
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The Observer Patter
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feature -- { NONE }

feature -- { OBSERVER }
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observers: LISTTOBSERVER

= Notify an update to observers

ensure
Yo : observers : o.mpdge_to_date_ ith_subject
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attach, detach
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- React to a update. 1l - - :
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up_to_date_wzth_sub]ect BOOLEANGE \j 1
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Observer Pattern: Application to Weather Station

subjects 4 observers
P T e T -o B e - o
% 7 / ~ y s /f ~
\
' ) ’ ( ) ‘
\
SUBJECT+ ‘ ! OBSERVER*
1
1
feature -- { NONE } 1 1 feature -; { SUBJECT }
p observersQLISTJOBSERVER] 1 1 upd;te .
feature -- { OBSERVER } ' attach, detach : -- React to a update.
notify +
»filotif an update to observers 1 feature -- { SUBJECT }
ensure Y P up_to_date_with_subject: BOOLEAN *
Yo : observers : o.update_to_date_with_subject - I; C‘l’”em observferhup ‘z_dali with
-- the latest state of the subject?
Lk _J _

I
| A
~ I

(() WEATHER_DATA+

temperature: REAL
humidity: REAL |
pressure: REAL
correct_limits (t, p, h): BOOLEAN
a4 -- Are current data within legal limits?
invariant

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

class SHBJECT create make

featu = Iteg
observer < g;’ OBSERVER

fleatnne

%ake

do create QEINKED_LIS)[OBSERVER]) observers.make

ensure no_observerss” observers.count 0 end

feature -- Invoked by an OB
P // attach (o: OBSERVER) 1¢ to the observers
Y] require not_yet._ attached not observers.has (o)
, ’ i ensure is attached: observers.has (o) end ch
o / detach (o: OBSERVER) -- Add ‘o’ to the observers L .
/ L ’ require currently attached: observers.has (o) “4
V4 ' ensure is attached: not observers.has (o) end
/ / feature ked by St 5CT
P notify ify eacl “hed observer about the ate.
. do across observers as cursor loop cursor.item. upda e end
,' / ensure all views_updated:
- ¢ 2 across observers as o all(o.item.up By date with subject end|
class WEATHER DATA ! )

inherit SUBJECT éna.m_e)ma/ke as ‘E/ake,Lubject end
create make
feature data availlabl®=te obselvers
temperature: REAL
humidity: REAL
pressure: REAL
correct_limits(t,p,h: REAL) :
feature), - tialization
make *&, h: REAL)
do

BOOLEAN

P

empty observer

77 initialize
sec_measurements (t, p, h)
end
feature - Called by weather station
set_measurements(t, p, h: REAL)

require correct_limits(t,p,h)
invariant

correct-limits (temperature, pressure,
end

humidity)

end
end

VST: OBSERER

,uwars Lg . 69_)‘(‘
= B




Initializing an Observer

classaFORECAST
inherit OBSERVER
feature - Commands
make (a_weather_data: WEATHER DATA)

wd
_=| WEATHER_DATA Sed)

4
temperature 4 \/
pressure % fd~1 FORECAST.
humidity 2& L/ weather_data
observers /

I/\/




Weather Station: Observers

deferred class . dI:::ult = current_pressure = weather_data.pressure
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
- e o - o = e - N o 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
feature Attributes
cc: CURRENT_CONDITIONS ;
wd: WEATHER DATA
feature - (¢ ds
make
do create@make Q_( _75, 2:5)
create cc.make (wd) ;

fd: FORECAST ;

c;ate fd.make (wd)

K

a wd.set_measurements (__5, @, 30.4)
4 wd.notify
cc.display ; fd.display ; sd.display
cc.display ; fd.display ; sd.display
ﬁwd‘set measurements (11, 90, 2_0)_
wd.notify - -
ceOTsplay ; fd.display ; sd.display
end
end

sd: STATISTICS

; create sd.make (wd)]

u
/=31
yiprebs#

wdwol e

class FORECAST
inherit OBSERVER
feature Cc ands
make (a_weather._data:
do weather_data :=
wearthentcda talatizachil(CGiiErenE)
a_weather._data

WEATHER_DATA)
a_weather_data

ensure weather_data =
weather_data.observers.has (Current)
end

class CURRENT_CONDITIONS
inherit OBSERVER
feature -
make (a_weather_data:
do weather _data :=
weather_data.attach (Current)
a_weather._data

Commands
WEATHER_DATA)
a_weather_data

ensure weather_data =
weather-data.observers.has (Current)

egd

wd
WEATHER_DATA [©~

temperature

pressure V)
humidity 2804
observers ;>°

T

~

FORECAST

weather_data

7/
(294 CURRENT CONDITION

L/

weather_data

QIATLIONTLICO

class STATISTICS
inherit OBSERVER
feature -
make (a_weather_data:
do weather_data :=

Commands

WEATHER _DATA)

a_weather_data
weather_data.attach (Current)

ensure weather_data = a_weather. data

weather_data.observers.has (Current)

end




Multiple Subjects vs. Multiple Observers: Observer Pattern

7
wdi: WEATHER_DATA application; ]
4 ) _—
)
1 ~
wd2: WEATHER_DATA -

N p

applications

\ wo(ln*.!.. | — — ]

[y |

wd,,: WEATHER_DATA applicatiog }

Q1. Overall Complexity? (J(m x A)
Q2. Complexity of adding a new subject? 0@)
Q3. Complexity of adding a new observer? {)(m)

N

A

wdm—1: WEATHER_DATA

N 4f

&
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Multiple Subjects vs. Multiple Observers: Event-Driven Design

[ w(?WEATHER_DATA applicatio(? }
[ wda: WEATHER_DATA subscribe application, }
b\)ﬂ - change_on_temperature: EVENT a ams l
L P
[wdn_u WEATHER_DATA Chﬁ '# 0 4 ]"e“'“‘” E"Eﬂ? application,,_;
{ !

applicatio@ }

wdyg: WEATHER_DATA

Q1. Overall Complexity? O(Wl + )
Q2. Complexity of adding a new observer? O(i)
Q3. Complexity of adding a new subject? ()/ 1)

Q4. Complexity of adding a new event type?
) olm + Vl)




Cyber-Physical Systems: Plant, , Controller,
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Implementing the Event-Driven Design

( wdi: WEATHER_DATA application; ]
[ wda; WEATHER_DATA S ERnSICS application, ]
change_on_temperature: EVENT

wd,—1: WEATHER_DATA [ application,
t wd,: WEATHER_DATA application,, 1

g g A
Mod b - \Nﬁec{: Uoolul : Evant . Modib: ObSorer/

Lrtteney



Event-Driven Desiqgn in Java

public class WeatherStation ({
public static void main(String[] args) {
WeatherData wd = new WeatherData(9, 13, gé);
2 CurrentConditions €e)= new CurrentConditions Qi
System.out.println(
wd. setMeasurements @,
cc.displayQ;

System.out.println (dac====x
wd. setMeasurement

cc.diselaz();
} o)

—}

public class CurrentConditions {
private double temperature; private double humidity;

public void updateTemperature (double t) { temperature = t;
public(yoid JupdateHumidity (double h) { Qumiditv = h: }

public CurrentConditions() {

MethodHandles.Lookup lookup = MethodHandles.lookup();
try {
= lookup.findVirtual (
this.getClass(), "updateTemperature",
MethodType.methodType (void.class, double.class));
WeatherData.chgngeOnTemperature {(subscribeé (this, ut);
‘ ‘ MethodHandle = lookup.findVirtual (

this.getClass(), "updateHumidity",
MethodType.methodType (void.class, double.class));
WeatherData.changeOnHumidity (Subscxibe (this,. uh);
{ e.printStackTrace(); }

} catch (Exception e)
}
public void display() {

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

}

public class Event {
Hashtable<Object, MethodHandle> listenersActions;
Event () { listenersActions = new Hashtable<>(); }
void (subscribe (Object listener, MethodHandle action) {
listenersActions.put( listener ,
}
void Eublish(object arg) |
fo_r (Object listener : listenersActions.keySet()) {
MethodHandle action = listenersActions.get (listener);

try { o U

.invokeWithArguments ( listener ,
} "catch (Throwable e) { }

}

Geon) ;

arg) ;

System.out.println("Humidity: " + humidity); } }
public class WeatherData {
private double temperature;
private double pressure;
private double humidity;
public WeatherData(double t, double p, double h) {
setMeasurements(t, h, p);
}
public static Event (changeOnTemperaturée = new Event();
public static Event (changeOnHumidity = new Event();
public static Event changeOnPressure = new Event();

public void setMeasurements (double t, double h, double p)

L emperat ure e ——
humidity = h;
pressure = p; .

changeOnTemperature .publish(temperature);
changeOnHumidity .publish(humidity);
changeOnPressure .publish(pressure);
—_
) —

{




Event-Driven Design in Java: Runtime

(f -

WeatherData fg~—wd
temperature | #{K
pressure
humidity
changeOnTemp.

I 3| actions

changeOnHumi.

I

@9’\4

temperature

" CurrentConditions

humidity |r

Event

1/

Event

\—'\9' actions

changeOnPres.

mi

context

Event

name

value

actions

ﬁ key
h

header

imp.
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Implementing the Event-Driven Design

( wdi: WEATHER_DATA application; ]
[ wda; WEATHER_DATA S ERnSICS application, ]
change_on_temperature: EVENT

wd,—1: WEATHER_DATA [ application,
t wd,: WEATHER_DATA application,, 1

g g A
Mod b - \Nﬁec{: Uoolul : Evant . Modib: ObSorer/

Lrtteney



Event-Driven Design in Eiffel

class CURRENT CONDITIONS
class WEATHER STATION create make create make
feature feature —- Initialization
make(wd: WEATHER DATA
cc: CURRENT_CONDITIONS do( - .
make wd.change_on_temeerature.subscribg agent Jupdate_temperature)
d reate wd.make (9, 75, 25) wd. change_on_tempesatuse. Subscribe (agefit update humidity)
create (cc.make (wd) end w7l -
ﬂ wd . set.measurements (15, 60, 30.4) feature
—_— e’ G -
ﬂcc.display temperature: REAL
wd.set_measurements (11, 90, 20) humidity: REAL
cc.display — B update_temperature (t: REAL) do temperature := t end
P EE— update_humidity (h: REAL) do humidity := h end
display do ... end
end end
< {reAC)
ﬂ ‘ﬂ:E class WEATHER DATA
create make
' leasurements
class EVENT [Acuwd=wss —> TUPLE ] feature - Measurements o
create make temperature: REAL ; humidity: REAL ; pressure: REAL
feature —— Tnitialization correct_limits(t,p,h: REAL): BOOLEAN do ... end
actions: LINKED_LIST[PROCEDURE [ARGUMENTS] ] f’"ike i B~ B E i WS
make do create actions.make end e EVEE O S2ka changes
feature ME[ZFAL c¢hange-on-temperaturée : EVENT[TUPLE[REAL]]once create Result end
Subscribée (an_action: PROCEDURE [ARGCLRMENSS | ) change-on-humidity : EVENT[TUPLE [REAL]]once create Result end

do actions.extend (an_action)

ensure action_subscribed: !
publish (args: )& .
[ ittt

do from actions.sTart until actions.after

loop actions.item.call (args) actions.forth end

Fo e

require action not_already_subscribed: not azr:ions.h
ion.has(an_actiwh) end

;
end
end

=

change_on_pressure : EVENT[TUPLE [REAL] Jonce create Result end

set_measurementp (t, p, h: REAL)

t_limits(t,p,h)

do temperature := t ress { Qumidity := h
change_on_tempera
change_-on_humidit
change_on_pressure .publish ([h])
end
invariant correct_limits(temperature, pressure, humidity) end




E

vent-Driven Design in Eiffel: Runtime

temperature

pressure

|

d
WEATHER_DATA Je—"""

(o

)

change_on_p

L//

I\

¢ ~_>|/CURRENT_CONDITION
}% { [ temperature
m;c humidity
k)‘ PROCEDURE | |
EVENT Gonfext Lor Lo
e "
actions f\;W&rgumenfs —> mug.ﬁ
i e ’
EVENT
ac'rionsl 7] %ﬂ Wdéf? hont
t — -
EVENT N T ProcEDURE ] ;
actions context = LLM“
e > g,
arguments S b, REAL




