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Motivational Example

= Thermostat - g X

- 20°C +
Use Celsius
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Updating the View

= Thermostat - g X

- 20°C +
Use Celsius

this.label.textContent = this.temperatureString()

temperatureString() {
return this.celsius + "°C"

}
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Reactive Programming Concept: Signals

= Thermostat - g X

- 20°C +
Use Celsius

always: this.label.textContent = this.temperatureString()
®

temperatureString() {
return this.celsius + "°C"

}
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Functional Dependencies

@:ccecccccccccccccccsance decccccsccccccns
Use Celsius G: O< O

textContent temperatureString celsius

always: this.label.textContent = this.temperatureString()
®

temperatureString() {
return this.celsius + "°C"

}
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Automated Update Principle

increaseTemperature() {

> this.celsius++
}
- 20°C N
@ - Maoaccecsacsncsncsncs Ssceccccscccscce ) /\‘
Use Celsius O~ ) < ) -
textContent temperatureString celsius

always: this.label.textContent = this.temperatureString()
®

temperatureString() {
return this.celsius + "°C"

}
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Automated Update Principle

increaseTemperature() {
> this.celsius++

}

® Use Celsius O‘ O‘ < ) -—

textContent temperatureString celsius

always: this.label.textContent = this.temperatureString()

temperatureString() {
return this.celsius + "°C"

}
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Adapting Behavior for Fahrenheit

increaseTemperature() {
if (this.useCelsius)
this.celsius++
else
this.fahrenheit++

}
= Thermostat - 0 X
o L ! NN S celsius
Use Celsius G< U: O
textContent temperatureString useCelsius
’
\_,
always: this.label.textContent = this.temperatureString() )
fahrenheit

temperatureString() {
if (this.useCelsius)
return this.celsius + "°C"
else
return this.fahrenheit + "°F"
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Adapting Behavior for Fahrenheit

increaseTemperature() {
if (this.useCelsius)
this.celsius++
else
this.fahrenheit++

}
= Thermostat - 0 X
o AL 2 OO | celsius
[J Use Celsius <::>< \\,/: < )
textContent temperatureString useCelsius

4 / -\\

\\ J
always: this.label.textContent = this.temperatureString() )

fahrenheit

temperatureString() {
if (this.useCelsius)
return this.celsius + "°C"
else
return this.fahrenheit + "°F"
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Dynamic Network Topology

= Thermostat - g X

- T1F

a

@:cresccccccccccccccsance decccccsccccccns
[J Use Celsius

textContent

increaseTemperature() {
if (this.useCelsius)
this.celsius++
else
this.fahrenheit++

Y - O celsius

temperatureString

useCelsius

always: this.label.textContent = this.temperatureString()
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fahrenheit

temperatureString() {
if (this.useCelsius)
return this.celsius + "°C"
else
return this.fahrenheit + "°F"



Propagating Change

increaseTemperature() {
if (this.useCelsius)
this.celsius++
else
this.fahrenheit++

}
= Thermostat - g X \/-\\
;
o AL 2 OO | celsius
[J Use Celsius O‘ < )

textContent temperatureString useCelsius

always: this.label.textContent = this.temperatureString() )
fahrenheit

temperatureString() {
if (this.useCelsius)
return this.celsius + "°C"
else
return this.fahrenheit + "°F"
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Modularity Issues

increaseTemperatu re( ) {

duplicate code for modes if (this.useCelsius)

= Thermostat - g X

- T1F

this.celsius++
else
this.fahrenheit++

[J Use Celsius O:

textContent
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r\ O celsius

temperatureString

useCelsius

fahrenheit

temperatureString() {
if (this.useCelsius)
return this.celsius + "°C"
else
return this.fahrenheit + "°F"



Extract Behavior into Partial Methods

Fahrenheit layer

increaseTemperature() { increaseTemperature() {
this.fahrenheit++ this.celsius++
} }
= Thermostat - g X 7
\\ J
-| T1°F |+ temperatureString() { celsius
O Use Celsius if (this.useCelsius) —O
return this.celsius + "°C" )
textContent e 1seCelsius
return this.fahrenheit + "°F"
}
fahrenheit
temperatureString() { temperatureString() {
return this.fahrenheit + "°F" return this.celsius + "°C"
} }
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Expressing Modes

increaseTemperature() {
this.celsius++

£ 3

-

o0

o

o temperatureString() {

v return this.celsius + "°C"

K }

m A
textContent .

temperatureString

- increaseTemperature() {

O ) .

> this.fahrenheit++ )

3 fahrenheit

= }

O

c )

- temperatureString() {

j; return this.fahrenheit + "°F"

T }

LL
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Global Layer Activation ﬂ

Base Program @ Behavior Adaptation fahrenheitLayer
o o .refineObjectClass(thermostat, )

v

useCelsiusCheckbox.click = function() {
if (this.checked)
fahrenheitLayer.deactivate()
else
fahrenheitlLayer.activate()

Program

Execution | \/\/J

17



Global Layer Activation ﬂ

Base Program @ Behavior Adaptation fahrenheitlLayer
. . .refineObjectClass(thermostat, )

v

useCelsiusCheckbox.click = function() {
if (this.checked)
fahrenheitlLayer.deactivate()
else
fahrenheitlLayer.activate()

Program
Execution |
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Context Transition ﬂ

Base Program @ Behavior Adaptation

v
_|' Context Switch
(explicit) useCelsiusCheckbox.click = function() {
if (this.checked)
fahrenheitLayer.deactivate()
else
fahrenheitLayer.activate()
}
A4 Context Switch
(explicit)
Program
Execution |

* Global Layer Activation
* Scope-based Layer Activation
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Transition versus Extent

Base Program @ Behavior Adaptation

v

Context Switch
(explicit)

N Context Switch
(explicit)

Program
Execution |

* Global Layer Activation
* Scope-based Layer Activation

- Extent of Contexts
(declarative)

* |mplicit Layer Activation
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Implicit Layer Activation (ILA)

Activation means to declaratively
define the extent of a layer activation

Activation status of a layer
bound to a Boolean predicate:

layer.activeWhile(condition) ’

Martin von Lowis, Marcus Denker, and Oscar Nierstrasz. 2007. Context-oriented
Programming: Beyond Layers. In International Conference on Dynamic Languages
(ICDL), 2007. ACM, 143-156. DOl:https://doi.org/10.1145/1352678.1352688




Extract Behavior into Partial Methods ﬂ

= Thermostat - g X

- T1F +

U Use Celsius this.fahrenheitLayer.activeWhile(() => !this.useCelsius)

<::) imperative behavior

Base Behavior O signals
(::>: N\ celsius layered behavior
textContent .
temperatureString
eeeeeeO——O
Fahrenheit layer Fahrenheit useCelsius checked
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Active Expressions, a Reactive Primitive

aexpr (expr).onChange(behavior)

What to

/ monitor?

State Description

Detection

Propagation

Stefan Ramson and Robert Hirschfeld. Active
Expressions: Basic Building Blocks for Reactive
Programming. In Journal on The Art, Science, and

Engineering of Programming, vol. 1, no. 2, art. 12, 49
pages, 2017.
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ILA Implementation (Active Expressions)

class Layer {

[...]

activelWhile(condition) {
aexpr (condition)
.onBecomeTrue(::this.activate)

.onBecomeFalse(::this.deactivate);

- return this;
State Description
}

Expression , , Behavior

Detection

N\ N
\ N\

/ / °

——— —— g — —

Change

Propagation

Stefan Ramson, Jens Lincke, and Robert Hirschfeld.
The Declarative Nature of Implicit Layer Activation.
In Proceedings of the Workshop on Context-oriented
Programming (COP) 2017, co-located with the
European Conference on Object-oriented Programming
(ECOOP), pages 7-16, Barcelona, Spain, June 20, 2017,
ACM DL.



Signal Implementation (Active Expressions)

always: signal = expr

e
: transpile to

signal = aexpr(expr)
.onChange(_value => signal = value)
.now()

R A .
: Expression / 7/ Behavior |

o / / ®

——— —— g E—— E—

Change

Detection Propagation
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Active Expressions as a Common Primitive

2020-07-21

Active
Expressions

Implicit Layer
Activation

Signals

Stefan Ramson | Hasso Plattner Institute, Software Architecture Group

Implicit Layer
Activation

Signals

Active
Expressions
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Opportunity for a Shared Tool Environment

2020-07-21

tracing infrastructure

Implicit Layer
Activation

Signals

Active
Expressions

Stefan Ramson | Hasso Plattner Institute, Software Architecture Group

tool components

Code
Annotations

{F

{F

Event Timeline

iy

Graph View
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DEMO

Debugging the Thermostat

Stefan Ramson | Hasso Plattner Institute, Software Architecture Group

iveb/

~Squeak in a browser

a live, self-sustaining, Web-
based development environment

30



= Thermostat

- 20°C =+
Use Celsius




= thermostat-component.js - 0O X

€ 9> A @& nhtipsi/iively-kemnel.org/livelyd/aexprisrc/client/reactive/componentsirewritten/the # & @ =
1 "enable aexpr”;
2
3 import Morph from 'src/components/widgets/lively-morph.js’;
A 4 dimport { proceed, Layer } from 'src/client/Context]S/src/lLayers.js’;
5
6 export default class Thermostat extends Morph {
= Thermostat - 0 X 7 async initialize() {
8 this.windowTitle = "Thermostat”;
- 20°C + 9 this.aexprs = [];
. 1@ this.celsius = 28;
Use Celsius 11
12 this.increase.addEventlListener("click™, () => {
13 this.increaseTemperature();
14 1)
15 this.reduce.addEventlListener{"click™, () =» {
16 this.reduceTemperature();
17 seee,  });
18 :SI : always: this.temperature.textContent = this.temperatureString();
19 . .
20 ¢ SI E always: this.useCelsius = this.celsiusMode.checked;
21 o ¢ this.setuplayer();
2 &
23 *IL. this.fahrenheitlayer.activeWhile(() => !this._useCelsius);
3 eees®
25 this.replaceMigratablefAEs(};
26 1
27
28 increaseTemperature() {
29 this.celsius++;
30 1
31 |
32 reduceTemperature() {
33 this.celsius--;
34 1




= Thermostat

- 20°C =+
Use Celsius

= thermostat-component.js - 0O X

€ 9> A @& nhtipsi/iively-kemnel.org/livelyd/aexprisrc/client/reactive/componentsirewritten/the # & @ =
1 "enable aexpr”;
2
3 import Morph from 'src/components/widgets/lively-morph.js’;
4 4 import { proceed, Layer } from 'src/client/Context]S/src/Layers.js’;
5
6 export default class Thermostat extends Morph {
7 async initialize() {
8 this.windowTitle = "Thermostat”;
9 this.aexprs = [];
1@ this.celsius = 28;
11
12 this.increase.addEventlListener("click™, () => {
13 this.increaseTemperature();
14 1)
15 this.reduce.addEventlListener{"click™, () =» {
16 this.reduceTemperature();
17 1)
18 sI always: this.temperature.textContent = this.temperatureString();
19
28 SI always: this.useCelsius = this.celsiusMode.checked;
21 this.setuplLayer();
22 ecee,
23 ¢IL e this.fahrenheitlayer.activeWhile(() => !this._useCelsius);
24 L R
— 25 this. replaceMisratableAFs():
23  IL this.fahrenheitlLayer.activeWhile(()} =» lthis.useCelsius);
24 | open timeline
- - | open graph
26 1 pen grap
27 Layered Functions
28 increaseTemperature() {
29 this.celsius++;
30 1

B |




= thermostat-component.js - 0O X

€ 9> A @& nhtipsi/iively-kemnel.org/livelyd/aexprisrc/client/reactive/componentsirewritten/the # & @ =
1 "enable aexpr”;
2
3 import Morph from 'src/components/widgets/lively-morph.js’;
4 4 import { proceed, Layer } from 'src/client/Context]S/src/Layers.js’;
5
6 export default class Thermostat extends Morph {
= Thermostat - 0 X 7 async initialize() {
8 this.windowTitle = "Thermostat”;
- 20°C + 9 this.aexprs = [];
. 1@ this.celsius = 28;
Use Celsius 11
12 this.increase.addEventlListener("click™, () => {
13 this.increaseTemperature();
14 1)s
15 this.reduce.addEventlListener{"click™, () =» {
16 this.reduceTemperature();
17 1)
18 sI always: this.temperature.textContent = this.temperatureString();
19
28 SI always: this.useCelsius = this.celsiusMode.checked;
21 this.setuplLayer();
22 ecee,
23 ¢IL e this.fahrenheitlayer.activeWhile(() => !this._useCelsius);
24 $eee®
- _7'3 this. replaceMisratableAFs():
37 return this.celsius + "°C";
38 < Implicit Layer | open timeline
39
open graph
49 setupLayer() { pen grap : .
Al this.fahrenheitlLayer = new Layered Functions . <« line 43: irﬁreaseTemperature
42 this.fahrenheitlayer.refineObject(this, { « line 46: reduceTemperature
13 = increaseTemperature() { : :
. . < line 49 temperatureStrin
a4 this.fahrenheit++; D g
45 T,
6 = reduceTemperature() {
a7 this.fahrenheit--;




= thermostat-component.js - 0O X

€ 9> A @& nhtipsi/iively-kemnel.org/livelyd/aexprisrc/client/reactive/componentsirewritten/the # & @ =
1 "enable aexpr”;
2
3 import Morph from 'src/components/widgets/lively-morph.js’;
A 4 dimport { proceed, Layer } from 'src/client/Context]S/src/lLayers.js’;
5
I————— 6 export default class Thermostat extends Morph {
= Thermostat - 0O % 7 async initialize() {
8 this.windowTitle = "Thermostat”;
- 21°C |+ 9 this.aexprs = [];
% 1@ this.celsius = 28;
Use Celsius 11
12 this.increase.addEventlListener("click™, () => {
13 this.increaseTemperature();
14 1)
15 this.reduce.addEventlListener{"click™, () =» {
16 this.reduceTemperature();
17 1)
18 sI always: this.temperature.textContent = this.temperatureString();
19
28 SI always: this.useCelsius = this.celsiusMode.checked;
21 this.setuplLayer();
22
23 IL this.fahrenheitlLayer.activelWhile(({) => !this.useCelsius);
24
25 this.replaceMigratablefAEs(};
26 1
27
28 increaseTemperature() {
29 this.celsius++;
30 1
31 |
32 reduceTemperature() {
33 this.celsius--;
34 1




= thermostat-component.js - 0 X

€ 9> 4 @A hitpsi/lively-kemel orgilivelyd/aexprisrciclient/reactive/components/rewritten/the @& ' @ =
1 "enable aexpr";
2
3 import Morph from 'src/components/widgets/lively-morph.js’;
4 4  import { proceed, Layer } from 'src/client/Context]S/src/Layers.js’;
5
B 6 export default class Thermostat extends Morph {
= Thermostat - O X 7 async initialize() {

3 this.windowTitle = "Thermostat”;

- 21°C |+ 9 this.aexprs = [];

% 10 this.celsius = 208;

Use Celsius 11
12 this.increase.addEventlListener("click™, () =» {
13 this.increaseTemperature();
14 1)
15 this.reduce.addEventlistener("click”, () => {
16 this.reduceTemperature();
17 s
18 SI always: this.temperature.textContent = this.temperatureString();
19
20 SI always: this.useCelsius = this.celsiusMode.checked;
21 this.setuplLaver();
22
23 IL this.fahrenheitlLayer.activeWhile({} =»> !this.useCelsius);
24
25 this.replaceMigratablelEs();
26 }
27
28 eeceee increaseTemperature() {
20 %2 . this.celsius++;
3 Seee® }
31
32 reduceTemperature() {
33 this.celsius--;
34 }




= thermostat-component.js - 0 X

€ > 4 @A hitpsi/lively-kemel orgilivelyd/aexprisrciclient/reactive/components/rewritten/the @ ' @ =

1 "enable aexpr";
2
3 import Morph from 'src/components/widgets/lively-morph.js’;
A 4 import { proceed, Layer } from ‘src/client/ContextlS/src/Layers.js’;
5 -
6 export default class Thermostat extends Morph {
= Thermostat - O X 7 async initialize() {

3 this.windowTitle = "Thermostat”;

- 21°C + 9 this.aexprs = []; i
10 this.celsius = 20;

Use Celsius 11
12 this.increase.addEventlListener("click™, () =» {
13 this.increaseTemperature();
14 1)
15 this.reduce.addEventlistener("click”, () => {
16 this.reduceTemperature();
17 300 1)
18 :SI E always: this.temperature.textContent = this.temperatureString();

SI always: this.useCelsius = this.celsiusMode.checked;

this.setuplLayer();

IL this.fahrenheitlLayer.activeWhile({} =»> !this.useCelsius);

this.replaceMigratablelEs();
}

28\ ¢® ¢ increaseTemperature() {
29 %% o this.celsius++;
30 * W Signal RN | open timeline
31
I h
32 reduceTemperature() { open grap
33 this.celsius--; ¥ line 18 W 1 event

34 }




= thermostat-component.js - 0 X

€ > 4 @A hitpsi/lively-kemel orgilivelyd/aexprisrciclient/reactive/components/rewritten/the @ ' @ =
1 "enable aexpr"; .
2
3 import Morph from 'src/components/widgets/lively-morph.js’;
A 4 import { proceed, Layer } from ‘src/client/ContextlS/src/Layers.js’;
5 -
6 export default class Thermostat extends Morph {
= Thermostat - O X 7 async initialize() {
3 this.windowTitle = "Thermostat”;
- 21°C + 9 this.aexprs = []; i
] 10 this.celsius = 20;
Use Celsius 11
12 this.increase.addEventlListener("click™, () =» {
13 this.increaseTemperature();
14 1)
15 this.reduce.addEventlistener("click”, () => {
16 this.reduceTemperature();
17 1)
18 SI always: this.temperature.textContent = this.temperatureString();
19
20 SI always: this.useCelsius = this.celsiusMode.checked;
21 this.setuplLayver();
22
23 IL this.fahrenheitlLayer.activeWhile({} =»> !this.useCelsius);
24
25 _ this.replaceMigratableAEs();
increaselemperature() {
“ this.celsius++;

% Signal 1 dep open timeline
| h
reduceTemperature() { t_:upen grap
this.celsius--; 7 line 18 §%

}




= Thermostat - O X

- 21°C +
Use Celsius

= Active Expression Event Timeline

P = |
Reactive Concepts Overview Values over time
2 jiuj thermostat-component.js SI §2 textContent "20°C" "20°C" "21°C"
J ¥ Slin line 18 - textContent Filter: event => { } Filter
~ Slinline 20 - useCelsius
_ L in line 23 - Fahrenheit
Timeline
01.AM 005 010 015 020 025 030 035 040
1 | 1 1 1 | 1 1 I
§9 textContent (8) Q cee e °
created
I'I2UGCII
in thermostat-component js line 18
at 17:37:26.0671




= Thermostat - O X

- 21°C +
Use Celsius

ctive Expression Event Timeline
o000 000 0000 OOGS .000O_.000.000.000.0...0...0..00..00..000.000.

eactive Concepts Overview

Values over time

- O

in thermostat-component js line 18

at 17:37:26.0671

+4 & thermostat-component.js : Sl §7 textContent "20°C" "20°C" "21°C"
: 4 ¥ Slin line 18 - textContent E Filter: event => { } Filter
: " Slinline 20 - useCelsius .
. "11Lin line 23 - Fahrenheit :
Timeline
01.AM 005 010 ms 020 025 030 035 040
1 | 1 1 1 1 1 I
£2 textContent (8) Q cee °
created
"2000"




005 010 015 020 025
| | | | |
Q s eae e "
= Thermostat - [ X created
-1 21°C |+ rIED{:-CH
Use Celsius . N
in thermostat-component.js line 18
Reactive Concepts Overview . .
4w thermostat-component.js Elt 17’3?2605?1
J v Slin line 18 - textContent
| 8linline 20 - useCelsius
_ILin line 23 - Fahrenheit
Timeline
01.AM 005. .en U‘II[J 015 U?D D.';"_S I]ZISEI []Ll’»E DiIlD
£2 textContent (8) i cee e °
created
"90°C"

in thermostat-component js line 18

at 17:37:26.0671




005 010 015 020
l | l ]

025

= Thermostat - O %

- 21°C +
Use Celsius

= Active Expression Event Timeline

Reactive Concepts Overview
4 ythermostat-component.js
4 W Slinline 18 - textContent

Slin line 20 - useCelsius

t - - -

dependencies changed
Added: 2 Removed: 0 Matching: O
at 17:37:26.0672

IL in line 23 - Fahrenheit

Timeline

£2 textContent (8)

01AM 005 010 (1R 020 025 030 035 040
| 1 1 1 1 | 1 | 1
Q seae e o
created
I'F2UOCIF

in thermostat-component.js line 18

at 17:37:26.0671




025 030 035
! I 1
E .
changed value
= Th tat - x . A
srmes = in thermostat-component.js line 29
-1 21°C |+
Use Ce|5|us "20:}0" —_ ll21 C}C"
: : _ SourceCodeHook: [thermostat-

{.celsius

Reactive Concepts Overview SEllzal=lul

4 _-thermostat-component.js

4 W Slinline 18 - textContent at 17:44:51.0005
| Slinline 20 - useCelsius
IL in line 23 - Fahrenheit
Timeline
01.AM 005 010 015 020 025 030 035 040
1 | 1 1 1 1 1 1 I
§9 textContent (8) Q cee P °
created

I'I2UDCII
in thermostat-component.js line 18

at 17:37:26.0671




025 030 035
1 | |

‘ @

changed value

= Active Expression Graph - %
Reactive Concepts Overview t . | 29
4w thermostat-component.js Event 8/8 nDST aT'GD mpﬂneﬂ .JS ine
H A —
4 W Slinline 18 - textContent changed value
‘ L2 m n o "n
Slin line 20 - useCelsius — 2 1 C
ILin line 23 - Fahrenheit Inspect Show in Timeline Show in Code COdE HOOk [thermﬂstat'
went].celsius
Objects 4:51.0005

[ thermostat-component + )

celsius: 21 + (HTMLSpanEIement +] temperatureString +

: ' ,

| $? Signal textContent: "21°C" + | [function:wrapped_function +)

EShow local Variables Collapse All Extend All



025 030 035
1 | |

‘ @

changed value

= Active Expression Graph - O %X
Reactive Concepts Overview tat t . | 29
4w thermostat-component.js Event 8/8 nosia -GDmpDneﬂ .JS ine
i _— —
4 W Slinline 18 - textContent changed value
! n o "
— "21°C

-~ £2
Slin line 20 - useCelsius
IL in line 23 - Fahrenheit

s oo CodeHook: [thermostat-
went].celsius

Inspect Show in Timeline

Objects 4:51.0005

:[ thermostat-component + ):

—————————q

(HTMLSpanEIement + ]' temperatureString +
[

| $? Signal textContent: "21°C" + | [ function: wrapped function + ]|
e

[
celsius: 21 + I

Collapse All Extend All

EShow local Variables



= Active Expression Graph
Reactive Concepts Overview
4 |w thermostat-component.js
4 ¥ Slin line 18 - textContent
e
Slin line 20 - useCelsius
ILin line 23 - Fahrenheit

—

025 030
1 |

035

‘ @

Inspect Show in Timeline Show in Code

changed value

Event 8/8
changed value

Objects

[ thermostat-component + )

r___L_____'____.'

l |
celsius: 21 + | ( HTMLSpanElement + ] | temperatureString +
J = = = &= = = pr———

|| $¥ Signal textContent: "21°C" +

[ function: wrapped function + ]

EShow local Variables

Collapse All

Extend All

nostat-component.js line 29

—_ l!2.1 C-CIF
CodeHook: [thermostat-
went].celsius

4:51.0005



= Active Expression Graph
Reactive Concepts Overview
4 |w thermostat-component.js
4 ¥ Slin line 18 - textContent
e
Slin line 20 - useCelsius
ILin line 23 - Fahrenheit

—

025 030
1 |

035

‘ @

Inspect Show in Timeline Show in Code

changed value

Event 8/8
changed value

Objects

[ thermostat-component + )

celsius: 21 + (HTMLSpanEIement +] temperatureString

+

r___L_____'____.'

|| $% Signal textContent: "21°C" + I

[ function: wrapped function + ]

EShow local Variables Collapse All

Extend All

nostat-component.js line 29

— "21°C"
CodeHook: [thermostat-
went].celsius

4:51.0005



025 030 035
1 | |

‘ @

changed value

= Active Expression Graph - %
Reactive Concepts Overview t . | 29
4w thermostat-component.js Event 8/8 nDST aT'GD mpﬂneﬂ .JS ine
H A —
4 W Slinline 18 - textContent changed value
‘ L2 m n o "n
Slin line 20 - useCelsius — 2 1 C
ILin line 23 - Fahrenheit Inspect Show in Timeline Show in Code COdE HOOk [thermﬂstat'
went].celsius
Objects 4:51.0005

[ thermostat-component + )

celsius: 21 + (HTMLSpanEIement +] temperatureString +

NN
|¢| v v
d

| .
| $? Signal textContent: "21°C" + | [function:wrapped_function +)

EShow local Variables Collapse All Extend All



Objects

( HTMLSpanElement + )

l

ﬂ

£) Signal textContent: "20°C"

+

Objects

( thermostat-component + )

celsius: 20 +

( HTMLSpanElement +

temperatureString +

l

:

£ Signal textContent: "20°C"

+

Event 6/8
created

Objects

( HTMLSpanElement +

celsius: 20 +

temperatureString +

Objects

[ thermostat-component + )

l

l

l

£ Signal textContent: "20°C"

i

+

celsius: 21 +

( HTMLSpanElement + )

temperatureString +

l

'

!

$% Signal textContent: "21°C" +

[ function: wrapped_function + ]




= Thermostat

- 70°F +
[J Use Celsius




= Thermostat

- 70°F +
(] Use Celsius

v<thermostat-component>
» #shadow-root...
» #Properties: thermostat-component {...}

</thermostat-component>




updates

= Thermostat - X

- 69°F + 0
O U%e Celsius v..

1

v<thermostat-component>

» #shadow-root...

» #Properties: thermostat-component {...}
</thermostat-component>

this.fahrenheit--|

execute code




updates

= Thermostat
69°F + ¢

E] U%e Celsms

v<thermostat-component>
» #shadow-root...
» #Properties: thermostat-component {...}

execute code

</thermostat-component>

1 this.fahrenheit--|

no effect!

= Thermostat
t-21°C +

$e Celsius

= Inspect: undefined
..

v<thermostat-component>
» #shadow-root...
» #Properties: thermostat-component {...}

execute code

</thermostat-component>

1 this.fahrenheit--

Bug!



updates

= Thermostat

- B9°F + &
O U%e Celsius

= Inspect: undefined
¥..

v<thermostat-component>
» #shadow-root...
» #Properties: thermostat-component {...}

execute code

</thermostat-component>

1 this.fahrenheit--|

no effect!

= Thermostat

so21°C +

$e Celsius

= Inspect: undefined
v.o..
v<thermostat-component>
» #shadow-root...
» #Properties: thermostat-component {...}

execute code

Expected Behavior: view update

Infection Propagation

</thermostat-component>

1 this.fahrenheit--

Failure: no update




= Active Expression Event Timeline
Reactive Concepts Overview
4w thermostat-component.js
- @ Slinline 18 - textContent
 Slin line 20 - useCelsius
| ILin line 23 - Fahrenheit

Timeline
042

- 0 X

L
£2 textContent (7) e

ne
DC" FIZDOC" "21 OC" l'70 F "69 F !|21 OCI' |'22CPC|| "2BDCII "73 F "72 F "71 F II22 D@l
} | Filter
046 048 050 052 054 056 058 060
| | 1 1 | | |
e .

changed value

in thermostat-component.js line 20
l|?1DF n — I!22G}CIF
SourceCodeHook: [thermostat-

component].temperatureString

at 18:31:18.0525




= Active Expression Graph

Reactive Concepts Overview

4 -_-thermostat-component.js
J W Slinline 18 - textContent

Slin line 20 - useCelsius
IL in line 23 - Fahrenheit

. ______________________________________________________

Inspect

Show in Timeline

Event 21/21
changed value

Show in Code

Objects

(thermostat-component ok

)
l

celsius: 22

+

( HTMLSpanElement +

temperatureString

+

1

:

!

| ?;?Signal textContent; "22°C" + | [function:wrapped_function +j

®Show local Variables

Collapse All

Extend All




= Active Expression Graph
Reactive Concepts Overview
4w thermostat-component.js
J W Slinline 18 - textContent

Slin line 20 - useCelsius
ILin line 23 - Fahrenheit

=

Event 20/21

e dependencies

changed

Inspect Show in Timeline

Objects

(thermostat—component +

l

celsius: 22 + 3| fahrenheit: 67 + ‘ (HTMLSpanEIement +j temperatureString +

Y

[ $¥ Signal textContent: "71°F "+ |

!

( function: wrapped function + j

EShow local Variables Collapse All

Extend All




= Active Expression Graph

Reactive Concepts Overview

4w thermostat-component.js

J v Sl in line 18 - textContent

Slin line 20 - useCelsius
IL in line 23 - Fahrenheit

C _____________________________________________ ]

Inspect

Show in Timeline

Event 19/21
changed value

Show in Code

x

Objects

(thermostat—component +

)

fahrenheit: 67

+

( HTMLSpanElement +

)

temperatureString

+

3

b

'

%% Signal textContent: "71°F "

E@Show local Variables

inspect
Show more
Locations
Events

+ I ( function: wrapped_function + J

thermostat-component js:18 3

Collapse All

Extend All




= thermostat-component js S o |
€ 2> A @& nitps:ilively-kernel org/livelyd/aexpr/src/client/reactive/components/rewritten/thermostat-component js o @& @
14 })s
15 this.reduce.addEventlListener("click"”, () => {
16 this.reduceTemperature();
1; ST ii;ays: this.temperature.textContent = this.temperatureString();
;g RE always: this.useCelsius = this.celsiusMode.checked;
21 this.setuplayer();
ii IL this.fahrenheitLayer.activeWhile(() => !this.useCelsius);
ig _ this.replaceMigratableAEs();
40 setupLayer() {
a1 this.fahrenheitlayer = new Layer("Fahrenheit™);
42 this.fahrenheitlayer.refineObject(this, {
13 = increaseTemperature() {
44 =5 this.fahrenheit++;
45 1,
6 = reduceTemperature() {
a7 this.fahrenheit--;
A8 },
49 = temperatureString() {
58 return this.fahrenheit + "°F ";
51 +
52 1)
C "

54 this.fahrenheitlayer.onActivate(() => {

55 lively.notify{ 'use °F")

56 this.fahrenheit = Math.round(this.celsius * 9 / 5 + 32);
57 })s;

58 this.fahrenheitlLayer.onDeactivate({) =» {

59 lively.notify('use °C")

60 this.celsius = Math.round{(this.fahrenheit - 32) / 9 * 5);
61 1)

62 !




= Active Expression Graph - M

Reactive Concepts Overview

4 |w thermostat-component.js Event 42/ 4?
a ¥ Slin line 18 - textContent - gﬁgﬁgggnmes

Slin line 20 - useCelsius
W IL in line 23 - Fahrenheit

Inspect Show in Timeline
Objects
4 N
| thermostat-component + |
l ] |
(HTMLSpanEIement +j fahrenheit: 73  + celsius: 22+ temperatureString + useCelsius: false + fahrenheitLayer +
l 3 E| | 1
l ¢ Y A 4 A 4
{7 Signal textContent: "71°F "+ reduceTemperature + [ ¥ Layer Fahrenheit + ) increaseTemperature  +
\ \ 1 1 l
(Iayered function: temperatureString +) [Iayered function: reduceTemperature +j (Iayered function: increaseTemperature +]

#Show local Variables Collapse All Extend All




= Active Expression Graph

Reactive Concepts Overview

4 | thermostat-component.js

a ¥ Slin line 18 - textContent

Slin line 20 - useCelsius
Wl IL in line 23 - Fahrenheit

Inspect

Show in Timeline

Event 41/47
changed value

Show in Code

Objects

l

4
| thermostat-component +

'

l

temperatureString

-

HTMLSpanElement

+

fahrenheit: 73 +

+

useCelsius: false +

1

1

Vo

’7 fahrenheitLayer

Y

Y

$7 Signal textContent: "71°F "+

¥ Layer Fahrenheit

+

reduceTemperature +

increaseTemperature +

\i

(Iayered function: temperatureString +)

\

[Iayered function: reduceTemperature +)

Y

l

(Iayered function: increaseTemperature +J

@@ Show local Variables

Collapse All

Extend All




= Active Expression Graph
Reactive Concepts Overview
4w thermostat-component.js

4 W Slin line 18 - textContent

Slin line 20 - useCelsius
W ILin line 23 - Fahrenheit

Inspect Show in Timeline

Event 41/47
changed value

Show in Code

l

(
AN

Objects

thermostat-component +:i

'

Y

Y

fahrenheitLayer + useCelsius: false +

temperatureString  +

fahrenheit: 73 + [HTMLSpanEIement +j

A |

!

\/

(Iayered function: reduceTemperature +)

1

£l

reduceTemperature + ¥ Layer Fahrenheit + '

 J A
{7 Signal textContent: "71°F "+ increaseTemperature +
Y
( *Iayered function: temperatureString - )
\

— [Iayered function: increaseTemperature +]
original:
temperatureString() {

return _getMember(this, ‘celsius') + "°C";

S 1 Location D

@ Show local Variables

Collapse All

Extend All




= Active Expression Graph - [

Reactive Concepts Overview

4 |- thermostat-component.js Event 42/ 4?
.; W Slin line 18 - textContent ) gﬁgﬁngsnmes

Slin line 20 - useCelsius
W IL in line 23 - Fahrenheit

Inspect Show in Timeline
Objects
' N\
l { thermostat-component +/|
[HTMLSpanEIement +j fahrenheit: 73 + celsius: 22 + temperatureString + useCelsius: false + fahrenheitLayer +
l 3 | 1
l ¢ L | Y L
$7 Signal textContent: "71°F "+ reduceTemperature + ( ¥ Layer Fahrenheit +j increaseTemperature  +
G | [
s — . A
layered function: temperatureString - <
s
\/ \/ \J \d
EeRE [Iayered function: reduceTemperature +] (Iayered function: increaseTemperature +)
temperatureString() {
return _getMember(this, 'celsius') + "°C";
S 1 Location D

E@Show local Variables Collapse All Extend Al




Fix Bug by Introducing a Constraint

always: this.fahrenheit = Math.round(this.celsius * 9 / 5 + 32)
always: this.celsius = Math.round((this.fahrenheit - 32) / 9 * 5)



Active Expression Tool Framewor

= Active Expression Graph -0 x
Reactive Concepts Overview
4w thermostat-component js
4 W Slinline 18 - textContent
lLow
Sl in line 20 - useCelsius
W ILinline 23 - Fahrenheit

Event 42/4?

changed

thermostat-component js =

€ > 4+ A htp: y-kernel

is % & o

ne

with ILA support

sor|mopect

O YEed

A I e [Pl iRl M KA A PR

048 050
!

} | Filter

052 054 056 058 060
I 1 !

14 3
15 this.reduce.addEventListener("click", () => {
16 this.reduceTemperature();
17 3
18 ST always: this.temperature.textContent = this.temperatureString();
19
20 RE always: this.useCelsius = this.celsiusMode.checked;
21 this.setuplayer();
22
23 IL this.fahrenheitlayer.activeWhile(() => !this.useCelsius);
24
25 this.replaceMigratableAEs();
Objects ;g
28 increaseTemperature() { Active Expression Event Timeline
29 this.celsius++; . -
30 ) Reactive Concepts Overview
31 -
32 reduceTemperature() { 4w thermostat-component.js
HTMLSpanElement + J | fahrenheit: 73+ | | celsius: 22+ ‘ | temperatureSt 33 this.celsius--; P
( 3 } ¥ Slin line 18 - textContent
l l i — ] 35 . .
{ 36 temperaturestring() { 8l in line 20 - useCelsius
- R 37 return this.celsius + "°C"; - .
| §2 Signal textContent: "71°F "+ | | reduceTemperature 38 } IL in line 23 - Fahrenheit
39
40 setuplayer() {
- - 21 this.fahrenheitlayer = new Layer("Fahrenheit");
Qayeredfuncuon: temperatureString +) [layeredfuncuon;. 2 this. fahrenheitLayer. refineObject (this, {
3 = increaseTemperature() {
m < this.fahrenheit++; = =
@ Show local Variables Collapse Al a5 h Timeline
6 = reduceTemperature() {
47 this.fahrenheit--; 072 0‘:" 0“‘5
48 1,
° 5 = témperaturestring() { §7 textContent (7) @ L] [ ]
ra ’ew 50 return this.fahrenheit + "°F ";
51 }
52 s
53
54 this.fahrenheitlayer.onActivate(() => {
55 lively.notify('use °F')
56 this.fahrenheit = Math.round(this.celsius * 9 / 5 + 32);
57 s
58 this.fahrenheitlayer.onDeactivate(() => {
59 lively.notify('use °C')
60 this.celsius = Math.round((this.fahrenheit - 32) / 9 * 5);
61 s
62 >

Code Annotations

2020-07-21

changed value

in thermostat-component js line 20
TASE " "20e
SourceCodeHook: [thermostat-
component].temperatureString

at 18:31:18.0525

Event Timeline

Stefan Ramson | Hasso Plattner Institute, Software Architecture Group



Implementation

ILA  Signals | —

ILA [T

Editor

Signals

ILA |—| Signals |-

ContextJS

AE

Event Timeline
— A

Signals
GraphView -‘

1

AE Event Tracing
Infrastructure

Code Rewriting

ILA M Signals

Overview

Graphical
Components

Live Programming Environment (Lively4, JavaScript)

2020-07-21

Stefan Ramson | Hasso Plattner Institute, Software Architecture Group
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Future Work

» Live programming and Active Expressions

. R [ thermostat-component  + j
» Leaking abstractions , | | ,,
fahrenheitLayer + | useCelsius: true  + temperatureString  + celsius: 2+
k| K|
)) Sta b I e I ay0 u t ! EJ Layer F:hrenheit o)
Inactive .
reduceTemperature  + 1 Location & Signal textContent: "8°C"

Caused 9 Events

Has 10 Events
E |

layered function: reduceTemperature -

Y

(" layered function: temperatureString - )

original:
reduceTemperature() {
_sethlemberSubtraction(this, ‘celsius’, 1, { L
file: "hitps:ifively-kemel.org/livelydfaexprisrc/clientreactive/componentsirewritten/thermostat-component js',
end; {
ﬁﬁg!rgg' 18, original:
: temperatureString() {
Start: { return _getiember(this, ‘celsius’) + "C";

column: 4,
line: 38 1 Location

source: "

N+t
}

1 Location
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Explicit Tool Support for Implicit Layer Activation

Active Expression Graph - O x
Reactive Concepts Overview
4w thermostat-component js Event 42/47
4 W Slinline 18 - textContent changed
° ° Ly
)> rObIem. ISSI tOOI Su Ort for Linine2s-Favenhon
) ILin line 23 - Fahrenheit [ ——
€ 9 4 & nhtips/lively-kemel is ® 2
14 b }
° ° ° ° ° 15 this.reduce.addEventListener("click”, () => {

16 this. reduceTemperature();
17 s
18 ST always: this.temperature.textContent = this.temperatureString();
19
20 RE always: this.useCelsius = this.celsiusMode.checked;
21 this.setuplayer();
22
23 1L this.fahrenheitlayer.activelhile(() => !this.useCelsius);
24
25 this.replaceMigratableAEs();
26 }

» . — |

° - 28 increaseTemperature() {

29 this.celsius++;
30 } |

[HTMLSpanE\ement +) | fahrenheit: 73+ | ‘ celsius: 22 + |

reduceTemperature() { Active Expression Event Timeline

33 this.celsius--; i i
is.celsius Reactive Concepts Overview

shared tool framework based on b [

return this.celsius + "°C";

38 } . W Slinline 18 - textContent
{ 39 |

— 5 20 setuplayer() { b Slin line 20 - useCelsius
('aV“d finction:jiemperaireSiring *) G 21 this.fahrenheitlayer = new Layer("Fahrenheit™);

° . - i
22 this.fahrenheitLayer.refineObject(this, { 3 ILin line 23 - Fahrenheit
- e increaseTemperature() {
@Show local Variables P R REeT R e ;

—
ww
(=

3 e
w
N

Alll

15 s
% = reduceTemperature() {
. 17 this.fahrenheit--;
GraphView T imeli
9 = temperatureString
p 50 return this.fahrenheit + "°F "; Tlmell ne 042
51 }
52 s e E—
)) ° 53 $2 textContent (7) @
° 54 this. fahrenheitLayer.onActivate(() => {
55 lively.notify('use °F')
56 this.fahrenheit = Math.round(this.celsius * 9 / 5 + 32);
57 s
58 this. fahrenheitLayer.onDeactivate(() => {

59 Lively.notify('use °C

built with concepts from COP and

reactive programming Code Annotations

Event Timeline
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