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Live & Direct Abstract & Symbolic
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+ Specialized representations

+ Direct manipulation affordances

+ Live (immediate + uninterrupted)
feedback
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+ Specialized representations + Generic symbolic representations

+ Direct manipulation affordances + Symbol manipulation affordances

+ Live (immediate + uninterrupted) + Abstraction and composition
feedback and calculation and automation
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+ Specialized representations + Generic symbolic representations

Direct manipulation affordances + Symbol manipulation affordances

+ Live (immediate + uninterrupted) + Abstraction and composition
feedback and calculation and automation
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Live & Direct &  Abstract & Symbolic

Livelits (a.k.a. live literals) in Hazel

let baseline = $slider @ 255 0 in let gl_max = 36. in
let $percent = $slider @ 100 in let grades =
let default_color = $dataframe
Jeotor = lq1l_max +. 24. +. $fslider 0. 40. 0
i [BaseTling S - mAL" ma2" =Ag® "Midterm" “Final"
. [baseline B 58 - — "Andrew" 80. 92. 83.5 95. 88. .
+ baseline "Cyrus"  61. 64. 98. 70. 85.
"David"  75. 81. 73. 82. 79.
» $percent ) I .
+ Specialized representations + Generic symbolic representations
+ Direct manipulation affordances + Symbol manipulation affordances

+ Live (immediate + uninterrupted) + Abstraction and composition
feedback and calculation and automation



Live & Direct &

Livelits (a.k.a. live literals) in Hazel

-+

Abstract & Symbolic

Live & Direct Demo! [hazel.org/livelits]

Specialized representations
Direct manipulation affordances
Live (immediate + uninterrupted)
feedback

+
+
+

Generic symbolic representations
Symbol manipulation affordances
Abstraction and composition

and calculation and automation



Live & Direct &  Abstract & Symbolic

Livelit Provider API: Model-View-Update-Expand + Splice Monads

$color type Color = (.r Int, .g Int, .b Int, .a Int)
livelit $color at Color (
type Model = (.r SpliceRef, .g SpliceRef,
.b SpliceRef, .a SpliceRef)

baseline -
baSEIine I+ 50 e context ( }
baseline 5
let init : UpdateCmd(Model) = do
$percent 0 r <- new_splice("Int", Some( @"))

g <- new_splice("Int", Some( @7))

b <- new_splice("Int", Some( @7))

a <- new_splice("Int", Some(~1007))
return (r, g, b, a)

rgba(57, 107,57,0.92)
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Livelit Provider API: Model-View-Update-Expand + Splice Monads

$color type Color = (.r Int, .g Int, .b Int, .a Int)
livelit $color at Color {
type Model = (.r SpliceRef, .g SpliceRef,
.b SpliceRef, .a SpliceRef)
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baseline

baseline & 50 context { }

baseline :
let init : UpdateCmd(Model) = do
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Livelit Provider API: Model-View-Update-Expand + Splice Monads

$color type Color = (.r Int, .g Int, .b Int, .a Int)
livelit $color at Color {
type Model = (.r SpliceRef, .g SpliceRef,
.b SpliceRef, .a SpliceRef)

rgba(57, 107,57,0.92)
baseline

baseline & 50 context { }

baseline :
let init : UpdateCmd(Model) = do
r <- new_splice("Int~, Some(°©°))

$percent U

g <- new_splice("Int", Some( 97))

b <- new_splice("Int", Some(°97°))

a <- new_splice("Int", Some(°1007))
return (r, g, b, a)



Live & Direct &  Abstract & Symbolic

Livelit Provider API: Model-View-Update-Expand + Splice Monads

$color type Action =
| ClickOn(Color)

rgba(57, 107,57,0.92)
let view : Model -> ViewCmd(Html(Action)) =
fun model -> do

== (* determine a color to display *)

baseline

baseline & 50

r_res <- eval_splice(model.r)

baseline g_res <- eval_splice(model.g)
b_res <- eval_splice(model.b)
$percent [] a_res <- eval_splice(model.a)

let cur_color : Color =
case (r_res, g_res, b_res, a_res)
| (Some(Val(IntLit(r))),
Some (Val(IntLit(g))),
Some (Val(IntLit(b))),
Some (Val(IntLit(a)))) ->
Some((r, g, b, a))
| _ ->

(# indeterminate color shown as X *)

None
in
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Livelit Provider API: Model-View-Update-Expand + Splice Monads
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Livelit Provider API: Model-View-Update-Expand + Splice Monads

$color type Action =
| ClickOn(Color)

rgba(57, 107,57,0.92)

let view : Model -> ViewCmd(Html (Action)) =
fun model -> do
= 3 (* determine a color to displa

baseline

baseline & 50

r_res <- eval_splice(model.r)

baseline g_res <- eval_splice(model.g)
b_res <- eval_splice(model.b)
$percent [] a_res <- eval_splice(model.a)

let cur_color : Color =
case (r_res, g_res, b_res, a_res)
| (Some(Val(IntLit(r))),
Some (Val(IntLit(g))),
Some(Val(IntLit(b))),
Some (Val(IntLit(a)))) ->
Some((r, g, b, a))
| o =>
indeterminate color shown as X =*)
None
in
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Livelit Provider API: Model-View-Update- Expand + Splice Monads

$color generate splice editors =*)
let size = FixedWidth(20) in
r_editor <- editor(model.r, size)
g_editor <- editor(model.g, size)
b_editor <- editor(model.b, size)

rgba(57, 107,57,0.92)
= baseline

. baseline K 50

a_editor <- editor(model.a, size)

baseline

. now we can render the UI ... %)

© $percent 0
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Livelit Provider API: Model-View-Update- Expand + Splice Monads

$color (*# generate splice editors *)
let size = F1xedW1dth(20) in
r_editor <- editor(model.r, size)
g_editor <- editor(model.g, size)
b_editor <- editor(model.b, size)

rgba(57, 107,57,0.92)
baseline

. baseline K 50

a_editor <- editor(model.a, size)

baseline
NOoOW we Ccan rendaer tthe J1 A %)

© $percent 0
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Livelit Provider API: Model-View-Update-Expand + Splice Monads

$color let update :
Model -> Action -> UpdateCmd (Model) =
fun model (ClickOn c¢) -> do
set_splice(model.r, IntLit(c.r))
set_splice(model.g, IntLit(c.g))
set_splice(model.b, IntLit(c.b))
set_splice(model.a, IntLit(c.a))

rgha(57, 107,57,0.92)
baseline
. baseline K 50

baseline

return model
© $percent 0
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Livelit Provider API: Model-View-Update-Expand + Splice Monads

$color let update :
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rgha(57, 107,57,0.92)
baseline
. baseline K 50

baseline

return model
© $percent 0
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Livelit Provider API: Model-View-Update-Expand + Splice Monads

$color let expand : Model -> (Exp, List(SpliceRef)) =
fun model -> ("fun r g b a -> (r, g, b, a)°,
[model.r, model.g, model.b, model.a])

rgha(57, 107,57,0.92)
* baseline
. baseline K 50

% baseline

© $percent 0
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Livelit Provider API: Model-View-Update-Expand + Splice Monads

$color let expand : Model -> (Exp, List(SpliceRef)) =
fun model -> ("fun r g b a -> (r, g, b, a)",
[model.r, model.g, model.b, model.a])

rgha(57, 107,57,0.92)
* baseline
. baseline K 50

% baseline

© $percent 0
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Livelit Provider API: Model-View-Update-Expand + Splice Monads

$color let expand : Model -> (Exp, List(SpliceRef)) =
fun model -> ("fun r g b a -> (r, g, b, a)°,
[model.r, model.g, model.b, model.al])

rgha(57, 107,57,0.92)
* baseline
. baseline K 50

% baseline

© $percent 0



The Typed Livelit Calculus

Overview

Typr s=qg=n|nXn|l|n+n|t|p(ts)
Unexpanded UExp € u= x| Ax.é|é1éz2]|...| ()* | $a{dmodel; {¥i}i<n)"
External / Expanded EExp e == x|Ax.e|ej e |...| ()*
Internal  IExp d == x| Axd|d;dy]|...| ()%
Splice == e:r
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The Typed Livelit Calculus

Overview

Typ 7 o= ngon|nXn|l|n+n|t|p(ts)
Unexpanded UExp € u= x| Ax.é|é1éz2]|...| ()¥ | $a{dmodel; {¥i}i<n)"
External / Expanded EExp e := x|Ax.e|ejex|...| ()* ~— .
Internal  1Exp d == x| Axd |dids | ... | ()% _ | Elaboration
Splice ¢ == é: 1 [Hazelnut Live,

POPL'19]



The Typed Livelit Calculus

Overview
Typ 7 o= ngon|nXn|l|n+n|t|p(ts)
Unexpanded UExp € == x|Ax.e|érez]|...| ()¥ | $a{dmodel; {¥i}icn)® = .
External / Expanded EExp e == x|Ax.e|ej e |...| ()* | Expansion
Internal  IExp d == x| Axd|d;ds]|...| ()%
Splice ¢ u= e:r



The Typed Livelit Calculus

Expansion (Mechanized in Agda)

Theorem 4.4 (Typed Expansion). If®;T + é ~» e : 7 then
I D

ELivelit
livelit $a at Texpand {Tmodel;dexpand} €d
F dimodel ¢ Tmodel
dexpand dmodel U dencoded Aencoded T €pexpansion

F €pexpansion * {Ti} i<n — Texpand
{®;TFeé ~ e :Ti}icn

®;T + $a{dmodel; {€i : Ti}ti<n)" ~ €pexpansion {eiticn : Texpand
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Expansion (Mechanized in Agda)
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Expansion (Mechanized in Agda)
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Expansion (Mechanized in Agda)

Theorem 4.4 (Typed Expansion). If ;T + é ~» e : 7 then

e eni:
ELivelit
livelit $a at Texpand {Tmodel;dexpand} €P
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(3) Expansion Generation
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Expansion (Mechanized in Agda)

Theorem 4.4 (Typed Expansion). If ;T + é ~» e : 7 then

e eni:
ELivelit
livelit $a at Texpand {Tmodel;dexpand} €d
F dmodel © Tmodel
dexpand dmodel U dencoded Aencoded T €pexpansion

F €pexpansion * {Ti} i<n — Texpand
{®;TFeé ~ e :Ti}icn

®;T + $a{dmodel; {€i : Ti}ti<n)" ~ €pexpansion {eiticn : Texpand
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Expansion (Mechanized in Agda)

Theorem 4.4 (Typed Expansion). If ;T + é ~» e : 7 then
e eni:
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Expansion (Mechanized in Agda)

Theorem 4.4 (Typed Expansion). If ;T + é ~» e : 7 then
e eni:

ELivelit
livelit $a at Texpand {Tmodel;dexpand} €d
F dimodel ¢ Tmodel
dexpand dmodel U dencoded Aencoded T €pexpansion

F €pexpansion * {Ti} i<n — Texpand
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®; T + $a{dmodel; {€; : Ti}i<n>u ™ €pexpansion {eiticn : Texpand

(6) Splice Expansion
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Expansion (Mechanized in Agda)
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Expansion (Mechanized in Agda)

Theorem 4.4 (Typed Expansion). If ;T + é ~» e : 7 then
e eni:
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(2) Model Validation
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(7) Conclusion



The Typed Livelit Calculus

Live Closure Collection (formalized in paper)

1. Replace parameterized expansions with holes

2. Run the program a la Hazelnut Live [POPL'19], generating proto-closures

3. Resume any livelit holes that appear in proto-closures to collect livelit
closures



Live & Direct & Programmafic

Summary: Livelits (a.k.a. live literals) in Hazel (hazel.org)

let baseline = $slider @ 255 0 in let gl_max = 36. in
let $percent = $slider @ 100 in let grades =
let default_color = $dataframe
$color
= lq1l_max +. 24. +. $fslider 0. 40. 0
rgba(57, 107,57,0.92)
i [basetina — "A1" "A2" "A3" "Midterm" "Final"
. 'baseline [¥ 50 — Andrew 80. 92. 83.5 95. 88. .
R "Cyrus" 61. 64. 98. 70. 85.
s baseline
"David" 75. 81. 73. 82. 79.
» $percent 0
+

Extensible Parameterizable
Persistent Typed
Compositional Live



Live & Direct —===“—» Programmatic

Graphite
public Color getDefaultColor() { public Color getDefaultColor() {
return return new Color(

} rgba(57.107 57,0.92) 57,

107,

Enter 57, 92);
—_— }

Extensible Parameterizable—

e Typed



Live & Direct —===*—»> Programmafic

mage
: 1 | mage : user edits table ‘ 2 | mage: edits reflect in code

%summon table df # —— generated code —
column_names = list(df)

age v | workclass ¥ fnlwgt column_names.pop(6)
0 90 2 77053 column_names.insert(1, "o
occupajign ¥ df = df.reindex(columns=c
182 ate  13287C %summon table df
2 66 ? 186061 age ¥ occupation ¥ workclas:
3 54 Private 14035¢ 0 90 ?
4 M Private 264662 1 82 managésigi Priva

Extensible Parameterizable—

Persistent Typed-
. itional Li



Live & Direct —===“—» Programmatic

Interactive syntax in Dr. Racket

T -’-%t u.&' K C.,Z; T _‘\’(
(check-equal? (send —>£‘I 0 addTile v % playere) —?('I \3"-7‘)



Live & Direct —===“—» Programmafic

Interactive syntax in Dr. Racket

; Tile -> [Listof Board]
(define (all-possible-configurations t)

(for/list ([d DEGREES])
0

N

(send t rotate d)

Extensible Parameterizable—

Persistent Typed-
. itional Li



Live & Direcf <€——“*— Programmafic

POWER
ILLUSTRATOR

ACTIONS

+ Specialized representations + Generic symbolic representations

+ Direct manipulation affordances + Symbol manipulation affordances

+ Live (immediate + uninterrupted) + Abstraction and composition
feedback and calculation and automation



Live & Direct & Programmafic

Summary: Livelits (a.k.a. live literals) in Hazel (hazel.org)

let baseline = $slider @ 255 {} in let gl_max = 36. in
let $percent = $slider @ 100 in let grades =
let default_color = $dataframe
$color
= lq1l_max +. 24. +. $fslider 0. 40. 0
rgba(57, 107,57,0.92)
# [baseline — "ALl" "A2" "A3" "Midterm" "Final"
. 'baseline [¥ 50 — "Andrew" 80. ”92. 83.5 95. 88. .
R "Cyrus" 61. 64. 98. 70. 85.
s baseline
"David" 75. 81. 73. 82. 79.
» $percent 0 l .
Specialized representations + Generic symbolic representations

Direct manipulation affordances
Live (immediate + uninterrupted)
feedback

-+

Symbol manipulation affordances
Abstraction and composition
and calculation and automation

+ + +
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Summary: Livelits (a.k.a. live literals) in Hazel (hazel.org)

let baseline = $slider @ 255 0 in let gl_max = 36. in
let $percent = $slider @ 100 in let grades =
let default_color = $dataframe
$color
= lq1l_max +. 24. +. $fslider 0. 40. 0
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i [basetina — "A1" "A2" "A3" "Midterm" "Final"
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s baseline
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+

Extensible Parameterizable
Persistent Typed
Compositional Live
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Summary: Livelits (a.k.a. live literals) in Hazel (hazel.org)

let baseline = $slider @ 255 0 in let gl_max = 36. in
let $percent = $slider @ 100 in let grades =
let default_color = $dataframe
$color
lq1_max +. 24. +. $fslider 0. 40. 0
rgba(57, 107,57.0.92)
# [baseline — "Al" A= "A3" "Midterm" "Final"
. baseline 50 Andrew" (80. 92. 83.5 95. 88. .
R "Cyrus" 61. 64. 98. 70. 85.
# baseline
"David" 75. 81. 73. 82. 79.
» $percent 0
+
[l ®
Extensible Parameterizable

Persistent Typed Thank you!
Compositional Live



Live & Direct & Programmafic

+ Specialized representations + Generic symbolic representations
+ Direct manipulation affordances + Symbol manipulation affordances
+ Live feedback + Abstraction and composition

and calculation and automation



