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What is it that program editors reason about?



What is it that textual program editors reason about?

fun summary_stats(m : matrix) =

{ mean = stats.mean(m, ColumnWise),
std = stats.std(m,
median =

syntactically malformed program text



Syntactic error recovery heuristics

fun summary_stats(m : matrix) =

{ mean = stats.mean(m, ColumnWise),
std = stats.std(m, 0O),
median = O }

syntactically malformed program text - term with holes

[Kats et al., OOPSLA 2009; Amorim et al., SLE 2016]



Syntactic structure editors

fun summary_stats(m : matrix) =

{ mean = stats.mean(m, ColumnWise),
std = stats.std(m, 0O),
median = O }

syntacticallymalformed-program-text— term with holes

[Teitelbaum and Reps, Comm. ACM 1981; many others since]



How to reason statically about terms with holes?

fun

summary_stats(m : matrix) =

mean
std
median

stats.mean(m, ColumnWise),
stats.std(m, 0O),

O }



How to reason statically about terms with holes?

What type is synthesized for the function as a whole?

:

fun summary_stats(m : matrix) =

{ mean = stats.mean(m, ColumnWise),
std = stats.std(m, 0O),
median = O }



How to reason statically about terms with holes?

matrix -
What type is synthesized for the function as a whole? { mean : vec,
std . Vec,
L median : O }

fun summary_stats(m : matrix) =

{ mean = stats.mean(m, ColumnWise),
std = stats.std(m, 0O),
median = O }



How to reason statically about terms with type errors?

What type is synthesized for the function as a whole?

:

fun summary_stats(m : matrix) =

{ mean = stats.mean(m, ColumnWise),
std = stats.std(m, “oops”),
median = O }



How to reason statically about terms with type errors?

What type is synthesized for the function as a whole?

:

fun summary_stats(m : matrix) =

{ mean = stats.mean(m, ColumnWise),
std = stats.std(m, “oops”),
median =

0 } ?

Reify type inconsistencies as hon-empty holes!
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How to reason statically about terms with type errors?

matrix -
What type is synthesized for the function as a whole? { mean : vec,
std . Vec,
L median : O }

fun summary_stats(m : matrix) =

{ mean = stats.mean(m, ColumnWise),
std = stats.std(m, “oops”),
median =

0 } ?

Reify type inconsistencies as hon-empty holes!
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A static semantics for lambda terms with holes

Hlyp T =
HExp ¢é ::
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A static semantics for lambda terms with holes

HTyp © == (Tt — 1) |num] ()
HExp é == x| (Axé)|éé)|n]|(é+eé)|eé:-T|()](€)
I'+é= 1| ¢ésynthesizes T ['F ¢ < 1| é analyzes against T
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A static semantics for lambda terms with holes

HTyp © == (Tt — 1) |num] ()

HExp é == x| (Axé)|éé)|n]|(é+eé)|eé:-T|()](€)
I'+é= 1| ¢ésynthesizes T ['F ¢ < 1| é analyzes against T
(=0

IFeé=1

I (e)=(
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A static semantics for lambda terms with holes

HTyp © == (Tt — 1) |num] ()

HExp é == x| (Axé)|éé)|n]|(é+eé)|eé:-T|()](€)
I'+é= 1| ¢ésynthesizes T ['F ¢ < 1| é analyzes against T
. . . ./ L
0= 0 SR ks

. 'Fé<=Tt

'Feée=T1

'+ (¢) = ()
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A static semantics for lambda terms with holes

HTyp © == (Tt — 1) |num] ()

HExp é == x| (Axé)|éé)|n]|(é+eé)|eé:-T|()](€)
I'+é= 1| ¢ésynthesizes T ['F ¢ < 1| é analyzes against T
: I'tée=1 1t~1
I'=(0=10 O

. 'Fé<=Tt

[Fe= 1

I+ (é) = () t ~ t'| T and t/ are consistent

T~ T T ~ T
h~t T~ T~T (1)~ (f—1)
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A static semantics for lambda terms with holes

= (t— 1) |num

Hlyp T
HExp ¢

I

=
—

>

=

™

™

N
e

I'+é= 1| ¢ésynthesizes T

I'E()=(
[Feée=1
I'F () = ()

(ete)fe-t(h](e

I'k ¢ < 1| ¢ analyzes against T

I'Fe= 1 T~ T

[Fe<Tt

7 and 1’/ are consistent

T~ T T ~ T

t~() tT~T (o)~ (H — 1)

coincides with gradual typing
[Siek and Taha, 2006]
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A typed edit action semantics

actions :>>
edit states v ¥
0 o>
e1 = T = = DfF—>|é3 = T3|
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See http://hazelgrove.org/
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A typed edit action semantics

ZTyp T u=pitd| (T = 1) | (T — 1)
ZExp é ::= péa|(Ax.é)|é(é)|e(é)|(é+¢é)|(é+é)
| é:t|é:t](é)
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A typed edit action semantics

ZTyp T u=pitd| (T = 1) | (T — 1) Action a ::= move d | construct ¢ | del | finish
ZExp é 1= pé<| (Ax.é)|é(é)|eé(é)|(é+¢é)|(é+é) Dir 6 := childn | parent
| é:t|é:t](é) Shape o ::|: arrow | num

asc|varx|1amx|ap|litn|p1us
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A typed edit action semantics

ZTyp T u=pitd| (T = 1) | (T — 1) Action a ::= move d | construct ¢ | del | finish
ZExp é 1= pé<| (Ax.é)|é(é)|eé(é)|(é+¢é)|(é+é) Dir 6 := childn | parent
| é:t|é:t](é) Shape @ := arrow |num
| asc|varx|1amx|ap|litn|p1us
[-e=1-5¢ =1 I R
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A typed edit action semantics

ZTyp T u=pitd| (T = 1) | (T — 1) Action a ::= move d | construct ¢ | del | finish
ZExp é 1= pé<| (Ax.é)|é(é)|eé(é)|(é+¢é)|(é+é) Dir 6 := childn | parent
| é:t|é:t](é) Shape @ := arrow |num
| asc|varx|1amx|ap|litn|p1us
[-e=1-5¢ =1 I R

I DGDQ s (]D construct 1lit n} >H< = num
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A typed edit action semantics

ZTyp T u=pitd| (T = 1) | (T — 1) Action a ::= move d | construct ¢ | del | finish
ZExp é = réa| (Ax.é)|é(é)|eé(é)| (é+¢é)|(é+¢é) Dir 0 == child n | parent
| é:t|é:t](é) Shape @ := arrow |num
| asc|varx|1amx|ap|litn|p1us
[-e=1-5¢ =1 I R

I DGDQ s (]D construct 1lit n} >H< = num

. A “ ~
I'Fé — ¢ < num

fl—(é+é)=>numi>(é,+é)=>num
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A typed edit action semantics

ZTyp T u=pitd| (T = 1) | (T — 1) Action a ::= move d | construct ¢ | del | finish
ZExp é = réa| (Ax.é)|é(é)|eé(é)| (é+¢é)|(é+¢é) Dir 0 == child n | parent
| é:t|é:t](é) Shape @ := arrow |num
| asc|varx|1amx|ap|litn|p1us
[-e=1-5¢ =1 I R
rFee=+7 Tré=i7 5Héd=1  t~71
Iho()a= () 2SRRI L g = num THe-—5é¢ <1

. A “ ~
I'Fé — ¢ < num

fl—(é+é)=>numi>(é,+é)=>num
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A typed edit action semantics

ZTyp T u=pitd| (T = 1) | (T — 1) Action a ::= move d | construct ¢ | del | finish
ZExp é = réa| (Ax.é)|é(é)|eé(é)| (é+¢é)|(é+¢é) Dir 0 == child n | parent
| é:t|é:t](é) Shape @ := arrow |num
| asc|varx|1amx|ap|litn|p1us
[Fe=t "¢ =1 [Fe—d <t
ke =1 Trée=t - 5éd=17 t~1
I E ()<= () S2EmE HE 7 ona = num e 256 <1
I'té -5 ¢ < num T »~ num
I+ (é+¢) = num LN (é’ +¢) = num I+ >(|)< construct 1it 1, (bn<) < 1
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Metatheorem: Sensibility

Every edit action leaves the edit state well-typed.

Theorem 1 (Action Sensibility).

LITF & = tandT Fé = 7 = & = 1 then
IEée= 1. . _

2. ITHE «tandT +Hé "¢ < tthenT +é&° < 1.
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Metatheorem: Reachability

The cursor can reach any position in the program.

Theorem 3 (Reachability).

1. If t° = ©'° then there exists some & such that & movements
and + ——* ¢/,

2. IfT' I é° = 1 and é° = é'° then there exists some & such that

& movementsand ' - é = 1 S = 1
3. If T+ é° < tand é° = &’ then there exists some & such that

_ . A X A ]
& movementsand '+ é —* ¢/ « 1.
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Metatheorem: Constructability

Any well-typed expression can be constructed using edit actions.

Theorem 6 (Constructability).

1. For every T there exists & such that ()< AR N
2. IfT' \= é = T then there exists & such that:

I'Fo>()<a= () A ppa = T
3. If '\ é <= 1 then there exists & such that:

I'Fo()q —* peq < 1
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Summary: Hazelnut

* A static semantics for terms with holes and type inconsistencies.

* An typed action semantics that maintains sensibility invariant.
* HZ: A reference implementation written in OCaml React + js_of ocaml.

* A rich metatheory that establishes the correctness of Hazelnut.

* Mechanized using the Agda proof assistant.
* Guides the definition of an extension (sum types - see paper!)
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From Hazelnut to

Go Razel

Numerics ¥

Plotting ¥

Statistics =

.1-

mean
std
median

(fun summary_stats(m :

mean(m, ColumnWise)
std(m, @)
@)

matrix<float>)

-

(let my_data : matrix<float> =

(summary_stats(my_data)

mean
std
median

1.0 2.0 3.0 4.0 5.0
std(my_data, 0O)
O

Type at cursor: dimension

Action search...

ColumnWise (Most probable)

RowWise
Factor to variable...
m[(@))

Full action palette...
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From Hazelnut to

g() ‘“azel Numerics ¥ Plotting ¥ @ Statistics w +

(fun summary_stats(m : matrix<float>) e 2 e e
l;l::n : Zig?rﬁm,ogolumn‘vhse) @ TODO: scale up POPL17 1 Action search... @]
median = O ColumnWise (Mostprobable)
i : - ) RowWise
(let my_data : matrlx<f103t> = 1.1 2.33.04.15.2 @ .
1.21.83.14.15.2 Factor to variable...
0.9 2.2 2.7 3.5 4.9 0(0)
0.8 1.5 3.3 4.3 4.7
- / Full action palette...
( summary_stats(my_data)

mean = (1.0 2.0 3.0 4.0 5.0]
std = std(my_data, 0O)
median = O
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From Hazelnut to

g() ‘“azel Numerics ¥ Plotting ¥ @ Statistics w +

g Type at cursor: di 1
(fun summary_stats(m : matrix<float>) yp imension

mean = mean(m, ColumnWise) 1 Action search...
std std(m, O) @
(most probable)

{ median = O ColumnWise
[ let my_data : matrix<float> = 11233004152 TODO: type-specific projections
1.2/11.83.14.15.2 (based on my work at ICSE 2012, ECOOP 2014)
0.9 2.2 2.7 3.5 4.9 0(0)
0.8 1.5 3.3 4.3 4.7
\ Full action palette...
( summary_stats(my_data) ]
mean = [1.02.0/3.0 4.0 5.0]
std = std(my_data, 0O) @
median = O
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From Hazelnut to

g() ‘“azel Numerics ¥ Plotting ¥ @ Statistics w +

[ fun summary_stats(m : matrix<float>) e
mean = mean(m, ColumnWise) Action search...
std = std(m, @) @ .
median = O ColumnWise (Mostprobable)
i : - ) RowWise
[ let my_data : matrix<float> = |7 1 533 ¢9/a.1 5.2 @ .
1.2 1.8 3.1 4.15.2 Factor to variable...
0.9 2.2 2.7 3.5 4.9 0(0)
0.8 1.5 3.3 4.3 4.7
- / Full action palette...
( summary_stats(my_data)
mean = [1.02.03.04.05.0] TODO: a dynamic semantics for incomplete
Stg_ - étd(my—data: 0) programs (very live programming)
median =
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From Hazelnut to

g() ‘“azel Numerics ¥ Plotting ¥  Stati

TODO: an action suggestion semantics

(fun summary_stats(m : matrix<float>)
mean = mean(m, ColumnWise) 1 Action search...
std = std(m, @ @ babl
median = O ColumnWise (Mostprobable)
i : - ) RowWise
(let my_data : ma‘tr1x<f103t> = 1.12.33.0 4.1 5.2 @ .
1.21.83.14.15.2 Factor to variable...
0.9 2.2 2.7 3.5 4.9 0(0)
0.8 1.5 3.3 4.3 4.7
\ 2 Full action palette...
( summary_stats(my_data)
mean = [1.0 2.0 3.0 4.0 5.0]
std = std(my_data, 0O)
median = O
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From Hazelnut to

g() ‘“azel Numerics ¥ Plotting ¥ @ Statistics w +

; Type at : dimensi
(fun summary_stats(m : matrix<float>) ype at cursor: dimension
mean = mean(m, ColumnWise) 1 Action search...
std = std(m, @) @
median = O ColumnWise (most probable)

(let my_data : matrix<float> =

1.1 2.3 3.0 4.15.2
1.2 1.8 3.1 4.15.2
0.9 2.2 2.7 3.5 4.9 0(0)
0.8 1.5 3.3 4.3 4.7
\ Full action palette...
( summary_stats(my_data) ]
mean = [1.0 2.0 3.0 4.0 5.0]
std = std(my_data, 0O) @
median = O
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From Hazelnut to

g() ‘“azel Numerics ¥ Plotting ¥ @ Statistics w +

(fun summary_stats(m : matrix<float>) e 2 e e
mean = mean(m, ColumnWise) Action search...
std = std(m, @ @ babl
median = O ColumnWise (Mostprobable)
i : - ) RowWise
(let my_data : matrlx<f103t> = 1.1 2.33.04.15.2 @ .
1.21.83.14.15.2 Factor to variable...
0.9 2.2 2.7 3.5 4.9
0.8 1.5 3.3 4.3 4.7
( summary_stats(my_data) ]
mean = [1.0 2.0 3.0 4.0 5.0]
std = std(my_data, 0O)
median = O
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From Hazelnut to

Go Razel

Numerics ¥

Plotting ¥

Statistics =

.1-

mean
std
median

(fun summary_stats(m :

mean(m, ColumnWise)
std(m, @)
@)

matrix<float>)

-

(let my_data : matrix<float> =

(summary_stats(my_data)

mean
std
median

1.0 2.0 3.0 4.0 5.0
std(my_data, 0O)
O

Type at cursor: dimension

Action search...

ColumnWise (Most probable)

RowWise
Factor to variable...
m[(@))

Full action palette...
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From Hazelnut to

g() ‘“azel Numerics ¥ Plotting ¥

Statistics =

.1-

(fun summary_stats(m : matrix<float>)

mean = mean(m, ColumnWise)
std = std(m, @) @
median = O

[ let my_data : matrix<float> =

-

( summary_stats(my_data)

mean = (1.0 2.0 3.0 4.0 5.0]
std = std(my_data, 0O)
median = O

See http://www.hazelgrove.org/.

Thanks!

Type at cursor: dimension

Action search...

ColumnWise (Most probable)

RowWise
Factor to variable...
m[(@))

Full action palette...
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http://www.hazelgrove.org/

