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Can we create programs just by 
directly manipulating their output?

Drawing Shapes

Sketch-n-Sketch is an IDE where manipulating graphical output with the mouse 
transforms the code to match. The programmer can draw, move, and resize 
shapes, as well as automatically refactor their code. Text editing is also always 

available, but the recursive program above was created entirely by output-directed interactions.

Drawing a shape inserts a new 
definition into the program. 
Existing shapes can be moved or 
resized to change corresponding 
numbers in the program. To map 
output values to code locations, 
Sketch-n-Sketch relies on a 
custom tracing evaluator.

2 0 T H E  U N I V E R S I T Y  O F  C H I C A G O  I D E N T I T Y  G U I D E L I N E S  creative.uchicago.edu

COLOR

The logo should appear in the following  
colors only:
n maroon (preferred)
n gray
n black
n white when over dark backgrounds

Do not mix colors (i.e., maroon shield and 
gray wordmark).
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white (for use on dark, colored, or photographic backgrounds)
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 Undo  Redo Clean Up

Current �le: Untitled *

Run 
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Context: Program
Built-In Tools

User-De�ned Tools

Standard Library Tools

equiTriPt [x3, y3] [x2, y2] =
  [ (x2 + x3 + sqrt 3! * (y2 - y3))/ 2!, (y2 + y3 - sqrt 3! * (x2 - x3)) / 2!]

oneThirdPt [x3, y3] [x, y] =
  [ x / 1.5!+ x3 / 3!, y / 1.5! + y3 / 3!]

point = [39, 314]

point2 = [490, 301]

makeKochPts depth point point2 =
  let oneThirdPt2 = oneThirdPt point point2 in
  let oneThirdPt3 = oneThirdPt point2 point in
  let equiTriPt2 = equiTriPt oneThirdPt3 oneThirdPt2 in
  if depth < 2 then
    [point, oneThirdPt3, equiTriPt2, oneThirdPt2]
  else
    let makeKochPts2 = makeKochPts (depth - 1) point oneThirdPt3 in
    let makeKochPts3 = makeKochPts (depth - 1) oneThirdPt3 equiTriPt2 in
    let makeKochPts4 = makeKochPts (depth - 1) equiTriPt2 oneThirdPt2 in
    let makeKochPts5 = makeKochPts (depth - 1) oneThirdPt2 point2 in
      concat [makeKochPts2, makeKochPts3, makeKochPts4, makeKochPts5]

depth = 3{1-5}

topPts = makeKochPts depth point point2

botCorner = equiTriPt point2 point

rightPts = makeKochPts depth point2 botCorner

leftPts = makeKochPts depth botCorner point

snowflakePts = concat [topPts, rightPts, leftPts]

polygon1 =
  let pts = snowflakePts in
  let [color, strokeColor, strokeWidth] = [124, 360, 2] in
    polygon color strokeColor strokeWidth pts

svg (concat [
  [polygon1]
])
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Standard Library Tools

equiTriPt [x3, y3] [x2, y2] =
  [ (x2 + x3 + sqrt 3! * (y2 - y3))/ 2!, (y2 + y3 - sqrt 3! * (x2 - x3)) / 2!]

oneThirdPt [x3, y3] [x, y] =
  [ x / 1.5!+ x3 / 3!, y / 1.5! + y3 / 3!]

point = [39, 314]

point2 = [490, 301]

makeKochPts depth point point2 =
  let oneThirdPt2 = oneThirdPt point point2 in
  let oneThirdPt3 = oneThirdPt point2 point in
  let equiTriPt2 = equiTriPt oneThirdPt3 oneThirdPt2 in
  if depth < 2 then
    [point, oneThirdPt3, equiTriPt2, oneThirdPt2]
  else
    let makeKochPts2 = makeKochPts (depth - 1) point oneThirdPt3 in
    let makeKochPts3 = makeKochPts (depth - 1) oneThirdPt3 equiTriPt2 in
    let makeKochPts4 = makeKochPts (depth - 1) equiTriPt2 oneThirdPt2 in
    let makeKochPts5 = makeKochPts (depth - 1) oneThirdPt2 point2 in
      concat [makeKochPts2, makeKochPts3, makeKochPts4, makeKochPts5]

depth = 3{1-5}

topPts = makeKochPts depth point point2

botCorner = equiTriPt point2 point

rightPts = makeKochPts depth point2 botCorner

leftPts = makeKochPts depth botCorner point

snowflakePts = concat [topPts, rightPts, leftPts]

polygon1 =
  let pts = snowflakePts in
  let [color, strokeColor, strokeWidth] = [124, 360, 2] in
    polygon color strokeColor strokeWidth pts

svg (concat [
  [polygon1]
])
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circle1 = circle 0 [122, 132] 63 

svg (concat [
  [circle1]
])
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Manipulating Intermediates

Refactoring

Future Work

Besides shapes, certain intermediate values from execution 
are rendered and can be selected or manipulated.

Points Offsets Lists Calls
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Context: Program

points

102
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Standard Library Tools

[x, y] as point = [79, 89] 

[x3, y3] as point3 = [272, 201] 

[x2, y2] as point2 = [288, 176] 

[x1, y1] as point1 = [221, 198]

points = [point1, point2, point3]

x1Offset = x + 102      

svg (concat [

])
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Context: Program

rhombusFunc

102

Built-In Tools

User-De�ned Tools

Standard Library Tools

[x2, y2] as pt2 = [288, 176] 

[x1, y1] as pt1 = [221, 198]

points = [pt1, pt2, pt3]

x1Offset = x + 102

rhombusFunc [cx, cy] halfW halfH =
  let y4Offset = cy - halfH in
  let x4Offset = cx + halfW in
  let y4Offset2 = cy + halfH in
  let x4Offset2 = cx - halfW in
  let pts = [[cx, y4Offset], [x4Offset,
  let [color, strokeColor, strokeWidth]
    polygon color strokeColor strokeWid

rhombus = rhombusFunc [79, 89] 49 78

circle1 = circle 0 [126, 359] 43

rhombus1 = rhombusFunc [455, 345] 49 78

svg (concat [
  [rhombus],

8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

9/19/2019 Sketch-n-Sketch

file:///Users/brian/Documents/phd/more-prodirect-papers/uist-2019-koch/Sketch-n-Sketch_and_Appendix/sketch-n-sketch-uist-2019/index.html 1/1

Sketch-n-Sketch File Examples Code Tools Output Tools View Options

 Undo  Redo Clean Up

Current �le: Untitled *

Run 

⦀

Context: Program

rhombusFunc

102

Built-In Tools

User-De�ned Tools

Standard Library Tools

[x2, y2] as pt2 = [288, 176] 

[x1, y1] as pt1 = [221, 198]

points = [pt1, pt2, pt3]

x1Offset = x + 102

rhombusFunc [cx, cy] halfW halfH =
  let y4Offset = cy - halfH in
  let x4Offset = cx + halfW in
  let y4Offset2 = cy + halfH in
  let x4Offset2 = cx - halfW in
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    polygon color strokeColor strokeWid
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  let pts = [[cx, y4Offset], [x4Offset,
  let [color, strokeColor, strokeWidth]
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[x2, y2] as pt2 = [288, 176] 

[x1, y1] as pt1 = [221, 198]

points = [pt1, pt2, pt3]

x1Offset = x + 102

rhombusFunc [cx, cy] halfW halfH =
  let y4Offset = cy - halfH in
  let x4Offset = cx + halfW in
  let y4Offset2 = cy + halfH in
  let x4Offset2 = cx - halfW in
  let pts = [[cx, y4Offset], [x4Offset,
  let [color, strokeColor, strokeWidth]
    polygon color strokeColor strokeWid

rhombus = rhombusFunc [79, 89] 49 78

circle1 = circle 0 [126, 359] 43

rhombus1 = rhombusFunc [455, 345] 49 78

svg (concat [
  [rhombus],
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Program transformations operate on selected 
items. Shapes may be aligned by variable 
sharing (Make Equal), gathered into a list 
(Group), turned into a function (Abstract), or 
repeated (Repeat ) . Funct ions with an 
appropriate inferred type become drawing tools 
("User-Defined Tools" above).

A call or a list may also be focused, so that 
drawing new shapes adds to the function or 
list instead of to the top level. Drawing a 
function inside itself induces recursion.
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[x, y] as point = [142, 241] 

[x3, y3] as pt3 = [272, 201] 

[x2, y2] as pt2 = [288, 176] 

[x1, y1] as pt1 = [221, 198]

points = [pt1, pt2, pt3]

x1Offset = x + 102

-- *** Focused Definition ***
rhombusFunc [cx, cy] halfH halfW =
  let y4Offset = cy - halfH in
  let x4Offset = cx + halfW in
  let y4Offset2 = cy + halfH in
  let x4Offset2 = cx - halfW in
  let pts = [[cx, y4Offset], [x4Offset, c
  let [color, strokeColor, strokeWidth] =
    polygon color strokeColor strokeWidth

rhombus = -- *** Example Call ***
  rhombusFunc [300, 394] 48 78

circle1 = circle 0 [237, 93] 44

rhombus1 = rhombusFunc [438, 187] -80 66 

svg (concat [
  [rhombus],
  [circle1],
  [rhombus1]
])
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Sketch-n-Sketch targets programs that output SVG. 
Concurrent work is exploring targeting HTML. In the future, 
output-directed interactions might specify program synthesis 
constraints on non-visual, general-purpose code.


