Anthony C. Daniels,

TCS Group, Computing Laboratory,

University of Kent, Canterbury, England.

Based on a research project initiated by Conal Elliott of Microsoft Research.

-- poster.hs

import StaticTypes import ImToPs import ShowImage import PrintR import Crew import Lift2 import SCompose import ProgStr

disp im = showImage im

drawText = withColor yellow . renderedText . simpleText

drawSystemText = withColor blue . renderedText . systemText

-- Scale and translate the poster to fill my monitors display. main = disp (uscale2 2.1 *% (translate2 (vector2XY (-0.48) (-1.55)) *% poster’)) --3.5 -1.5 -1 -- The poster goes from (0, 0) to (3, 2).

-- We need to put a white background for the poster we display, but it is the -- default for the postscript. poster’ = poster ‘over‘ background

poster = foldl1 over [title, name, arrows, intro, ex1, hor, ex2, circles, ex3, ex4, --rower, crew, rowers, ex5, lift, ex6, ex7, prog, info, banner, tony] where title = translate2 (vector2XY 0.5 1.9) *% uscale2 0.4 *% withColor red (drawText "Functional reactive animation") name = translate2 (vector2XY 0.5 1.8) *% uscale2 0.3 *% withColor black (drawText "Anthony C. Daniels")

paratext x y t = translate2 (vector2XY x y) *% uscale2 0.2 *% withColor black (ontopGap (map drawText (reverse (lines t))) (0.23))

codetext x y t = --dotAt x y ‘over‘ translate2 (vector2XY x y) *% uscale2 0.13 *% withColor blue (ontopGap (map drawSystemText (reverse (lines t))) (0.23))

intro = paratext 1.45 1.87 ("Fran is a language for creating " ++ "interactive animations. It is implemented " ++ "as a library in the functional language " ++ "Haskell. Let’s see what it can do.")

ex1 = translate2 (vector2XY 2.0 1.7) *% ( (paratext 0.2 0.16 "Here is a simple Fran program,") ‘over‘ (codetext 0.0 0.06 ("move pos circle " ++ " where pos = vector2XY (sin time) 0")) ‘over‘ (paratext 0.2 0.0 ("It describes a circle moving " ++ "horizontally back and forth.")))

hor = translate2 (vector2XY 2.7 1.82) *% uscale2 0.02 *% (arrow ‘over‘ (rotate2 pi *% arrow) ‘over‘ withColor blue circle)

arrow = withColor black (polyline [point2XY 1.5 0, point2XY 10 0, point2XY 8.5 1, point2XY 10 0, point2XY 8.5 (-1)])

garrow (x, y) a = translate2 (vector2XY x y) *% rotate2 a *% uscale2 0.005 *% withColor green (translate2 (vector2XY (-4.25) 0) *% arrow)

arrows = foldl1 over [garrow (1.0, 1.8) 0.2, garrow (1.87, 1.8) (-0.2), garrow (2.45, 1.4) (-0.9), garrow (2.7, 0.8) (-(pi/2)), garrow (2.0, 0.7) (2.8), garrow (0.9, 0.7) (-2.2), garrow (0.4, 0.4) (pi/2), garrow (0.4, 1.2) (pi/4)]

ex2 = translate2 (vector2XY 2.2 0.95) *% ( (paratext 0.34 0.29 ("In Fran, all values--such as points, numbers, colours " ++ "and images--are parameterised by time. These animated " ++ "values are called behaviours. Animations are " ++ "constructed by composing behaviours, and the underlying " ++ "language Haskell can be used to structure your programs. " ++ "Here is a program that yeilds concentric fading circles, ")) ‘over‘ (codetext 0.0 0.07 ("foldl1 over [withColor (gray x) (stretch x circle) " ++ " | x <- [0, 0.1 .. 1.0] ]")) ‘over‘ (paratext 0.34 0.0 (""foldl1" is a standard Haskell function and "foldl1 over" will " ++ "overlay a list of images; in this case, gray circles.")))

circles = translate2 (vector2XY 2.8 1.45) *% uscale2 0.2 *% (foldl1 over [withColor (gray x) (uscale2 x *% circle) | x <- [0, 0.1 .. 1.0] ])

ex3 = translate2 (vector2XY 2.34 0.3) *% ( (paratext 0.25 0.33 ("Fran provides facilities for interactivity " ++ "via mouse and keyboard input. In this " ++ "program, the ball follows the mouse as if " ++ "it were on a spring obeying Hooke’s law,")) ‘over‘ (codetext 0 0.13 ("followMouse t0 = move p ball " ++ " where p = integral v t0 " ++ " v = integral a t0 " ++ " a = (mousev t0 - p) - 0.5 *^ v")) ‘over‘ (paratext 0.25 0.0 ("Notice that the definitions for the " ++ " position (p), velocity (v), and " ++ "acceleration (a) of the ball are " ++ "mutually recursive.")))

ex4 = translate2 (vector2XY 1.1 0.55) *% ( (paratext 0.18 0.17 ("This animation of a rower can be " ++ "duplicated four times and placed " ++ "together in a crew as follows, ")) ‘over‘ (codetext 0.0 0.0 ("crew = besides fourRowers " ++ " ‘over‘ " ++ " cox ‘over‘ boat ")))

rower = translate2 (vector2XY 1.8 0.7) *% (uscale2 0.3 *% staticRower) crew = translate2 (vector2XY 1.6 0.37) *% (uscale2 0.22 *% staticBoatAndCrew)

rowers = translate2 (vector2XY 1.48 0.93) *% scale2 (vector2XY 0.5 0.05) *% (besides staticRowers)

ex5 = paratext 0.4 0.3 ("The combinators for reactivity are " ++ "powerful enough to describe many " ++ "complex real-time systems. This is " ++ "ideal for prototyping systems, such " ++ "as this lift simulation program.") lift = translate2 (vector2XY 0.8 0.3) *% (uscale2 0.2 *% staticLift)

ex6 = translate2 (vector2XY 0.15 0.7) *% ( (paratext 0.2 0.4 ("We will now demonstrate Newton’s " ++ "celebrated result--that an inverse " ++ "square law of gravity gives rise to " ++ "elliptical planetary orbits--in Fran,")) ‘over‘ (codetext 0.0 0.18 ("orbit = p0 + integral v 0 " ++ " where v = v0 + integral a 0 " ++ " a = (k / (mr ^ 2)) *^ ur " ++ " mr = magnitude r " ++ " ur = unit r " ++ " r = origin2 - orbit " ++ "anim = move orbit planet ‘over‘ sun")) ‘over‘ (paratext 0.2 0.0 ("Again, we see that Fran is capable " ++ "of solving systems of integral " ++ "equations that are described by " ++ "mutually recursive definitions.")))

ex7 = paratext 0.6 1.45 ("I hope you have enjoyed this presentation " ++ "of Fran. This poster was created entirely " ++ "using Fran, by taking a snapshot in time " ++ "of a large animation. Here is the program " ++ "that produced this poster.")

prog = uscale2 0.05 *% codetext 2.0 29.0 (unlines progStr) --(unsafePerformIO (readFile "poster.hs"))

banner = limb (point2XY 1.16 1.57) (point2XY 1.12 1.2) 0.02 (gray 0.9) ‘over‘ translate2 (vector2XY 1.34 1.4) *% rotate2 0.2 *% withColor (gray 0.9) (rectangleLW 0.3 0.48)

info = uscale2 0.8 *% rotate2 0.2 *% paratext 2 1.4 ("Anthony C. Daniels " ++ "School of CS & IT " ++ "University of Nottingham " ++ "NG7 2RD, England. " ++ "Based on a research " ++ "project initiated by " ++ "Conal Elliott of " ++ "Microsoft Reasearch.")

tony = translate2 (vector2XY 1.7 1.4) *% uscale2 0.15 *% (foldl1 over [ head, body, neck, leftArm, rightArm, leftLeg, leftFoot, rightLeg, rightFoot]) where head = limb (point2XY 0 1.0 ) (point2XY 0 0.9) 0.2 yellow neck = limb (point2XY 0 0.8) (point2XY 0 0.7) 0.1 blue body = limb (point2XY 0 0.6) (point2XY 0 (0.05)) 0.28 red leftLeg = limb (point2XY (-0.05) 0) (point2XY (-0.2) (-0.6)) 0.1 green leftFoot = limb (point2XY (-0.2) (-0.6)) (point2XY (-0.3) (-0.55)) 0.07 brown rightLeg = limb (point2XY (0.05) 0) (point2XY (0.2) (-0.6)) 0.1 green rightFoot = limb (point2XY (0.2) (-0.6)) (point2XY (0.3) (-0.55)) 0.07 brown rightArm = limb (point2XY 0.1 0.65) (point2XY 0.3 0.85) 0.08 brown ‘over‘ limb (point2XY 0.3 0.85) (point2XY 0.14 1.1) 0.07 brown leftArm = limb (point2XY (-0.1) 0.65) (point2XY (-0.3) (0.45)) 0.08 brown ‘over‘ limb (point2XY (-0.3) 0.45) (point2XY (-0.16) 0.2) 0.07 brown

rectangleLW l w = uscale2 (sqrt 2 / 2.0) *% rectangle (vector2XY l w)

limb p1 p2 width color --= polyline [p1, p2]

= (translate2 p1 *% (uscale2 halfWidth *% withColor color circle)) ‘over‘ (translate2 p2 *% (uscale2 halfWidth *% withColor color circle)) ‘over‘ (translate2 position *% (rotate2 angle *% withColor color rectIm))

where position = p1 .+^ (0.5 *^ p2Minusp1) -- The center of the rectangle. rectIm = rectangleLW length width length = magnitude p2Minusp1 p2Minusp1 = p2 .-. p1 angle = snd $ vector2PolarCoords p2Minusp1 halfWidth = width / 2.0

dotAt x y = translate2 (vector2XY x y) *% uscale2 0.01 *% withColor green circle

background = withColor white (prect (0,0) (3,2)) where prect (x0, y0) (x1, y1) = polygon [point2XY x0 y0, point2XY x1 y0, point2XY x1 y1, point2XY x0 y1]

save = imToPsFile poster "poster.ps"

I hope you have enjoyed this presentation of Fran. This poster was created entirely using Fran, by taking a snapshot in time of a large animation. To the right is the program that produced this poster.

Again, we see that Fran is capable of solving systems of integral equations that are described by mutually recursive definitions.

orbit = p0 + integral v 0 where v = v0 + integral a 0 a = (k / (mr ^ 2)) *^ ur mr = magnitude r ur = unit r r = origin2 - orbit anim = move orbit planet ‘over‘ sun

We will now demonstrate Newton’s celebrated result--that an inverse square law of gravity gives rise to elliptical planetary orbits--in Fran,

The combinators for reactivity are powerful enough to describe many complex real-time systems. This is ideal for prototyping systems, such as this lift simulation program.

crew = besides fourRowers ‘over‘ cox ‘over‘ boat where fourRowers = replicate 4 rower

This animation of a rower can be duplicated four times and placed together in a crew as follows,

Notice that the definitions for the position (p), velocity (v), and acceleration (a) of the ball are mutually recursive. They describe integral equations which Fran solves numerically.

followMouse t0 = move p ball where p = integral v t0 v = integral a t0 a = (mousev t0 - p) - 0.5 *^ v

Fran provides facilities for interactivity via mouse and keyboard input. In this program, the ball follows the mouse as if it were on a spring obeying Hooke’s law,

"foldl1" is a standard Haskell function and "foldl1 over" will overlay a list of images; in this case, gray circles.

foldl1 over [withColor (gray x) (stretch x circle) | x <- [0, 0.1 .. 1.0] ]

In Fran, all values--such as points, numbers, colours and images--are parameterised by time. These animated values are called behaviours. Animations are constructed by composing behaviours, and the underlying language Haskell can be used to structure your programs. Here is a program that yeilds concentric fading circles,

It describes a circle moving horizontally back and forth.

move pos circle where pos = vector2XY (sin time) 0

Here is a simple Fran program,

Fran is a language for creating interactive animations. It is implemented as a library in the functional language Haskell. Let’s see what it can do!

Anthony C. Daniels

Functional reactive animation