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CODE

More situated in time than linear media or static artifacts

55X
BRANCH %
%

Dynamic result

A

Static
description
(code)



CODE

More situated in time than linear media or static artifacts
Self referential (input and output is same thing)

MEMORY

55X
BRANCH %
%

Dynamic result

A

Static
description
(code)

Refer to and alter source



GOBE MUSIC

Situated in time, with loops and branches, but not self-referential




Symbols for representing time
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GOBE MUSIC

Symbols for structuring execution

LOOP DELIMITER SYMBOL
REPEAT FIRST SECTION ONCE

: -
[ 4 r »’ .
2w »w | 4 P 4 1 1w ww 11vs 3 ! ( ®» _ }

e, e . ] REPEAT SECOND
e T SECTION, USE
st bbbt ALTERNATE



Medium Swingin 0
Latin 9 St. Thomas . |
onny Rollins

Simple outline can be decoded in sophisticated way by
specially-trained agents aka ‘'musicians’

CO NI 1\ / Y7 "R A\ A H .
~ | AVEAY DR aldlf /7™

3 LAY // Y 1 ] 3

W W .

‘ { | I VA bl | ’ \,)

/ Fe F%O'/ C7G G7 Cé
' After solos, D.C, al fine. ;

Solos may swing.

Head is played twice before £ after solos,

©1963 Prestige Music. Used By Permission.
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https://www.reedmaxson.com/graphic-scores.html

Krzysztof Penderecki: Threnody for the Victims of Hiroshima (1960)
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https://www.youtube.com/watch?v=HilGthRhwP8

Score, Igor Stravinsky



La Cachucha, by Friedrich Albert Zorn (wikipedia)
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https://www.moma.org/explore/inside_out/2012/12/21/exhibiting-
fluxus-keeping-score-in-tokyo-1955-1970-a-new-avant-garde/



https://www.moma.org/explore/inside_out/2012/12/21/exhibiting-fluxus-keeping-score-in-tokyo-1955-1970-a-new-avant-garde/
https://www.moma.org/explore/inside_out/2012/12/21/exhibiting-fluxus-keeping-score-in-tokyo-1955-1970-a-new-avant-garde/
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Score of Ice Spirits, Meredith Monk



Fine Tune Keyframes v
1920 x 1080 (1.00)
A 0:00:02:01, 24.00 fps

Fine Tune Keyframes

R: X: 1038 -
G: Y: 1104 Effect Controls x
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0@ =] Paul Ford: What Is Code? | Blo X =

< C & Bloomberg LP [US] | bloomberg.com/graphics/2015-paul-ford-what-is-code/ Qa * @ % . 4 v @ % o o

—

“A computer is a clock with benefits.

grade math, one step at a time: Tick,

take a number and put it in box one.

Tick, take another number, put it in
i e e e R 20X two. Tick, operate (an operation
andifitis, go to some other box and follow a newsetof I TN1Zt be addition or subtraction) on
m. [ | thosetwo numbers and put the

resulting number in box one. Tick,

B I check if the result is zero, and if it is,
B D=1 go to some other box and follow a new
B! | set of instructions.”

) o

w
. S g They all work the same, doing second-
Let'sB

@
A computer is a clock with benefits. They all work the sz

one step at a time: Tick, take a number and put it in box

OFF

#

.»_ AND mea— ]

-
P
)og

This is simulated circuitry that's computing as you watch. The switches on
the left turn the current on and off at random, and the logic gates direct the
flow of the current. Click the boxes to change the circuits. Enough of these
can compute anything computable.
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NBVSBAXXX Series

2.5 V/3.3 V, LVPECL
Voltage-Controlled Crystal
Oscillator (VCXO)
PureEdge™ Product Series

The NBVSBAXXX scries voltage—controlled crystal oscillator
(VCXO) devices are designed to meet today’s requirements for 2.5V
and 3.3 V LVPECL clock generation applications. These devices use a
high Q fundamental mode crystal and Phase Locked Loop (PLL)
multiplier to provide a wide range of frequencies from 60 MHz to 700
MHz (factory configurable per user specifications) with a pullable
range of +100 ppm and a frequency stability of 50 ppm. The
silicon-based PurcEdge™ products design provides users with
exceptional frequency stability and reliability. They produce an ultra
low jitter and phase noise LVPECL differential output.

The NBVSBAXXX scries are members of ON Semiconductor’s
PurcEdge ™ clock family that provides accurate and precision clock

generation solutions.
Available in the industry standard 5.0 x 7.0 x 1.8 mm and in a new

3.2x5.0x 1.2 mm SMD (CLCC) package on 16 mm tape and reel in
quantities of 1,000.

Features

. LVPEC L Differential Output
I3V +109%
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3 o wa §J8 o g : :
(e | e
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LR e vwv e

{ K X X X X X X N N ]
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L B X N N N X N N N J

ON Semiconductor”®

http://onsemi.com

MARKING DIAGRAM

6 PIN CLCC
LN SUFFIX

CASE 848AB

NBVSBAXXX
OO0

6 PIN CLCC AWLYYWWG

LU SUFFIX O
CASE 848AC

NBVSBAXXX = NBVSBAXXX (£50 ppm)
XXX XX Output Frequency (MHz)
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p5.]s Web Editor
QO BEA O o0 ava v

& editor.p5js.org

sketch_sep29a
sketch_200929a

lavold setup() { p5* Flew Editw Sketchw Helpw English v  Hello, jfeddersen! v
’ // put your setup code here, to run once: void setup() {
} > . B Auto-refresh Nettle cardboard # Q
6avoid loop() { 8 oid draw() { > sketch.js Preview
// put your main code here, to run repeatedly:

1 O {

2 (400, 400);

3 |}

4

5 O {

6 (220);

7 |}

Console Clear WV

Console A Erors Updates @
1 ArduinCQ™NO 33 loT on /de: sbmode mSgYl




® (O ps.simainjs at 30d338b55bb X 4 2

C @& github.com/processing/p5.js/blg % pGis Web Editor | Timeoutinter x| o
— C (u editor.p5js.org/ifeddersen/sketches/vgW-vpWJR 83 {y) D "n B - v » O :
360 }: kF BB v % »0
p5* |
361 | nglish v Hello, jfeddersen! v |
362 this. _draw = 3§ . 1%
‘ > el B vViey
363 const now =js
| Console
364 const time_
365 const targe .
366 ‘
367 // only dral [w i Elements Console  Sources Network Performance  » 12 B7 a : X
368 // draw 1f Y page » : </ p5.sound.min.js:formatted X » D>~ P T 9 ve O
369 // (this wll y M 1o 653 ,
_ [ top _ _ 654 t.Context.prototype.now = function() { © Debugger paused
370 // again whi v editorpSjs.org 655 return this._context.currentTime v Threads
| "y 656 }
371 // 1ssue whi ¥ Il feceerseivs 657 , ®» Main paused
. B vgW-vpW. 658 t.Context.prototype._createWorker = funcH
372 // 1n sync | app.f3ceada 659 window.URL = window.URL || window.wet  186f6e77-68da-4004-a763-fe2...
: . ' 660 var t = new Blob(["var timeoutTime = 6a19a454-faba-4e3e-a750-08
373 // 1t loopH B app.ficeada 661 , e = URL.createObjectURL(t)
: : 662 , 1 = new Worker(e); » Watch
374 // 1s the & . L 663 return i.addEventListener("message", ,
375 const epsiu » (" fonts.googleap 664 this.emit("tick") v Breakpoints
. 665 } .
376 if » () fonts.gstatic.c« 666 _bind(this)), vgW-vpWJR:1
» (O webpack:// 667 i.addEventLisEener("T()essage", functic vy Scope
377 'this. 1 ) 668 var t = this.now();
> &S www.google-a 669 if (this.isNumber(this. lastUpdai V¥ Local
378 time sin€l » [ preview.pSjs.on 670 var e = t - this._lastUpdate; »this: t.Context
379 | . {f 186f6677-68da-4 2;; ) this._computedUpdateInterval , c1osure
J L
Closure
> 3§ 6a19a454-faba-4  £73 >
380 //mandato 2 lines, 34 characters selected Coverage: n/a »Script

this.redrév



EASING

Smoothly transition a variable from one value to another in a set time

SIMULATION

Use physics or other rules to determine next frame for one or more objects.

TIMELINES

Schedule code for execution in the future



EASING



210  Robert Penner’s Programming Mocromedia Flash MX

Quadratic Easing

Flash's Timeline tweens use something called guadratic easing—which could
actually be termed “normal” easing. The word quadratic refers to the fact that
the equation for this motion is based on a squared variable, in this case, t":

plt) =t

NOTE: |olways wondesed why the term quadatic (the prefix maons *four™) i used to describe equations with o
dearea of two (x'). While wrifing this choptesr, | finally kooked it up in the dictionary (RTFD, you might say). | discovered
that quad ariginally referred to the four sides of o square. Thus, o sguared vaniable is quadmfic.

[ used the quadratic easing curve earlier in Figure 7-4. It's actually half a
parabola. Here it is again, for reference purposes, in Figure 7-7.
Here’s the quadratic ease-in ActionScript function:

Math.easeInQuad = function (t, b, c, 4d) {
return c*(t/=d)*t + b;
};:

Recall that t is time, b is beginning position, c is the total change in
position, and 4 is the duration of the tween.

This equation is more complex than the linear tween, but it's the
simplest of the equations that implement easing. Basically, I normalize t by
dividing it by 4. This forces t to fall between 0 and 1. I multiply t by itself
to produce quadratic curvature in the values. Then I scale the value from a

FIGURE 7-7

Graph of quodratic easing




C @& https://easings.net/en ) { B E B v @ % o (4

Easing functions specify the rate of change of a parameter over time.

Objects in real life don't just start and stop instantly, and almost never move at a constant speed. o Open Source

When we open a drawer, we first move it quickly, and slow it down as it comes out. Drop something

on the floor, and it will first accelerate downwards, and then bounce back up after hitting the floor. Help translate

site to your language
This page helps you choose the right easing function.

easelnSine easeQutSine easelnOutSine easelnQuad easeQOutQuad easelnOutQuad

easelnCubic easeQutCubic easelnOutCubic easelnQuart easeQutQuart easelnOutQuart

easelnQuint easeOutQuint easelnOutQuint easelnExpo easeOutExpo easelnOutExpo

easelnCirc easeQutCirc easelnOutCirc easelnBack easeQOutBack easelnOutBack

easelnElastic easeQutElastic easelnOutElastic easelnBounce easeQutBounce easelnOutBounce



https://easings.net/en

EASING Smoothly transition a variable from one value to another in a set time
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Easing functions specify the rate of change of a parameter over time.

Objects in real life don't just start and stop instantly, and almost never move at a constant speed. o Open Source

When we open a drawer, we first move it quickly, and slow it down as it comes out. Drop something

on the floor, and it will first accelerate downwards, and then bounce back up after hitting the floor. Help translate

site to your language
This page helps you choose the right easing function.

easelnSine easeQutSine easelnOutSine easelnQuad easeQOutQuad easelnOutQuad

easelnCubic easeQutCubic easelnOutCubic easelnQuart easeQutQuart easelnOutQuart

easelnQuint easeOutQuint easelnOutQuint easelnExpo easeOutExpo easelnOutExpo

easelnCirc easeQutCirc easelnOutCirc easelnBack easeQOutBack easelnOutBack

easelnElastic easeQutElastic easelnOutElastic easelnBounce easeQutBounce easelnOutBounce



https://easings.net/en
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Quadratic Easing

Flash's Timeline tweens use something called guadratic easing—which could
actually be termed “normal” easing. The word quadratic refers to the fact that
the equation for this motion is based on a squared variable, in this case, t":

plt) =t

NOTE: |olways wondesed why the term quadatic (the prefix maons *four™) i used to describe equations with o
dearea of two (x'). While wrifing this choptesr, | finally kooked it up in the dictionary (RTFD, you might say). | discovered
that quad ariginally referred to the four sides of o square. Thus, o sguared vaniable is quadmfic.

[ used the quadratic easing curve earlier in Figure 7-4. It's actually half a
parabola. Here it is again, for reference purposes, in Figure 7-7.
Here’s the quadratic ease-in ActionScript function:

Math.easeInQuad = function (t, b, c, 4d) {
return c*(t/=d)*t + b;
};:

Recall that t is time, b is beginning position, c is the total change in
position, and 4 is the duration of the tween.

This equation is more complex than the linear tween, but it's the
simplest of the equations that implement easing. Basically, I normalize t by
dividing it by 4. This forces t to fall between 0 and 1. I multiply t by itself
to produce quadratic curvature in the values. Then I scale the value from a

FIGURE 7-7

Graph of quodratic easing




GreenSock Ease Visualizer

‘ none

powerl
power2

powers
back
elastic
bounce
rough

anjea

slow
steps
cire
expo
sine
Custom

Type: out

progress RUN
1.00

// click and modify the underlined values
gsap.to(graph, { duration: 2.5, ease: "power3.out", y: =500 });

https://greensock.com/ease-visualizer
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SIMULATION



SIMULATION Use physics or other rules to determine next frame for one or more objects.

| 274 LF) REE Ib0-C) FT(V) Store(s) HHHBR) ~ITFH)

\ A\, '/.' \,

— —— —

Craig Reynolds’ Boids (1986) Robert Hodgin's (Flight 404)
Magnetosphere, 2007



Initial Position

Initial Velocity

Constant Acceleration (Gravity)

T

|



Acceleration is sum of forces acting on particle
Add acceleration to velocity
Add velocity to position




1=

2



1=

J






Can be expanded to three
R, ! dimensions, multiple particles, and
Rpurer—— SSESC i attractive and repulsive forces. But
the steps between frames will
remain basic vector addition.
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// Created by Robert Hodgin on 5/14/12.
// Copyright (c) 2012 _ MyCompanyName__ . All rights reserved.
//

#include "cinder/app/AppBasic.h"
#include "cinder/Rand.h"
#include "cinder/Sphere.h"
#include "Particle.h"

using namespace ci;

Particle::Particle(){}

Particle::Particle( const Vec3f &pos, float charge )
: mPos( pos ), mCharge( charge )

{
mVel = Vec3f::zero();
mACC = Vec3f::zero();
mForce = 0.0f;
mRadius = 1.07;
mShellRadius = 12.0T;

}

void Particle::update( const Camera &cam, float dt )

{
Sphere s = Sphere( mPos, mRadius x 10.0f );
mScreenPos = cam.worldToScreen( mPos, app::getWindowWidth(), app::getWindowHeight() );
mScreenRadius = cam.getScreenRadius( s, app::getWindowWidth(), [ ——————
mColor = mCharge x
mVel += mAcc = dt;
mPos += mVel = dt;
mAcc = Vec3f::zerol();
mShellRadius = mRadius + fabs( mForce
mMatrix.setToIdentity();
mMatrix.translate( mPos );
}

void Particle::draw()

{
gl::color( Color{( mColor, mColor, mColor ) );
gl::drawSphere( mPos, mRadius );

Acceleration is sum of forces acting on particle
Add acceleration to velocity
Add velocity to position

Huwuv Lui = nuliaryc -~ UsJi

mVel += mAcc x dt;
mPos += mVel x dt;
mAcc = Vec3f::zero():



“The physics of the simple vehicle model 1s based on
forward Euler integration. At each simulation step,
behaviorally determined steering forces (as limited

by max force) are applied to the vehicle’s point mass. This
produces an acceleration equal to the steering force
divided by the vehicle’s mass. That acceleration 1s added
to the old velocity to produce a new velocity, which 1is
then truncated by max speed. Finally, the velocity 1s added

to the old position:

steering force = truncate (steering direction,

max_force) Acceleration is sum of forces acting on particle
acceleration = steering force / mass Add acceleration to velocity
velocity = truncate (velocity + acceleration, Add velocity to position

max speed)
position = position + velocity

The simple vehicle model maintains 1its velocity-aligned
local space by incremental adjustment from the previous

time step.”
Steering Behaviors For Autonomous Characters

Craig W. Reynolds
https://www.red3d.com/cwr/steer/gdc99/
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