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Abstract:

Task 1 is dedicated to defining four simple list generators. Three of these require the
use of recursion. One requires a classic application of higher order functions. Task 2
features programs generate number sequences by performing some interesting sorts of
“counting.” These programs serve to channel one of Tom Johnson’s many “automantic
composition” techniques. Task 3 affords you an opportunity to get acquainted with
“association lists,” which are a classic data structure introduced in McCarthy’s original
Lisp. This task also serves as a segue into Task 4, which pertains to the transformation
of number sequences to musical notes represented in ABC notation. Task 5 channels
Frank Stella, famous for (among other things) his nested squares. Task 6 simulates a
cognitive phenomenon known as chromesthesia, the mapping of musical pitchs to
colors. Task 7 simulations grapheme to color synesthesia, in which letters are mapped
to colors.

Task 1 - Simple List Generators:
Task 1a - iota:

Code:

#lang racket

{ define ( snoc x lst )
( cond
( { empty? 1lst ) ( list = )} )
{ else
( cons ( car 1st ) ( snoc = ( cdr 1lst ) ) )

{ define ( iocta < )}
( cond
( {(=c 1) "C11))
({ else
({ snoc ¢ ( iota ( — c 1 )} )} )
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Demo:

‘—"‘"‘._'J"'"":'.‘_'J"'" "‘"""_"T"‘" e b L e
> ( 1ota 10 )

'{1L 2 3 4 5 & 7 8 9 10)

> ( 1cta 1 )

' (1)

> ( idota 12 )

'{1L 2 34 5 &6 7 8 % 10 11 12)
>



Task 1b - Same:

Code:

( define ( same c x )
( cond
( (=c0) "())
( else
( cons % ( same ( - c 1) x ) )
)
)
)

Demo:

LHIHUHHL-. [AFLW LU

1 YYILID U\JUUHHIIIHJ IIII.-IIIUI} WITIL. TEw aviLr.
> [ same 5 'five ) \\\ﬁ
'(five five five five five)

> [ same 10 2 )
(2222222222
» ( same 0 'whatever )
()
> ( same 2 '( racket prolog haskell rust ) )
'"((racket prolog haskell rust)

(racket prolog haskell rust))
>

Task 1c - Alternator:

Code:
( define ( alternator c lst )
( cond
((=c0) "))
( else
( cons ( car 1st ) ( alternator ( - ¢ 1) ( snoc ( car 1lst ) ( ecdr 1lst ) ) ) )
)
)
)
Demo:

Ll JUAUE. [AUREL WILT UZDUGYIIY, TIEHIUY BTIL 1£0 VD,
» | alternator 7 '( black white ) )

"{black white black white black white black)
> ( alternator 12 '( red yellow blus ) )

'"(red yellow blue red yellow blue red yellow blue red yellow blue)
» ( alternator 9 '"( 1 2 3 4 ) )

'"(123412341)

> ( alternator 15 '"{ x v ) )

"Ry XYVEYV XY XY XY XY X



Task 1d - Sequence:

Code:

( define ( seguence ¢ num )
( cond
( (=c0) "))
([ else
(map ( lambda ( x ) ( * x num ) ) ( iota c ) )
)
)
)

Demo:
s g sgars e rny st e e gyt vy e en s nrny e s

> { seguence S 20 )

{20 40 €0 80 100)

> | seguence 10 7T )

{7 14 21 28 35 42 49 56 &3 T70)

> { seguence 5 50 )

{50 100 150 200 250 300 350 400)
=

Task 2 - Counting:

Task 2a - Accumulation Counting:

Code:

( define ( a-count lst )
( cond
( ( empty? lst ) '() )
[ else
( append ( iota ( car 1st ) ) ( a-count ( cdr 1lst ) ) )

(1 2 3412 312 1)

> ((a—count '( 1 1 2 2 3 3 2 2 1 1 ) )
(11121212 31232121211)
>



Task 2b - Repetition Counting:

Code:

( define ( r-count lst
{ cond

( ( empty? Ist ) '() )

[ else
( append ( same ( car lst ) ( car 1st ) ) ( r-count ( cdr lst ) )
)
)
)

Demo:
= f r:countf'( 1 2 3 j’)
{1 2 2 3 3 3)

> ([ r—-count '( 4 3 2 1 ) )
{4 4 4 4 3 3 3 2 2 1)
> (( r-count '( 1 1 2 2 3 3 2 2 1 1 ) )

(11 22 2 2 3 3 3 3 3 3222 211)
>

Task 2a - Mixed Counting Demo:

Demo:

( a-count '( 1 2 3 ) )
(11212 3)
( r-count '( 1 2 3 ) )
(122333
( r—count (
(112212
( a—count (
(112121
a-count '( 2 2 5 3 ) )
(12121234512 3)
( r-count '( 2 2 5 3 ) )
)
2

(222255555333
( r-count ( a-count '( 25 3) 1))
(122122122333 444455555122333)
( a—count ( r-count '( 2 2 5 3 ) ) )
(1212121212345 12345123451234512345123123123)

W= W = W = W = = Y = Y = =



Task 3 - Association Lists:

Task 3a - Zip:

Code:

( define ( zip listl list2 )

( cond
( ( empty? listl )} '{) )
( else
( cons ( list* ( car listl ) ( car list2 ) ) ( zip ( cdr listl ) ( cdr 1list2 } } )
)
)
)
Demo:

LHIUUHHB'. ICJ.\..I'\C:I.J WL UCUUHHIIIHJ IIIE.'IIIUIyI WL 1£0 wviw.
> ( zip '( one two three four five ) '( un deux trois quatre cing )

"({one . un) (two . deux) (three . trois) (four . quatre) (five . cing))
> (zip "() ") )

"()

> ( zip "( this ) '( that ) )

"((this . that))

> (zip "(one two three ) '"( (1) (22 ) (333)))

"{(one 1) (two 2 2) (three 3 3 3))

>

Task 3b - Assoc:

Code:

{ define ( assoc x 1lst )
(i cond
( ( empty? 1lst )} '(}) )
(i ( eg? = ( caar 1lst } ) ( car 1lst ) )
({ else
( assoc = ( cdr 1st ) ) )

Demo:

g iy e gy s e . ) ) )

> ( define all( zip '(one two three four ) ' (un deux trois gquatre ) ) ; ¥ a-list -» zip
)

> ( define al2 ( zip '(one two three) '( (1) (2 2) (3 3 3) ) ) ; # a-list -» zip

)
> all
'((one . un) (two . deux) (three . trois) (four . quatre))
> ( assoc 'two all )
'"(two . deux)
> ( assoc '"five all )
'
> al2
"((one 1) (two 2 2) (threes 3 3 3))
» ( assoc 'three al2 )
'"(three 3 3 3)
> ( assoc 'four al2 )
()
>



Task 3c - Establishing some Association Lists:

Code:

( define scale-zip-CM ( zip ( iota 7 ) '( "C" "D" "E" "F" "G" "A" "B" ) ) )

( define scale-zip-short-Am ( zip ( iota 7 ) '( "A/2" "B/2"™ "C/2" "D/2" “E/2" "E/2" "G/I" ) )

( define scale-zip-short-low-Am ( zip ( iota 7 ) '( "&,/2" "B, /2" "C,/2" "D,/2" "E,/2" "F, /2" "G,/2" ) )

( define scale-zip-short-low-blues-Dm ( zip ( icta 7) '( "D,/2" "F,/2" "G,/2" "_&,/2" "B, /2" "c,/2" "d,/2" ) ) )
( define scale-zip-wholetone-C ( zip ( iota 7 ) '( "C" "D" "E" "AF"™ "Ag" "fAM "¢ ) )

Demo:

A gL ATy EEE L Ay SRR A mER L. o bmeers

> scale-zip-CM

(1. "e") (2. "D") (3. "E") (4. "F") (3. "G") (6 . "A") (7 . "B"))

> scale-zip-short-Am

"((1 . "a/2™) (2 . "B/2™) (3 . "c/2") (4 . "D/Z") (5 . "E/2") (€& . "E/2") (7 . "G/2"))

> scale-zip-short-low-Am

"((1 . "a, /2"y (2 . "B,/2") (3 . "c,/2") (4 . "D,/2") (5 . “E,/2") (& . "E,/2") (7 . "G,/2"))
> scale-zip-short-low-blues-Dm

"((1 . "Dj/2") (2 . "F,/2") (3 . "G,/2") (4 . "_A,/2") (5 . "A./2") (& . "¢ f2™) (7 . "d,/2"))
> scale-zip-wholetone-C

((1.me")y (2. "D") (3. "E") (4. "UFT) (5 . "tGT) (e . MUATM) (T . "eM))

>

Task 4 - Numbers to Notes to ABC:

Task 4a - nr->note:

Code:

{ define ( nr->note c 1lst )

( cond
( ( eg? ¢ ( caar 1lst )} ) ( cdar 1st ) )
({ else

{ nr-»note ¢ { cdr 1st ) ) )

)

Demo:
B T
> ( nr—->»note 1 scale-zip-CM
neom
> ( nr—>note 1 scale—-zip—-short—2m )
'IAJ".IZ "
> ( nr—>note 1 scale—zip-short—low-—-Am )
PIA! f'f2'|'l
> ( nr—>note 3 scale—=zip—-CM )
ngm
> ( nr—>note 4 scale—zip—-short—2m )
"D/2"
> ( nr—>note 5 scale—-zip—-short—low—Am )
'IE] f}z!l
> ( nr—>note 4 scale—-zip-short—low-kluses—Dm )
'I_Ay -fllz L]
> ( nr—>»note 4 scale—zip-wholetone—-C )
e

>



Task 4b - nrs->notes:

Code:

( define ( nrs->»notes listl list2 )
( map ( lambda ( x ) ( nr-»note x list2 ) ) listl )
)

Demo:

> ( nrs->notes (3 2321 13 scale-zip-CM )

"("E" "D" "E" "D" "C" "C™)

> ( nrs->notes '(3 2 3 2 1 1) scale-zip-short-2Am )

r("c/2" "B/2" "c/2" "B/2™ "A/2™ "A/2™)

> ( nrs—->notes ( l1ota 7 ) scale-zip-CM )

("™ "p" "E"™ "EF" "g" "A" "B")

> ( nrs->notes ( l1ota 7 ) scale-zip-short-low-Am )

"("A,/2™ "B, /2" "C,/2" "D,/f2"™ TE,/Z" "F,/2" "G,/2")

> ( nrs->notes ( a-count '(4 3 2 1) )} scale-zip-CM )

("c™ "p" "g" "g" "cCm "p" "E" "C™ D" "C")

> ( nrs—->notes ( r-count '(4 3 2 1) )} scale-zip-CM )

‘("g™ "gpm" "p" "p" "E" "E" "E" "D™ "D" "C")

> ( nrs->notes ( a-count ( r—count '(1 2 3} ) ) scale-zip-CM )
t("gm™ "cm "p" "cgw "p" "cm "p" "™ "cm "p" "E™ "C" "D "E"™)

> ( nrs->»notes ( r—-count ( a-count '(1 2 3) ) ) scale-zip-CM )

T(mgm o mgm ompm o ompT owEnonpnonpn mpn ompwn wpng
>

Task 4c - nrs->abc:

Code:

( define ( nrs-»abc listl list2 )
( string-join ( nrs->»notes listl list2 ) )

Demo:

A A A S gy, i R e e

> ( nrs-»abc ( 1ota 7 ) scale-zip-CM )

"CDEFGHAB"

> ( nrs-»abc ( iota 7 ) scale-zip-short-2m )

"n/2 B/2 C/2 D/2 Ef2 F/2 G/2"

> ( nrs-»abc ( a-count '( 3 2 1 3 2 1) ) scale-zip-CM )
"CDECDCOCDETCTDOQC"

> ( nrs-»abc ( r-count '( 3 2 1 3 2 1) ) scale-zip-CM )
"EEEDDCEEETDTDOQC"

> ( nrs-»abc ( r-count ( a-count '(4 3 2 1) ) ) scale-zip-CM )
"CDDEEEFFFFCDDEEETCDTDO<C"

> ( nrs->abc ( a-count ( r-count '(4 3 2 1) ) ) scale-zip-CM )
"CDEFCDEFCDEFCDEFCDECDECDETUCDCTDOC"

>



Task 5 - Stella:

Code:

(require Z2Zhtdp/image )

{ define ( stella 1lst )
( foldr overlay empty-image

( map ( lambda ( x ) ( sguare ( car x ) "solid
)
Demo:
S T R A T Al R T o W Telack ) C _ =ilver ) ( 280 _ black ) ) )
> ( stella ( zip segquence 11 25 ) ( alternator 11 "( red geold ) ) ) )

> ( stella ( zip ( seguence 15 18 ) ( alternator 15
> ( stella ( zip ( sequence 15 18 ) ( alternator 15

'( yellow orange brown ) ) ) )

*( blue black orange ) ) ) )

( cdr = )

)

)

st )

)



> ( stella ( zip ( seguence 15 18 ) ( alternator 15 '( red silver brown ) ) ) )

Task 6 - Chromesthetic Renderings:

Code:

( define pitch-classes '( c de £ g ab
( define color-names '( blue green brown purple red yellow orange ) )
( define ( box color
( overlay
( square

( square
)
)

define boxes

( list
( box
( box
( box
( box
( box
( box
( box
)
)
( define pc-a-list ( zip pitch-classes color-names —>
( define cb-a-list ( zip color-names boxes ) ) ; a
( define ( pe->color pc
( cdr ( assoc pc pc-a-list ) )
)
( define ( color->box color
( edr ( assoc color cb-a-list ) )

)

( define ( play list

( define lst ( zip pitch-classes boxes )
( foldr beside empty-image
( map ( lambda ( x ) ( cdr (assoc x 1lst ) ) ) list

. - rergy o . -
> (play '(cde fgabccbhbagfedc) )

> ( play '(c c ffeeddcc) )

> (play '{ cdeccdece £ f ) )




Task 7 - Grapheme to Color Synesthesia:

BCDEFGHIJELMNOPOQRSTUVWIXY Z)
( list AT BI CI DI EI FI GI HI IT JI KI LI MI NI OT PI QT RI SI TI UI VI VI WI XI YI ZI)

Code:
.
( define AT (text "A" 36 "orange™) )
( define BI (text "B" 36 "red") )
( define CI (text "C" 36 "blue") )
( define DI (text "D" 36 "pink") )
( define EI (text "E" 36 "yellow") )
( define FI (text "F" 36 "purple”) )
( define GI (text "G" 36 "brown") )
( define HI (text "H" 36 "green”) )
( define II (text "I" 36 "black") )
( define JI (text "J" 36 "marcon”) )
( define KI (text "K" 36 "gold") )
( define LI (text "L" 36 "turguoise™) )
( define MI (text "M" 36 "firebrick") )
( define NI (text "N" 36 "silver") )
( define OI (text "o" 36 "tomato”) )
( define PI (text "B" 36 "coral®) )
( define QI (text "Q" 36 "olive") )
( define RI (text "R" 36 "sea shell™) )
( define SI (text "S" 36 "lime") )
( define TI (text "T" 36 "sea green") )
( define UI (text "U" 36 "blue") )
( define VI (text "V" 36 "roval blue") )
( define WI (text "W" 36 "teal") )
( define XI (text "X" 36 "navy") )
( define YI (text "¥" 36 "plum") )
( define 2I (text "z" 36 "dim gray") )
( define alphabet ' (A
( define alphapic
( define a->i ( zip alphabet alphapic )
( define ( letter->image letter )
( cdr ( assoc letter a->i ) )
)
( define ( gcs lst )
( foldr beside empty-image
( map ( lambda ( x ) ( cdr ( assoc x a->i ) )
)
)
Demo 1:

> éipﬁabet

'(A B C)

> alphapic

(List 4

>

( (A
e
>

display a—>1i

letter—>image

letter—>images

LY

(

(

(B .

cC A B

)

)
=N
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)|

1st )

)

¥

)



Demo 2:
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