;77 Task 1 Things
;load required files

( load "lp.1" )

; The limit constraint determines how long of a string is generated.

can be adjusted based on the length of the piece being created
( setf *limit* 63 )

( setf *pitches* '(C5 D5 E5 F5 G5 A5 B5 C6 R) )

( setf *durations* '(g h i g. h.) )

; Nondeterministically generates pitches from the c-major scale

( defmethod pitch ()

( nth ( random 9 ) *pitches* )
)
( defun pitch-list ( ( n integer ) )
( cond
( (=no0)
nil
)
(t
( cons ( pitch ) ( pitch-list ( - n 1 ) ) )

)

( defun pitch-string ()
( pitch-1list *limit* )

; Nondeterministically generates durations

( defmethod duration ()

( nth ( random 5 ) *durations* )
)
( defun duration-list ( ( n integer ) )
( cond
( (=n20)
nil
)
(t
( cons ( duration ) ( duration-list ( - n 1 ) ) )

)

)
( defun duration-string ()
( duration-list *1limit~* )

)

;77 Task II things
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(
(
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( defmethod detailed-pitch-crossover ( ( m list ) ( f list
( setf half-list ( truncate ( / ( length m ) 2 ) ) )
( setf pos ( + 1 ( random half-list ) ) )
( setf pos2 ( + ( + 1 ( random half-list ) half-list )
( setf first-bit ( first-n m pos ) )
( setf middle-bit ( middle-n f pos pos2 ) )
( setf end-bit ( end-n m pos2 ) )
( format t "First part = ~A~%" first-bit )
( format t "Middle part = ~A~%$" middle-bit )
( format t "End part = ~A~%" end-bit )
( append first-bit middle-bit end-bit )

)

( defmethod first-n ( ( m list ) pos)
( subseg m 0 pos )

)

( defmethod middle-n ( ( f list ) pos pos2 )
( subseq f pos pos2 )

)

( defmethod end-n ( ( m list ) ©pos2 )

( subseg m pos2 )

)
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( get-b £ )
)
(t
( get-ac £ )
( get-b m )
)
)
( append a b a cacaba)

)

( defmethod get-ac ( ( duration list ) &aux start-a end-a start-c end-c )
( setf start-a ( + 1 ( random ( - ( length duration ) 7 ) ) ) )
( setf end-a ( + start-a 7 ) )
( setf a ( subseqg duration start-a end-a ) )
( setf start-c¢c ( + 1 ( random ( - ( length duration ) 7 ) ) ) )
( setf end-c ( + start-c 7 ) )
( setf ¢ ( subseqg duration start-c end-c ) )

)

( defmethod get-b ( ( duration list ) &aux start end )
( setf start ( + 1 ( random ( - ( length duration ) 7 ) ) ) )
( setf end ( + start 7 ) )
( setf b ( subseqg duration start end ) )

; Demo Crossover

( defmethod pitch-crossover-demo (&aux m f x )
( setf m ( pitch-string ) )
( setf £ ( pitch-string ) )

( dotimes ( 1 10 )
( format t "m = ~A~%" m )
( setf x ( pitch-crossover m f ) )
( format t "x = ~A~%" x )
( format t "f = ~A~%~3%" f )

)

( defmethod detailed-crossover-demo (&aux m f x )
( setf m ( pitch-string ) )
( setf £ ( pitch-string ) )

( dotimes ( 1 5 )
( format t "m = ~A~%" m )
( setf x ( detailed-pitch-crossover m £ ) )
( format t "x = ~A~%" x )
( format t "f = ~A~%~%" £ )

)

( defmethod duration-crossover-demo (&aux m f x )
( setf m ( duration-string ) )
( setf £ ( duration-string ) )

( dotimes ( i 10 )
( format t "m = ~A~%" m )
setf x ( duration-crossover m f ) )

(
( format t "x = ~A~%" x )
( format t "f = ~A~%~3%" f )



)

( defmethod detailed-duration-crossover-demo (&aux m f x )
( setf m ( duration-string ) )
( setf £ ( duration-string ) )

( dotimes ( i 5 )
( format t "m = ~A~%" m )
( setf x ( detailed-duration-crossover m f ) )
( format t "x = ~A~%" x )
( format t "f = ~A~%~%" f )

;; Task 4 things: Fitness for pitches

; For the detailed list, $ means that it was a half-step, * means there was a
whole step

; and ! means that there was a three in a row.

; This fitness function awards fitness points based on if there is stepwise
motion

; Sets fitness as a global variable
; ( setf fitness '0 )

( defmethod stepwise ( ( pitches list ) )
( setf fitness' 0 )

setf detail-list ' () )
setf upstreak '0 )
setf downstreak '0 )
dotimes ( i ( - *limit* 2 ) )

( setf detail-list ( snoc ( nth i pitches ) detail-list ) )

( is—-stepwise i pitches )

( cond

( ( equal status 'h )

setf fitness ( + fitness 1 ) )
setf detail-list ( snoc '$ detail-list ) )
setf upstreak ( + upstreak 1 ) )
setf downstreak '0 )

(
(
(
(

—~ o~ o~ —~

( ( equal status '-h )
setf detail-list ( snoc '$ detail-list ) )
setf fitness ( + fitness 1 ) )

setf downstreak ( + downstreak 1 ) )
setf upstreak '0 )

PRy

( ( equal status 's )

setf detail-list ( snoc '* detail-list ) )
setf fitness ( + fitness 2 ) )

setf upstreak ( + upstreak 1 ) )

setf downstreak '0 )

(
(
(
(

( ( equal status '-s )
setf detail-list ( snoc '* detail-list ) )
setf fitness ( + fitness 2 ) )

(
(
( setf downstreak ( + downstreak 1 ) )
( setf upstreak '0 )



( ( equal status '() )
( setf upstreak '0 )
( setf downstreak '0 )
)
)
( cond
( ( eq upstreak '2 )
( setf detail-list ( snoc '! detail-list ) )
( setf fitness ( + fitness 3 ) )
)
( ( eq downstreak '2 )
( setf detail-list ( snoc '! detail-list ) )
( setf fitness ( + fitness 3 ) )

)
)

fitness

;; Demo Fitness for Stepwise

( defmethod stepwise-demo ( &aux x stepwise )
; ( setf fitness '0 )
( setf x ( pitch-string ) )
( format t "x = ~A~%" X )
( format t "Directly applying the fitness metrics ... ~%" )
( format t "stepwise = ~A~%" ( stepwise x ) )
( format t "Indirectly applying the fitness metrics ... ~%" )
; ( setf fitness '0 )
( setf stepwise #'stepwise )
( format t "stepwise = ~A~%" ( funcall stepwise x ) )

; This determines if an individual note and the note following it show
stepwise motion

( defmethod is-stepwise ( (pos number ) pitches )
( setf status () )
( cond
( ( equal 'C5 ( nth pos pitches ) )
( cond
( ( equal ( nth ( + pos 1 ) pitches ) 'D5 )

( setf status 's )

)

( ( equal 'D5 ( nth pos pitches ) )

( cond
( ( equal ( nth ( + pos 1 ) pitches ) 'E5 )
( setf status 's )
)
( ( equal ( nth ( + pos 1 ) pitches ) 'C5 )

( setf status '-s )

)

)
( ( equal '"E5 ( nth pos pitches ) )
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;777 Task 5 things: Fitness for durations

;7 The following method awards points for measures in 4-4 time signature.

; Detail list is a list in this method that provides a more detailed demo of
the fitness

( setf detail-list '() )

( defmethod duration-fitness ( ( durations list ) &aux beats pos )
( setf duration-fitness '0 )
( setf beats '0 )
( setf pos '0 )
( setf detail-list '() )
(

dotimes ( i ( length durations ) )
( setf detail-list ( snoc (nth pos durations ) detail-list ) )
( cond

( ( equal 'g ( nth pos durations ) )
( setf beats ( + beats '1.00 ) )
)
( ( equal 'w ( nth pos durations ) )
( setf beats ( + beats '4.00 ) )
)
( ( equal 'h ( nth pos durations ) )
( setf beats ( + beats '2.00 ) )
)
( ( equal 'g. ( nth pos durations ) )
( setf beats ( + beats '1.50 ) )
)
( ( equal 'h. ( nth pos durations ) )
( setf beats ( + beats '3.00 ) )
)
( ( equal 'i ( nth pos durations ) )
( setf beats ( + beats '0.50 ) )
)
)
( cond
( ( = beats 4.00 )
( setf duration-fitness ( + duration-fitness 1 ) )
( setf beats '0 )
( setf detail-list ( snoc '* detail-list ) )
)
( ( < 4.00 beats )
( setf beats '0 )
)
)
( setf pos ( + pos 1 ) )
)

duration-fitness
;; A demo for the duration-fitness
( defmethod duration-fitness-demo ( &aux x fitness )

( setf x ( duration-string ) )
( format t "x = ~A~%" X )



format t "Directly applying the fitness metrics ... ~%" )

(

( format t "Duration-fitness = ~A~%" ( duration-fitness x ) )
( format t "Indirectly applying the fitness metrics ... ~%" )
( setf fitness #'duration-fitness )

( format t "Duration-fitness = ~A~%" ( funcall fitness x ) )

;77:Task 6 Individual and population tasks

( defclass individual ( )

(

( pitch-string :accessor individual-pitch-string :initarg :pitch-string

( fitness :accessor individual-fitness :initarg :fitness )
( number :accessor individual-number :initarg :number )

)

( defmethod random-individual ( &aux pitch )
( setf pitch ( pitch-string ) )
( make-instance 'individual
:pitch-string pitch
:fitness (funcall *fitness* pitch )
:number 0O

)

( defmethod new-individual ( ( nr number ) ( pitches list ) )
( make-instance 'individual
:pitch-string pitches
:fitness ( funcall *fitness* pitches )
:number nr

)

( defmethod display ( ( i individual ) )
( display-nnl i ) ( terpri )
)
( defmethod display-nnl ( ( i individual ) )
( prinl ( individual-number i ) )
( princ ( filler ( individual-number i ) ) )
( prinl ( individual-pitch-string 1 ) )
( princ " n )
( prinl ( individual-fitness i ) )
( princ ( filler ( individual-fitness i ) ) )
)
( defmethod filler ( ( n number ) )
( cond
( ( < n 10 ) won )
( ( <n 100 ) " ")
( ( <n 1000 ) ™ ")
( ( < n 10000 ) ™ ™)
( ( < n 100000 ) " ")



)

( defmethod stepwise ( ( 1 individual ) )
( stepwise ( individual-pitch-string i ) )

)

;; Encapsulated Demo
( defmethod individual-demo (&aux 10 il i2 i3 one two three )
( setf *fitness* #'stepwise )
setf i0 (random-individual ) )

(

( display 10 )

( setf one ( pitch-string ) )

( setf 11 ( new-individual 1 one ) )

( display il )

( setf two ( pitch-string ) )

( setf 12 ( new-individual 2 two ) )

( display 12 )

( setf three ( pitch-string ) )

( setf 13 ( new-individual 3 three ) )

( display i3 )

( format t "Fitness of 10 = ~A~%" ( funcall *fitness* 10 ) )
( format t "Fitness of il = ~A~%" ( funcall *fitness* il ) )
( format t "Fitness of i2 = ~A~%" ( funcall *fitness* 12 ) )
( format t "Fitness of 13 = ~A~%" ( funcall *fitness* i3 ) )
nil

)

( defclass duration-individual ( )
(
( duration-string :accessor individual-duration-string :initarg
:duration-string )
( fitness :accessor individual-fitness :initarg :fitness )
( number :accessor individual-number :initarg :number )

)

( defmethod random-duration-individual ( &aux duration )
( setf duration ( duration-string ) )
( make-instance 'duration-individual
:duration-string duration
:fitness (funcall *fitness* duration )
:number O

)

( defmethod new-duration-individual ( ( nr number ) ( durations list ) )
( make-instance 'duration-individual
:duration-string durations
:fitness ( funcall *fitness* durations )
:number nr

)

( defmethod duration-display ( ( 1 duration-individual ) )
( display-duration-nnl i ) ( terpri )

)



( defmethod display-duration-nnl ( ( i duration-individual ) )

( prinl ( individual-number i ) )
( princ ( filler ( individual-number i ) ) )
( prinl ( individual-duration-string i ) )
( pIiHC "non )
( prinl ( individual-fitness i ) )
( princ ( filler ( individual-fitness i ) ) )
)
( defmethod duration-fitness ( ( i duration-individual ) )
( duration-fitness ( individual-duration-string i ) )

)

;; Encapsulated Demo

( defmethod duration-individual-demo (&aux 10 il i2 i3 one two three )
( setf *fitness* #'duration-fitness )

setf i0 ( random-duration-individual ) )

duration-display 10 )

setf one ( duration-string ) )

(

(

(

( setf 11 ( new-duration-individual 1 one ) )

( duration-display i1 )

( setf two ( duration-string ) )

( setf 12 ( new-duration-individual 2 two ) )

( duration-display 12 )

( setf three ( duration-string ) )

( setf 13 ( new-duration-individual 3 three ) )

( duration-display 13 )

( format t "Fitness of i0 = ~A~%" ( funcall *fitness* 10 ) )
( format t "Fitness of 11 = ~A~%" ( funcall *fitness* il ) )
( format t "Fitness of 12 = ~A~%" ( funcall *fitness* 12 ) )
( format t "Fitness of 13 = ~A~%" ( funcall *fitness* i3 ) )
nil

;; Population for Pitches

defconstant *population-size* 100 )
defconstant *selection-size* 4 )
setf *fitness* #'stepwise )
defclass population ()
(
( individuals :accessor population-individuals :initarg :individuals )
( generation :accessor population-generation :initform 0 )

—~ e~~~

( defmethod size ( ( p population ) )
( length ( population-individuals p ) )

( defmethod display ( ( p population ) )
( terpri ) ( terpri )
( princ "Generation " )
( prinl ( population-generation p ) )
( princ " population ... " )
( terpri ) ( terpri )



( dolist ( 1 ( population-individuals p ) )

( display 1 )
)
( terpri )
)
( defmethod initial-population ( &aux individuals )
( setf individuals () )
( dotimes ( i1 *population-size* )
( push ( new-individual ( + i 1 ) ( pitch-string ) ) individuals )
)
( make-instance 'population :individuals ( reverse individuals ) )
)
( defmethod average ( ( p population ) &aux ( sum 0 ) )
( dolist ( 1 ( population-individuals p ) )

( setf sum ( + sum ( funcall *fitness* 1 ) ) )

)
( float ( / sum ( size p ) ) )

( setf *select-demo* nil )

( defmethod select-individual ( ( p population ) &aux 1 candidates rn )
( setf candidates ( select-individuals p ) )
( setf mfi ( most-fit-individual candidates ) )
( if *select-demo* ( select-demo-helper candidates mfi ) )
mfi
)
( defmethod select-individuals ( ( p population ) &aux individuals candidates
rn )

( setf individuals ( population-individuals p ) )
( setf candidates () )

( dotimes ( 1 *selection-size* )
( setf rn ( random (- *population-size* 1 ) ) )
( push ( nth rn individuals ) candidates )
)
candidates
)
( defmethod most-fit-individual ( ( 1 list ) &aux max-value max—-individual )

( setf max-individual () )
( setf max-value 0 )
( dolist ( 1 1)
(if ( > ( funcall *fitness* 1 ) max-value )
( let ()
( setf max-value ( funcall *fitness* i ) )
( setf max-individual i )

)
)
max-individual

)

( defmethod select-demo-helper ( ( 1 list ) ( i individual ) )
( princ "the sample of individuals ..." ) ( terpri )



mapcar #'display 1 )

(
( terpri )
( princ "the most fit of the sample ..." ) ( terpri )
( display 1 )
( terpri )
nil
)
( defmethod population-demo ( &aux p )
( setf p ( initial-population ) )
( display p )
( format t "Average fitness = ~A~%~%" ( average p ) )
( setf *select-demo* t )
( format t "Sampling ... ~%~%" )
( select-individual p ) ( terpri )
( format t "Sampling ... ~%~%" )
( select-individual p ) ( terpri )
( format t "Sampling ... ~%~%" )
( select-individual p ) ( terpri )

;; Population for for Durations

; ( defconstant *population-size* 100 )
; ( defconstant *selection-size* 8 )
; ( setf *fitness* #'duration-fitness )

( defclass duration-population ()
(
( duration-individuals :accessor duration-population-individuals
:initarg :duration-individuals )
( generation :accessor population-generation :initform 0 )
)
)

( defmethod size ( ( p duration-population ) )
( length ( duration-population-individuals p ) )
)

( defmethod duration-display ( ( p duration-population ) )
( terpri ) ( terpri )
( princ "Generation " )
( prinl ( population-generation p ) )
( princ " population ... " )
( terpri ) ( terpri )
( dolist ( i1 ( duration-population-individuals p ) )

( duration-display i )
)

( terpri )
)
( defmethod initial-duration-population ( &aux individuals )
( setf individuals () )
( dotimes ( i *population-size* )
( push ( new-duration-individual ( + i 1 ) ( duration-string ) )

individuals )



)
( make-instance 'duration-population :duration-individuals ( reverse
individuals ) )

)

( defmethod average ( ( p duration-population ) &aux ( sum 0 ) )
( dolist ( i1 ( duration-population-individuals p ) )
( setf sum ( + sum ( funcall *fitness* i ) ) )
)
( float ( / sum ( size p ) ) )
)

( setf *select-demo* nil )

( defmethod select-duration-individual ( ( p duration-population ) &aux i
candidates rn )
( setf candidates ( select-duration-individuals p ) )
( setf mfi ( most-fit-individual candidates ) )
( if *select-demo* ( select-demo-helper candidates mfi ) )
mfi
)
( defmethod select-duration-individuals ( ( p duration-population ) &aux
individuals candidates rn )
( setf individuals ( duration-population-individuals p ) )
( setf candidates () )
( dotimes ( 1 *selection-size* )
( setf rn ( random (- *population-size* 1 ) ) )
( push ( nth rn individuals ) candidates )
)
candidates
)
; ( defmethod most-fit-individual ( ( 1 list ) &aux max-value max-individual )
; ( setf max—-individual () )
; ( setf max-value 0 )
; ( dolist ( 1 1)
; (if ( > ( funcall *fitness* i ) max-value )
; ( let ()
; ( setf max-value ( funcall *fitness* 1 ) )
; ( setf max-individual i )
’ )
; )
; )
; max-individual
i)
( defmethod select-demo-helper ( ( 1 list ) ( i duration-individual ) )
( princ "the sample of individuals ..." ) ( terpri )
( mapcar #'duration-display 1 )
( terpri )
( princ "the most fit of the sample ..." ) ( terpri )
( duration-display 1i )
( terpri )

nil



( defmethod duration-population-demo ( &aux p )
( setf *fitness* #'duration-fitness )

( setf p ( initial-duration-population ) )

( duration-display p )

( format t "Average fitness = ~A~%~%" ( average p ) )
( setf *select-demo* t )

( format t "Sampling ... ~%~%" )

( select-duration-individual p ) ( terpri )

( format t "Sampling ... ~%~%" )

( select-duration-individual p ) ( terpri )

( format t "Sampling ... ~%~%" )

( )

select-duration-individual p ( terpri )

;77 Task 7: This task creates the next generation of the genetic algorithm
for both the pitches and durations

;; Mutation for Pitches

( defmethod pitch-mutate ( ( i individual ) &aux pitch-mutation )
( setf *fitness* #'stepwise )
( setf pitch-mutation ( pitch-mutation ( individual-pitch-string 1 ) ) )
( make-instance 'individual
:number ( individual-number i )
:pitch-string pitch-mutation
:fitness ( funcall *fitness* pitch-mutation )

( defconstant *pc-m* 50 )

( defmethod maybe-mutate ( ( i individual ) )
(if (<= (+ 1 ( random 100 ) ) *pc-m* )
( pitch-mutate i )
i

; Encapsulated Demo

( defmethod pitch-mutate-demo ()
( setf 1 ( random-individual ) )
( display 1 )
( dotimes ( x 20 )
( setf i ( pitch-mutate i ) )
( display 1 )

)

( defmethod maybe-mutate-demo ()

( setf 1 ( random-individual ) )
( display 1 )
( dotimes ( x 20 )

( setf n ( maybe-mutate i ) )
( display-nnl n )
( if ( not (equal n i ) ) ( princ " *" ) )



( terpri )
( setf 1 n )

;5 Mutation for durations

( defmethod duration-mutate ( ( i duration-individual ) &aux duration-
mutation )
( setf *fitness* #'duration-fitness )
( setf duration-mutation ( duration-mutation ( individual-duration-string
i) ))
( make-instance 'duration-individual
:number ( individual-number i )
:duration-string duration-mutation
:fitness ( funcall *fitness* duration-mutation )
)
)
; ( defmethod duration-l-mutate ( ( i1 duration-individual ) &aux duration-
mutation )
; ( setf *fitness* #'duration-fitness )
; ( setf duration-l-mutation ( duration-l-mutation ( individual-duration-
string 1 ) ) )
; ( make-instance 'duration-individual
; :number ( individual-number i )
; :duration-string duration-l-mutation
; :fitness ( funcall *fitness* duration-mutation )
; )
i)
( defconstant *pc-m* 50 )
( defconstant *1-s-c* 5 )
( defmethod maybe-duration-mutate ( ( i duration-individual ) )
(if ( <= (+ 1 ( random 100 ) ) *pc-m* )
( duration-mutate i )
i
)
; (if ( <= (+ 1 ( random 100 ) ) *1l-s-c* )
; ( duration-l-mutate i )
; i

; Encapsulated Demo

( defmethod duration-mutate-demo ()

( setf 1 ( random-duration-individual ) )
( duration-display i )
( dotimes ( x 20 )

( setf 1 ( duration-mutate 1 ) )

( duration-display i )
)

( defmethod maybe-duration-mutate-demo ()



( setf 1 ( random-duration-individual ) )
( duration-display i )
( dotimes ( x 20 )
( setf n ( maybe-duration-mutate i ) )
( display-duration-nnl n )
(if ( not ( equal ni ) ) ( princ "™ *" ) )
( terpri )
( setf i n )

;; Perform a copy of pitches

( setf *copy-demo* nil )
( defconstant *pc-c* 55 )
( defmethod perform-copies ( ( cp population ) ( np population ) )
( dotimes ( i ( nr-copies ) )
( perform-one-copy cp np )

)

( defmethod nr-copies ()
(* (/ *pc—-c* 100 ) *population-size* )

)

( defmethod perform-one-copy ( ( cp population ) ( np population ) &aux x m
mm new-1i )
( setf m ( select-individual cp ) )
if *copy-demo* ( format t "Selected individual = ~%" ) )
if *copy-demo* ( display m ) )
setf mm ( maybe-mutate m ) )

(

(

(

( if *copy-demo* ( format t "Possibly mutated individual = ~&" ) )

( if *copy-demo* ( display mm ) )

( setf ( individual-number mm ) ( + 1 ( size np ) ) )

( if *copy-demo* ( format t "Renumbered individual = ~&" ) )

( if *copy-demo* ( display mm ) )

( setf new-1i ( new-individual ( + 1 ( size np ) ) ( individual-pitch-

string mm ) ) )
( setf ( population-individuals np )

( append ( population-individuals np ) ( list new-i ) )
)
nil

)

( defmethod empty-population ( ( cp population ) &aux np )

( setf np ( make-instance 'population ) )
( setf ( population-individuals np ) () )
( setf ( population-generation np ) ( + 1 ( population-generation cp ) ) )

np
)
( defmethod perform-copies-demo ( &aux cp np )
( setf cp ( initial-population ) )
setf np ( empty-population cp ) )
terpri ) ( display np ) ( terpri ) ( terpri )

(
(
( setf *select-demo* t )
( setf *copy-demo* t )



( dotimes (i 10 )
( perform-one-copy cp np )
( terpri ) ( display np ) ( terpri ) ( terpri )
)
( setf *select-demo* nil )
( setf *copy-demo* nil )
nil

;; Perform copies for durations

( defmethod perform-duration-copies ( ( cp duration-population ) ( np
duration-population ) )
( dotimes ( i ( nr-copies ) )
( perform-one-duration-copy cp np )
)
)

( defmethod perform-one-duration-copy ( ( cp duration-population ) ( np
duration-population ) &aux x m mm new—-i )

( setf m ( select-duration-individual cp ) )

( if *copy-demo* ( format t "Selected individual = ~%" ) )

( if *copy-demo* ( duration-display m ) )

( setf mm ( maybe-duration-mutate m ) )

( if *copy-demo* ( format t "Possibly mutated individual = ~&" ) )

( if *copy-demo* ( duration-display mm ) )

( setf ( individual-number mm ) ( + 1 ( size np ) ) )

( if *copy-demo* ( format t "Renumbered individual = ~&" ) )

( if *copy-demo* ( duration-display mm ) )

( setf new-1i ( new-duration-individual ( + 1 ( size np ) ) ( individual-

duration-string mm ) ) )
( setf ( duration-population-individuals np )

( append ( duration-population-individuals np ) ( list new-i ) )
)
nil
)
( defmethod empty-duration-population ( ( cp duration-population ) &aux np

( setf np ( make-instance 'duration-population ) )
( setf ( duration-population-individuals np ) () )

( setf ( population-generation np ) ( + 1 ( population-generation cp ) )
np
)
( defmethod perform-duration-copies-demo ( &aux cp np )
( setf *fitness* #'duration-fitness )
setf cp ( initial-duration-population ) )
setf np ( empty-duration-population cp ) )
terpri ) ( duration-display np ) ( terpri ) ( terpri )

setf *select-demo* t )
setf *copy-demo* t )
dotimes (i 10 )
( perform-one-duration-copy cp np )
( terpri ) ( duration-display np ) ( terpri ) ( terpri )

~ e~ o~~~ —~

( setf *select-demo* nil )
( setf *copy-demo* nil )

)

)



nil

;; Crossover for Pitches

( setf *crossover—-demo* nil )
( defconstant *pc-x* 45 )
( defmethod perform-crossovers ( ( cp population ) ( np population ) )
( dotimes ( i ( nr-crossovers ) )
( perform-one-crossover cp np )
)
)

( defmethod nr-crossovers ()
(* (/ *pc-x* 100 ) *population-size* )

)

;This decides whether during the crossover method it will perform a normal
crossover or will mutate

( defmethod cross-or-1 (m £ )
( cond
( (<= (+ 1 ( random 100 ) ) *l-s-c* )
( setf x ( duration-l-mutate m f ) )
; ( setf 1 ( new-duration-individual 0 x ) )

( setf i ( duration-crossover m f ) )

( defmethod perform-one-crossover ( ( cp population ) ( np population ) )
( let ( x m mm mother father new-1i )

( setf mother ( select-individual cp ) )

( setf father ( select-individual cp ) )

( 1if *crossover-demo* ( format t "Selected mother = ~%" ) )
( if *crossover-demo* ( display mother ) )
(
(

if *crossover-demo* ( format t "Selected father
if *crossover-demo* ( display father ) )
;; Here is where we can make a method that is l-system mutation or a
conventional crossover
; ( setf m ( cross-or-1 mother father ) )
setf m ( pitch-crossover mother father ) )
if *crossover-demo* ( format t "the crossover = ~&" ) )
if *crossover-demo* ( display m ) )
setf mm ( maybe-mutate m ) )
if *crossover-demo* ( format t "the possibly mutated individual = ~&"

N&" ) )

—~ e~~~ —~

( if *crossover-demo* ( display mm ) )

( setf new-1i ( new-individual ( + 1 ( size np ) ) ( individual-pitch-
string mm ) ) )

( setf ( population-individuals np ) ( append ( population-individuals
np ) ( list new-i ) ) )



nil

)

( defmethod pitch-crossover ( ( mother individual ) ( father individual )
gaux mi fi x 1i )

( setf mi ( individual-pitch-string mother ) )

( setf fi ( individual-pitch-string father ) )

( setf x ( pitch-crossover mi fi ) )

( setf 1 ( new-individual 0 x ) )

i

; Embodied Demo Code
( defmethod perform-crossovers-demo ( &aux cp np )

( setf cp ( initial-population ) )
setf np ( empty-population cp ) )
terpri ) ( display np ) ( terpri ) ( terpri )

(

(

( setf *select-demo* t )

( setf *crossover-demo* t )
(

dotimes ( 1 10 )
( perform-one-crossover cp np )
( terpri ) ( display np ) ( terpri ) ( terpri )

)

( setf *select-demo* nil )

( setf *crossover-demo* nil )
nil

;; Crossover for Durations
; and the mutation for l-systems lives in here too

( defmethod perform-duration-crossovers ( ( cp duration-population ) ( np
duration-population ) )
( dotimes ( i ( nr-crossovers ) )
( perform-one-duration-crossover cp np )
)
)

( defmethod perform-one-duration-crossover ( ( cp duration-population ) ( np
duration-population ) )
( let ( x m mm mother father new-1i )

( setf mother ( select-duration-individual cp ) )
( setf father ( select-duration-individual cp ) )
( 1if *crossover-demo* ( format t "Selected mother = ~%" ) )
( if *crossover-demo* ( duration-display mother ) )
( 1f *crossover-demo* ( format t "Selected father = ~&" ) )
( if *crossover-demo* ( duration-display father ) )
( setf m ( cross-or-1 mother father ) )
; ( setf m ( duration-crossover mother father ) )
( 1f *crossover-demo* ( format t "the crossover = ~&" ) )
( if *crossover-demo* ( duration-display m ) )
( setf mm ( maybe-duration-mutate m ) )
( if *crossover-demo* ( format t "the possibly mutated individual = ~&"

( if *crossover-demo* ( duration-display mm ) )



( setf new-1i ( new-duration-individual ( + 1 ( size np ) ) (
individual-duration-string mm ) ) )

( setf ( duration-population-individuals np ) ( append ( duration-

population-individuals np ) ( list new-1i ) ) )

)

nil
)
( defmethod duration-crossover ( ( mother duration-individual ) ( father
duration-individual ) &aux mi fi x 1 )

( setf mi ( individual-duration-string mother ) )

( setf fi ( individual-duration-string father ) )

( setf x ( duration-crossover mi fi ) )

( setf 1 ( new-duration-individual 0 x ) )

i
)
( defmethod duration-l-mutate ( ( mother duration-individual ) ( father
duration-individual ) &aux mi fi x i )

( setf mi ( individual-duration-string mother ) )

( setf fi ( individual-duration-string father ) )

( setf x ( duration-l-mutate mi fi ) )

( setf 1 ( new-duration-individual 0 x ) )

i

; Embodied Demo Code

( defmethod perform-duration-crossovers—-demo ( &aux cp np )
( setf *fitness* #'duration-fitness )
setf cp ( initial-duration-population ) )
setf np ( empty-duration-population cp ) )
terpri ) ( duration-display np ) ( terpri ) ( terpri )

setf *select-demo* t )
setf *crossover-demo* t )

—~ e~ o~~~ —~

dotimes ( i 10 )
( perform-one-duration-crossover cp np )
( terpri ) ( duration-display np ) ( terpri ) ( terpri )

)

( setf *select-demo* nil )

( setf *crossover-demo* nil )
nil

;; THE NEXT GENERATION METHOD FOR THE GA
( defconstant *nr-generations* 25 )

( defmethod next-generation ( ( cp population ) &aux np )
( setf np ( empty-population cp ) )
( perform-copies cp np )
( perform-crossovers cp np )
np

;; This is the GA

( defmethod ga-text-demo ( &aux p )
( format t "Go ~%~%" )
( setf *fitness* #'stepwise )



setf p ( initial-population ) )

(

( terpri )

( summarize p )

( dotimes ( i1 *nr-generations* )

( setf p ( next-generation p ) )
( check-average p )
(if (eg i 12 )

( summarize p )

)

( terpri )
( summarize p )

;; METHODS TO PROVIDE INFORMATION ON "PROGRESS"

( defmethod summarize ( ( p population ) )
( display p )
( check-average p )
( terpri )
)
( defmethod check-average ( ( p population ) )
( format t "average fitness of population ~A = ~A~%"

( population-generation p )
( average p )

;7 The next generation for the durations

( defmethod next-duration-generation ( ( cp duration-population ) &aux np )
( setf np ( empty-duration-population cp ) )
( perform-duration-copies cp np )
( perform-duration-crossovers cp np )
np

;; The GA for durations !
( defmethod ga-duration-text-demo ( &aux p )
( format t "Duration fitness is activated ~%~%" )
setf *fitness* #'duration-fitness )

(

( setf p ( initial-duration-population ) )
( terpri )

( summarize p )

( dotimes ( i1 *nr-generations* )

( setf p ( next-duration-generation p ) )
( check-average p )
(if (eg i 12 )

( summarize p )

)

( terpri )
( summarize p )

;; METHODS TO PROVIDE INFORMATION ON "PROGRESS"
( defmethod summarize ( ( p duration-population ) )



( duration-display p )
( check-average p )
( terpri )

)

( defmethod check-average ( ( p duration-population ) )
( format t "average fitness of population ~A = ~A~%"
( population-generation p )
( average p )
)

)

;;:Task 8

Make-songs converts a given pitch-list and a duration-list to a song-list

rs

( setf song-list '() )
( defmethod make-songs ( p-list d-list &aux p d note s-note )
( cond
( ( equal p-list nil )
song-list
)
(t
( setf p ( string ( car p-list ) ) )
( setf d ( string ( car d-list ) ) )

( setf note ( concatenate 'string p d ) )

( setf s—-note ( intern note ) )

( setf song-list ( snoc s-note song-list ) )
( make-songs ( cdr p-list ) ( cdr d-list ) )

;75 Task 9
Makes a fitness function which tests for pairs
One point is rewarded for each pair of pitches

rs

rs

( defmethod pair ( ( pitches 1list ) )
( setf pair-fitness '0 )
( dotimes ( i ( - *limit* 1 ) )

(if ( eg t ( is-pair i pitches ) )
( setf pair-fitness ( + pair-fitness 1 ) )
; (setf 14 (+ 1 1) )
)
)
pair-fitness

)

( defmethod is-pair ( ( pos number ) pitches )
( cond
( ( and
( equal ( nth pos pitches ) ( nth ( + 1 pos ) pitches ) )
( equal ( nth pos pitches ) ( nth ( + 2 pos ) pitches ) )
)
nil

)
( ( equal 'C5 ( nth pos pitches ) )
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( defmethod pair-demo ( &aux ps )
; ( setf fitness '0 )
( setf ps ( pitch-string ) )
( format t "The pitches = ~A~%" ps )
( format t "Directly Applying the fitness ... ~%" )
(

format t "Pair Fitness = ~A~%" ( pair ps ) )
; ( setf fitness '0 )
( format t "Indirectly applying the fitness ... ~%" )
( setf *fitness* #'pair )
( format t "Pair Fitness = ~A~%" ( funcall *fitness* ps ) )

; Duration Pair fitness

( defmethod pair-duration ( ( durations list ) )
( setf pair-duration-fitness '0 )
( dotimes ( i ( - *1limit* 1 ) )
(if ( eg t ( is-duration-pair i durations ) )
( setf pair-duration-fitness ( + pair-duration-fitness 1 ) )
; ((setf 1 (+ 1 1) )

)
)

pair-duration-fitness

( defmethod is-duration-pair ( ( pos number ) durations )
( cond
( ( and
( equal ( nth pos durations ) ( nth ( + pos 1 ) durations ) )
( equal ( nth pos durations ) ( nth ( + pos 2 ) durations ) )
)
nil
)
( ( equal ( nth pos durations ) ( nth ( + pos 1 ) durations ) )
t

)

; Demo for pair durations

setf *duration-fitness* #'pair-duration )
format t "Pair Duration Fitness = ~A~%" ( funcall *duration-fitness* ds

( defmethod pair-duration-demo ( &aux ds )
( setf ds ( duration-string ) )
( format t "The pitches and durations = ~A~%" ds )
( format t "Directly Applying the fitness ... ~%" )
( format t "Pair Duration Fitness = ~A~%" ( pair-duration ds ) )
( format t "Indirectly applying the fitness ... ~%" )
(
(



