2
Symbolic Regression of %

1. GLOBAL VARIABLES
T = {X <}

(defvar x)



2
Symbolic Regression of %

2.DEFINE-TERMINAL-SET-FOR-
REGRESSION

(defun define-term nal -set-for-
REGRESSI ON ()
(val ues
I(X
. fl oati ng-poi nt-random
constant))

)
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Symbolic Regression of %

3. DEFINE-FUNCTION-SET-FOR-
REGRESSION

(defun define-function-set-for-

REGRESSI ON ()
(values "(+ - * %
‘(2 2 2 2))
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Symbolic Regression of %

4. PROBLEM-SPECIFIC FUNCTIONS

(defun %
( nuner at or denom nat or)
(val ues
(1f (= 0 denom nat or)
1
(/ numer at or
denom nator)))
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Symbolic Regression of %

5. REGRESSION-FITNESS-CASE

(def struct REGRESSI ON-fitness-
case
| ndependent - vari abl e
t ar get

)
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Symbolic Regression of x;

6. DEFINE-FITNESS-CASES-FOR-
REGRESSION

(defun define-fitness-cases-for-REGRESSI ON () ;01
(let (fitness-cases x this-fitness-case) ;02
(setf fitness-cases (make- array *nunber - of - f|tness cases*)) ; 03
(format t "~%-itness cases")
(dotines (index *nunber-of-fitness-cases*) ,05
(setf x (/ index *nunber-of-fitness-cases*)) ;06
(setf this-fitness-case (make- REGRESSI ON-fitness-case)) ; 07
(setf (aref fitness-cases index) this-fitness-case) ; 08
(setf (REGRESSI ON-fitness-case-independent-variable ; 09
t hi s-fitness-case) ; 10
X) c11
(setf (REGRESSI ON-fitness-case-target ;12
t hi s-fitness-case) ;13
(* 0.5 x x)) ;14
(format t "~% ~D ~D ~D' ;15
i ndex ; 16
(float x) ;17
(REGRESSI ON-fi t ness-case-target this-fitness-case)) ;18
;19
(val ues fitness-cases) ; 20
) ;21

) : 22
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Symbolic Regression of %

7. REGRESSION-WRAPPER

(def un REGRESSI ON- wr apper
(result-from program
(val ues
result-from program

)
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Symbolic Regression of x;

8. EVALUATE-STANDARDIZED-
FITNESS-FOR-REGRESSION

(defun eval uat e- st andar di zed-fi t ness-f or - REGRESSI ON ; 01
program fitness-cases) ; 02

(let (rawfitness hits standardi zed-fitness x target-val ue 03
di fference val ue-fromprogramthis-fitness-case) ;04

(setf rawfitness 0.0) ;05

(setf hits 0) ; 06

(dotinmes (index *number-of-fitness-cases*) ; 07
(setf this-fitness-case (aref fitness-cases i ndex)) ;

(setf x

(REGRESSI ON-f i t ness- case-i ndependent - vari abl e 10

this-fitness-case)) ;11

(setf target-val ue ;12

(REGRESSI ON-f i t ness- case-t ar get ;13

this-fitness-case)) ;14

(setf val ue-from program ; 15

( REGRESSI ON- wr apper (eval progran))) ; 16

(setf difference (abs (- target-val ue ;17

val ue-from program)); 18

(incf rawfitness difference) ;19

(when (< difference 0.01) (incf hits))) ,20

(setf standardi zed-fitness rawfitness) ;21

(val ues standardi zed-fitness hits))) ; 22
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Symbolic Regression of %

9. DEFINE-PARAMETERS-FOR-
REGRESSION

(def un defi ne-paranet ers-for-REGRESSI ON ()
(setf *nunber-of-fitness-cases* 10)
(setf *max-depth-for-newindividual s* 6)
(setf *max-depth-for-individual s-after-crossover* 17)
(setf *fitness-proportionate-reproduction-fraction* 0.1)
(setf *crossover-at-any-point-fraction* 0.2)
(setf *crossover-at-function-point-fraction* 0.7)
(setf *max-depth-for-new subtrees-in-mnmutants* 4)
(setf *nethod-of-selection* :fitness-proportionate)
(setf *nethod-of -generation* :ranped-half-and-half)
(val ues)
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Symbolic Regression of %

10. DEFINE-TERMINATION-
CRITERION-FOR-REGRESSION

(defun define-term nation-criterion-for-REGRESSI ON

(current-generation ; 02

maxi mum gener ati ons ; 03

best - st andar di zed-fit ness ; 04

best-hits) ; 05
(declare (ignore best-standardi zed-fitness)) ;06
(val ues ; 07

(or (>= current-generation maxi mum generati ons)

(>= best-hits *nunber-of-fitness-cases*))
) ; 10
) ;11

01

: 08
09
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Symbolic Regression of %

11. REGRESSION

(DEFUN REGRESSION ()

(VALUES 'DEFINE-FUNCTION-SET-FOR-REGRESSION
'DEFINE-TERMINAL-SET-FOR-REGRESSION
'DEFINE-FITNESS-CASES-FOR-REGRESSION
'EVALUATE-STANDARDIZED-FITNESS-FOR-REGRESSTON
'DEFINE-PARAMETERS-FOR-REGRESSION
'DEFINE-TERMINATION-CRITERION-FOR-REGRESSION
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Symbolic Regression of %

12. RUN-GENETIC-PROGRAMMING-
SYSTEM

(run-geneti c- progranm ng-system
'REGRESSI ON 1.0 31 200)



X2
Symbolic Regression of 2

(run-geneti c- progranmm ng-system
'"REGRESSION 1.0 1 50)

(print-popul ation
(run-geneti c- progranmn
system ' REGRESSION 1.0 1 50

(run-geneti c- progranmm ng-system
'"REGRESSION 1.0 1 1 '(*
0.5 X X))

(run-geneti c- progranmm ng-system
"REGRESSI ON 1.0 31 200)
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Symbolic Regression of %
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100 50,000
_ _ : - 2
\c P(M,l) %
<] - IMiz) | | 3
g /_/—/—/—> n-‘
2 - WP“'/ 2
=

50 25,000
’ =)
- a@'{«‘ | =
2 =
= [ =
- p— u
E (10  19,800) =
o c
ju =
& o — . . - - - - 0 =

0 15 30
Generation

Performance curves based on 190 runs of the simple
2
LISP code for the symbolic regression problem with % as

the target function and M =200 and G =31
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Symbolic Regression of %

(1) def var declaration(s),

(2) defi ne-term nal - set -for- REGRESSI ON,

(3) defi ne-function-set-for- REGRESSI ON,

(4) problem specific function(s),

(5) def struct REGRESSI ON-fit ness-case,

(6) define-fitness-cases-for- REGRESSI ON,

(7) REGRESSI ON- wr apper,

(8) eval uat e- st andar di zed-fi t ness-f or- REGRESSI ON,
(9) def i ne- par anet er s-f or - REGRESSI ON,

(10) defi ne-term nation-criterion-for-REGRESSI ON,
(11) the function REGRESSI ON,

(12) run- geneti c- progranmm ng- system



Boolean Majority-On Function

1. GLOBAL VARIABLES

T = {d0, d1, d2}

(defvar dO)
(defvar dl)
(defvar d2)



Boolean Majority-On Function

2. DEFINE-TERMINAL-SET-FOR-
MAJORITY-ON

(defun define-term nal -set-for-
MAJORI TY-ON ()
(values '(d2 dl1 dO))



Boolean Majority-On Function

3. DEFINE-FUNCTION-SET-FOR-
MAJORITY-ON

F = {AND, OR, NOT}

(defun define-function-set-for-
MAJORI TY-ON ()
(val ues ' (and or not)
‘(2 2 1)
)

)



Boolean Majority-On Function

4. PROBLEM-SPECIFIC FUNCTIONS

S. MAJORITY-ON-FITNESS-CASE

(defstruct MAJORITY-ON-fitness-
case
do
dl
d2
t ar get

)



Boolean Majority-On Function

6. DEFINE-FITNESS-CASES

(defun define-fitness-cases-for-MAJORI TY-ON ()
(let (fitness-case fitness-cases index)
(setf fitness-cases (make-array *nunber-of-fitness-cases*))
(format t "~%-itness cases")
(setf index 0)
(dolist (d2 '(t nil))
(dolist (d1 "(t nil))
(dolist (dO '"(t nil))
(setf fitness-case
(rmake- MAJORI TY- ON-fi t ness- case)

)
(setf (MAJORITY-ON-fitness-case-dO fitness-case) dO)
(setf (MAJORITY-ON-fitness-case-dl fitness-case) dl)
(setf (MAJORITY-ON-fitness-case-d2 fitness-case) d2)
(setf (MAJORITY-ON-fitness-case-target fitness-case)
(or (and d2 d1 (not d0))
(and d2 (not di) dO)
(or (and (not d2) di dO)
(and d2 dl1 dO)
)

)

(setf (aref fitness-cases index) fitness-case)
(i ncf index)
(format t
"~% ~D ~S ~S§ -~S ~S"
i ndex d2 dl1 dO
(MAJORI TY-ON-fitness-case-target
fitness-case

)

)
)

(val ues fitness-cases)

)
)



Boolean Majority-On Function

7. MAJORITY-ON-WRAPPER

(defun MAJORI TY- ON- w apper
(result-from program
(val ues result-from program

)



Boolean Majority-On Function

8. EVALUATE-STANDARDIZED-
FITNESS-FOR-MAJORITY-ON

(defun eval uat e- st andar di zed-fitness-for- MAJORI TY- ON
(program fitness-cases)
(let (rawfitness hits standardi zed-fitness target-value
mat ch-f ound val ue-from program fitness-case

(setf rawfitness 0.0)
(setf hits 0)
(dotines (index *nunber-of-fitness-cases*)
(setf fitness-case (aref fitness-cases index))
(setf dO (MAJORITY-ON-fitness-case-dO fitness-case))
(setf dl (MAJORITY-ON-fitness-case-dl fitness-case))
(setf d2 (MAJORITY-ON-fitness-case-d2 fitness-case))
(setf target-val ue
(MAJORITY-ON-fitness-case-target fitness-case))
(setf val ue-from program
(MAJORI TY- ON-wr apper (eval prograny))
(setf match-found (eq target-val ue val ue-from progranj)
(incf rawfitness (if match-found 1.0 0.0))
(when mat ch-found (incf hits))

(setf standardi zed-fitness (- 8 rawfitness))
(val ues standardi zed-fitness hits)
)
)



Boolean Majority-On Function

9. DEFINE-PARAMETERS-FOR-
MAJORITY-ON

(defun define-paraneters-for-MAJORI TY-ON ()
(setf *nunber-of-fitness-cases* 8)
(setf *max-depth-for-newindividual s* 6)
(setf *max-dept h-for-new subtrees-in-nutants* 4)
(setf *max-depth-for-individual s-after-crossover* 17)
(;etf *fitness-proportionate-reproduction-fraction*
0.1
(setf *crossover-at-any-point-fraction* 0.2)
(setf *crossover-at-function-point-fraction* 0.7)
(setf *nethod-of-selection* :fitness-proportionate)
(setf *nmethod-of -generation* :ranped- hal f-and- hal f)
(val ues)



Boolean Majority-On Function

10. DEFINE-TERMINATION-
CRITERION-FOR-MAJORITY-ON

(defun define-term nation-criterion-for-MAJORI TY- ON
(current-generation
maxi mum gener ati ons
best - st andar di zed-fit ness
best-hits)
(declare (ignore best-standardi zed-fitness))
(val ues (or (>= current-generation maxi nrum
generati ons)

)

(>= best-hits *nunber-of-fitness-cases*)



Boolean Majority-On Function

11. MAJORITY-ON

(defun MAJORI TY-ON ()

(val ues ' define-function-set-for-MAJORI TY-ON
"define-term nal -set-for-MAJORI TY- ON
"define-fitness-cases-for-MAJORI TY-ON
" eval uat e- st andar di zed-fi t ness-for- MAJORI TY- ON
" defi ne- paraneters-for-MAJORI TY- ON
"define-term nation-criterion-for-MAJORI TY- ON



Boolean Majority-On Function

12. RUN-GENETIC-PROGRAMMING-
SYSTEM

(run-genetic-progranmm ng-system' MAJORITY-ON 1.0 1 1
"(or (and d2 (and di1 (not d0)))
(or (and d2 (and (not dl) d0))
(or (and (not d2) (and di1 d0))
(and d2 (and di d0))



Boolean Majority-On Function

Majority On
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Figure B.2 Benchmark performance curves based on
330 runs of the simple LISP code for the v tv-ov problem
with a population size M =100 and G = 21.



Discrete Non-Hamstrung Squad Car

1. GLOBAL VARIABLES

(def var x)
(defvar vy)



Discrete Non-Hamstrung Squad Car

2. DEFINE-TERMINAL-SET

(defun define-term nal -set-for-
NON- HAMSTRUNG: SQUAD- CAR ()
(val ues

)'((QON) (goE) (goS) (goW))



Discrete Non-Hamstrung Squad Car

3. DEFINE-FUNCTION-SET
F=1{ifX ifY)

(def un define-function-set-for-
NON- HAMSTRUNG: SQUAD- CAR ()
(values '(1fX 1Y)
(3 3)
)

)



Discrete Non-Hamstrung Squad Car

4. PROBLEM-SPECIFIC FUNCTIONS
(def var *speed-rati o* 2)

(defun goN ()
(setf y (- y *speed-ratio*))

(defun goS ()
(setf y (+ y *speed-ratio*))

(defun goE ()
(setf x (- x *speed-ratio*))

)

(defun goW ()
(setf x (+ x *speed-ratio*))



Discrete Non-Hamstrung Squad Car

MACROS

(rtX (goW (goN) (goE))

#+Tl (setf sys:inhibit-displacing-flag t)

(defrmacro ifX (It-0-arg eqg-0-arg gt-0-arg)

“(cond ((>= x *speed-ratio*) (eval ',gt-0-arg))
((<= x (- *speed-ratio*)) (eval ',It-0-arg))
(t (eval ',eqg-0-arg))
)
)
(defrmacro ifY (It-0-arg eq-0-arg gt-0-arg)
“(cond ((>=y *speed-ratio*) (eval ',gt-0-arg))
((<=vy (- *speed-ratio*)) (eval ',It-0-arg))
(t (eval ',eqg-0-arg))
)

)



Discrete Non-Hamstrung Squad Car

EVADER MACROS

(defrmacro if X-evader (It-0-arg eqg-0-arg gt-0-arg)
“(cond ((>=x 1) (eval ',gt-0-arg))
((<=x -1) (eval ",It-0-arg))
) (t (eval ',eqg-0-arg))
)

(defrmacro ifY-evader (It-0-arg eqg-0-arg gt-0-arg)
“(cond ((>=y 1) (eval ',gt-0-arg))
((<=vy -1) (eval ",It-0-arg))
) (t (eval ',eqg-0-arg))
)

(defun goN-evader ()
(setf y (+y 1))

(defun goS-evader ()
(setf y (- y 1))

(defun goE-evader ()
(setf x (+ x 1))

)

(defun goWevader ()
(setf x (- x 1))



Discrete Non-Hamstrung Squad Car

5. FITNESS-CASE

(def struct NON- HAMSTRUNG SQUAD-
CAR-f It ness-case
X

y
)



Discrete Non-Hamstrung Squad Car

6. DEFINE-FITNESS-CASES

(defun define-fitness-cases-for- NON- HAMBTRUNG SQUAD- CAR ()
(let (fitness-case fitness-cases index)

)

)

(setf fitness-cases (make-array *nunber-of-fitness-cases*))
(format t "~%-itness cases")
(setf index 0)
(dolist (x '(-55))
(dolist (y '(-55))
(setf fitness-case
( make- NON- HAMSTRUNG- SQUAD- CAR- f i t ness- case)

)
(setf (NON- HAMSTRUNG SQUAD- CAR-fi t ness- case- x
fitness-case

)

X

)
(setf (NON- HAMSTRUNG SQUAD- CAR-fi t ness-case-y
fitness-case

)
y

(setf (aref fitness-cases index) fitness-case)
(i ncf index)
(format t "~% ~D ~S ~S" index x vy)

)

(val ues fitness-cases)



Discrete Non-Hamstrung Squad Car

7. WRAPPER

(def un NON- HAMSTRUNG SQUAD- CAR-
wr apper (argunent)
(val ues argunent)
)



Discrete Non-Hamstrung Squad Car

8. EVALUATE-STANDARDIZED-FITNESS

(defun eval uat e- st andar di zed-fit ness-f or - NON- HAVSTRUNG SQUAD- CAR
(programfitness-cases)
(let (rawfitness hits standardi zed-fitness
e-delta-x e-delta-y p-delta-x p-delta-y
time-tally old-x old-y
criterion
(nunber - of -ti ne-steps 50)

(setf criterion *speed-ratio*)
(setf rawfitness 0.0)
(setf hits 0)
(dotines (icase *nunber-of-fitness-cases*)
(setf x (NON- HAMSTRUNG SQUAD- CAR-fi t ness- case- x
(aref fitness-cases icase)
)

)
(setf y (NON- HAMSTRUNG SQUAD- CAR-f it ness-case-y
(aref fitness-cases icase)
)

)
(setf time-tally 0.0)



Discrete Non-Hamstrung Squad Car

(catch :term nate-fitness-case-sinmulation
(dotines (istep nunber-of-tine-steps)
(setf old-x x)
(setf old-y vy)
(when (and (<= (abs x) criterion)
(<= (abs y) criterion)

)
(incf hits)
(throw :term nate-fitness-case-simulation
:scored-a-hit
)

)
;; Note: (x,y) is position of the Evader
;; Changing the position of EVADER changes X and Y.
Execut e evader player for this tine step

(eval ' (ifY-evader

(goS- evader)

(i f X-evader (goWevader)

(goS-evader) (goE-evader)

) %goN—evader)

(setf e-delta-x (- old-x x))
(setf e-delta-y (- Id Yy VY))
;; Reset position for Pursuer player.

~—

)

( NON- HAMBTRUNG- SQUAD- CAR- wr apper (eval program)
(setf p-delta-x (- old-x x))

(setf p-delta-y (- old-y vy))

;; Integrate x and y changes.

(setf x (- old-x (+ p-delta-x e-delta-x
(setf y (- old-y (+ p-delta-y e-delta-y
(incf time-tally)

——r
—
—

)

(incf rawfitness tinme-tally)

)
(setf standardi zed-fitness rawfitness)
(val ues standardi zed-fitness hits)



Discrete Non-Hamstrung Squad Car

9 e DEFINE-PARAMETERS-FOR-NON-HAMSTRUNG-SQUAD-CAR

(defun defi ne-paranet ers-f or- NON- HAMSTRUNG SQUAD- CAR ()
(setf *nunber-of-fitness-cases* 4)
(setf *max-depth-for-newindividual s* 6)
(setf *max-depth-for-new subtrees-in-nutants* 4)
(setf *max-depth-for-individual s-after-crossover* 17)
(setf *fitness-proportionate-reproduction-fraction* 0.1)
(setf *crossover-at-any-point-fraction* 0.2)
(setf *crossover-at-function-point-fraction* 0.7)
(setf *nmethod-of-selection* :fitness-proportionate)
(setf *nethod-of -generation* :ranped-hal f-and-half)
(val ues)



Discrete Non-Hamstrung Squad Car

10. DEFINE-TERMINATION-CRITERION

(defun define-termnation-criterion-for-NON-HAMSTRUNG SQUAD- CAR
(current-generation
maxi mum gener at i ons
best - st andar di zed-fi t ness
best-hits)
(declare (ignore best-hits best-standardi zed-fitness))
(val ues (>= current-generati on naxi mum generations))



Discrete Non-Hamstrung Squad Car

11. NON-HAMSTRUNG-SQUAD-CAR

(def un NON- HAMSTRUNG- SQUAD- CAR ()
(val ues

" define-function-set-for-NONHAVSTRUNG SQUAD- CAR
"define-term nal - set-for- NON- HAMSTRUNG SQUAD- CAR
"define-fitness-cases-for- NONHAMSTRUNG SQUAD- CAR
" eval uat e- st andar di zed-fi t ness- f or - NON- HAMSTRUNG- SQUAD- CAR
" def i ne- par anet er s- f or - NON- HAMSTRUNG- SQUAD- CAR
"define-termnation-criterion-for-NONHAMSTRUNG SQUAD- CAR



Discrete Non-Hamstrung Squad Car

12. RUN-GENETIC-PROGRAMMING-
SYSTEM

(run-geneti c- programm ng-system
' NON- HAMGTRUNG- SQUAD- CAR
1.0 21 100

)

(run-geneti c- progranmm ng-system
" NON- HAMSTRUNG SQUAD- CAR 1.0 1

1
"'(1fTX (goW (ifY (goS) (goS
)(QON)) (goE))



