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(define dx 0.0038)

(define (ddx f x)
(/ (- (f (+ x dx)) (f x)) dx) )

(ddx square 3)

000000 signature

((number = number), number) = number

——
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(define (ddx f x)
((deriv f) x) )

((deriv (deriv square)) 3)
((deriv (deriv (deriv square))) 3)

2.5 Systems with Generic Operations

2.5.1 Generic Arithmetic Operations (Fig.2.23)

(apply + (list 1 2 3 4)) OO0OOOO

(define (add x y) (apply-generic ’add x y))
(define (sub x y) (apply-generic ’sub x y))
(define (mul x y) (apply-generic ’mul x y))
(define (div x y) (apply-generic ’div x y))
(define (install-scheme-number-package)

(define (tag x)
(attach-tag ’scheme-number x) )
(put ’add ’(scheme-number scheme-number)
(lambda (x y) (tag (+ x y))) )

(put ’sub ’(scheme-number scheme-number)
(lambda (x y) (tag (- x y))) )

(put ’mul ’(scheme-number scheme-number)
(lambda (x y) (tag (x x y))) )

(put ’div ’(scheme-number scheme-number)
(lambda (x y) (tag (/ x y))) )

(put ’make ’scheme-number
(lambda (x) (tag x)) )

’done)

(define (make-scheme-number n)
((get ’make ’scheme-number) n))

(define (install-rational-package)
;5 internal procedures
(define (numer x) (car x))
(define (denom x) (cdr x))
(define (make-rat n d)
(let ((g (gcd n A)))

(cons (/ng) (/dg)))) ODODOOO.
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(define (deriv f)
(lambda (x)
(/ (- (f (+ x dx)) (f x)) dx) ))

((deriv square) 3)

000000 signature
(number = number) = (number => number)

~
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(define (compose f g)
(lambda (x) (f (g x))) )
(define 2nd-deriv (compose deriv deriv))
((2nd-deriv square) 8))
((compose squere sqrt) 7)

(define (add-rat x y)
(make-rat (+ (* (numer x) (denom y))
(* (numer y) (denom x))
(* (denom x) (denom y)) ))
(define (sub-rat x y)
(make-rat (- (* (numer x) (denom y))
(* (numer y) (denom x))
(* (denom x) (denom y)) ))
(define (mul-rat x y)
(make-rat (* (numer
(x (denom
(define (div-rat x y)
(make-rat (* (numer x) (denom y))
(* (denom x) (numer y)) ))
;3 interface to rest of the system
(define (tag x) (attach-tag ’rational x))
(put ’add ’(rational rational)
(lambda (x y) (tag (add-rat x y))) )
(put ’sub ’(rational rational)
(lambda (x y) (tag (sub-rat x y))) )
(put ’mul ’(rational rational)
(lambda (x y) (tag (mul-rat x y))) )
(put ’div ’(rational rational)
(lambda (x y) (tag (div-rat x y))) )

x)
X)

(numer y))
(denom y)) ))

(put ’make ’rational
(lambda (n d) (tag (make-rat n d))) )
’done)

(define (make-rational n d)
((get ’make ’rational) n d) )
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(define (install-complex-package)
imported procedures from rectangular and po-
lar packages

LA

(define (make-from-real-imag x y)

((get ’make-from-real-imag ’rectangular)

xy))
(define (make-from-mag-ang r a)

((get ’make-from-mag-ang ’polar) r a) )

;3 internal procedures
(define (add-complex zl1l z2)
(make-from-real-imag
(+ (real-part z1) (real-part
(+ (imag-part z1) (imag-part
(define (sub-complex zl z2)
(make-from-real-imag
(- (real-part zl1) (real-part
(- (imag-part z1) (imag-part
(define (mul-complex zl1 z2)
(make-from-mag-ang
(* (magnitude z1) (magnitude
(+ (angle z1) (angle z2)) ))
(define (div-complex zl1 z2)
(make-from-mag-ang
(/ (magnitude z1) (magnitude
(- (angle z1) (angle z2)) ))

2.5.2 Combining Data of Different Types

rectangular

interface to rest of the system
(define (tag z) (attach-tag ’complex z))
(put ’add ’(complex complex)

(lambda (z1 z2)

(put

(put

(put

(tag (add-complex z1l z2)) ))

’sub ’(complex complex)
(lambda (z1 z2)

(tag (sub-complex zl z2)) ))

'mul ’(complex complex)
(lambda (z1 z2)

(tag (mul-complex zl z2)) ))

’div ’(complex complex)
(lambda (z1 z2)

(tag (div-complex zl z2)) ))

"make-from-real-imag ’complex

(lambda (x y)

(tag (make-from-real-imag x y)) ))
’make-from—-mag-ang ’complex

(lambda (r a)

(put
z2))
z2)) )) (put
z2)) ’done)
z2)) ))(define
((get
z2)) (define
((get
(put
(put
z2)) (put
(put

1. Add operations for every combination of types
(define (add-complex-to-schemenum z x)
(make-from-real-imag (+ (real-part z) x) (imag-part z)) )

(put ’add ’(complex scheme-number)
(lambda (z x) (tag (add-complex-to-schemeumb z x))) )

2. Coersion (00 0D0O0O)
(define (scheme-number->complex

n)

(tag (make-from-mag-ang r a)) ))

(make-complex-from-real-imag x y)

‘make-from-real-imag ’complex) x y))

(make-complex-from-mag-ang r a)
‘make-from-mag-ang ’complex) r a))

’real-part ’(complex) real-part)
>imag-part ’(complex) imag-part)
'magnitude ’(complex) magnitude)
’angle ’(complex) angle)

(make-complex-from-real-imag (contents n) 0) )

(put-coercion ’scheme-number ’complex scheme-number->complex)

args)

(let ((type-tags (map type-tag args)))

(let ((proc (get op type-tags)))

(if proc
(apply proc (map contents

args))



(if (= (length args) 2)
(let ((typel (car type-tags)) (type2 (cadr type-tags))
(a1l (car args)) (a2 (cadr args)) )
(let ((t1->t2 (get-coercion typel type2))
(t2->t1 (get-coercion type2 typel)))
(cond (t1->t2 (apply-generic op (t1->t2 al) a2))
(t2->t1 (apply-generic op al (t2->tl a2)))
(else (error "No method for these types" (list op type-tags))) )))
(error "No method for these types" (list op type-tags)) )))))

(define (scheme-number->scheme-number n) n)

(define (complex->complex z) z)

;¢ (put-coercion ’scheme-number ’scheme-number

S scheme—-number->scheme-number)

;¢ (put-coercion ’complex ’complex complex->complex)

(define (exp x y) (apply-generic ’exp x y))
;0 (put ’exp ’(scheme-number scheme-number)
M (lambda (x y) (tag (expt x y))))

2.5.3 Symbolic Algebra

(define (add-poly pl p2)
(if (same-variable? (variable pl) (variable p2))
(make-poly (variable p1)
(add-terms (term-list pl) (term-list p2)) )
(error "Polys not in same var -- ADD-POLY" (list pil p2)) ))

(define (mul-poly pl p2)
(if (same-variable? (variable pl) (variable p2))
(make-poly (variable p1l)
(mul-terms (term-list pl) (term-list p2)) )
(error "Polys not in same var -- MUL-POLY" (list pl p2)) ))

;3 Yincomplete* skeleton of package

(define (install-polynomial-package)

;3 internal procedures ooooooo
;3 representation of poly
(define (make-poly variable term-list) 25424 4322 — 2 — 5 —
(cons variable term-list)) ((5 1) (4 2) (2 3) (1 -2) (0 -5))

(define (variable p) (car p))
(define (term-list p) (cdr p))
(define (variable? x) (symbol? x))
(define (same-variable? vi1 v2)
(and (variable? v1) (variable? v2) (eq? vl v2)) )

2049222 +1 =
((100 1) (2 2) (0 1))

;3 representation of terms and term lists

;3 [ procedures adjoin-term ... coeff 0O OO O]
;; (define (add-poly pl p2) ... ) ;;[add-poly OO0O]
;; (define (mul-poly pl p2) ... ) ;;[mul-poly OO0O]

;5 interface to rest of the system
(define (tag p) (attach-tag ’polynomial p))
(put ’add ’(polynomial polynomial)

(lambda (pl p2) (tag (add-poly pl p2))))
(put ’mul ’(polynomial polynomial)

(lambda (pl p2) (tag (mul-poly pl p2))))



(put ’make ’polynomial
(lambda (var terms) (tag (make-poly var terms))))
’done)

(define (add-terms L1 L2)
(cond ((empty-termlist? L1) L2)
((empty-termlist? L2) L1)
(else
(let ((t1 (first-term L1)) (t2 (first-term L2)))
(cond ((> (order t1) (order t2))
(adjoin-term t1 (add-terms (rest-terms L1) L2)) )
((< (order t1) (order t2))
(adjoin-term t2 (add-terms L1 (rest-terms L2))) )
(else
(adjoin-term
(make-term (order t1) (add (coeff t1) (coeff t2)))
(add-terms (rest-terms L1) (rest-terms L2)) )))))))

(define (mul-terms L1 L2)
(if (empty-termlist? L1)
(the-empty-termlist)
(add-terms (mul-term-by-all-terms (first-term L1) L2)
(mul-terms (rest-terms L1) L2) )))

(define (mul-term-by-all-terms t1 L)
(if (empty-termlist? L)
(the-empty-termlist)
(let ((t2 (first-term L)))
(adjoin-term
(make-term (+ (order t1) (order t2)) (mul (coeff t1) (coeff t2)))
(mul-term-by-all-terms t1 (rest-terms L)) ))))

;3 Representing term lists
(define (adjoin-term term term-list)
(if (=zero? (coeff term))
term-list
(cons term term-list) ))

(define (the-empty-termlist) ’())

(define (first-term term-list) (car term-list))
(define (rest-terms term-list) (cdr term-list))
(define (empty-termlist? term-list) (null? term-list))

(define (make-term order coeff) (list order coeff))
(define (order term) (car term))
(define (coeff term) (cadr term))

i Constructor
(define (make-polynomial var terms)
((get ’make ’polynomial) var terms) )
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