Complex Number Arithmetic

(define (add-conplex zl1l z2)
(make-fromreal -i mag
(+ (real-part zl1) (real-part z2))
(+ (imag-part z1) (imag-part z2))))

(define (sub-conmplex z1 z2)
(make-fromreal -i mag
(- (real-part z1) (real-part z2))
(- (imag-part zl) (img-part z2))))

(define (mul-conplex z1 z2)
(make-from nmag- ang
(* (magnitude z1) (nmagnitude z2))
(+ (angle z1) (angle z2))))

(define (div-conplex z1 z2)
(make-from mag- ang
(/ (magnitude z1l) (magnitude z2))
(- (angle z1) (angle z2))))



Ben’s representation

;7 RepRect = Sch-Num X Sch- Num

(define
(define
(define

(define
(sqrt

(define
(atan

(define
(cons

(make-fromreal-imag x y) (cons x y))
(real -part z) (car z))
(tmag-part z) (cdr z))

(magni tude z)

(+ (square (real-part z))
(square (img-part z)))))

(angl e z)

(imag-part z) (real-part z)))

(make-from mag-ang r a)

(* r (cos a)) (* r (sin a))))



Alyssa’s representation

;7 RepPol ar = Sch-Num X Sch- Num

(define (nmake-frommg-ang r a) (cons r a))
(define (magnitude z) (car z))

(define (angle z) (cdr z))

(define (real -part 2z)

(* (magnitude z) (cos (angle z))))
(define (img-part 2z)

(* (magnitude z) (sin (angle z))))

(define make-fromreal -imag x y)
(cons (sqgrt (+ (square x) (square y)))
(atan y x)))



Tagged Data

(define (attach-tag type-tag contents)
(cons type-tag contents))

(define (type-tag datum
(if (pair? datum
(car datum
(error "Bad tagged datum - TYPE- TAG' datum))

(define (contents datum
(if (pair? datum
(cdr datum
(error "Bad tagged datum - CONTENTS" datumn)))



Complex Number Type Predicates

(define (rectangular? z)
(eqg? (type-tag z) 'rectangul ar))

(define (polar? z)
(eq? (type-tag z) 'polar))



Rectangular Representation with Type Tags

;; Ben’s representation
Rect angul ar = ’'rectangul ar X RepRect
(define (make-fromreal -img x y)
(attach-tag 'rectangular (cons x y)))
(define (make-from mag-ang r a)
(attach-tag 'rectangul ar
(cons (* r (cos a)) (* r (sin a)))))

;; real-part-rectangul ar: Rectangular -> Sch- Num
(define (real -part-rectangul ar z)

(car (contents z)))
(define (img-part-rectangul ar z)

(cdr (contents z)))

(define (nmagnitude-rectangul ar z)
(sgrt (+ (square (real-part-rectangular z))
(square (imag-part-rectangular z)))))
(define (angl e-rectangul ar z)
(atan (i mag-part-rectangul ar z)
(real -part-rectangular z)))



Polar representation with type tags

Al yssa’'s representation

;; Polar = "polar X RepPol ar

(define (nmake-from mag-ang r a)
(attach-tag 'polar (cons r a)))

(define (nmake-fromreal -imag x y)
(attach-tag ' pol ar

(cons (sgrt (+ (square x) (square y)))
(atan y x))))

;; magni tude: Polar -> Sch-Num
(define (magnitude-polar z) (car (contents z)))
(define (angle-polar z) (cdr (contents z)))

(define (real -part-polar z)

(* (magni tude-polar z) (cos (angle-polar z))))
(define (img-part-polar z)

(* (magnitude-polar z) (sin (angle-polar z))))



Corresponding Generic Operators

;; Conpl ex = Rectangul ar U Pol ar

;; real-part: Conplex -> Sch-Num
(define (real -part 2z)
(cond ((rectangular? z) (real-part-rectangular z))
((polar? z) (real-part-polar z))
(el se (error "Unknown type - REAL-PART" z))))

;; Imag-part: Conplex -> Sch-Num
(define (img-part 2z)
(cond ((rectangul ar? z)
(1 mag- part-rectangul ar z))
((polar? z) (inmag-part-polar z))
(el se (error "Unknown type - | MAG PART" z))))

magni t ude: Conpl ex -> Sch- Num
(define (nmagnitude z)
(cond ((rectangular? z)
(magni t ude-rect angul ar z))
((polar? z) (magnitude-polar z))
(el se (error "Unknown-type - MAGNI TUDE" z))))

;; angl e: Conplex -> Sch-Num
(define (angle z)
(cond ((rectangular? z) (angle-rectangular z))
((polar? z) (angle-polar z))
(el se (error "Unknown-type - ANGLE" 2))))



Type Dispatch - Symbolic Algebra

(define (deriv exp var)
(cond ((constant? exp) (nmake-constant 0))
((vari abl e? exp)
(if (sanme-variabl e? exp var)
(make-constant 1)
(make-constant 0)))
((sunf exp)
(make-sum (deriv (addend exp) var)
(deriv (augend exp) var)))
((product ? exp)
(make- sum
( make- product
(mul tiplier exp)
(deriv (multiplicand exp) var))
( make- product
(rmul tiplicand exp)
(deriv (nmultiplier exp) var))))))



Generic Constructors

;; make-fromreal -imag: Sch-Num Sch- Num -> Conpl ex
(define (make-fromreal -imag x y)
(make-fromreal -i mag-rectangul ar x y))

;7 make-from mag-ang: Sch-Num Sch-Num -> Conpl ex

(define (make-from mag-ang r a)
(make-from mag-ang-polar r a))
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Layered Procedures with Generic Operations

add- conpl ex: Conpl ex, Conpl ex -> Conpl ex
(define (add-conplex z1 z2)
(make-fromreal -i mag
(+ (real -part z1) (real-part z2))
(+ (imag-part z1l) (img-part z2))))

sub- conpl ex: Conpl ex, Conpl ex -> Conpl ex
(define (sub-conmplex z1 z2)
(make-fromreal -i mag
(- (real-part z1) (real-part z2))
(- (imag-part zl) (img-part z2))))

mul - conpl ex: Conpl ex, Conpl ex -> Conpl ex
(define (mul-conplex z1 z2)
(make-from mag- ang
(* (magnitude z1) (magnitude z2))
(+ (angle z1) (angle z2))))

di v-conpl ex: Conpl ex, Conpl ex -> Conpl ex
(define (div-conplex z1 z2)
(make-from mag- ang
(/ (magnitude z1l) (magnitude z2))
(- (angle z1) (angle z2))))
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Generic Interface

(define (real-part z) (apply-generic 'real-part z))
(define (imag-part z) (apply-generic 'inmag-part z))
(define (magnitude z) (apply-generic 'magnitude z))
(define (angle 2z) (appl y-generic 'angle z))

12



Apply-Generic
;; A sinple version..
(define (sinple-apply-generic op arg)
(let ((type-tag (type-tag arg)))
(let ((proc (get op type-tag)))
(if proc
(apply proc (list arg))
(error "No nethod for types - APPLY-GENERI C'
(I'ist op type-tag))))))

Version to support variable nunber of argunents:
(define (multiple-apply-generic op . args)
(let ((type-tags (map type-tag args)))
(let ((proc (get op type-tags)))
(i f proc
(apply proc args)
(error "No nethod for types - APPLY- GENERI C
(I'ist op type-tags))))))

;; Convention: Generic system nmanages type tags.
(define (apply-generic op . args)
(let ((type-tags (map type-tag args)))
(let ((proc (get op type-tags)))
(if proc
(apply proc(map contents args))
(error "No nethod for types - APPLY-GENERI C'

(I'ist op type-tags))))))
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Rectangular Implementation & Installation

Ben's (Rectangul ar) conpl ex inplenentation..

(define (install-rectangul ar-package)
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;; Internal procedures on RepRect = Sch-Num X Sch- Num
(define (real-part z) (car z))
(define (imag-part z) (cdr z))
(define (nmake-fromreal-imag x y) (cons x y))
(define (magnitude z)

(sgrt (+ (square (real-part z))

(square (imag-part z)))))

(define (angle z)

(atan (imag-part z) (real-part z)))
(define (make-from mag-ang r a)

(cons (* r (cos a)) (* r (sin a))))

;; Interface to the rest of the system
(define (tag x) (attach-tag ’'rectangul ar x))
(put '"real-part '(rectangular) real-part)
(put "img-part ' (rectangular) imag-part)
(put " magni tude ' (rectangul ar) nmagnitude)
(put ’angle "(rectangul ar) angl e)
(put 'make-fromreal -imag ’'rectangul ar
(lanbda (x y) (tag (make-fromreal-inmag x y))))
(put ' make-from mag-ang ’'rectangul ar
(lanbda (r a) (tag (make-fromnmag-ang r a))))
" done)



Polar Representation & Installation

Alyssa’'s (Polar) representation

(define (install-polar-package)
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;; Internal procedures
(define (magnitude z) (car z))
(define (angle z) (cdr z))
(define (nmake-frommg-ang r a) (cons r a))
(define (real -part z)

(* (magnitude z) (cos (angle z))))
(define (img-part z)

(* (magnitude z) (sin (angle z))))
(define (make-fromreal -img x y)

(cons (sqgrt (+ (square x) (square y)))

(atan y x)))

;; Interface to the rest of the system
(define (tag x) (attach-tag ’'polar x))
(put ’real-part ’'(polar) real-part)
(put "img-part ' (polar) imag-part)
(put ’magni tude ' (pol ar) magnitude)
(put ’angle " (pol ar) angl e)
(put 'make-fromreal -imag ' pol ar
(lanbda (x y) (tag (make-fromreal-inmag x y))))
(put ' make-from mag-ang ’ pol ar
(lanbda (x y) (tag (make-fromnmag-ang r a))))
" done)



Generic Constructors

(define (make-fromreal -imag x y)
((get "make-fromreal -imag 'rectangular) x y))

(define (make-from mag-ang r a)
((get 'make-frommag-ang 'polar) r a))
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