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The Fifth Commandment
When building a value with +, always use O for the value of the
terminating line, for adding O does not change the value of an addition

When building a value with *, always use 1 for the value of the terminating
line, for multiplying by 1 does not change the value of a multiplication.
When building a value with cons, always consider () for the value of
terminating line.

The Sixth Commandment
Simplify only after the function is correct.

The Seventh Commandment
Recur on the subparts that are of the same nature

® On the sublists of a list. . . .
m On the subexpressions of an arithmetic expression.

(Friedman, et al. * The Little Schemer’, MIT Press)
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1.50 X+y
2.5 ax

n R B DI HOHETF - ERTF - BEDRE
1. #5EF (constructor)
(make-sum X y)
(make-product X y)
2 BIRF (selector) 3. iR5E (predicate)

(addend s) (variable? x)
(augend s) (same-variable? x y)
(multiplicant p) (sum? x)
(multiplier p) (product? x)

2=
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<expression> := <number> | <variable> |
( <unary operator> <expression> ) |
( < binary operator> < expression> <expression>) |
( <expression>)

<unary operator> = + | - | <function>
<binary operator> =+ | -|*| /| 7| <|>]|=]<=]>=

<function> = sin | cos | tan | log| **
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(define (make-sum x y) (list "+ x y))
(define (make-product x y)
(list ** xvy) )
2 BRF
(define (addend s) (cadr s))
(define (augend s) (caddr s))
(define (multiplicant p) (cadr p))
(define (multiplier p) (caddr p))
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3.3R5E
(define (variable? x) (symbol? X))
(define (same-variable? x y)
(and (variable? x) (eg? x y) )
(define (sum? x)
(and (pair? x) (eq? (car x) "+)) )
(define (product? x)
(and (pair? x) (eq? (car x) "*)) )
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1. %0 X+y G xy) G+ X y)
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(define (make-sum X y)
(list "+ (list x y)) )

(define (make-product x y)
(list ** (list x y)) )

[CEHTIENECCERID WCEERED)))
(define (augend s) (cadadr s))
(define (multiplicant p) (caadr p))
(define (multiplier p) (cadadr p))

TIEMS FREEEELTULEEL

(define (deriv exp var)
(cond ((number? exp) 0)
((variable? exp)
(if (same-variable? exp var) 1 0) )
((sum? exp)
(make-sum (deriv (addend exp) var)
(deriv (augend exp) var)) )
((product? exp)
(make-sum
(make-product (multiplier exp)
(deriv (multiplicand exp)
var ))
(make-product (deriv (multiplier exp)

var )
(multiplicand exp) )))
(else
(error “unknown expression type —
DERIV™ exp ))))




B cutozm-szomEs

1. (deriv "(+ x y) "x

2. (deriv "(* xy) ")
(+(*y 1) (*0x)

3. (deriv "(+ (* xy) (* 3 x)) "™
(F(F(Cy1)(*0x)) (+(*x0) (*13))
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(define (make-sum al a2)
(cond ((=number? al 0) a2)
((=number? a2 0) al)
((and (number? al) (number? a2))
(+ al a2))
(else (list "+ al a2)) ))

(define (=number? exp num)
(and (number? exp) (= exp num)) )

B ssszomuit zo2)

(define (make-product ml m2)
(cond ((or (=number? ml 0)
(=number? m2 0) )

0)
((=number? m1 1) m2)
((=number? m2 1) ml)
((and (number? m1) (number? m2))
¢ ml m2))
(else (list ** ml m2)) ))




B soszommiors

1. (deriv "(+ x y) 'xi
1

2. (deriv "(* xy) ")
Yy
3. (deriv "(+ (* xy) (* 3 X)) "X)
(+y3)
y+3
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1. %, @Ik
(deriv "(- X y) "X)
(deriv "(/ 3 X) "X)
2. EEICHR
(deriv "(** x 3) "X)
3. 2IRREFEEHERFICH®
(deriv "(+ (* 3 ) y (* x¥y)) "X)
(deriv "(* xy (+ x 3)) ")

4 FEEORBABAIAMTEEIMAI AT LA
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(define (deriv exp var)
(cond ((number? exp) 0)
((variable? exp)
(if (same-variable? exp var) 1 0) )
((sum? exp)
(make-sum (deriv (addend exp) var)
(deriv (augend exp) var)) )
((product? exp)
(make-sum
(make-product (multiplier exp)
(deriv (multiplicand exp)
var ))
(make-product (deriv (multiplier exp)
var

a
multiplicand exp) )))
(SCISs L —)VEE )

else
(error "unknown expression type — DERIV"

exp ))))
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1.2lF (* -1 <exp>) TERR
G xy) G -1y
2. @
(define (make-division dl1 d2)
(cond ((=number? d1 0) 0)
((=number? di1 1) d2)
((and (number? d1) (number? d2))
(/ di d2))
(else (list "/ d1 d2)) ))

(define (devident d) (cadr d))
(define (divisor d) (caddr d))
(define (division? Xx)

(and (pair? x) (eq? (car x) "/)) )

BT BB L —LEBA
((division? exp) ig__iﬂ_i_ld_u
(make-sum dxv  vidx vdx
(make-product
(make-division
(make-product
(make-product -1
(divident exp) )
(deriv (divisor exp) var) )
(make-product
(divisor exp)
(divisor exp) )))
(make-product
(make-division 1 (divisor exp))
(deriv (divident exp) x) )))

BRICHNTSERALEATHE

(define (make-exponentiation b e)
(cond ((=number? e 0) 1)
((=number? e 1) b)
((=number? b 1) 1)
((and (number? b) (number? e))
¢*be)y)
(else (list "** b e)) ))

(define (base x) (cadr x))
(define (exponent x) (caddr x))
(define (exponentiation? Xx)

(and (pair? x) (eqg? (car x) "**)) )
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((exponentiation? exp) = pe_gpet 2
(make-product dx dx
(make-product
(exponent exp)
(deriv (base exp) var) )
(make-exponentiation
(base exp)
(make-sum (exponent exp) -1) )))
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. d . du
((sin? exp) a _ oy
(make-product dXSIn(U) S, dx
(make-function
"cos
(argument exp) )
(deriv (argument exp) var) ))

(define (make-function func . args)
(cons func args) )
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1. 2B FESRREFITHIR
augend, multiplier OEBHEZLEET ST
(deriv "(+ x (* xy) (** x 3)) "X)
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2.5.3 BB #(Symbolic Algebra)
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2.5_.3 Data-Directed Programming and
Additivity
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= Grace Murray Hopper

(Dec. 9, 1906 — Jan. 1, 1992)
= 1stwomen to receive a Ph.D in

mathematics.
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1. {0,1,2,3, ..}

S EERYEE % (extensional notation)

2. S={n|0,n+1lifn€ S}
AIZERYEE % (intensional notation)

B SMEMERETORE
ROFBDELLH KL ?

1. {0,2,4,6,8,10, 12, 14, 16, 18, 20, ... }

2. {0, 10, 20, 30, 2,12,22,24,4,14,24, ... }

O
B RE5OFHEE

1. union-set SUT
2. intersection-set SNT
3. element-of-set? eEeT
4. adjoin-set {elus

B £850FRFE
1. IBFLLERIR (unordered list)
{30, 0, 20, 10, 22, 2,12, 24, 34, ... }
(30 0 20 10 22 2 12 24 34 .. )
2. |EFftERE (ordered list)
{0, 2,4,6,8, 10, 12, 14, 16, 18, 20, ... }
(02468 10 12 14 16 18 .. )




£ 4 (set) MUnordered ListFxI{

(define (element-of-set? x set)
(cond ((null? set) false)
((equal? x (car set)) true)
(else (element-of-set? x (cdr set)) ))

(define (adjoin-set x set)
(if (element-of-set? x set)
set
(cons x set) )))

(define (union-set sl s2)
(cond ((null? s1) s2)
((element-of-set? (car sl) s2)
(union-set (cdr sl) s2) )
(else (cons (car sl)
(union-set (cdr sl) s2) ))))

B
|!| union-set OTEDEL X

(define (union-set sl s2)
(cond ((null? s1) s2)
((element-of-set? (car sl) s2)
(union-set (cdr sl1) s2) )
(else (cons (car sl)
(union-set (cdr sl) s2) )
D))

(define (union-set sl s2)
(cond ((null? s1) s2)
((element-of-set? (car sl) s2)
(union-set (cdr sl1) s2) )
(else (union-set (cdr sl1)

(cons (car sl) s2)) ))))

£ 4 (set) Dunordered listRIR (#)

(define (intersection-set sl s2)
(cond ((or (null? s1) (null? s2)) O)
((element-of-set? (car sl) s2)
(cons (car sl)
(intersection-set
(cdr sl1) s2 )))
(else (intersection-set

(cdr sl1) s2 ))))




KREFHMSOEHE (set=n&¥3)

(define (element-of-set? x set)
(cond ((null? set) false) ®(n)
((equal? x (car set)) true)
(else (element-of-set? x (cdr set)) ))

define (adjoin-set X set
O (n)
(if (element-of-set? x set)
set

(cons x set) ))) #sl=n

(define (union-set sl s2) H#s2=m
(cond ((null? s1) s2) O (mn)
((element-of-set? (car sl1) s2)
(union-set (cdr sl) s2) )
(else (cons (car sl1)
(union-set (cdr sl) s2) ))))

intersection-setDEtEE

(define (intersection-set sl s2)
(cond ((or (null? s1) (null? s2)) O)
((element-of-set? (car sl) s2)
(cons (car sl)
(intersection-set
(cdr sl1) s2 )))
(else (intersection-set

(cdr sl1) s2 ))))
HEDOA—FIE #sl=ml, #s2=m2 &J 3L,
O (n?) n=max{m1,m2} (m1*m2 ®F—%)

£ & (set) DOrdered List®I]

(define (element-of-set? x set)
(cond ((null? set) false)
((= x (car set)) true)
((< x (car set)) false)
(else (element-of-set? x (cdr set)) ))

© (n) FHMIZIL n/2
(define (adjoin-set x set)
(cond ((null? set) (list x))
((= x (car set)) set)
((< x (car set)) (cons x set))
(else (cons (car set)
(adjoin-set x (cdr set))
D))

O (n) FHMIZIEIn/2




£ 4 (set) DOrdered ListRI{

(define (union-set sl s2)
(if (null? s1)
s2
(let ((x1 (car sl1)) (x2 (car s2)))
(cond ((= x1 x2)
(cons x1
(union-set (cdr s1) (cdr s2))) )
((< x1 x2)
(cons x1 (union-set (cdr sl1) s2)) )
(else
(cons x2
(union-set sl (cdr s2))
IID))

HEDOA—FIE #sl=ml, #s2=m2 &§ 5.
O (n) n=max{m1,m2}(ml+m2 QA —4)

£ 4 (set) Dunordered listRIR (#)

(define (intersection-set sl s2)
(if (or (null? s1) (null? s2))
O

(let ((x1 (car s1)) (x2 (car s2)))
(cond ((= x1 x2)
(cons x1
(intersection-set (cdr sl1) (cdr s2)) )
((= x1 x2)
(intersection-set (cdr sl) s2) )
(else
(intersection-set s1 (cdr s2)) )))))

HEOA—F 1L #s1=m', #s2=m £F B¢,
O (n) n=max{m1,m2} (m+nD#A—4)
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m Ex.2.54, 2.56, 2.57, 2.58, 2.59,
s Ex.2.61, 2.62
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