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E 2.3.1 Quotation

EHT—EADRE: quote (SIA) '
* (define foo (list 'a 'b))
= (a b) (define foo '(a b)) &ML
c eq? 2D0DERME—H., JE—IF eq? TIEAL!
* (define (memg item x)
(cond ((null? x) false)
((eg? item (car x)) x)
(else (memq item (cdr x))) ))
* (memg 'banana '(pear banana prune))
= (banana prune)
* (memg '(a b) '(pear (a b) prune))
= false
e (memg foo (list 'pear foo 'prune))
= ((a b) prune)

E PoreEREBIMEES

dc
e
dx
o
du+v)
dx
d(uv)
Cdx

c MEHM xS DEH

B saosmesicaean

c RORBKD=RFE
1.7 X+Yy
278 ax

- RER DO OWET BT - BEOBRE

1. ¥ EF (constructor)
(make-sum x y) 3.3 EE (predicate)

(make-product x y) (variable? x)

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




Ry OMT

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

( < binary operator> < expression> <expression>) |

( <expression>)
<unary operator> ::= + | - | <function>
<binary operator>:=+ | - | * | /| 7| <|> | =| <= >=

<function> ::= sin | cos | tan | log| -*-

B rRutosmzrzons

RORBXDEREE REE1 w®H%2
1. %0 X+y (+ x y) (+ (xy))
2. Xy * x y) * (x ¥))
REXD-HDOEEF - ERFORH
1.88F

(define (make-sum x y)
(list '+ x y))

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

2. BRF

(define (addend s) (cadr s))
(define (augend s) (caddr s))
(define (multiplicant p) (cadr p))
(define (multiplier p) (caddr p))

B rusmoms@w
KRB O OBEF BIRF - REBEORE

3.hEE
(define (variable? x) (symbol? x))
(define (same-variable? x y)
(and (variable? x) (eq? x y) )
(define (sum? x)
(and (pair? x)
(eg? (car x) '+)) )
(define (product? x)
(and (pair? x)
(eq? (car x) '¥*)) )

B rReommxoemmat

- RORBADRBE ~ RHET RHR2
LMl X+y (+=xy) (+ (x y))
2.7 ax (* x y) * (xy)

- R DL D DRETF BIRF OHF
1.HEEF

(define (make-sum x y)

(list '+ (list x y)) )
(define (make-product x y)

(list '* (list x y)) )

2. BIRF

(define (addend s) (caadr s))
(define (augend s) (cadadr s))
(define (multiplicant p) (caadr p))
(define (multiplier p) (cadadr p))

B cessEmesemLTE

(define (deriv exp var)
(cond ((number? exp) 0)
((variable? exp)
(if (same-variable? exp var) 1 0) )

dc ((sum? exp)
X =0 (make-sum (deriv (addend exp) var)
dx (deriv (augend exp) var)) )
P 1 ( (product? exp)
(make-sum

d+v) = dl+ dl (make-product (multiplier exp)

dx dx  dx (deriv (multiplicand exp)
d(UV)=u(LV d7u var ))

dx dx - dx (make-product (deriv (multiplier exp)

var )

(multiplicand exp) )))

(else
(error "unknown expression type -
DERIV" exp ))))

B reoss-xsomms

1. (deriv '(+ x y) 'x)
(+10)

2. (deriv '(* x y) 'x)

+Cy1)(*ox)

3. (deriv '"(+ (* x y) (* 3 x)) 'x)

GGy Eox)
(+ (*x0)(*13))

&ML
fERR{IEEEIh TV,




E NS BROMBIL (Z01)
. FORRATHBIEZEITNIERLD.

(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 mownom#ik o)

(define (make-product ml m2)
(cond ((or (=number? ml 0)
(=number? m2 0) )
0)
( (=number? ml 1) m2)
( (=number? m2 1) ml)
((and (number? ml) (number? m2))
(* ml m2))

(else (list '* ml m2)) ))

B memicxvsms e
1. £ #ICHE

(deriv '(- x y) 'x)
(deriv '(/ 3 x) 'x)
2. BEICHE®
(deriv ' (** x 3) 'x)
3. 2IRRETFESHREFICHER
(deriv '"(+ (* 3 x) v (* xy)) 'x)
(deriv '"(* x y (+ x 3)) 'x)
4. FEOBEEHMNBERICHMTEEMD VAT L
2.5.3 Data-Directed Programming and Additivity

B msmasomssx

(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 =-mcxvsman-neam
1.2 (* -1 <exp>) TRER

(- xy) (+ x (* -1y))
2. Fl& (/ <expl> <exp2>) TR

(define (make-division dl d2)
(cond ((=number? dl 0) 0)

( (=number? d2 1) dil)
((and (number? dl) (number? d2))
(/ d1 d2))
(else (list '/ d1 d2)) ))

(define (divident d) (cadr d))

(define (divisor d) (caddr d))

(define (division? x)

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

B mosvaman-nean

((division? exp) du udv 1du

(make-sum =

_+_
dx v v dx v dx

(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) )))




B secsvssmssssas
EE(X (** <base> <exponent>) THRIE

(define (make-exponentiation b e)
(cond ((=number? e 0) 1)
((=number? e 1) b)
((=number? b 1) 1)
((and (number? b) (number? e))
(** b e) )
(else (list '** b e)) ))

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

(and (pair? x) (eq? (car x) '*%*)) )

m BRICHTIMS - EERD

( (exponentiation? exp) li_be::ebeafgl
(make-product dx dx
(make-product
(exponent exp)
(deriv (base exp) var) )
(make-exponentiation
(base exp)
(make-sum (exponent exp) -1) )))

& =ARMCHTINS -1 e
BE#(E (<func> <args>) TRIR

((sin? exp)
(make-product - d . du
(make-function ———s|n(u) = COS(U)———
' cos dx dx
(argument exp) )

(deriv (argument exp) var) ))

(define (make-function func . args)
(cons func args) )

B msmsoms (1)

3. 2 EEFESHERFICHE®
(deriv '"(+ (* 3 x) y (* x y)) 'x)
(deriv '(* x y (+ x 3)) 'x)

B =swusonse)
4. EREFESHERTFICHE
augend, multiplierDEHEFERT ST
(deriv '"(+ x (* x y) (** x 3)) 'x)
ISR TES,
5. ZIHADEE
- BHEAZBEHLIVIEFEDIEICES)
- ZEAZTEHRIEICIYEE
253 S HKE (Symbolic Algebra)
6. EEDOMHEABRIZFHIMTEIME VAT L
253 Data-Directed Programming and Additivity
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B saGenonn
- BRABOKEZEERLTHSELS
L {0,1,2,3,...}
5} FEAYED % (extensional notation)
2. S={n|0,n+1ifn €S}
PFERYET3% (intentional notation)
o SEMERETORE
ROEEDELLMNEKLD ?
1. {0,2,4,6,8,10,12 14,16, 18,20, ...}
2. {0, 10,20,30,2, 12,22, 24, 4, 14,24, ...}

B saenormernns

- KEEDFHE
1. union-set SuUT
2. intersection-set SNT
3. element-of-set? eeT
4. adjoin-set {elus

o RKAEDRBEDEE (implementation)
1. IEF7ZLLRIR (unordered list )

{30, 0, 20, 10, 22, 2,12, 24, 34, ..}
(30 0 20 10 22 2 12 24 34 .. )
2. |EFF{+ERR (ordered list )
{0,2,4,6,8,10,12, 14, 16, 18, 20, ... }
(02 468 10 12 14 16 18 .. )

B 4 (set)DUnordered ListB®

(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? sl) s2)
((element-of-set? (car sl) s2)
(union-set (cdr sl) s2) )
(else (cons (car sl)
(union-set (cdr sl) s2) ))))

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

(union-set ‘(1 2 1) ‘(a b c))DFFRIE?

B s&ounordered list 33 (@)

(define (intersection-set sl s2)
(cond ((or (null? sl) (null? s2)) ())
((element-of-set? (car sl) s2)

(cons (car sl)
(intersection-set
(cdr sl1l) s2 )))
(else (intersection-set
(cdr sl) s2 ))))

B SaF®ezomNE (set=n)
(define (element-of-set? x set)
(cond ((null? set) false)

((equal? x (car set)) true)
(else (element-of-set? x (cdr se g‘%%

(define (adjoin-set x set)

(if (element-of-set? x set)
set ()(n)
(cons x set) ))) #81:n
(define (union-set sl s2) H#s2=m
(cond ((null? sl) s2)
((element-of-set? (car sl) s2) ()(Inll)

(union-set (cdr sl) s2) )
(else (cons (car sl)
(union-set (cdr sl) s2) ))))




E intersection-set®i &

(define (intersection-set sl s2)
(cond ((or (null? sl) (null? s2)) ())
((element-of-set? (car sl) s2)

(cons (car sl)
(intersection-set
(cdr sl) s2 )))
(else (intersection-set
(cdr sl) s2 ))))

HEDOA—F L #s1=ml, #s2=m2 &T B&.
®(n?) n=max{ml,m2} (m1*m2 OF—%)

B %a&(set)®Ordered ListB®

(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)) ))

O(n) FHMIZIZ n2

(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))

))))
O(n) FHMIZIE n2

B & (set)®Ordered List®®

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

)))))))

HEOF—H L #sl=ml, #s2=m2 LT BHL,
®(n) n=max{ml,m2}(m1+m2 QA —4%)

B saodunordered list B3 ()

(define (intersection-set sl s2)
(if (or (null? sl) (null? s2))
0
(let ((x1 (car sl)) (x2 (car s2)))
(cond ((= x1 x2)
(cons x1
(intersection-set (cdr sl) (cdr s2)) )
((< x1 x2)
(intersection-set (cdr sl) s2) )
(else
(intersection-set sl (cdr s2)) )))))

HEDOA S #s1=m', #s2=m &£T 5 &.
®(n) n=max{ml,m2} (m+nDA—4%)

B mao=—#kbinary tree) BH
. YRMESE (K) TRAERE
. BEtHE

—IEFAEYRPDISITHBLTLEWNE, ROBEEZENE
5L 0(n?) DETEELNHHD

—EBZROIUN)—E/—FDENRIYKELL
-~ BBIROIUN)—E/—FDERIYKEL

s /—FORBE
- RDYRT/—FERBR m

(TVM)— EBIGK HEBHK)

B =K (binary tree) BRMORE

(define (entry tree) (car tree))
(define (left-branch tree) (cadr tree))
(define (right-branch tree)

(caddr tree))

(define (make-tree entry left right)

e

(list entry left right) )




B -akzmomss

£481(1, 2, 3, 4, 5, 6} OZHEARHE

AN /\ AN
/4/\/ \/\\

\

6

B #& (set)Dbinary treeB®

(define (element-of-set? x set)
(cond ((null? set) false)
((= x (entry set)) true)
((< x (entry set))
(element-of-set? x (left-branch set)) )
(else
(element-of-set? x (right-branch set)) )))

(define (adjoin-set x set)
(cond ((null? set) (make-tree x () ()))
((= x (entry set)) set)
((< x (entry set))
(make-tree (entry set)
(adjoin-set x (left-branch set))
(right-branch set) ))
(else
(make-tree (entry set)
(left-branch set)
(adjoin-set x (right-branch set)) ))))

B adjoin-set om#

3,2,1,5,4,6 H3,4,2,5,6,1 ‘4,2,1,5,6,3 \

AN /\ AN
/4/\/ \ /\ \

\

6

B adjoin-set omsz

]6,5,4,3,2,1 \ 6 \1,2,3,4,5,6

B Treeslist Eiomm

(define (tree->list-1 tree)
(if (null? tree)
(9}
(append (tree->list-1 (left-branch tree))
(cons (entry tree)
(tree->list-1 (right-branch tree))))))

(define (tree->list-2 tree)
(define (copy-to-list tree result-list)
(if (null? tree)
result-list
(copy-to-list (left-branch tree)
(cons (entry tree)
(copy-to-list (right-branch tree)
result-list )))))
(copy-to-list tree ‘()) )

mEDENE?
MEEE-MEEE-RIEEELEEIEHIES (F2E)

B balanced binary tree®

(define (list->tree elements)
(car (partial-tree elements (length elements))) )

(define (partial-tree elts n)
(if (= n 0)
(cons () elts)
(let ((left-size (quotient (- n 1) 2)))
(let ((left-result (partial-tree elts left-size)))
(let ((left-tree (car left-result))
(non-left-elts (cdr left-result))
(right-size (- n (+ left-size 1))) )
(let ((this-entry (car non-left-elts))
(right-result (partial-tree
(cdr non-left-elts)
right-size )))
(let ((right-tree (car right-result))
(remaining-elts (cdr right-result)) )
(cons (make-tree this-entry
left-tree
right-tree )
remaining-elts ))))))))




balanced binary tree®3 ()

(define (list->tree elements)
(car (partial-tree elements (length elements))) )

(define (partial-tree elts n)
(if (= n 0)
(cons () elts)
(let* ((left-size (quotient (- n 1) 2))
(left-result (partial-tree elts left-size))
(left-tree (car left-result))
(non-left-elts (cdr left-result))
(right-size (- n (+ left-size 1)))
(this-entry (car non-left-elts))
(right-result
(partial-tree (cdr non-left-elts) right-size) ))
(right-tree (car right-result))
(remaining-elts (cdr right-result)) )
(cons
(make-tree this-entry left-tree right-tree)
remaining-elts ))))

m Sets & information retrieval

(define (lookup given-key set-of-records)
(cond ((null? set-of-records) false)
((equal? given-key (key (car set-of-records)))
(car set-of-records) )
(else (lookup given-key (cdr set-of-records))) ))

H#81) X (a-list, associative list)
(B> . <EDYRE)
(<attribute> . <value-list>)

2

(define (assoc given-key set-of-records)
(cond ((null? set-of-records) false)
((equal? given-key (caar set-of-records))
(cdar set-of-records) )
(else (lookup given-key (cdr set-of-records))) ))

MR RERR

(define (lookup given-key set-of-records)
(cond ((null? set-of-records) false)
((equal? given-key (key (car set-of-records)))
(car set-of-records) )
(else (lookup given-key (cdr set-of-records)))))
(define population
'((China 1285.0 660.5 624.5)
(India 1025.1 528.5 496.6)
(usa 285.9 141.0 144.9)
(Indonesia 214.8 107.8 107.1)
(Brazil 172.6 85.2 87.4)
(Pakistan 145.0 74.5 70.5)

(Russia 144.7 67.7 77.0)
(Bangradesh 140.4 72.3 68.0) (<RiE> . fEBDYURL>)

(Japan 127.1 62.2 65.0) (<attribute> . <value-list>)

(Nigeria 116.9 59.0 58.0)
(Mexico 100.4 49.6 50.7) ))

(lookup 'Japan population)

HHEY R (a-list,
associative list)

(assoc 'Japan population) = (cdr (lookup 'Japan population)

key OMFF

1. &

1. BlE(increasing order, ascending order) <
2. [#liE (decreasing order, descending order) >
2. ¥BR)EFF (lexicographical order)

1. (string=? “PIE” “pie”)

2. (string-ci=? “PIE” “pie”)

3. string<?, string<=?,

4. char=?, char-ci=?, char>?, char>=?,

3. alphanumeric order

Y=T1YJ OB
1. KIHHTHEFBOEEERD L.
2. Unix 0 pipe THLLE
RDIFTOIATURTTED,
tr ‘[ \t,.;:1* "\n’ < file |
tr '[A-Z]' '[a-z]' | sort | WATAT
uniq —-c¢ | sort -r
3. www.gutenberg.org &Y7ILTHAMEAF,
 Gulliver's Travel (Swift)

the 2894, of 1844, and 1755, to 1557,
i 1311, a 1177, in 984, my 768, was 625

* TAO (Lao-Tsu)
the 675, and 373, to 345, of 335, is 290
it 225, not 164, in 154, he 136, a 136

BN mE. BDEEA.
chRAERER(E1.1.1~2.2.2
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