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1A78-FABDAZ1—
1. 2.3 Symbolic Data
2. 2.3.2 Symbolic Differentiation
3. 2.3.3 Representing Sets
4,

2.4 Multiple Representations for
Abstract Data

5. 2.4.1 Representations for
Complex Numbers

2.3 Symbolic Differentiation

AETRERILIFEFERNSWTD
Computer Science TIEL#HX TLT=.

Hans Olsson, Applications of automatic
and symbolic differentiation in
numerical computations, Master's
Thesis, June 1993,

eq? 1. (eq? foo (list 1 2))
- 2. (eq? foo (car qwe))
(define foo (list 1 2)) 3. (eq? bar (Jgfave))
(define bar "(3 4))

(define gwe (cons foo bar))

quve ((1 2) 3 4)

foo (1 2) [ [ ] bar (3 4)
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s dU+V) _
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CICI
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READBREH X TIESL

RRDRBADREE
1.50 X+Yy
218 ax

nRBXDf-HDBETF - BIRF- R FORE
1. ¥ ZEF (constructor)
(make-sum x y)
(make-product x y)

3.k EE (predicate)
(variable? x)
(same-variable?

2 3= F (selector) X Y)
(addend s) (sum? x)
(augend s) (product? x)

(multiplicant p)
(multiplier p)

REE DI\

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

<unary operator> ::= + | - | <function>
<binary operator> :=+ | - | % | /|~ | <[> ]| =] <= >=

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




REXOBRELTORE

RRORBIORTE  REE1 wBE2
L#l x+y Exy) <+ &xy)
2 Xy Cxy) ¢ &y)

R EXD-HDEEF-BRFOHRE
1.88FEF

(define (make-sum X y)

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

(list ** xy) )
2. BRF
(define (addend s) (cadr s))
(define (au%end s) (caddr s))
(define (multiplicant p) (cadr p))
(define (multiplier p) (caddr p))

R# = TR OIS (#)

nRBXO-HDEEF - BRF-MBOKE
3.hEE
(define (variable? x) (symbol? x))
(define (same-variable? x y)
(and (variabie? x) (eq? xVy) )
(define (sum? x)
(and (pair? x)
(eg? (car x) "+)) )
(define (product? x)
(and (pair? x)
(eq? (car x) "*)) )

REAXOEBE2%EATHE

RRDORBXDOREE REE REER2
1. %0 X+Yy +xvy) G+ xn)
2%, ax ¢ xy) &y

BB DO DHET - BIRFORE
1.BEF

(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))




RUKXORBE2ERATOE

RRDRBXDREE REE REE2

LA xt+y  (xy)  [EECED)
28 ax Cxy)  IRCER)

BB DT DBET BIRFORE
1.EEF

(define (make-sum X y)
(list "+ (list x y)) )
(define (make-product x y)
list "* (list Xx

[CETIENECCERI M CEERER)))
(define (augend s) (cadadr s))
(define (multiplicant p) (caadr p))
(define (multiplier p) (cadadr p))

TR FHEEEB|L TS

(define (deriv exp var)
(cond ((number? exp) 0)
((variable? exp)

EE—O (if (same-variable? exp var) 1 0) )
dx ((sum? exp)
dx (make-sum (deriv (addend exp) var)
—=1 (deriv (augend exp) var)) )
dx ((product? exp)
du+v) _du dv (make-sum
dx dx dx (make-product (multiplier exp)
d(uv) dv  du (deriv (multiplicand exp)
R var ))
X dx  dx - A
(make-product (deriv (multiplier exp)
var )
(multiplicand exp) )))
(else

(error "unknown expression type —
DERIV" exp ))))

REKXOERE - REOHER
1. (deriv "(+ x y) "x)

- 10)
2. (deriv "(* xy) ")

(+(*y1) (*0x)
3.(deriv "(+ (* xy) (* 3 X)) ")

F @y (*0x)

(+(*x0) (*13)))

y+3
ey

fERtEEh TS,




R EROMEE (ZD1)
» CORATHBEETNIEEOD.

(define (make-sum al a2)
(cond ((=number? al 0) a2)
((=number? a2 0) al)
((and (number? al) (number? a2))
(+ a1 a2))
(else (list "+ al a2)) ))

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

o EROMBIE (ED2)

(define (make-product ml m2)
(cond ((or (=number? ml 0)
(=number? m2 0) )
0)
((=number? m1 1) m2)
((=number? m2 1) ml)
((and (number? ml) (number? m2))
 m1 m2))

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

o EROMIE L DEE
1. (deriv "(+ X y) "X)
1
2. (deriv "(* x y) "x)
y
3.(deriv "(+ (* xy) (* 3 X)) "X)
+y3)

SEIX

fERE{E B Th




MEMICHA T WS LR

1. . BICHEE
(deriv "(- X y) ")
(deriv "(/ 3 X) "x)

2. MEITHER
(deriv "(** x 3) "X)

3. 2IREFE B HEEFICHIR
(deriv "(+ (* 3 x) y (* xy)) "x)
(deriv "(* xy (+ x 3)) ")

4. FEOBHENBRHICTMTEEIMAS S RATL
2.5.3 Data-Directed Programming and
Additivity

IS M5 OHRE

(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) )))
(SIS — L EEM)
else
(error “unknown expression type — DERIV"

exp ))))

Z-HCHT M NI EEM

1.2 (* -1 <exp>) TEH
G xy) G x ™ -1y)
2./ <expl> <exp2>) THRIR
(define (make-division d1 d2)
(cond ((=number? d1 0) 0)
((=number? d2 1) di)
((and (number? d1) (number? d2))
(/ d1 d2))
(else (list "/ di1 d2)) ))

(define (divident d) (cadr d))
(define (divisor d) (caddr d))
(define (division? x)
(and (pair? x) (eqg? (car x) "/)) .)




B(Cs g 3RS IV —IVEEm

((division? exp) du_ udv 1du
(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) )))

BRICATIRRELELRTFTHRE

EEIT (** <base> <exponent>) THRE

(define (make-exponentiation b e)
(cond ((=number? e 0) 1)
((=number? e 1) b)
((=number? b 1) 1)
((andb(number? b) (number? e))
*xk e

(else (list "** b €)) ))

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

(define (exponentiation? x)
(and (pair? x) (eg? (car x) "**)) )

BERISHT IR NI &EN

((exponentiation? exp) 11_be==eb&4£ﬂ2
(make-product dx dx
(make-product
(exponent exp)
(deriv (base exp) var) )
(make-exponentiation
(base exp)
(make-sum (exponent exp) -1) )))




EARMICHTIMII—ILEEM
Bl (<func> <args>) TRR

((sin? exp)

d . du

(make-product —sin(u) = cos(u) —

(make-function dx dx
"cos

(argument exp) )
(deriv (argument exp) var) ))

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

RERMS0iEE (1)

2.

3. 2IEREFESWRETFICHIR
(deriv "(+ (* 3 )y (* x¥y)) "X)
(deriv "(* xy (+ x 3)) "X)

RBERMS kR (2)

4. 2FREFESHBEEFICH®
augend, multiplierDEHREZERTHEITT
(deriv "(+ X (* xXy) (** x 3)) ")
[SX G TES,

5. ZIEADERE
- ZIEXZREHIVIIREDIRICES
- ZIAXAEFMBBIEICKYER
253 SR, (Symbolic Algebra)

6. TEDEAMMNBEHICHAMTELIMA AT L
2.5.3 Data-Directed Programming and Additivity




1A78-FABDAZ1—

2.3 Symbolic Data

2.3.2 Symbolic Differentiation
2.3.3 Representing Sets

2.4 Multiple Representations for
Abstract Data

5. 2.4.1 Representations for
Complex Numbers

Ll A

A (set) DRB

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

5 IERYED % (extensional notation)
2. S={n|0, n+1if n €S}
PRFERY D% (intentional notation)
SRR IETOIRRE
ROEEDEELH KLV ?
{0,2,4,6, 8,10, 12, 14, 16, 18, 20, ... }
. {0, 10, 20, 30, 2,12, 22,24, 4,14, 24, ... }

N

KA (set) DFEMEERBIE
" RE0THE .

2. intersection-set SNT
3. element-of-set? eeT
4. adjoin-set {elus
KEDRBZDREE (implementation)
1. IEF%LERE (unordered list)
{30, 0, 20, 10, 22, 2, 12, 24, 34, ... }
(30 0 20 10 22 2 12 24 34 .. )

2. IEF{tEFRB (ordered list)
{0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, ... }
(0246810 12 14 16 18 .. )




& A (set) DUnordered List® 5]

(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? sl1) s2)
((element-of-set? (car sl) s2)
(union-set (cdr sl) s2) )
(else (cons (car sl)
(union-set (cdr sl1l) s2) ))))

union-set O & D&\

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

(cons (car sl1) s2)) ))))
(union-set “(1 2 1) “(a b c))DFHERIL?

& Munordered list® 3R (#%)

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

(else (intersection-set

(cdr sl1) s2 ))))

11



RKEFHMEOHNE (#set=n)

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

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

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

(define (union-set sl s2) H#s2=m
(cond ((null? sl) s2) ®@(mn)
((element-of-set? (car sl) s2)
(union-set (cdr sl) s2) )
(else (cons (car sl)
(union-set (cdr sl1l) s2) ))))

intersection-setD&t S &

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

(cdr sl1) s2 ))))
HEDOA—HF L #s1=m1, #s2=m2 &3 %L,
@(n?) n=max{m1,m2} (m1*m2 O#A—4)

A (set) DOrdered List& 5

(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) FHMIZIK 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))
NN

O(n) FHHIZIE n2




&5 (set) DOrdered List® 5]

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

I
HEOA—FIE #s1=ml, #s2=m2 EFBé&.
@(n) n=max{m1,m2}(mi+m2 O#A—4")

& Dunordered list® 3 (#%)

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

(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 sl (cdr s2)) )))))

HEOF—F1E #sl=m' #s2=m &T B¢,
@(n) n=max{mi,m2} (m+nDA—4")

AN XK (binary tree) ®H

B RMEE (K) THREZERR
mERET A &t
c JEFHEURFDLSIZHIBELTLELE, KD
BexhETdE. o) DETEENHMD
. F%Bﬁ?ka)lyw—(i/—lfw%m:%%(
A
cEHBARDIVN)—F/—FDEFNEYKE
Ly

" Form BT

e ROYRNTC/—F%ERE %
(TVM)— EFBHIKR BEHIK)




— K (binary tree) BN
(define (entry tree) (car tree))
(define (left-branch tree) (cadr tree))
(define (right-branch tree)

(caddr tree))

(define (make-tree entry left right)

(list entry left right) )

“HEREB OB
£6{, 2, 3, 4, 5, 6} @:iﬁ*iﬁ

/\ /\ /\
//\/ \/\\

\

6

A (set) Dbinary tree®H

(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 O ))
((= 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)) ))))

14



adjoin-set DEZE
3,2,1,5,4,6 3,4,2,5,6,1 4,2,1,5,6,3

/\ /\ /\
//\/ \ /\\
\

6

adjoin-set DEZE
6,5,4,3,2,1 6 1 1,2,3,4,5,6

Tree=list 2%

(define (tree->list-1 tree)
(f (null? tree)

O
(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 “()) )

mEDEWNK?
AEEE -BIEEE-RIBEEE (FE2ME)

15



balanced binary tree® 3

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

(define (partial-tree elts n)
Gf (=n0)
(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® 5 (2k)

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

(define (partial-tree elts n)
(f (=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 ))))

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)))
D))

EA81) X | (a-list, associative list)
(<EH> . <fEDJRL>)
(<attribute> . <value-list>)

)

(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)))

)]

16



R ERR

(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) —rp
(India 1025.1 528.5 496.6) ~li
(USA 285.9 141.0 144.9) ’E"’" JXF(a I!St’
(Indonesia 214.8 107.8 107.1) M EANLRIE]S)
(Brazil 172.6 85.2 87.4)
(Pakistan 145.0 74.5 70.5)
(Russia 144.7 67.7 77.0) (<RiE> . <EDYRE>)
(Bangradesh 140.4 72.3 68.0) (<attribute> . <value-list>)
(Japan 127.1 62.2 65.0)
(Nigeria 116.9 59.0 58.0) )
(Mexico  100.4 49.6 50.7) ))

(lookup *"Japan population)
(assoc "Japan population) = (cdr (lookup "Japan population)

key OMEFF
1. %

1. #IE(increasing order, ascending order) <
2. [&IIE (decreasing order, descending order) >
2. #E®REFF (lexicographical order)

1. (string=? “PIE” “pie”)

2. (string-ci=? “PIE” “pie”)

3.string<?, string<=?,

4.char=?, char-ci=?, char>?, char>=?,
3. alphanumeric order

Y—=T1T Dkt B

1. RIMIHTLAEBOEEEZRDH &,
2. Unix @ pipe THLE
RO1ITNARVLTTES,
tr ‘[ \t,.;:71*” “\n” < file | EGGE]
tr "[A-Z]" "[a-z]" | sort |
uniq —c | sort -r
3. www.gutenberg.org &Y ZILTHFRAEAE.,
Gulliver’s Travel (Swift)
the 2894, of 1844, and 1755, to 1557,
11311,a1177,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

17



BE:1A128 EF&Y

Erald. ROE3M:
Ex.2.57, 2.59, 2.60

BugZE#IcR 2170l

= Grace Murray Hopper
(Dec. 9, 1906 — Jan. 1, 1992)

= 1stwomen to receive a Ph.D in
mathematics.

= Sep. 9, 1945. Mark Il @ Relay
#70, Panel F T&R,

= bug [EZENLBINSEAIN T =,
AR SBRRIZHHEE,
. géavy'@COBOLEEE@#ﬁEE‘D#Faﬁ

A Bug (moth) in the Mark-II

Photo #:
NH 96566-
KN (Color)

U.S. Naval
Historical
Center
Photograph.

FER/—EDITEHIE, IL—R—DIEZD
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1. 19624 7A228 KBEFEWITUF—18):7 YF—18ZT5 LIFFISFROI—R &S WA, Chid
RATYIL 7 Q1T RREEST=, L OEMEF—EREF LTOr v ERELT, Bk REISEY,
SBETHRICENN-BR (7)) EAVE1—4—DI—FITREBABLEFIZIR (T BT HEE, CThat
RETAVE2—3— S RITI—AOMHEB =& ALY,

. 19824 IRVEDHR /I ATF0: S RUFERTTDHR AT OEBITIRVESNBALIH TS
MOAVE 1 —F—SRT LI, RPRID (CIA) DR/ AB T EL BT 1S ERBHDENS, BVRITY
B REOREHEMERMNMALLSE —FLEBEAYEIE— LTHY. COVATLAEAFLEOLT
D=tz 200 HEEZTALICIAIRCAERFI<LY, BYEOREIRELGEATHH. L\ oT=A
EREIZABEMAELLLLB&RSITHAA LS h B, CORBREET M1 TFIV BRI, BIBFELI Tl
ROESRTHRARROMEEL o6V,

. 1985~19874 359925 MBOEMMR TRHBARZEISRAENL. SXTHHREBUI-BEIC
FEE L T, 2TV 725032 MEOBRAE —ETRLF—ORTFE—LR—SHT)EXH— ERHT
#3483, BEORMCIRRIEMA IARERE ol £5v/25TRR FREBEOMISBIN2M
HOS—FIMBIRNF—ORTETHAH  XBERESE TV, 25972508510 RBIAIZ.
IBETN [25v520]0BEHRBADOR L REERE VI 7HICRERR =8 fof, YIMITT
DFMERESEOEDE R (B IHHEoT,

LirL. Bl E 5058 Mo BR BT —EF5v7208&UEFv52512fEbA-0SI&, EX4H
AR TIEVTOTSI—RIACERLIEZAD T, AT HIERITHHYIKDMRITHo TV 0L,
MBERBIERERIHBLIS T HRET, WEITUFEREETERALERE . 5925 TIEXER
RAOEMBE—S I E2HALERLEVEERIFA LY —OBRPRERRT IMELN TRIZE STV,
TRISEYDLEBSANTETL. M=t EEE AT,

N

w

10°KXBug (by Wired News)

4.19885 ——1{—HL—FREUNIX(BSD) DI 1> H—TFT—EU< &P/ tyIF7—F—1—o0— BADS 51—
FYPI—LELBHIE—YR-D—LIF, 13977 —F—/—T0—%BRIL, 1BRSY T20004 55
60008 NDAVE 1—F—(TBRLTc, MELT =Dk, MEAMNSATS)— L—FUAD getsO1LL\5H
O 2—F12, TgetsOIBBIT R YT —IRBLISTFRAMETIAT S L5ICH M Ehiz, LAL, RELLD
TeetsO I BABIZA HEMMBT B LIITKAELRTIVEL, TDIH. HBEVITHAERA W BT BEIT (. B
WETELZHOPEI L ET—LRERT BTG,

F07 57—l gots( IBMERAI— F S HET 5 E TR BLTLS0, CREGMEAR ST
FV—bThEHIRTFERETLTEY. CORBIRELFEL TS,

5.1988~1906F —[7 LRORIOAMERT LTIVX b T WARORISESER ST F U TA— VAT L
£ AMBEBICER D —FEDIBYTEL, RISSUF LERBHE RS TUVED DTz,

ZORR. T VAARIZESEIFEAVTNDIVE 2—8—I2D0VT, JERISMMA A ECRAT
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