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2.4 MIRT—ADEBORBE (Murtiple

Representations for Abstract Data)

LI -
The Eighth Commandment @
Use help function to abstract from representations.
The Ninth Commandment
Abstract common patterns with a new function.
The Tenth Commandment
Build functions to collect more than one value at a
time.
(Friedman, et al. “ The Little Schemer’, MIT Press)
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2.3.3 Representing Sets (£8&)

Sets as unordered lists & as ordered lists(# &)
Sets as binary trees

Sets and information retrieval

2.4 Multiple Representations for
Abstract Data

2.4.2 Representations for Complex Numbers
2.4.2 Tagged data

2.4.3 Data-Directed Programming and Additivity
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2.3.3 Representing Sets ((££&)

= Sets as binary trees

= Sets and information retrieval

m 2.4 Multiple Representations for
Abstract Data
2.4.2 Representations for Complex Numbers
2.4.2 Tagged data
2.4.3 Data-Directed Programming and Additivity

m BHYHAMICBRTETLALTTSL,
m SEDOTEEEHKITRHELTTEL,

E E£ADOZHAK (binary tree) RIR

B RAMELE (K) TEEERE
W ERET A&t
e KDESENETBLE. 0 () DETREHHHBD T,
A DIEFERERBATILENDHS.
e EBARDIVM)—IE/—F DT &YKREAL
s AWM ARDIVI)—IF/—FDEFhEYKEL
n/—FDORTE
(TVM)— ERSK BEHZAK) % %

E —# K (binary tree) RIRDELR
(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) )
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& & (set) Dbinary treezkI{

(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 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)) ))))

adjoin-set NEHE

3,2,1,5,4,6 3,4,2,5,6,1 4,2,1,5,6,3

A /\ AN
/ /\// \ /\ \

\
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adjoin-set DFE

6,5,4,3,2,1 6 1 1,2,3,4,5,6

5

balanced binary treezkii

(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 ()) )

balanced binary treezkii

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

(define (partial-tree elts n)
(if (=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 treez& ¥ (2)

(define (list->tree elements)
(car (partial-tree elements (length elements))) )
(define (partial-tree elts n)
(if (=n0)
(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 and 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)))
))

B ETIFRRR

S
(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)
(Japan 127.1 62.2 65.0)
(Nigeria 116.9 59.0 58.0)
(Mexico 100.4 49.6 50.7) ))

(lookup "Japan population)




1. %
1. ®RIE(increasing order, ascending order) <
2. BB (decreasing order, descending order) >

2. ##@=ER (lexicographical order)

. (string=? “PIE” “pie”)

. (string-ci=? “PIE” “pie”)

. string<?, string<=?, ..

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

A WN PP

FOY—T42 OIGF

iy

1. RIMICHTLAEEFOHEZRD &,

2. Unix @ pipe THLE
RO1FTOARUETTES,
tr [ ¥t,.;:]*" "¥n® < file |
tr "[A-Z]" "[a-z]" | sort |
uniq —c | sort -r

3. www.gutenberg.org &Y ZILTHRAREAFE,

Gulliver’s Travel

the 2894, of 1844, and 1755, to 1557,
11311,a1177,in 984, my 768, was 625
TAO
the 675, and 373, to 345, of 335, is 290
it 225, not 164, in 154, he 136, a 136
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@n 2.3.3 Representing Sets (44&)

= Sets as binary trees

= Sets and information retrieval

m 2.4 Multiple Representations for
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m BEfTHRAMICRMELRALTTSL,
m SEDOBEBEEFKITRHELTTELY,




HRYS AT AOT—SHEILOE

BRBEFES-TOT 5L

0TS LBEETOERY
add-complex,sub-complex,mul$
BREBEE N \vTr—D
EXEEERR EEEEE

(Rectangu_lar (Polar representation)
representation)

PDRAMMEEERKRT OV E

B srsons
1. %k (imaginary part)

Z=X+ly iZ=-1
2. fn % (addition)
Real — part(z, +z,) = Real- part(z, )+ Real— part(z, )
Imaginary- part(z, +z,) = Imaginary— part(z, )+ Imaginary— part(z, )
3. F & (multiplication)
Re(z,2,)=Re(z,)-Re(z,)~ Im(z,)-Im(z,)
Im(z, - z,) = Re(z,)- Im(z,)+ Im(z,)- Re(z,)
Magnitude(z, - z,) = Magnitude(z, )- Magnitude(z, )
Angle(z, - z,)= Angle(z, )+ Angle(z,)

E BERBOmAEE z=x+iy=re"

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




BERUDORBE

maggnary Z=X+iy=re"
Y | .
r
r=x*+y*
A =arctan(y, x)
A :
. Real
X =rcos A X
y=rsin A

B srsosmzoxs

z=x+iy=re"
(make-from-real-imag
(real-part z) (imag-part z) )

(make-from-mag-ang
(magnitude z) (angle z) )

X=TrcosA r:Jx2+y2

y=rsinA  A=arctan(y, x)

-I!E BERBOREE 7= x+iy=re®

B ERF (selectors)
(define (real-part z) (car z))
(define (imag-part z) (cdr z))
(define (magnitude z)
(sqgrt (+ (square (real-part z)
(square (imag-part z)) )))
(define (angle z)
(atan (imag-part z) (real-part z)))
B EEF (constructors)
(define (make-from-real-imag X y)
(cons x y) )
(define (make-from-mag-ang r a)

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




M FERBOREE (F) Z=X+iy= re'A

m B|IRF (selectors)
(define (real-part z)

(* (magnitude z) (cos (angle z2))) )
(define (imag-part z)

(* (magnitude z) (sin (angle z))) )
(define (magnitude z) (car z))
(define (angle z) (cdr z))

m #&F (constructors)
(define (make-from-real-imag X y)
(cons (sqrt (+ (square x) (square y)))
(atan y x)) )
(define (make-from-mag-ang r a)
(cons r a) )

MR TDHRC=(X,Y)
Mandelbrot Set

A EDEI%frame coordinat
mapRE A (EEAZHEE)

http://mathworld.wolfram.com
/MandelbrotSet.html
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s 2.4.2 Tagged data

» 2.4.3 Data-Directed Programming and
Additivity

|

m SEDEEEHKITRHELTTSL,




m 2.4.2 Tagged data (25 {+&5F—4)

B F—AHRIED1DDEHR
B Principle of least commitment
(R/NEEORAD

B BIRFLEETEFEALHRIEDOEZFST, T—
AT UL EGRMNLGRBEETESEITEL. ¥
AT LBREHBITHREUMEEZEKXRICT S,

B AFITIEESIC principle of least commitment

FHREIED,

1. REEGRIRTFLEBET) OFRFHETL, KEZEOH
R1b (BREKIE) ZH#EHr,

2. EXERLBERNAATEIMEAEERS,

E B HET—ANREL
B FHEEE type-tag (B45) TUEEZRRTS,
B type-tag [FT—AIZFEESh TS,
(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™ datum)))

[ —

(define (rectangular? z)

(eq? (type-tag z) "rectangular))
(define (polar? z)

(eq? (type-tag z) "polar))

10



E ERXEEOSY & F—SORRE

(define (real-part-rectangular z) (car z))
(define (imag-part-rectangular z) (cdr z))
(define (magnitude-rectangular z)
(sgrt (+ (square (real-part-rectangular z)
(square (imag-part-rectangular z))
)]
(define (angle-rectangular z)
(atan (imag-part-rectangular z)
(real-part-rectangular z) ))
(define (make-from-real-imag-rectangular x y)
(attach-tag "rectangular (cons x y)) )
(define (make-from-mag-ang-rectangular r a)
(attach-tag "rectangular

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

I ammosster—sonms

(define (real-part-polar z)
(* (magnitude-polar z)
(cos (angle-polar z)) ))
(define (imag-part-polar z)
(* (magnitude-polar z)
(sin (angle-polar z)) ))
(define (magnitude-polar z) (car z))
(define (angle-polar z) (cdr z2))
(define (make-from-real-imag-polar x y)
(attach-tag "polar
(cons (sqrt (+ (square x) (square Yy)))
(atan y x) )))
(define (make-from-mag-ang-polar r a)
(attach-tag "polar_(cons r a)) )

g AT HET—EA~DFHE
(define (real-part z) dispatChing on type

(cond ((rectangular? z)
(real-part-rectangular (contents z)))
((polar? z)
(real-part-polar (contents z)))
(else (error "Unknown type —
REAL-PART"™ 2))))
(define (imag-part z)
(cond ((rectangular? z)
(imag-part-rectangular (contents z)))
((polar? z)
(imag-part-polar (contents z)))
(else (error "Unknown type —
IMAG-PART" Z2))))

11



g 3T HET—EI~DFHE ()
(define (magnitude z) dispatching 2l type

(cond ((rectangular? z)
(magnitude-rectangular (contents z)))
((polar? z)
(magnitude-polar (contents z)))
(else (error "Unknown type —
MAGNITUDE"™ z))))
(define (angle z)
(cond ((rectangular? z)
(angle-rectangular (contents z)))
((polar? z)
(angle-polar (contents z)))
(else (error "Unknown type —
ANGLE™ z))))

I 5727 —s~owme@io)

B ERBOBRIIFE

B #HEERYBNAEE (generic operation) {ERAD A

(define (add-complex z1 z2)
(make-from-real-imag
(+ (real-part z1) (real-part z2))
(+ (imag-part z1) (imag-part z2)) ))

(define (mul-complex zl z2)
(make-from-mag-ang
(* (magnitude z1) (magnitude z2))
(+ (angle z1) (angle z2))))

B FiERCCEICER
B Principle of least commitmentIZ&k%:E3E

E EVXATLDRETE

B BHICAEBLE-ERERTELTEAS
B EXEFERR
EREMEEBIA I HO>TNSEE
n BERERSE
HBELAENGNOTNSEE

B RRMICEON-ERBERES AT LOBEILR
DATAK

B type-tag OERANRSLUL

B dispatching on type EVSEE

12



ARERMEES AT AOHE
R E T T 05

TRT S LEBTOERR
add-complex,sub-complex,mul$
ERBER N\
real-part imag-part
magnltude angle

E 3% JHE A= 2
(Rectangular HEEERT

representation) Do ancasentation)
cons car cdr

YAMEEERERTY U EIi
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= 2.4.3 Data-Directed Programming
and Additivity
[

SEDBEERITIRHLTTEUY,

2 4.3 Data-Directed Programming and
Addlthlty

B ®44 (type-tag) DREREA

B AAFEHE(real-part, imag-part, maginitude,
angle) &, RESRBFET R TH-THDELHD,

B BRI ERBOFREE(ERLS

1. (new-rep? z) &%

2. £FHEIC new-rep? kEﬂﬁ?’éﬂMﬂEﬁ?]ﬂ

(define (real-part z)

(cond ((rectangular? z) .. )
((polar? z) .. )
((new-rep? z) .. )
(else .. )))

B ;%R (additivity) TIEELY,

13



B Data-Directed Programming

& (F—SBBRTOS5505)

B ik (additivity) A 27x—RETBT=
BT, ROKHGET—4%ER.

& (type)
Polar Rectangular

b= - _
& real-part |real-part-polar :ﬁi::agg:jil:ar

- ~ - B B imag-part-
@ imag-part |imag-part-polar rectangular
o .
§ magnitude |magnitude-polar magni tude-
5 rectangular
Q
° angle angle-polar angle-rectangular

I zomn
B RISEES - (type) TEONEEZEput TN
B RHoEESR - (type) TEDMEEZget TIRER
B (put <op> <type> <item>)
FlZ<op> <type>THRFIZEDIFT<item>%EEF
B (get <op> <type>)
Fhb<op> <type>DFESITEREL. Hh(E.
<item>ZHH
B TUT-Scheme(tus2, tustk2) Tlk.
B (define put putprop)
B (define get getprop)

“"banana "price 300)
"banana "color " yellow)
“"banana "price)
"Kyoto "Ja “kyouto’)
“"University "Ja “daigaku™)
"Kyoto "Ja)
-> “kyouto”
(map (lambda (x) (get x "Ja) )
*(Kyoto University) )

-> (“kyouto” “daigaku’)

(put “University "Ge “Universitate”™)

14



ke o -
~ BB EHRKRER by put & get
:faéfine (lookup given-key set-of-records)

(let ((result (get set-of-records given-key))

(if (null? result) false result
eAD  BiEAD XKD

(put “population "China "(1285.0 660.5 624.5))
(put “population "India "(1025.1 528.5 496.6))
(put “population "USA "(285.9 141.0 144.9))
(put “population "Indonesia "(214.8 107.8
107.1))
(put “population "Brazil "(172.6 85.2 87.4))
(put “population "Pakistan "(145.0 74.5 70.5))
(put “population "Russia "(144.7 67.7 77.0))
(put “population "Bangradesh "(140.4 72.3 68.0))
(put “population "Japan "(127.1 62.2 65.0))
(put “population "Nigeria "(116.9 59.0 58.0))
(put “population "Mexico "(100.4 49.6 50.7))

(lookup "Japan “population)

I zomtcmsr—s

B EE(CEET SER<item>(X, LT TIE,
FHEGLIR)
m <type>lE. 5IHDE D)X+

E EXERDLITHET—E2DOREE

(define(install-rectangular-package)
;; internal procedures
(define (real-part z) (car z))
(define (imag-part z) (cdr z))
(define (make-from-real-imag X y)
(cons X y))
(define (magnitude z)
(sqrt (+ (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))))
#E<; ; interface to the rest of the system

15



E EXEFEDZTHET—EDREE

define(install-rectangular-package)
;> interface to the rest of the system
(define (tag x)
(attach-tag "rectangular x) )
(put “real-part "(rectangular) real-part)
(put "imag-part "(rectangular) imag-part)
(put "magnitude "(rectangular) magnitude)
(put "angle "(rectangular) angle)
(put "make-from-real-imag "rectangular
(lambda (x y)
(tag (make-from-real-imag X y))))
(put "make-from-mag-ang "rectangular
(lambda (r a)
(tag (make-from-mag-ang r a))))
“done)

E EXERDLITHET—E2OREE

(define(install-rectangular-package)
;5 internal procedures
(define (real-part z) (car z))
(define (imag-part z) (cdr z))
(define (make-from-real-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 "rectangular x))
(put “real-part "(rectangular) real-part)
(put "imag-part "(rectangular) imag-part)
(put "magnitude "(rectangular) magnitude)
(put “angle ~(rectangular) angle)

(put "make-from-real-imag "rectangular

(lambda (x y) (tag (make-from-real-imag x y))))
put "make-from-mag-ang "rectangular

(lambda (r a) (tag (make-from-mag-ang r a))))
“done)

E BEROLTHET—E2OREE

(define(install-polar-package)
;5 internal procedures
(define (magnitude z) (car z))
(define (angle z) (cdr z))
(define (make-from-mag-ang r a)
(cons r a))
(define (real-part z)
(* (magnitude z) (cos (angle 2))))
(define (imag-part z)
(* (magnitude z) (sin (angle 2))))
(define (make-from-real-imag X y)
(cons (sqrt (+ (square x) (square y)))
(atan y x)))
#£< ; ; interface to the rest of the system

16



E BERDOSTHET—EOREE

(define(install-rectangular-package)
;5 interface to the rest of the system
(define (tag x) (attach-tag “polar x))
(put “real-part "(polar) real-part)
(put "imag-part "(polar) imag-part)
(put "magnitude "(polar) magnitude)
(put "angle "(polar) angle)
(put "make-from-real-imag "polar
(lambda (X y)
(tag (make-from-real-imag X y))))
(put “make-from-mag-ang “polar
(lambda (r a)
(tag (make-from-mag-ang r a)) ))
"done)

E BERDOLTHET—E2OREE

(define(install-polar-package)

;5 internal procedures
(define (magnitude z) (car z))
(define (angle z) (cdr z))
(define (make-from-mag-ang r a) (cons r a))
(define (real-part z)

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

(* (magnitude z) (sin (angle z))))
(define (make-from-real-imag x y)

(cons (sqrt (+ (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 "imag-part “(polar) imag-part)
(put “magnitude "(polar) magnitude)
(put “angle ~(polar) angle)
(put "make-from-real-imag “polar
(lambda (x y) (tag (make-from-real-imag x y))))
put "make-from-mag-ang "polar
(lambda (r a) (tag (make-from-mag-ang r a))))

“done)

E generic operation D@EA A %

(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 method for these types —
APPLY-GENERIC™
(list op type-tags))))))
"done)

ZhTgeneric procedure 2B E%ET 5.
(define (real-part z)
(apply-generic “real-part z))

17



E generic operation MERA A%

(define (real-part z)
(apply-generic “real-part z))

(define (imag-part z)
(apply-generic "imag-part z))

(define (magnitude z)
(apply-generic "magnitude z))

(define (angle z)
(apply-generic "angle z))

I sncenLrarunnens

B EXERRER if REBEERBLIHOTNELE
B BERERE i LEEHESINOTNDHEE

(define (make-from-real-imag X y)
((get "make-from-real-imag "rectangular)
X'¥))

(define (make-from-mag-ang r a)
((get "make-from-mag-ang “polar) r a))

B (F55, 5FEKAMICEBLEBEREREANREINT. £
D&, BISHEL-FHRENBBMIRIRSNSEN
BEAMYIZEF=TL&LD,

B smaommenicmisacs
» EREE. ROE5M:

n EX.2.63, 2.64, 2.65,

n EX.2.73,2.74

12 A 18HF 2 5F#L]
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