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2 Building Abstractions with Data
B #

The First Commandment

Always ask nul I? as the first question ®

in expressing any function.

The Second Commandment
Use cons to build lists.

The Third Commandment
When building a list, describe the first typical element,

and then cons it onto the natural recursion.
(Friedman, et al. * The Little Schemer’, MIT Press)
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= M2 Building Abstractions with Data

Hm 2.2. Hierarchical Data and the Closure

Property
= 2.2.2 Hierarchical Structures

= 2.2.3 Sequence as Conventional
Interface

m 2.3 Symbolic Data
= 2.3.1 Quotation
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2.2.2 Hierarchical Structures

m Tree (R)
(cons (list 1 2) (list 3 4))
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L 2.2.2 Hierarchical Structures

m Tree (K) &gzxdE
(cons (list 1 2) (list 3 4))

(1 2) 34

A coxs

@2 30

(e ) [2]

& (height) : rootbnodeETD Yo%
AKDOBEE: leafDBEEDRKIE

N kezotToEE

@2 30

(1] ]

(e ) [2]

(count-leaves <tree>)
(max-height <tree>)




Ecount—leaves - max-height

(define (count-leaves x)
(cond ((null? x) 0)
((not (pair? x)) 1)
(else (+ (count-leaves (car x))
(count-leaves (cdr x)) ))

(define (max-height x)
(cond ((null? x) 0)
((not (pair? x)) 1)
(else
(+ 1 (max (max-height (car x))
(max-height (cdr x))
))))

B xose

(define (scale-tree tree factor)
(cond null? tree) nil
not (pair? tree)) (* tree factor))
(else
(cons (scale-tree (car tree) factor)
) (scale-tree (cdr tree) factor)

map ZERATEHE:

(define (scale-tree tree factor)
(map (lambda (sub-tree)
(if (pair? Sub-tree)
(scale-tree sub-tree factor)
(* sub-tree factor) ))
tree ))

m seq: BRHAVA0—X m

m NEEOAPTT—R
m API (Application Program 234567891011
Interface)

i
m Parameter . " U

B FAEEEA T —RIZFES,

m sequence ZEA 7911
m 5]: The Sieve of Eratosthenes u
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(define (count-leaves tree)
(cond ((null? tree) 0)
((not (pair? tree)) 1)
(else (+ (count-leaves (car tree))
(count-leaves (cdr tree)) ))

(define (sum-odd-squares tree)
(cond ((null? tree) 0)
((not (pair? tree))
(if (odd? tree) (square tree) 0) )
(else (+ (sum-odd-squares (car tree))
(sum-odd-squares (cdr tree)) ))
D))

even-fibs BHEODFibDJ Xk

defi —fib
detins (ext 1 2 DD FHEED
if Gk .
argem HERIE?

(let ((F (Fib k)))
(if (even? T)
(cons f (next (+ k 1)))

(next (+ k 1)) 1))
(next 0) )

(define (sum-odd-squares tree)
(cond ((null? tree) 0)
((not (pair? tree))
(if (odd? tree) (square tree) 0) )
(else (+ (sum-odd-squares (car tree))
(sum-odd-squares (cdr tree))
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HBEERDADDEKRFHE
m #z L (F (enumerate)

m J4)LA (filter)

u| 5% (map)
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(define (sum-odd-squares tree)
(cond ((null? tree) 0)
((not (pair? tree))
(if (odd? tree) (square tree) 0) )
(else (+ (sum-odd-squares (car tree))
(sum-odd-squares (cdr tree))

)

enume filter: map:
rate:
odd? square
Tree,
leaves

A DEAFHENSHD HL

(define (even-fibs n)
(define (next k)
(af G kn)
nil
(let ((f (fib k)))
(if (even? T)

(cons T (next (+ k 1)))
(next (+ k 1)) 1))

(next 0) )
enume map: filter:
e fib even?
intege

rs

1D OEEEHEETOTSL

(map square (list 1 2 3 4 5))
=

(define (Ffilter predicate sequence)
(cond ((null? sequence) nil)
((predicate (car sequence))
(cons (car sequence)
(filter predicate
(cdr sequence)) ))
(else (Filter predicate
(cdr sequence))) ))

(filter odd? (list 1 2 3 4 5))
=




ADDEERFHEETOT 5 L

(define (accumulate op initial sequence)
(if (null? sequence)
initial
(op (car sequence)
(accumulate op initial
(cdr sequence) ))))

(accumulate + 0 (list 1 2 3 4 5))
=

(accumulate * 1 (list 1 2 3 4 5))
=

(accumulate cons nil (list 1 2 3 4 5))
= |

42O ERFHEETOYS Law)

BEOIBVDHZ LT (enumerate): eg. even-Fibs

(define (enumerate-interval low high)
(if (> low high)
nil
(cons low
(enumerate-interval
(+ Tow 1)
high ))))

(enumerate-interval 2 7)
=

(accumulate * 1 (enumerate-interval 1 5))
=

(accumulate + 0 (enumerate-interval 1 5))
=

ADDEFREHEETOYS L
RKO#Z EIF(enumerate) : eg. even-Fibs

(define (enumerate-tree tree)
(cond ((null? tree) nil)
((not (pair? tree)) (list tree))
(else (append
(enumerate-tree (car tree))
(enumerate-tree (cdr tree))

D)

(enumerate-tree
(list 1 (list 2 (list 3 4)) 5) )
=




ADDERFH/ELEFE->TIOT S L
filter: P map: P
odd? square

(define (sum-odd-squares tree)
(accumulate
+

0]
(map
square
(fFilter
odd?
(enumerate-tree tree) ))))

ADDEAFHEEFE->TIAT S L

enume map: filter:
(EHEES fib even?
intege

rs
(define (even-fibs n)
(accumulate
cons
nil
(filter
even?
(map
fib
(enumerate-interval 0 n) ))))

IRE: list-Ffib-squares

enume map: map:
1625 fib square
intege

rs
(define (list-fib-squares n)
(accumulate
cons
nil
(map
square
(map
fib
(enumerate-interval 0 n) ))))




product-of-squares-of-odd-elements
filter: map:
odd? square

(define (product-of-squares-of-odd-elements seq)
(accumulate
*

enume
rate:

intege
rs

1
(map
square
(filter odd? seq) )))

(product-of-squares-of-odd-elements
(list 1 23 45)) =

salary-of-highest-paid-programmer

enume filter: map:
rate: progr salary
record ammer
s ?
(define (salary-of-highest-paid-programmer
records )
(accumulate
max
0
(map
salary

(filter programmer? records) )))
T—AN—ZEL &b (query) EFEORE
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® Intermission
m 2.3 Symbolic Data
= 2.3.1 Quotation
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==
'I Safety factor is six times.

= Suspension bridges® &t Ml

= John Roebling designed the Brooklyn Bridge
which was built from 1869 to 1883.
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Brooklyn Bridge roadway to be six times
what a normal calculation based on known g
static and dynamic load would have called
for.

Galloping Gertie of the Tacoma Narrows
Bridge which tore itself apart in a windstorm
in 1940, due to the nonlinearities in
aerodynamic lift on suspension bridges
modeled by the eddy spectrum.

( )htt o//www._nwrain.com/~newtsuit/recoveries/narrows/gg003.

ipg
http://patmedia.net/kdnathan/Index/Gertie/Gertie%20Demo%20(unrestored).gif

-I Galloping Gertie > T#&®HIc

= Galloping Gertie of the Tacoma Narrows Bridge which
tore itself apart in a windstorm in 1940, due to the

nonlinearities in aerodynamic lift on suspension

bridges modeled by the eddy spectrum.

Horner’s rule (Horner® /%)
ax"+a, X" +..+ax+a, ZHETHDIC
(.(ax+a,_)x+..+a)x+a, +ZFEHRT3

coefficient-sequence: (a5 .. aga, a,
a,)

(define (horner-eval x coefficient-
sequence)
(accumulate
(lambda (this-coeff higher-term)
(+ (* higher-term x) this-
coeff) )
a)




1751 (matrix)

1 2 3 4 (@1 23 4%

456 6 (4 56 6) TERH

6 789 (6789))
m(dot-product v w) %%
m(matrix-*-vector m v) ti=zjmi,-V;
m(matrix-*-matrix m n) p,=>
m(transpose m) n;=m;

 Mi Ny

T3 (matrix) BEOER

1234 (@234

4566 (4 56 6) TERE

6 789 6789)
m (define (dot-product v w) EZVMV

(accumulate + 0 (map * v w)) ) it
m (define (matrix-*-vector m v) t=> my,

(map (lambda () xxx) m) ) !
m (define (transpose mat) B

(accumulate-n xx xx mat) ) i ="
m(define (matrix-*-matrix m n)

(let ((cols (transpose n))) Py = 2., M

(map xxx m) ))

e’ accumulate-n

(accumulate-n + 0 “((1 2 3)
4 5 6
7 8 9
(10 11 12) ))

= (22 26 30)

(define (accumulate-n op init seqs)
(if (null? segs)
nil
(cons (accumulate op init
(map car seqs) )
(accumulate-n op init
(map cdr segs) ))))
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FROANTF (nesting of mapping)
1Gj<isn BRRBHEORH i.j ISHLT, i+j#t

RRELDEDETRTRDS
n=6M&E
i 2 3 4 4 5 6 6
j 2 1 3 2 1 5
i | 3 5 5 7 7 7 1
enumerate aCCUrT]UIat filter: map:
: interval P & prime- make-pair-
append sum? sum

enum | an

erate 2

interv || inte
al ger

list of pairs of integers M{EYAH

(accumulate
append
nil
(map
(lambda (1)
(map
(lambda () (list i j))
(enumerate-interval
1 (¢-11)))

(enumerate-interval 1 n) ))

COMUHL/I— 2 FRELLTER

(define (Flatmap proc seq)
(accumulate append nil (map proc seq)) )

list of pairs of integers M{EYAH

(define (prime-sum? pair)
(prime? (+ (car pair) (cadr pair)) )

(define (make-pair-sum pair)
(list (car pair) (cadr pair)
(+ (car pair) (cadr pair)) ))

(define (prime-sum-pairs n)
(map make-pair-sum
(filter prime-sum?
(flatmap
(lambda (i)
(map (lambda () (list i j))
(enumerate-interval
1¢-11))))

(enumerate-interval 1 n) ))))
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f n-queens NnADXEDHEE

- 7ﬁlv9 8-queens
57 )% puzzle
WA @9~
3] N TOBEE
1 2 A S )
A m/INDE
= FOHIE
n XEXFEOREALT
B FEWVRYEDHEVNESICEER

n-queens ND{EYH

(define (permutation s)
(f (null? s)
(list nil)
(flatmap (lambda (x)
(map (lambda (p) (cons x p))
(permutation (remove X s)) ))

E)))

(define (remove item sequence)
(filter (lambda (x) (not (= x item))) sequence) )

(define (safe? k positions)
(null?
(filter
(lambda (x)
(not (or (= (cadr k) (cadr x))
(= (+ (car k) (cadr k))
(+ (car x) (cadr x)) )
(= (- (car k) (cadr k))
o (- (car x) (cadr x3) )N
positions )))

(define (adjoin-position new k rest-of-q)
(filter (lambda (x) (not (= x item))) sequence) )

list of pairs of integers M{EYAH

(define (queens n)
(define (queen-cols k)
(f =k 0)
(list empty-board)
(Filter
(lambda (positions)
(safe? k positions) )
(flatmap
(lambda (rest-of-q)
(map (lambda (new-row)
(adjoin-position new-row
k rest-of-q ))
(enumerate-interval 1 n) ))
(queens-cols (- k 1)) ))))
(queens-cols board-size) )
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2.3.1 Quotation

B EHT—E2DOFKRE: quote (BIA) °
® (define foo (list ’a ’'b))
=

meq? 220EFRNE-—H. TE—(E eq? TIFEL !

m (define (memq item Xx)
(cond ((null? x) false)
((eq? item (car X)) X)
(else (memq item (cdr x))) ))

m (memg ’banana ’(pear banana prune))
=

m (memq '(a b) ’(pear (a b) prune))
=

m (memg foo (list ’pear foo ’prune))
=

eq’) 1. (eg? foo (list 1 2))

2. (eq? foo (car qwe))

(define foo (list 1 2)) 3. (eq? bar qwe))
(define bar “(3 4))
(define gwe (cons foo bar))

gquve ((1 2) 3 4)

foo (1 2) bar (3 4)

n B, RDO5R:
s Ex.2.21, 2.22,2.28, 2.30, 2.32
" (%i@'i:EX.ZSG, 2.37, 2.40, 2.42)

=
ﬁl 11A28B 4 &5FHHL] I
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