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2 Building Abstractions with Data

« 2.2. Hierarchical Data and the Closure
Property (BEET—4#EELEEMN)

- YRNMLEDEE
+ 2.2.1 Representing Sequences (i 1})
« 2.2.2 Hierarchical Structures

+ 2.2.3 Sequences as Conventional Interfaces

12A218 PREBRERE

WeBDEEL

JAMLEBEFHEE—FE(ZFES

1. equal?

2. length

3. copy, deep-copy

4. append, reverse, deep-reverse
5. flatten, fringe

6. butlast

7. member?, assoc

DON'T PANIC!

4 VERDEE: equal?

(equal7 itemsl items2)
if itemsl is eq? to items2, return the value of eq?
otherwise if itemsl is non-pair,
return the value of itemsl is eq? to items2
otherwise
if the 1st of itemsl is equal? to the 1s' of items2,
return the value of the rest of itemsl is equal? to
that of items2 L1 LA Lo H3

[T[ Al Fol 8]l
(define (equal? itemsl items2)
(cond ((eq? itemsl items2))
((not (pair? itemsl)) (eq? itemsl items2))
((not (pair? items2)) (eq? itemsl items2))
((equal? (car itemsl) (car items2))
(equal? (cdr itemsl) (cdr items2)) ))

WEBDEE: length

(length items)
if items is null?, length is O
otherwise, 1 + length of the rest

Al H [ HeLA
(define (length items)
(if (null? i1tems)
0
(+ 1 (length (cdr items)) ))
(define (length items)
(define (iter count)
(if (null? items)
count
(iter (cdr items) (+ 1 count)) ))
(iter items 0) )

WEBDHEE: copy

(copy items)
if items is null? or non-pair,
otherwise
cons the 1st of items and copy of the rest of items

(T HA[FHo[FH3 11

return it

(define (copy items)
(cond ((null? items) items)
((not (pair? items)) items)
(else (cons (car items)
(copy (cdr items)) ))))




WEBNHE: deep-copy

(deep-copy items)
if items is null? or non-pair, return it
otherwise cons copy of the 1st of items
and copy of the rest of items

e (3] $={4 17
(1] {2 L7

(define (deep-copy items)
(cond ((null? items) items)
((not (pair? items)) items)
(else (cons (deep-copy (car items))
(deep-copy (cdr items))
D))

W&EBD{EE: append
(append listl list2)
if listl is null?, append is list2

otherwise, cons the 15" item of listl and
append of the rest of listl and list2

CIH T 1H 1 + (D313 13H 1A

(define (append listl list2)
(if (null? listl)
list2
(cons (car listl)
(append (cdr listl) list2)

)

& WVEBDEE: reverse

(reverse items)
if items is null?, reverse is nil
otherwise, append reverse of the rest of
items and list of the 15t item of items

(define (reverse items)
(if (null? items)
nil
(append (reverse (cdr items))
(list (car items)) )))

WEBDHEE: deep-reverse

(reverse "(1 (2 3) 4 ((56) D))

«WGe)n4@31n
(deep-reverse "(1 (2 3) 4 ((5 6) 7))
(7 (65) 4 (32) 1) 3 a7
(AT {2 [~
(define (deep-reverse tree)
(cond ((null? tree) tree)
((not (pair? tree)) tree)
(else (append
(deep-reverse (cdr tree))
(list (deep-reverse

(car tree) )))

)))

WEBDEE: fringe, flatten

(fringe "(1 (2 3) 4 ((56) 7))
(1L234567) = (3] F-{4a [
AT =217

(AT H2[ 3[4 1

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

WEBDEE: last, but-last

(last "(1 (2 3) 4 ((56) D)
((CCR D))
(but-last "(1 (2 3) 4 ((5 6) 7))
@ @34 = ST @
(define (last tree) AT =217
(f (null? tree)
nil
(list (car (reverse tree))) ))

(define (but-last tree)
(if (or (null? tree) (null? (cdr tree)))
nil
(reverse (cdr (reverse tree)) ))




WEEDEE: member

(member x items)

if items is null?, member is false
otherwise if x is the 15t of items, member is items
otherwise x is member of x in the rest of items

e (3] ={4 17
(1] {2 L7

(define (member x items)
(cond ((null? items) nil)
((equal? x (car items)) items)
(else (member x (cdr items))) ))

WEBDEE: assoc

(assoc x alist)
if alist is null?, assoc is false
otherwise if the 15t of items is pair? and x is its car,
assoc is 1st of alist
otherwise x is member of x in the rest of items
I I g B = B I | i\ - ib/?
[1ere] [2]we] [3]thed [ 4]four] [ 5]fie]
(define (assoc x alist)
(cond ((null? alist) nil)
((and (pair? (car alist))
(equal? x (caar alist)) )
(car alist) )
(else (assoc x (cdr items))) ))

& VERDEE: listOEBERAORN

(define (absolute-list items)
(if (null? items)
nil
(cons (abs (car items))
(absolute-list (cdr items)) )))

(define (scale-list items factor)
(if (null? items)
nil
(cons (* (car items) factor)
(scale-list (cdr items) factor) )))

(absolute-list (list -10 2.5 -11.6 17))
= (10 2.5 11.6 17)

(scale-list (list -10 2.5 -11.6 17) 10)
= (-100 25 -116 170)

i
£ o

= listOEERAOREOHBR I
(define (scale-list items factor)
(f (ull? items)
nil
(cons (* (car items) factor)
(scale-list (cdr items) factor) )))
13

(define (map proc items)
(if (null? items)
nil
(cons (proc (car items))

(map proc (cdr items)) )))

(map abs (list -10 2.5 -11.6 17))
= (10 2.5 11.6 17)
(define (scale-list items factor)
(map (lambda (x) (* x factor)) items) )
(define (scale-absolute-list items factor)
(map (compose (lambda (x) (* x factor)) abs) items) )

E Arguments with dotted-tail notation

(define (F xy . 2)
<body> )

(define (sum . items)
(define (iter items result)
(if (null? items)
result
(iter (cdr items)
(+ result (car items))
D))
(iter items 0) )

(define (sum . items)
(define (recur items)
(ifF (null? items)
0
(+ (car items) (recur (cdr items))) ))
(recur items) )
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2 Building Abstractions with Data

« 2.2. Hierarchical Data and the Closure
Property (BS/ET—4HiELFEM)

YRAMLEDEE
+ 2.2.1 Representing Sequences (iiT})
2.2.2 Hierarchical Structures

2.2.3 Sequences as Conventional Interfaces




{7 Safety factor is six times.
* Suspension bridges®&%&t+ DA

» John Roebling designed the Brooklyn Bridge
which was built from 1869 to 1883.

He designed the stiffness of the truss on the
Brooklyn Bridge roadway to be six times what a
normal calculation based on known 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.

% 6alloping Gertie >THHIC

« 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.
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2 Building Abstractions with Data

« 2.2. Hierarchical Data and the Closure
Property (BB T —4 & LFHEM)

+ 2.2.1 Representing Sequences (i Uf)
+ 2.2.2 Hierarchical Structures
+ 2.2.3 Sequences as Conventional Interfaces

B 2.2.2 Hierarchical Structures

Tree (K) &fRAdE
(cons (list 1 2) (list 3 4
@2 34 18 (root)

a 2 :
N ]

B RKoes
«@ 2?1 3 4)
a2
L] [ LA
=
&< (height):  rooth\onodeE TH) ¥
ADES: leaf DESDZKIE

B ktzolTomK
1 2) 34

(1| 2) :
L LAE]
Z (leaf)

2]

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

1B (root)

#i (node)

L L7

—




B count-leaves

(count-leaves Xx)
If x is null?, count-leaves is O
else if x is a leaf (not pair?), count-leaves is 1
otherwise add count-leaves of the car of x
and count-leaves of the cdr of x

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

D))

E max-height

(max-height x)

If x is null?, max-height is O

else if x is a leaf (not pair?), max-height is 1
otherwise add 1 to max of

max-height of the car of x and
max-height of the cdr of 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 k0B (eaf ciEHENMS)

(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)

D))
KEESTFMELERT S map EEATHE:
(define (scale-tree tree factor)
(map
(lambda (sub-tree)
(if (pair? sub-tree)
(scale-tree sub-tree factor)
(* sub-tree factor) ))
tree ))

m Ex2.32 powerset

A=(23)
22=((O0O B O E3Y O a3 a>»
2 3))

(define (powerset a)
(f (null? a)
(list nil)
(let ((rest (powerset (cdr a)))
(append
rest
(map
(lambda (x)
(append (list (car a)) x))
rest )))))

11A30B-FBHDAZa—

- 2.2.3 Sequences as Conventional
Interfaces

B seq: MAIV871-2
. WEROALATT—R

« API (Application Program
Interface)

o ParameterCOITEL
o« TREEEAATI—RIZFES,
+ sequence ZiEF

o 5l REEKRDHDI=HD
The Sieve of Eratosthenes
(TSP RTRRADER)




B Sho%iZi2RULTHENRS

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

ZEIC, FROELIT2RLTMERS

(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))

(define (even-fibs n)

B even-fibs BMOFibOUAL
BREDfibD
(define (next k)
af ¢ kn)

2DMDFHm=ED
(let ((F (Fib K))) HERE?

nil
(if (even? T)

(next 0) )

(cons T (next (+ k 1)))
(next (+ k 1)) ))))
(define (sum-odd-squares tree) ﬁ'%d)%@
(cond ((null? tree) 0) —i*ﬂ
((not (pair? tree))
(if (odd? tree) (square tree) 0) )
(else (+ (sum-odd-squares (car tree))
(sum-odd-squares (cdr tree)) ))))

i, Ex.1.32 AccumulationEBULHES (EE)

(define (accumulate combiner null-value term
a next b )
(if > ab)
null-value
(combiner (term a)
(accumulate combiner null-value
term (next a) next b ))))
(define (sum term a next b) b
(accumulate + 0 term a next b) ) :E: f(i)

(define (product term a next b)

(accumulate * 1 term a next b) ) i=a,next (i)

(define (sum term a next b)
(if G ab)
0

(+ (term a)
(sum term (next a) next b)) )

[1fM

i=a,next (i)

B sEtofis: RE02RERDS

B §
RBoovous

HEEEZRZ4ODDEAFES
o #Z EIF (enumerate)
o Jq)LA(filter)

+ B{% (map)

£ (accumulate) ‘

B 4o0XFFHENRHIE

(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)) ))))

filter: map: accumu
odd? square i

+,0

4OOEAFRENSHHBL

(define (even-fibs n)
(define (next k)
(f G kn)
nil
(let ((F (fib k)))
(if (even? T)
(cons f (next (+ k 1)))
(next (+ k 1)) ))))
(next 0) )

accumu
late:

filter:

even?

enume
rate:

map:
fib

integers cons, ()




B 4o0EEFFHEETOISL: filter

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

(define (filter 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))
=

B 4o0EXFHEEINT5L: accumulate

(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))
=

B 4o0EFXF#HEETIOT5L: enumerate

BHOAEV DA LIF (enumerate): eg. even-Fibs

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

high })))

(enumerate-interval 2 7)
=

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

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

B 49O0EEFXFHEETOTSL: enumerate (@)
AD#Z LT (enumerate): e.g. 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) )
=

B 4o0E+FREEHTIOISL

filter: map: accumu
odd? square e

+,0

(define (sum-odd-squares tree)
(accumulate
+
0
(map
square
(filter
odd?
(enumerate-tree tree) ))))

B 4o0EXFEHEEE->TIOUSL

enume map: filter: accumu
fib even? i

rate:
cons, ()

integers

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




fIfE: 1ist-fib-squares

enume map: map:
rafe: fib square

integers

accumu
late:

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

product-of-squares-of-odd-elements

enume filter: map: accumu
S odd? square late:

integers cons, ()

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

*

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

(product-of-squares-of-odd-elements
(list 1 23 45) ) = 225

salary-of-highest-paid-programmer

enumer filter: map: accum
ate: progra salary ulate:
records mmer?

max, 0

(define (salary-of-highest-paid-programmer
records )
(accumulate

max

0

(map
salary
(filter programmer? records) )))

T—ER—ZREWEDE (query) EFEEDRE

B Ex2.33 Using accumulate

(define (my-map p sequence)
(accumulate
(lambda (x y) (cons (p X) y))
nil
sequence ))
(define (my-append seql seq2)
(accumulate cons seq2 seql) )

(define (my-length sequence)
(accumulate
(lambda (x y)
Gf (ull? X))y (+ 1y)))
0
sequence ))

B ®EE:12A78EFE&Y

1. Ex.2.33,2.34,237

2. Program, 7R S LD, RITHIEFELDHI-LR—
k(pdf) &
SICP-8@zeus.kuis.kyoto-u.ac.jp IZxEft

o REBICEATHDIED, TOADEMERARTSCL. WeblZH R
EHRE. (otherwise TACIEIZ LR A)

DONT PANIC!

BB list of pairs of integers D{ENF

(accumulate
append
nil
(map
(lambda (i)
(map
(lambda () (list i j))
(enumerate-interval
NGRS ID)))

(enumerate-interval 1 n) ))

COMUHL/IS—VEFHELLTER

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




