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3. Modularity, Objects, and State
3.3 Modeling with Mutable Data
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3.3 Modeling with Mutable Data
3-3-1 Mutable List Structure
3-3-2 Representing Queues
3-3-3 Representing Tables
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3.3 BERATRETHIDETI
e Compound data: EHD/N\—YMOHER. EHFE
TINEDT=ODHEA T IMEEFE
e Non-mutable compound data (Z#z DELE R
T—4):
> Constructor, selectors
e Mutable compound data (E#:X ATEET—4):
» constructor, selectors, mutators
> (set-balance! {account) <{new-value))
e Chapter 2 Tl pair Zff>Tcompound data ¥

e Chapter 3 T3 pair Z{E->Tmutable compound
data {ERL




3.3.1 BRAFREBYA MEE

e Mutable compound data (E#Z ATEET—4):
» constructor, selectors: cons, car, cdr
> mutators: set-car!, set-cdr!

e ffl: YRk x: ((a b) c d),y: (e F)
(set-car! x y) =
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e ffl: YRk x: ((a b) c d),y: (e F)
(define z (cons y (cdr x)))
=

o [[) (set-car! x y) EE{Ti4
(eq? z x) (equal z x) DEFNFTIODIEIL?
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o Hl: YRk x: ((a b) c d),y: (e )
(set-cdr! x y) =
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Cons DFLL\EE
conslTFHLWWRT7ZRELT, TORBERET D

(define (cons x y)
(let ((new (get-new-pair)))
(set-car! new x)
(set-cdr! new y)

new ))
[£3%] LispTlx

set-car! (X replaca
set-cdr! [¥ replacd

Exercise 3.12. append!

(define (append x y)
Gf (null? x)

{cons (car x) (append (cdr x) y)) ))

Append forms a new list by successively consing the elements of x onto
y. The procedure append! is similar to append, but it is a mutator
rather than a constructor. It appends the lists by splicing them
together, modifying the final pair of x so that its cdr is now y. (It is
an error to call append! with an empty x.)

(define (append! x y)
(set-cdr! (last-pair x) y)
X))

Here last-pair is a procedure that returns the last pair in its
argument:
(define (last-pair x)

(if (null? (cdr x)) x (last-pair (cdr x))) )

append & append! EDE |

Consider the interaction
(define x (list "a "b))
(define y (list "c "d))
(define z (append x y))
z
(a bcd)
(cdr x)
<response>

(define w (append! x y))
w

(abcd

(cdr x)

<response>

What are the missing <response>s? Draw box-and-pointer diagrams
to explain your answer.




Exercise 3.13. cyclic Isit
(define (make-cycle x)
(set-cdr! (last-pair x) x)
X)
Draw a box-and-pointer diagram that shows the
structure z created by

(define z (make-cycle (list "a "b "c)))

What happens if we try to compute (last-pair z)?

HHLRE—E

(define x (list "a "b))
(define z1 (cons x X)) =—={¢[¢]
z1

s

(define z2
(cons (list "a "b) (list "a "b)))
(Z(ib)ab) sy [ [y ]
=] [=]
] ed—={* ]

BERAFETHNS, XBHEIDHEEERS

(define (set-to-wow! x)
(set-car! (car x) “wow)

x)
z1
((a b) ab) - nln
(set-to-wow! z1) {11/
((wow b) wow b) [a] [>]
z2
((a b) a b) T3]

B k1%
(set-to-wow! z2) 'H‘
((wow b) a b) R4




sameness: eq? FE—hESHEBMAS

(eg? (car zl) (cdr zl))
#t

(eg? (car z2) (cdr z2))
#f

BRZIRAERU
R7FFHELLTERTES (2.1.3%)

(define (cons x y)
(define (dispatch m)
(cond ((egq? m “car) x)
((eg? m “cdr) y)
(else (error "Undefined
operation -- CONS™ m ))))
dispatch )
(define (car z) (z "car))
(define (cdr z) (z “cdr))

BRABKRAELTEETES

(define (cons x y)
(define (set-x! v) (set! x v))
(define (set-y! v) (set! y v))
(define (dispatch m)
(cond ((eg? m “car) x)
((eq? m “cdr) y)
((eg? m "set-car!) set-x!)
((eg? m "set-cdr!) set-y!)
(else (error "Undefined operation —
CONS™ m ))))
dispatch)
(define (car z) (z “car))
(define (cdr z) (z “cdr))
(define (set-car! z new-value)
((z "set-car!) new-value)
z)
(define (set-cdr! z new-value)
((z "set-cdr!) new-value)
z)




Exercise 3.20.

Draw environment diagrams fo illustrate the
evaluation of the sequence of expressions

(define x (cons 1 2))
(define z (cons x X))
(set-car! (cdr z) 17)
(car x)

17

using the procedural implementation of pairs
given above. (Compare exercise 3.11.)

3.3.2 #FHITIOERR
e FHITIORNE
(define q (make-queue))

(insert-queue! q "a) a
(insert-queue! q "b) ab
(delete-queue! q) b

(insert-queue! q "c)
(insert-queue! q "d)
(delete-queue! Q)

[&#] enqueue, dequeue %
E52&0H5.

3.3.2 queue &WVTHlE
constructor:
(make-queue)
selectors:
(empty-queue? {queue))
(front-queue {queue))
mutators:
(insert-queue! {queue) (item))
(delete-queue! {queue))




(insert-queue q ‘d) DLEOIS

o 2FEHDRAH—TEET Hsequence TRE
front-ptr
rear-ptr @

® QueueF{kidsequence

(insert-queue! q °d) ‘

T—59#& queue DI

(define (front-ptr queue) (car queue))
(define (rear-ptr queue) (cdr queue))

(define (set-front-ptr! queue item)
(set-car! queue item))

(define (set-rear-ptr! queue item)
(set-cdr! queue item))

(define (empty-queue? queue)
(nul1? (front-ptr queue)))

(define (make-queue) (cons " "))

(define (front-queue queue) q——a£212z
(if (empty-queue? queue)
(error "FRONT called with
an empty queue' queue )
(car (front-ptr queue)) ))

(insert-queue! queue item) DNE

(define (insert-queue! queue item)

(let ((new-pair (cons item "()))) q“**EZEﬂ
(cond ((empty-queue? queue)
(set-front-ptr! queue new-pair)
(set-rear-ptr! queue new-pair)
queue ) a
(else
(set-cdr! (rear-ptr queue)
new-pair )
(set-rear-ptr! queue new-pair)
queue ))))

(insert-queue! q "d)




(delete-queue queue item) DLE

(define (delete-queue! queue)
(cond ((empty-queue? queue)
(error "DELETE! called with an empty
queue' queue ))

(else
(set-front-ptr! queue
(cdr (front-ptr queue)) )

queue )))

a

JSnTTREME

ISIMHTEIR
(garbage
collection)

Exercise 3.21. print-queue
Ben Bitdiddle decides to fest the queue implementation described above. He types
in the procedures to the Lisp interpreter and proceeds to try them out:
(define gl (make-queue))
(insert-queue! ql "a)
((a) @)
(insert-queue! ql “b)
((ab) b)
(delete-queue! ql)
((b) b)
(delete-queue! ql)
(O b)

Define a procedure print-queue that takes a
queue as input and prints the sequence of items
in the queue.

3.3.3 ¥OEXDB (tables as mutable list)

MADF—I2&k?(GERE) R
a: 1 (table* (a . 1) (b . 2) (c . 3))

b: 2 table
1RTRTRE v
eaded 2le { |
list
[114]
(define (lookup key table) E
(let ((record (assoc key (cdr table))))
(if record
(cdr record)
false )))

(define (assoc key records)
(cond ((null? records) false)
((equal? key (caar records)) (car records))
(else (assoc key (cdr records))) ))




insert! & make-table

(define (insert! key value table)
(let ((record (assoc key (cdr table))))
(if record
(set-cdr! record value)
(set-cdr! table

(cons (cons key value) (cdr table)) )))
“ok)

(define (make-table)
(list "*table*))

(insert! "a "1 table)

table

Two-dimensional tables (2RTDF)
220N F—: 1ZFBDF—(Lsubtable 15E
2EBDF—IXIRTRERTE

table

math: |

+ 43

- 45 [%Ea

* 42 Teabier [t]t—=[s]]
letters:

a 97

b: 98

(define (lookup key-1 key-2 table)
(let ((subtable (assoc key-1 (cdr table))))
(if subtable
(let ((record (assoc key-2 (cdr subtable))))
(if record e
(cdr record)

|
NESD %z
fal
false );1)Se » f E -t {11

(define (insert! key-1 key-2 value table) r' [~z
(let ((subtable (assoc key-1 (cdr table))))=] [ ii
(if subtable [ [ (2 () 0
(let ((record (assoc key-2 (cdr subtable))))
(if record
(set-cdr! record value)
(set-cdr! subtable
(cons (cons key-2 value)
(cdr subtable) ))))
(set-cdr! table
(cons (list key-1 (cons key-2 value))
(cdr table)))))

"ok )




Creating local tables(BATRIGERE/ES)
lookup & insert! #Ztable ZlIZEHLILY

(define (make-table)
(let ((local-table (list “*table*)))
(define (lookup key-1 key-2)
(let ((subtable (assoc key-1 (cdr local-table))))
(if subtable
(let ((record (assoc key-2 (cdr subtable))))
(if record (cdr record) false))
false)))
(define (insert! key-1 key-2 value)
(let ((subtable (assoc key-1 (cdr local-table))))
(if subtable
(let ((record (assoc key-2 (cdr subtable))))
(if record
(set-cdr! record value)
(set-cdr! subtable
(cons (cons key-2 value) (cdr subtable)) )))
(set-cdr! local-table
(cons (list key-1 (cons key-2 value))
(cdr local-table) ))))
"ok)
(define (dispatch m)
(cond ((eq? m "lookup-proc) lookup)
((eg? m "insert-proc!) insert!)
(else (error "Unknown operation -- TABLE™ m)) ))
dispatch ))

Creating local tables DZID% %
make-table Zfiof= get & put DEE
(define operation-table (make-table))
(define get

(operation-table "lookup-proc))
(define put

(operation-table "insert-procl!))

FEREE
(get (key-1) <(key-2))
(put (key-1) <(key-2) (value))

Ex.3.27. Memoization (aka tabulation)
(define (fib n)
(cond ((= n 0) 0)
(=n1) 1) )
(else (+ (Fib (- n 1) (Fib (- n 2)))) )

The memoized version of the same procedure is

(define memo-Ffib
(memoize (lambda (n)
(cond ((= n 0) 0)
(En1) 1
(else (+ (memo-fib (- n 1))
) . (memo-fib (- n 2)) )))))
(define (memoize f)

(let ((table (make-table)))
(lambda (x)
(let ((previously-computed-result
(lookup x table)) )
(or previously-computed-result
(let ((result (f x)))
(insert! x result table)

result ))))))

10
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