JIEKLUWNA 6
[lpucBaviBaHue.
Mogernb OKpy>XeHnm



[ToTpebHOCTb B NpucBanBaHuUn
= PaccmoTpum npumep: AeHEXHbIN CHET
= [lycTb onepauunsa withdraw cHMMaEeT AeHbIn CO cYEeTa

(withdraw 25) - 75
(withdraw 25) - 50
(withdraw 55) - “Not enough money!”
(withdraw 15) - 35

= [lycTb Tekywnn banaHc aBngaeTca 3HavyeHnem balance
(define balance 100)

= B Tene withdraw gomkHo 6bITb YTO-TO, MEHAKOLLEE
3Ha4deHue balance

(set! balance (- balance amount))



CneumnanbHasa dopma Set!

= (set! )
= Kak paboTaer:
o OOMKHO ObITb onpeaeneHo!!!

= BblUMCniseT
= CBSA3bIBAET €ro C NnepemMeHHou
= He BblUUCNAET A1
= 3HadeHue popMbl 3aBUCUT OT peanusauum (#<void>)
= onpegeneHue withdraw
(define (withdraw amount)
(if (>= balance amount)
(begin (set! balance (- balance amount))
balance)
“Not enough money”))



[locnegcTBuga npucBamBaHnA

= [lpucBamBaHme genaet HeakTyasibHOWU NOACTAHOBOYHYIO
mogenb!

= Paccmotpum withdraw 6e3 npucBanBaHus
(define (withdraw2 amount)
(if (>= balance amount) (- balance amount)
“Not enough money”))
(withdraw2 20) - 80
(withdraw2 20) - 80
(withdraw 20) >
(if (>= 100 20)
(begin (set! balance (- 100 20))
100)
“Not enough money”))



[TpucBamBaHme 1 ToYeYHbIE Napbl

(set-car! ) MEHSAET 11 SNEMEHT
TOYEeYHOW napel
(set-cdr! ) MEHSET 21 3NIEMEHT

TOYeYHOM napsbl

(define a (list 1 2))
(define b a)

a—> (12
b—->(12)
(set-car! a 10)

b > (10 2)




Uto OyoeT, ecnu b onpegenutb nHaye

(define a (list 1 2))
(define b (list 1 2))
a—-> (12
b->(12)

(set-car! a 10)
a-> (10 2)
b->(12)




ToXOecTBEHHOCTb, 3KBMBAJIEHTHOCTb
[1Ba oObekTa MOryT coBnagaTb
(eq? a b) 2> #t

|El,Ba o0beKkTa MOIyT OIMHAKOBO BbIlNNMAOETb
(equal? (list 1 2) (list 1 2)) > #t
(eq? (list 1 2) (list 1 2)) > #f



[locnegcTBuga npucBamBaHng

YacTb ogHOro obbekra MoXeT
ObITb 06LLEN C OPYrMM OOBLEKTOM:

(define x (3 4))
(define y (1 2))

(set-car! x y)
X =2 ((12) 4)



[locnegcTBuga npucBamBaHnA

YacTb ogHOro obbekra MoXeT
ObITb 06LLEN C OPYrMM OOBLEKTOM:

.(-s.et-cdr! y (cdr X))
X 2> (14)

[TopaaoK BblYNCIEHUWN BIIUAET Ha pes3ynbraT
(* (withdraw 10) (withdraw 40)) = (* 90 50) - 4500
(* (withdraw 40) (withdraw 10)) - (* 60 50) - 3000



[IpoMeXyTOYHbIN UTOT

= BcTpoeHHble oyHKUMKM Scheme ona npuceamBaHUS
(MyTaTOpLI):

= set! (ecTtb B scheme/base)
= set-car! set-cdr! (HeT B scheme/base)

® eCTb OOMOSIHUTENbHbIM MOoAYMb Ana mutable-
CTPYKTYp scheme/mpair co ceBonm Habopom PyHKL NN
mcons, mcar, mcdr, set-mcar!, set-mcdr!, mlist

= [lpucBamBaHue co3gaeTt AONOSNIHUTENbHbIE TPYOAHOCTMW:
= BO3HMKAKT CTOPOHHUE 3PP EKTHI;

= NoacTaHoBOYHAdA Mmogenb bonblue He noaxoauT Ans
onncaHus paboTbl Nporpamm
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Ctek

KoHcTpykTOop (make-stack)

CenekTop (top-stack s)

Onepauuu:
(insert-stack! s e)
(delete-stack! s)
(stack? s)
(empty-stack? s)

CTek nerko pearin3oBaTb KaK CMMCOK C 3alrjiaBHbIM
3BEHOM.




Ctek. Peanusauung

(require scheme/mpair)
(define (make-stack)
(mcons 'stack '()))

(define (stack? s) ; anytype -> boolean
(and (mpair? s) (eq? 'stack (mcar s))))

(define (empty-stack? s) ; Stack<A> -> boolean
(and (stack? s)
(null? (mcdr s))))

(define (insert-stack! s e) ; Stack<A>, A -> Stack<A>
(if (stack? s)
(set-mcdr! s (mcons elt (mcdr s)))

) 12



Ctek. [lpoagormkeHne peanunsaunm
(define (delete-stack! s) ; Stack<A> -> Stack<A>
(if (and (stack? s) (not (empty-stack? s)))
(set-mcdr! s (mcdr (mcdr s)))

)

(delete! s)

(define (top-stack s) ; Stack<A> -> A
(if (and (stack? s) (not (empty-stack? s)))
(mcar (mcdr s))
“empty stack"))

13



[1/3 Peannaymnte oyepeqb
= KoHcTpykTOop (make-gqueue)
m CenekTop (front-queue Q)
= Onepauuu:
= (insert-queue! g e)
= (delete-queue! q)
= (queue? Q)
= (empty-queue? Q)
= CrnOXHOCTb BCTaBKM O0OMKHA ObITb KOHCTaAHTOMN!

14



BepHemcs K cyeTam
(define (make-withdraw balance)
(lambda (amount)
(if (>= balance amount)
(begin (set! balance (- balance amount))
balance)

“Not enough money”)))
(define wl (make-withdraw 100))
(define w2 (make-withdraw 100))
(w1l 50) = 50
(w2 70) - 30
(w2 40) - “Not enough money”
(wl 40) - 10

15



CyeTa-0ObEKTH
(define (make-account balance)
(define (withdraw amount)
(if (>= balance amount)
(begin (set! balance (- balance amount))
balance)
“Not enough money”))
(define (deposit amount)
(set! balance (+ balance amount)) balance)
(define (dispatch m)
(cond ((eq? m ‘withdraw) withdraw)
((eg? m ‘deposit) deposit)
(else display)))
dispatch)

16



CyeTa-06bekThl. [1pogosnkeHue
(define acc (make-account 100))

((acc ‘withdraw) 50) = 50

((acc ‘withdraw) 60) = “Not enough money”
((acc ‘deposit) 60) - 110

711 nporpamMmmMmupoBaHue ¢ nepegavyen coobLueHnn
(define acc2 (make-account 100))

111 Apyrov o0beKT-CHET

(define acc3 acc?2)

T 11 pasgendembii OObEKT-CYET

((acc2 'deposit) 15) - 115

((acc3 'deposit) 15) - 130

17



Mopgernb BblYUCIIEHNN C OKPYXKEHUAMMN
(MBO)

= MO3BOISAET onucaTb, Kak paboTaeT nporpamma
C NpucBaMBaHUSAMMU

= B NOACTAHOBOYHOW MOAENN MMA — MeTKa AONs 3HaYeHuUs
= B MBO nmsa — mecto gnst XpaHeHuUsa 3Ha4YeHus

= B 1M yHKUMA — onncaHne apryMeHToB U Tena
= B MBO yHKUMA — OOBEKT CO CBOUM OKPYXEHUEM

= 3Ha4vyeHune BblPpa>X€HUA 3aBUCUT OT OKPYKEHUA,
B KOTOPOM BbIHUCITIAETCA BblpaKEeHNE

18



onemeHTbl MBO

— Tabnuua cBA3bIBaHUN
— napa nms : 3Ha4yeHme

[Tpnmep:

B kagpe A cogepxxaTca ABa CBA3bIBaHUA

19



onemeHTbl MBO

— nocrieaoBaTteribHOCTb KagpoB

CCbINnKa Ha
obbemnoLee
OKpY>KEHNE

OkpyxeHust E1 n E2 pasgenstoT obwmn kagp B

20



\Y|=1@,

= Kagp MOXEeT He MMETb CCbIfTKM Ha obbemnioLlee
OKPY>KEHME, ecnn 3TO Kaap rnobanbHOro OKPY>XeHUS.

= Bce BblUMCNEHMA OCYLLECTBNAKTCA BHYTPU OKPYXKEHWUI.

= Tekyllee oKpy>XeHNe MeHSIETCSA BCAKNIN pa3 npu
Bbl4MCNEHUN PYHKLINMN.

= [lpaBuna BblYNCIEHUN:

= Y106bl BbIMMCIINTL KOMOMHALMIO, CIIEAYET BbIYUCINTD
BCE €€ 4acTu U MPUMEHUTb NEPBYIO YacTb K
ocTanbHbIM.

21



MBO. lNpaBuna BblYUCIIEHUI
BbluncrneHne nmeHu X B oKpyxxeHuu E:
Hantu nepBbin Kaap, B KOTOPOM eCTb CBA3bIBAHWUE
ansa X.

B3ATb B ka4yecTBe pesynbrata 3Ha4eHne U3 3Toro
CBSA3bIBaAHUS.

OcTanbHble CBA3bIBAHWUA X CKPbIMbI. ”



MBO. lNpaBuna BblYUCIIEHUI
BoluncneHue define B OKpy>XeHUM:

no6aBnTb HOBOE CBA3bIBAHME B NEPBLIN Kaap
OKPY>KEHUS.

define B rmobarnbHOM OKpPYXXeHUU N B OKpyxeHnn E1

23



MBO. lNpaBuna BblYUCIIEHUI
BbldncneHune set! B okpyXeHuu:

N3IMEHNTb CBA3bIBAHNE NMMEHWU B TOM Kajpe
OKpYyXeHud, roe OHO BriepBble BCTPETUTCA.

(set! z 20) |ge

(set! z 25) |g;




define n set! BbIMMCAAKTCA HE OONHAKOBO
(define z 25) |g, (set! z 25) |g;




MBO. lNpaBuna BblYUCIIEHUI
BbluncneHue lambda B OKpy»XeHUM:

co3gaTtb PYHKLUMUIO C Tenom 13 lambda n cceinkon Ha

TeKyLLee OKpYXXeHune
(define square (lambda (x) (* X X))) |g4

x: 3
O

X

square.
.

CO34aHHbIN oc

00bEKT-PYHKLNS,
cogepxaluum Koq,
N ccbinky Ha E1

parameters: x
body: (* x x)

CCblNnKa ykasbiBaeT
Ha Kagp A,
NMOCKOMNbKY OH
ABNAETCA NepBbIM
KagpoM TeKyLlero
OKpYy>XeHus
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MBO. lNpaBuna BblYUCIIEHUN
[IpMeHeHne PYHKLUMN B OKPY>KEHUW:
co3aaTtb HOBbIM Kaap A
caenaTtb ero nepBbiM KagpoM HOBOIo okpyxeHusa E1

MPOBECTU CCLISIKY Ha OObEMIIOLLEE OKPYXKEHME OT
Kagpa A K OKpY>XEeHUI0, Ha KOTOpOoe yKa3blBaeT
CCblfika 0bbeKTa-gyHKLNN

B Kagp A 0o6aBUTb CBA3bIBAHNSA BCEX apryMeHTOB
PYHKLUMM CO 3HAYEHUSMU N3 BbI30BA (PYHKLINK

BbIYNCIINTb TENO PYHKLUN B NMOCTPOEHHOM
OKpy>XeHuun E1.
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[lpymep NnpUMeHeHNa PYHKL K

= [lycTb square onucaHa v Bbi3BaHa B rnobasibHoOM

OKpY>XeHuu: (square 4) l5e

x: 10

— *: #[prim
GE square: ~ p ]
! i
parameters: X
body: (* x Xx) (:)
El — x: 4
square | o ==> #[proc]

(* x x) |

==> 16

==

IEl

pre IE:1

==> 4

#[prim]

28



ELle npumep

(define square (lambda (x) (* x X))) |

(define inc—-square
(lambda (y) (+ 1 (square y))) | e

inc—-square:
square:

P-Y
b: (+ 1 (square y))




[IpogosnkeHue npumepa

(inc-square 4) |se

p:
b:

inc-square: \

square:
T
// !

4

Y-

4

G{)@

X P Y
(* x x) b: (+ 1
(square y))

inc-square | _, ==> #[proc]

(+ 1 (square y)) | g
+ | gy ==> #[prim]

(square y) | g




[IpogosnkeHue npumepa
(inc-square 4) |se

ilnc—-square:
square: ~\

y: 4

: pP: Vv (+ 1 (square vy)) |E1
b: (* x x) b: (+ 1 + | gy ==> #[prim]

(square y)) (square Y) | L
square | g5; ==> #[proc] V | gy ==> 4
(* X X) | g ==> 16 (+ 1 16) ==> 17

* | oo ==> #[prim] X | g, ==> 4



Torn npnmepa

MBO He onucbIiBaeT NOMHOCTbIO paboTy
NHTepnpeTaTopa, HO NO3BONSIET HAXOAUTb Te e OTBETHI,
Kakme HaxoauT MHTepnpeTaTop.

CTaHaapTHblE CBA3bIBAHMA U3 rMOOanbHOr0 OKPY>XEHUS
(*, cons, ...) pucoBaTb HE HAMO.

Bo Bcex co3gaHHbIX Kagpax Ccbifika Ha obbemroLlee
OKPY>KEHME yKa3blBana Ha rnobdanbHOe OKpY>XeHMe, Tak
KaK Inc-square 1 square onmcaHbl B HEM.

[Tone3Ho 3anNOMHUTDL LLAOIOH:
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CHoBa npumMep

m Cyetuumk

(define (make-counter n)
(lambda () (set! n (+ n 1)) n))

(define ca (make-counter 0))

(ca)==>1

(ca) ==>2

(define cb (make-counter 0))

(ch)==>1

(ca) ==> 3

(cb) ==> 2 ; ca n cb He3aBUCUMDbI

e



CueTtyuk. [NpogormkeHne

(define ca (make-counter 0)) | 4

make—-counter:
ca:-mhﬁ

N\

p: n
b: (lambda ()
(set! n

p:
b:(set! n (+ n 1)) n

(lambda () (set! n (+ n 1)) n) | g



CueTtyuK. [NpogormkeHne

mﬂ;au]-:e—r:::-::ﬂ.lrnter:-*"""r
ca:

p: n
b: (lambda ()
(set! n
(+ n 1)) empty
n) p:
b:(set! n (+ n 1)) n

(set! n (+ n 1)) | g n|g,==>1



CueTtyuK. [NpogormkeHne

rnenke—-:::ut::nn.lm:er:-*"""r

pP: n
b: (lambda ()
(set! n

empty

b:(set! n (+ n 1)) n

(set! n (+ n 1)) | g3 n | gy ==> 2




CueTtyuK. [NpogormkeHne

(define cb (make-counter 0)) |

make—counter:

p: n
b: (lambda ()
(set! n
(+ n 1))
n)

p:
b: (set! n

(+ n 1)) n
(lambda () (set! n (+ n 1)) n)




CueTtyuK. [NpogormkeHne

make—-counter:




CueTtyuK. [NpogormkeHne




Tabnuua
m KOHCTpYKTOp (make-table)
= cenektop (lookup )
= MyTartop (insert! )
= Cnucok nap: (*table* (keyl . vall) (key2 . val2)...)
(define (make-table)(mlist “*table™))
(define (lookup table key)
(let ((rec (massoc key (mcdr table))))
(if (mpair? rec) (mcdr rec) #f)))
(define (insert! table key value)
(let ((rec (massoc key (mcdr table))))
(if (mpair? rec) (set-mcdr! rec value)
(set-mcdr! table (mcons (mcons key value)
(mcdr table))))))
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ASsoc? AccounaTBHbIE CMNCKU

= CMWUCKM Nap, B KOTOPbIX NEPBbIA 3NEMEHT UCMONb3YETCS
ans nowucka

((x 15) (y 20))

X 15 y 20
= nouck napbl no equal? (assoc )
(assoc ‘X (W1)(x2)(y3)(z4))) ==>(x 2)
® uckartb no eq? (assqg )

(@assq x ((w 1) (x2) (y 3) (z4))) ==> (x 2)
(@ssq (x 1) ((x 1) 2) ((y 1) 3)))) ==>#
(@assoc ‘(x 1) (((x 1) 2) ((y 1) 3)))) ==>((x 1) 2)
® MUCKaTb MO CBOEMY CPaBHEHMIO (assoC

= MUckaTtb no npeaukarty (assf )

41



Tabnuua
(define table (make-table))
(insert! table ‘c 1)
(insert! table b 2)
(insert! table ‘a 1)
(insert! table ‘c 3)
(lookup table ‘c) ==> 3
(lookup table ‘d) ==> #f

42



Memonzaunsa (Tabynapusaums)

= Mpes: dyHKuma 6yaet 3anomMmHaTh BbIYUCIIEHHbIE
pe3ynbrarhbil.

= [lepen Tem Kak BblMUCNUTb OYHKLNSA NPOBEPUT, HET NK
pe3ynbrara cpean 3anoMHEHHBbIX.

m XpaHUTb MOXHO B Tabnuue.
= (memo-fib 2) ==> 1 1 3anomMHUTL napy (2 1)
(define fib-table (make-table))
(define (memo-fib n)

(cond (=n0)0)((=n1)1)

(else (let ((res (lookup fib-table n)))

(if res res
(let ((val (+ (memo-fib (- n 1)) (memo-fib (- n 2)))))
(insert! fib-table n val) val))))))
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Memonzaunsa (Tabynapusaums)

> (memo-fib 7) ==> 13

> (display fib-table)

(*table* (7 .13)(6.8)(5.5)(4.3)(3.2)(2.1))

> (memo-fib 11) ==> 89

> (display fib-table)

(*table* (11 .89) (10.55)(9.34) (8.21) (7 .13) (6 . 8)
(5.5M4.3)(3.2)(2.1))

Ecnu Beluncnsem ans n, Kotopoe obirio — O(n)
Ecnn Bbluncnsiem ans n, KOTOporo He 6bino — O(n?)
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Memonzaunsa (Tabynapusaums)

= HyxHo nun anga kaxgow pyHKUMM 3aBOAUTL ABHO CBOIO
Tabnuuy n nucatb B Tene lookup, insert!?

(define (memoize func)
(let ((table (make-table)))
(lambda (x)
(let ((prev-result (lookup table x)))
(if prev-result prev-result
(let ((result (func x)))
(insert! table x result)
result))))))
(define memo-fib2 (memoize (lambda (n)
(cond (=n0)0)((=n1)1)
(else (+ (memo-fib2 (- n 1)) (memo-fib2 (- n 2))))))))



BekTopsl

BekTop — MaccuB (oKCMpOBaAHHOIO pa3mepa Konsekuus
3HaA4YeHUN C OOCTYMNOM MO UHOEKCY)

KOHCTPYKTOpP (make-vector )
cenektop (vector-ref )
MyTaTop (vector-set! )
anuHa (vector-length )

BHellHee npeacrtasneHue #(val, val, val, ... valy) wnu
(vector val, val, val, ... valy)

> (define beatles (vector 'john 'paul 'george 'pete))
> (vector-set! beatles 3 'ringo)
> beatles ==> ‘#(john paul george ringo)

> (vector-length beatles) ==> 4
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BekTopsl

npeobpasoBaHue (list->vector )
npeobpasoBaHune (vector->list )

€CITN CKPECTUTb Tabnumubl U BEKTOPbI, MOXHO MOMYy4YnUTb
Xew-tabnumuy

KOHCTpYKTOpP (Make-hash-table )
cenekTtop (lookup-hash-table )
MyTaTop (insert-hash-table! )

a7



Xew-tabnuua

KJTHOM

|

XeLLl' 7 -

dyHKUMS /

I
/
7/
7’
-

NHOEKC — =

3anuchk C Knoyom key
NOMELLLaeTcH B
accoumaTuBHbINA CMUCOK
Onoka 3annucemn ¢ UHAEKCOM
index = hash(key)

N-1

NOUCK B accounatnBHOM

Cnncke

» | accoumaTuBHbIN CMINCOK

» | accoumaTuBHbIN CMINCOK

» | accoumaTuBHbLIN CNNCOK

ONoKM 3anuncen
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Peannsaunga xew-tadnumy

(define (make-hash-table size hashfunc)
(let ((buckets (make-vector size)))

(define (helper n) (if (< n size) (begin (vector-set! buckets n
(make-table)) (helper (+ n 1))) #t))

(helper 0) (list *hash-table* size hashfunc buckets)))

(define (lookup-hash-table tbl key)
(let ((index ((caddr tbl) key (cadr tbl))))

(lookup (vector-ref (cadddr tbl) index) key)))
(define (insert-hash-table! tbl key val)

(let ((index ((caddr tbl) key (cadr tbl)))

(buckets (cadddr tbl)))
(insert! (vector-ref buckets index) key val)))
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Peannsaunga xew-tadnumy

> (define t7 (make-hash-table 7 (lambda (x y) (remainder x y))))
> (insert-hash-table! t7 2 'a)

> (insert-hash-table! t7 1 'ab)

> (insert-hash-table! t7 100 'abc)

> (display t7)

(*hash-table* 7 #<procedure> #((*table*) (*table* (1 . ab))

(*table* (100 . abc) (2 . a)) (*table*) (*table*) (*table*)
(*table™)))

> (lookup-hash-table t7 9) ==> #f

> (lookup-hash-table t7 100) ==> 'abc
> (lookup-hash-table t7 1) ==> 'ab

> (lookup-hash-table t7 2) ==>"a
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Toru nekummn 6

= [lpucBamBaHue Oa€T JONONHUTENbHbIE BO3MOXHOCTH.
= [lpncBamBaHne co3gaéT AONONHUTENbHbIE TPYAHOCTMU:

TpebyeT HOBYIO MOAESb ONMUCaHUS BbIYNCITIEHNN BMECTO
NoOCTAaHOBOYHOW MOAENU;

npmMBOANT K BOSHUKHOBEHMIO CTOPOHHMX 3(PIEKTOB,;
NOpPAOOK BblYNCIIEHUN HAYNHAET UrpaThb POrb.

51



