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NEKUNA 1
OCHOBHbIE cBeaeHus o d3blke Scheme



ApPrymMeHTbl B N0fb3y PYHKLMOHANbLHOIO
NPOrpamMmMmMpoBaHNS

DyHKLMOHaNbHbIE NPOrpaMMbl NIETKO NucaTb.
DyHKLMOHaNbHbIE MPOrpaMmMbl KOpPOYe UMMNEPaTUBHbIX.

®yHKLUMOHarnbHbIE NporpamMmsbl fierdye noHMMaTb
1 aHann3npoBaTb.

MoaynbHOCTb — eCTECTBEHHOE CBOUCTBO
dYHKLMOHANbHbIX MporpamMm.

DyHKUMOHAanNbHbIE A3bIKM YO0OHbLI NPU pelleHnn 3agad
NI.



ICTOpUYECKNN SKCKYPC
[xoH Makkaptu (1927-2011) MIT
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B 1958 roay cospan a3bik LISP (LISt Processing language)
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[nanekTbl a3blka Lisp

1938 1963 1968 1973 1978 1983 1988 1993

cpeAaun OCHOBHbIX OMANEeKTOB BblOENUM
Common Lisp -- ANSI INCITS 226-1994
Scheme -- IEEE 1178-1990

11



Scheme

= HAs3bik co3gaBarncsa B MIT B nepuog 1975-1980 rr.
= ABTOpbI:

W e
[xepanbn CaccmaH [[an CTtun
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OT1nnumna Scheme oT 0BbIYHbIX
(MMNepaTnBHLIX) A3bIKOB NPOrpaMMnpoBaHNS

OcHoBoun aBnaeTca He oH-HenmaHoBckag
apxXuTekTypa, a A-ucunmcneHme.

[MporpammMmmnpoBaHne B AeKnapaTUBHOM CTUINE: HE «Kak
nporpaMma JorkHa aenaTby», a «4TO nporpamma
OOIKHa aenaTby.

Ckobou4Hble BblpaxeHus, NOJINSG
(+ 2 (* 34))

[lporpamma saBnaeTca nocnenoBaTefibHOCTLIO BbI3OBOB
doyHKUMM Opyr U3 gpyra.
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OT1nnumna Scheme oT 0BbIYHbIX
(MMNepaTnBHLIX) A3bIKOB NPOrpaMMnpoBaHNS

[1aHHbIEe N PYHKUNM NpeacTaBnAaloTCA OANHAKOBO.

OYHKLUMM — «0OBEKTLI NEPBOro knaccay» ( MoryT
nepenaBaTbCs Kak NapamMeTpbl, BO3BpaLLATbCS Kak

pe3ynbTaTtbl, ObiTb 3HAYEHMEM USTN HACTbIO CIOXHOIO
3Ha4eHus).

BbinonHeHne nporpaMmmbl —
npounTatb  -> BbIMUCIUTb -> BbIBECTU

— > READ| ™—> |EVAL| ™ |PRINT |

(+2 (* 3 4)) \J 14
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OT1nnumna Scheme oT 0BbIYHbIX
(MMNepaTnBHLIX) A3bIKOB NPOrpaMMnpoBaHNS

= ABTOMaTUYECKOE ynpasneHne namaTblo.
= Ynpasndawouwasa CTpyKTypa nporpaMmmbl -- peKypcus.
" HEeT LMKIIOB
" HeT NepeMeHHbIX
" HeT npuceamBaHUN (MOYTKN)
= [duHamnyeckas Tunusauus.

OTnnumng Scheme ot ananekToB Lisp

= MunHMMannCTUYHbIN A3bIK

= ToyHaqa apudpmeTmka
= JleHuBbI€ BblYUCIIEHUS
= He pasnu4yaeT «perncTp» BHe CTPOK 1 char’os ... 15



3HaKOMCTBO co Scheme
MiMeHa 1 oKkpykeHue

oeHTndpukaTopsl
X X->y name#

He MoryT BknoYaTth B cebsa pasgenmtenu () ;"' | [1{}
UM Ha4YMHAaTBLCA C # Unu

CBga3aTtb MM4a 1 3Ha4dyeHune nossongdeT define
(define size 2)
(define dblsize (+ size size))

define — cneunanbHaga popma, ebiqucdrowWasd 3Ha4eHne
2-T0 aprymeHTa 1 cedasbiBatollad ero ¢ 1-m

OKpy>XeHne — MecTo, rae XpaHsTcs cBA3bIBaHUA. HoBoe
OKpY>KEeHNEe co3aaeTcs U3 CTaporo npu godbasneHnn
cBA3blBaHMN. Ecnu pobaBnsaeTcs HOBOe CBA3blBaHME

UMEHN, TO CTApOE CBA3bIBAHNE 3alMEeHAENCA. »



3HAaKOMCTBO co Scheme
BHellHee npeacrtaBnieHne

= JTtoboe 3Ha4YeHne NMEET BHELLHEE NpeacTaBreHue,
TO €CTb, 3anncb B BUAE NOCIeA0BaTENbHOCTY
CMMBONOB. VIHTeprnpeTaTop BbIBOAUT BHELLHME
npeacTaBneHns 3Ha4YeHn B OTBET Ha 3amnpochi.

(define size 2) =>
size = 2
(* size 5) = 10
(= size 2) = #t
= Y YHKUNN HecmaHOapmHoe BHeLlHee rnpeacrasrieHune.
+ = #<procedure:+>

= BHelluHee npegcraBneHne cuntbiBaeTcd read u
BbIBOAUTCA Write nnu display
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3HaKOMCTBO co Scheme
BbipaxeHund

= Jlutepansbl
= Jlntepol #\a #\A #\newline #\space
= Uncna -1 1/6 10.005 #o777 2-i
= bynesbl 3HayeHua #t #f
= Ctpokn "Hello \"world#\\"
= «Ulutate» (quote (+ 1 2)) unn 'xyz
= [lyctom cnucok '() nnn empty

= iImMeHa xyz x->y

= Cneudopmebl (define n 1. n.)

= BbI30Bbl QoyHKUNN

18



BbipaxeHunsa (NpoaosiKeHne)
Bbi3oBbl pyHKUWN (M KOMBHaLWN)

3anucb kKombuHaumu: (¢, C, ...C,)
BbluncneHune kombuHaumu:

HaWTW 3Ha4YeHUsa Bcex C; (cmaHoapm
He ornpedesiiem nopsi00K 8bI4UCTEHUS C;)

NPUMEHNTb OYHKLMIO, SABASIOLLYIOCS 3HAYEHNEM C,
K 3HA4YEHMSIM OCTanbHbIX C;

[1paBunno BbIYNCNEHNS
KOMOMHaLUMN PEKYPCUBHO.

KombuHauus B Buge gepena
*(+2(™*46)(+357))

CneudopmMbl — HE KOMBMHaLKK!




3HaKOMCTBO co Scheme

«CBOMy» PyHKLNN

= OnpepgeneHne cBoen yHKUUN gaeTca crieudpopmon
define

(define (<umMa> <napameTpbl>) <Teno>)
= [lpumep

(define (square Xx) (* X X))

A B

onpenensieMm KBagpaT X Kak YMHOXEHME X Ha X

= [locne onpegeneHns PyHKLUNIO MOXHO UCMNOMNb30BaTb
(square 10) => 100
(+ (square 3) (square 4)) => 25
(define (sum-of-squares x y) (+ (square x) (square y)))

20



«CBony» pyHKUMK (NPOOOSTKEHNE)
(define (f a)
(sum-of-squares (+ a l) (* a 2)))
(f5) => 136

s [lpencraBuTb, Kak MOyT BbIYUCIIEHNA MTOMOraeT
rnoocmaHogeo4YHass Mooersib (3aMeHa Bbi30Ba TESIOM)

(f5)

(sum-of-squares (+ 51) (*5 2))
(sum-of-squares 6 10)

(+ (square 6) (square 10))

(+ (* 6 6) (* 10 10))

(+ 36 100)

136

= Pes3ynbTaT TOT XXe, HO MHTepnpeTaTop MoXeT paboTaTtb
uHavye. o



«CBony» pyHKUMK (NPOOOSTKEHNE)
= PaccmoTtpum crnocob BbluMCIEHNSI B HOpMasibHOM MOpPsOKe

(MonHasa noacTaHoBKa, 3aTeM peayKuus)
(f3)

(sum-of-squares (+ 51) (*5 2))

(+ (square (+ 5 1)) (square (* 5 2))) —NOJCTaHOBKA
FCEESHEFS1)(FS52)(F52)
(+ (*6 6) (* 10 10))

(+ 36 100) —  peaykuums
136 |

= [lpn HopmarnbHOM ropsiOKe Noka apryMeHT He noHagobuTcs,
OH He BbIYUCNAETCA.

m (+51)m(*5 2) cumtanu geaxgbl

= PaHee cuutanu B annnukamueHoM rnopsioke («BbIYUCIIN
apryMmeHTbl, NPUMeHU PYHKLNIO»)

—
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«CBony» pyHKUMK (NPOOOSTKEHNE)

= AHOHMMHbIEe (PYHKUMKM 3agatoTcsa cneydopmon lambda
(lambda (<napameTpbl>) <Teno>)

= 3HadeHueM cneudopmbl lambda asnseTcs dyHKUNS

= [Nlpumep:

(lambda (x) (+ x X)) => #<procedure>

((lambda (x) (+ xx)) 4) => 8

m (define (<uma> <napameTpbl>) <TefI0>) Ha caMOM aene
COKpaLLEHHO OT

(define <uma>
(lambda (<napameTpbl>) <Teno>))

-+

“SYNTACTIC SUGAR
—"
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YCcroBHbIe crneudopMbl
s «Pasbop cnyyaes» — cond

(cond (<p,> <e,>) , p. — byneBa pyHKUUA (Npeaukar)
1 1 |
(<p,> <€,>) . (<p> <e>) —i-as BeTBb
.. (<p,> <e.>)) ; €, — BblpakeHue-crneacteune

= Bblumcngem npegukatbl No NOpsaKy, HadMHaga ¢ 1-ro, oo Tex
Nop NokKa He nonyvyum p; = #t.

= Bbluucngem e,. Ero sHaveHue v 6yget 3HavyeHuem cond.

= B 3akniountenbHom BETBM NONE3HO BMECTO npeankaTa
nucaTb else.

= Ecnu Bce npeamnkatbl NOXKHbI, 3Ha4eHne cond
He onpeaerneHo.

= [lpumep: (define (new-abs Xx)
(cond ((<x0) (-x))
(else x)))

24



YcrnoBHble crneudopMbl (MPpoaosKeHne)

= YCNnoBHOE BblpakeHune — if
(if <npegukat> , CHayana BblYMCIAETCA npeankar
<cnegcteue> , €CINN OH UCTEHEH, CYNTAEeM Cneacremne
<anbTepHaTtuBa=>) ; MHa4ye — anbTepHaTUBY
s [lpumep: (define (new-if-abs x)
(if (< x 0)
(- X)
X))
= [na 3anucun npegukatoB nonesHol cneudgopmbl and u or
(and <e,> ... <e,>) ; BblMUCNAET €; N0 NOpAAKY, Ha4YnHas
c 1-ro, noka He HaupeT e, = #f n He BepHeT #f. IHa4ye, ecnu Bce
[TogBbipaXkeHUsa UCTUHLI, TO 3HaYyeHne and = #t. (and) => #t
(or <e,> ... <e,>) ; BblMUCNHAET €; N0 NOPAAKY, HaYMHas
c 1-ro, noka He HanUZeT e, = #t 1 He BepHeT #t. IHaue — #f.
(or) => #f Mo>XHO ncnonb3oBaTb QPYHKLUIO NOt 25



YcrnoBHble crneudopMbl (MPpoaosKeHne)

= [lpnmep, OEMOHCTPUPYIOLLINI pa3HULY MeXay HOpMarbHbIM
N anniuKkaTUBHbIM MOPSAKOM BbIMOSTHEHUS:

(define (p) (p)) , 3auuKnmBaroLagca PyHKUNS
(define (test x y)
(if (= x 0)

0

2),
= [lpn HopmarnbHOM nopsaake BbI3oB (test O (p)) BepHET 0
(test 0 (p))
(If(=00) 0 (p))
0

= [lpn annnnkatMBHOM NopsiAKe rnoflydaem s3auuknnBaHue npu
BbluyncrneHnn BToporo napametpa (test 0 (p))

= Bonpoc: MoxHo nu if He genaTb creudopmoun, a
peann3oBaTb 4Yepe3 cond? o



YcrnoBHble crneudopMbl (MPpoaosKeHne)

= BblpaxeHune c BapunaHtamun — cneudgopma case

(case <knwoy>
(<vars,> <e,>) ; <vars;> — (04, Oy, ... Oj)
(<vars,> <e,>) , 0 — BHELLHWE NpeACcTaBieHus]
... (Qvars > <e, >))

= BmecTo <vars, > MoXeT ObITb else.

= Bblumncngem <oy,

= CpaBHMBaeM 3HaA4YeHUE Knoya ¢ BapnaHTaMmu nepsoun BETBU.
Ecnn ecTb coBnageHue, BblYUCNAEM <e,> U BO3BpaLLaem
ero 3HadeHue. MilHaye bepem criegyoLlyto BETBb U T. [.

= [lpumep: (case (*23)
((2357) 'prime)
((1 4 6 8 9) 'composite)) => composite

27



3HAKOMCTBO CO Scheme
Cneuydopma begin
(begin <exp,>
<exp,>
... <exp,>)
= BbluncngeT Bce noaBbipaXkeHUA No NOPAOKY.

= 3HadyeHueM (popMbl ABAETCA 3Ha4YEeHMe nocneaHero
noAaBblpaXkeHus.

= [lomoraeTt, ecnu HY>XHO caenaTtb BBOA/BbIBOA.
= [Nlpumep:
(begin (display "Input N:")
(newline)
()

28



3HAKOMCTBO co Scheme

Uncna

= baluHsa YncnoBbIX TUMNOB:
number
complex 1+i
real 0.001
rational 1/3
Integer -1 #xff

= DyHKUMK NpoBepPKM TUNa number? real? ...

5 OYHKUMK = < > <= >= MPUHUMAIOT =2 aprymMeHToB. To xe +-*/
= [leneHne Haueno: quotient, remainder, modulo

(modulo 134) =>1 (remainder 13 4) => 1

(modulo -134) => 3 (remainder -13 4) => -1

(modulo 13 -4) => -3 (remainder 13 -4) => 1

(modulo -13 -4) => -1 (remainder -13 -4) => -1 2



Uncna (npoaosmkeHne)

= gcd, Icm (HeoTpuuaTenbHbIW pe3yrbTar)

= floor (bnnxaniwee n3 He NnpeBOCXOOALLMX)

= ceiling (bnnxaniwee U3 He MeHbLLNX)

= truncate (bnuxaunilee U3 He NMPEBOCXOAALLMX MO MOAYITHO)
= round («0BbIYHOE» OKpYrneHue)

(floor -4.3) => -5.0 (ceiling -4.3) => -4.0
(truncate -4.3) => -4.0 (round-4.3) => -4.0
(floor 3.5) => 3.0 (ceiling 3.5) => 4.0

(truncate 3.5) => 3.0 (round 3.5) => 4.0

= exp, log, sin, cos, tan, asin, acos, atan, sqrt, sqr

= (exptxy)—xY

= (random X) — nceBgocny4anHoe uenoe ymncrno un3s [0, x),
uenoe x>0



Uncna (npoaosmkeHne)

= Hanuwem doyHKkuuto two-of-three, kotopaga npuHumaeT 3
3Ha4YeHUA 1 BblgAeT CyMMY KBagpaToB HanbonbLInX OBYX
N3 HUX.

(define (two-of-three x y z)
(cond ((or (<=xVy z) (<=x2zY)) (sum-of-squares y z))
((or (<=y x z) (<=VY z X)) (sum-of-squares X z))
(else (sum-of-squares x y))))
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Uncna (npogosnkeHme)

= Hanuwem daktopuan
(define (factorial n)
(if (=n1)
1
(* n (factorial (- n 1)))))

= C nomouwbio noactaHOBOYHOW Moadenu Hangem 3!

(factorial 3)

(* 3 (factorial 2))

(* 3 (* 2 (factorial 1)))
(*3(*21))

(*32) i
6 |

—_—

pacLUMpeHne

cXatue

32



Uncna (npogosnkeHme)

= Onuwem HaxoxaeHue Vx metonom HbtoToHa

= YT06bl NpUBAN3UTENBHO HANTU VX HYXHO:
1. BblbpaTtb HavanbHoe npudnuxeHue g (= 1).
2. [lony4nTb Tekyllee (ynyylleHHoe) 3HavyeHne
npubnmxeHus g := 2 (g + x/ g).
3. TlpopomkaTb ynydwartb NpuonmxkeHne, noka g He
CTaHeT 4OCTaTOYHO XOPOLLUUM.

X =2 g=1

x/g=2 g=%(1+2)=32=15

x/g=4/3 g="(3/2+4/3)=17/12 = 1,4166666666666

x1g=2417 |g=" (17/12 + 24/17) = 577/408 = 1,4142156
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Uncna (npoaosmkeHne)
MeTtoa HetoTOHa

(define (sqgrt-iter guess x) , PEKypCUBHaA PyHKLUS
(if (is-good-enough? guess X)
guess ; BbIXO N3 PEKYPCUM
(sqrt-iter (improve guess X) X) ; PEKYPCUBHLIN BbI30OB
),
(define (improve guess Xx) , ynydlieHue npubnmxeHus
(average guess (/ x guess)))
(define (average x y) , cpefHee apudmeTnyeckoe

(/ (+ xy) 2))

(define (iIs-good-enough? guess X) ; npoBepka NpUoNNXeHUA
(< (abs (- (* guess guess) x)) 0.0001))

(define (my-sqgrt x) (sqgrt-iter 1.0 x)) ; dYHKUMNSA ONA BbI3oBa



MeTog HbroToHa (NpodosnkeHme)

= YNyywnm CTUnNb
(define (my-sqrt x)
(define (is-good-enough? guess x)
(< (abs (- (* guess guess) x)) 0.0001))
(define (improve guess X)
(average guess (/ x guess)))
(define (sqrt-iter guess x)
(if (iIs-good-enough? guess Xx)
guess
(sqrt-iter (improve guess X) X)))
(sqrt-iter 1.0 x))
(define (average xy) (/ (+ xy) 2))
= C nomoubto 65104HOW CTPYKTYPbI Mbl CKPbITN «JTULLHME»
hyHKUNU
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MeTog HbroToHa (NpodosnkeHme)

= [lepenuvwem, yunTbiBasd, YTO X BHYTPM My-Sqrt OOUH M TOT Xe
(define (my-sqrt x)
(define (is-good-enough? guess)
(< (abs (- (sgr guess) x)) 0.0001))
(define (improve guess)
(average guess (/ x guess)))
(define (sqrt-iter guess)
(if (is-good-enough? guess)
guess
(sgrt-iter (improve guess))))
(sqrt-iter 1.0))
(define (average xy) (/ (+ xy) 2))

= M36aBunMCb OT XpaHEHUS NULLIHUX CBA3bIBAHNI MMEHU X!
36



3HAKOMCTBO co Scheme

IlnTepol
BHellHee npeactasneHue: #\a #\A #\newline #\space
PyHKUMN cpaBHeHUA char=? char>? ...
[1lpoBepka Tuna char?
YcTtaHoBKa peructpa char-upcase char-downcase

37



3HAKOMCTBO co Scheme

CTpoKu
= BHewHee npeacrasneHue "Hello \"world#\\"
= YTOObI 3anuncaTb BHYTPU " CTaBUM nepeq HUM \
= YTOObI 3anncaTtb BHYTPU \ CTaBUM nepen HUM #\
= String aprymMeHTbI-NINTEPbl COOMPAET B CTPOKY
= CpaBHeHMe CTPOK String=? n 7. n.
= CnuaHue cTpok string-append
= BblioeneHune 4yacteun cTpoku string-head substring string-tail
= [lounck nogctpoku substring?

38



3HAKOMCTBO co Scheme

Cnunckn
BHewHee npeactasneHne empty () (abc) (a.(b.(c.()))

KoOHCTpynpoBaHune crnncka 13 ronoBbl U XBOCTA: CONS
(cons 'a ‘(b)) => (a b)

B3aTb ronioBy HeEMyCTOro cnmucka car
(car'(123456)) =>1
(car'((1234)56)) =>(1234)
B34aTb XBOCT HENYCTOro cnmcka cdr
(cdr'(123456)) =>(234506)
(cdr'(1234)56)) =>(56) 29



Cnnckn (npoaosiKeHne)

= 3agaHune nepeyvncneHnem aremMeHToB list

(list '+ 1 2) => (+12)

= [lpoBepka Ha cnucok list?

(list? '(a b)) => #t (list? '())
(list? 'a) => #f

= [InnHa cnncka length

= [lpoBepka Ha nycTton cnucok null?

u [lony4unTtb n-bin anemeHT list-ref
(list-ref'(123)2) =>3

= Cnntb cnickn (oBa nnmn 6onbLie) append
(append '(123)'(45)'(6)) =>'(1234506)

= OT3epkanuTb reverse

= [lpoBepuUTb BXOXOEHME anemMeHTa member

=> #{

40



Cnnckn (npoaosiKeHne)

= Hanunwewm cBoto Bepcuto list-ref
(define (my-list-ref list n)
(if (=n0)
(car list)
(my-list-ref (cdr list) (- n 1))))

= CBo4 Bepcud length
(define (my-length list)
(if (null? list)
0
(+ 1 (my-length (cdr list)))))

41



Cnnckn (npoaosiKeHne)

= Csou append
(define (my-append listl list2)
(if (null? listl)
list2
(cons (car listl) (my-append (cdr listl) list2))))

= CBoureverse
(define (my-reverse Ist)
(if (null? Ist)
()
(append (my-reverse (cdr Ist)) (list (car Ist)))))
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Cnnckn (npoaosiKeHne)

m PyHKUMA (apply <dpyHKUMS> <CnnUCOK>)
(apply +'(123)) =>6
(apply max'(1 2 3)) => 3
(apply <'(123) =>#t
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ELle o BblYUCIEHUSAX

s OyHKuMA (eval <BbipakeHne>)

(eval (+5 7))

(eval 12)

(eval '(+ 5 7))

'(+57)

(define a (list '+ 5 7))
(eval a)

(eval 'a)

(eval '(eval 'a))

(eval (eval '(eval 'a)))

=V
=V
=V
=>(+57)

=> 12
=>(+57)
=>

=>
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JlokanbHble NMeHa

m Cneu. dpopma (let ((<ums,> <BblpakeHune,>)
(<UmMm4,> <BblpaxeHue,>) ...
(<UMA> <BblpaxkeHne,>))
<Teno>)

m Toxe, yto ((lambda (<uma,> ... <umsa>)

<Teno>)
<BblpaxxeHune;> ... <BblpaxxeHney>)
= [Nlpumep:
(let ((x (read))) (+ (* (+ x 1) x) 1))

45



NTorm nekummn 1

[Tpouecc BblYMCNEHUA NporpamMmmel: read-eval-print.
[MpaBuna 3anncu MMeH.

CBsasbiBaHue. OKpyxXeHue.

Knaccunukaunsa BbipaxeHUn.

KombuHauus. INpaBuno Bbl4UCIIEHNS KOMOUHALN.

Cneu. dpopmbl (define, lambda, cond, if, case, begin, and, or,
qguote). NpaBuna nx Bbl4UCIEHUS.

Uncna. Jlutepbl. CTpokn. @yHKUMN paboTbl C HUMM.
brioyHas cTpykTypa nporpammebi.

Crnncku 1 cnncoYvHble PyHKLNMN.

®dyHkunm eval n apply. Cnieu. popma let.
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JIEKLUNA 2
Pekypcusa n utepaums.
XBOCTOBad pPeEKypCUS



UTO ObINO paHbLUe

= [logctaHoBo4Haga mogens. [lpaBuna:

Ecnn BbipaxkeHne — nuteparn, To BEPHYTb CaMO
Bblpa)eHue.

Ecnn BbipaxkeHne — nmsi, BEPHYTb €ro 3Ha4yeHne B
TEKYLLEM OKPY>KEHUMN.

Ecnu BbipaxxeHue — cneul. doopma, TO BbIYUCIINUTL €ro Mno
npasmnam 3Tou PopMbil.

Ecnu BbipaxeHne — kombuHaums, To:

BbluncnuTb €ro NnoaBbipayXXeHUs1 B MPON3BONbHOM
nopsiake.

Ecnn nepBoe noaBbipaXkeHne — BCTPOEHHas
npoueaypa, To NPUMEHUTb €€ K onepaHaam.

Ecnn oHo — nonb3oBaTtenbckasa pyHKUnS,
NOACTaBUTb B €€ Terno aprymeHTbl U BbIYUCTUTD.



OYHKLUKM 1 npoLiecchl

= BcnomHum dpakTopuan
(define (factl n)

(if(=nl1)1

(* n (factl (- n 1)))))

= [lpouecc, nopoxgaembin (factl 3)
(if (=3 1) 1 (* 3 (factl (- 3 1)) b
(* 3 (factl 2))
*3(@{f(=21)1(*2(factl (- 2 1))))) > pacLUMpEHVE
(* 3 (* 2 (factl 1)))
*3*2@0f(=11)1(*1(factl (-11))))))
(*3(*2(*1))
(* 3 2) ~ cXkatue
6 >

J




OYHKLUKM 1 npoLiecchl

(factl 6)

(* 6 (factl 5))

(*6 (* 5 (factl 4)))

(*6 (*5 (* 4 (factl 3))))

("6 (*5(*4 (* 3 (fact1 2))))) ...

%/_/

OTNOXEHHbIE Oonepaunn

= KonwnyectBO wWaros nmHenHo. Namartb nMHenHa.



OYHKLUKM 1 npoLiecchl

= VTtepatmBHbIN pakTopuan
(define (fact2 n)

(define (loop i result)

(if (=11) result
(loop (-11) (* 1 result))))

(loop n 1))
= [lpouecc nopoxgaembin (fact2 3)
(loop 3 1)
(iIf(=31)1 (loop(-31)(*31))
(loop 2 3)
(if (=21) 3 (loop (-21) (* 2 3)))
(loop 1 6)
(if(=11)6 (loop (-11) (*16)))



OYHKLUKM 1 npoLiecchl

(fact2 6)

(loop 6 1)

(loop 5 6)

(loop 4 30)

(loop 3 120)

(loop 2 360)

(loop 1 720)

720

OT/TOXEHHbIX onepaunn Het!

» KonunyectBO wWaros nMHenHo. Namartb noctogaHHa.



PekypcuBHbIE N UTEpPATUBHLIE NPOLIECCHI

= Ecnu B xoge npouecca BO3HUKAET Lienoyka OTIIOXKEHHbIX
onepauunn, To NpoLecc PeKypPCcnBHLIN.

= Ecnu B xoge npouecca OTNIOXEHHbIX onepauun HET, TO
npouecc utepaTMBHLIN.

= PeKkypcuBHbIV NpoLuecc, B KOTOPOM YMCIO LLaros
NMUHEUHO — NIMHENHO PEKYPCUBHLIN.

= WTepatmBHbIM Npouecc C NMMHEUHbIM KONTMYECTBOM
LLaroB — NMHENHO UTEPATUBHLIN.



HennHenHbIn peKypPCUBHLIN NpoLiecc

= PekypcusHoe BbluncneHne vncen PnboHa4uu
(define (fib n)
(cond ((=n 0) 0)
(=nl)1)
(else (+ (fib (- n 1)) (b (- n 2))))))
= Bbiumcnenue (fib 5)
(fib 5)
(+ (fib 4) (fib 3))
(+ (fib 4) (+ (fib 2) (fib 1)))
(+ (fib 4) (+ (+ (fib 1) (fib 0)) 1))
(+ (fib4) (+11))
(+ (fib 4) 2)
(+(+(fib3) (fib2)2)...5



leNMHENHLIN PEKYPCUBHbLIV NMpoLiecc

[lepeBo pekypCuUBHOro Bbl4YMcneHns Yymucen dPmnboHav4um

KonnyecTBO LLAroB 3KCMoHeHuUnanbHo. [lamMaTtb NMHenHa,



NTepaTuBHOE BbluMCIEHNE Yncen PrnboHayum

(define (fib2 n)
(define (loop i fib-n-1 fib-n-2)
(if (=10) fib-n-2
(loop (- i 1) (+ fib-n-1 fib-n-2) fib-n-1)))
(loop n 1 0))
m (fib2 5)
(loop 510)
(loop411)
(loop321)
(loop 2 3 2)
(loop 15 3)
(loop 0 8 5)
= Konu4yecTtBo LIaroB IMHEWHO, NAaMsATb KOHCTaHTa 10



BcrnomHum obopavnBaHue cnvcka

(define (my-reverse Ist)
(if (null? Ist)
()
(append (my-reverse (cdr Ist)) (list (car Ist)))))
(my-reverse '(1 2 3))
(append (my-reverse '(2 3)) (list 1))
(append (append (my-reverse '(3)) (list 2)) (1))
(append (append (append (my-reverse '()) (list 3)) '(2))
(1))
(append (append (append () '(3)) '(2)) (1))
(append (append (3) '(2)) ‘(1))
(append '(32)'(1)) ==>(321)
OTrnoXxeHHble onepauunmn! PekypcuBHbIN NpoLECC

11



NTepaTnBHOE 0bOpavYmBaHme crimcka

(define (reverse?2 Ist)
(define (loop Ist result)
(if (null? Ist) result
(loop (cdr Ist) (conc (car Ist) result))))
(loop Ist '()))
m (reverse2'(1 2 3))
(loop (1 2 3) ()
(loop ‘(2 3) (1))
(loop '(3) '(2 1))
(loop ‘() (3 2 1))
JInHenHo ntepaTmnBHbLIN NMpoLecc

12



Bo3BeaeHmne B cTeneHb

m a"=a-a---a=a-aml
(define (my-expt a n)
(if (=n0)
1
(*a (my-expt a (- n 1)))))
= (my-expt 10 4)
(iIf (=40) 1 (* 10 (my-expt 10 (- 4 1))))

= KonunyectBO Waros nmHenHo. Namartb nMHenHa

13



ITepaTnBHOE BO3BEAEHNE B CTEMEHb

= fepenuem c HakomnfeHnem
(define (my-exptl a n)
(define (loop i result)
(if (=10)
result
(loop (-11) (* aresult))))
(loop n 1))

= (my-exptl 10 4)

(loop 4 1)
(loop(-41)(*101))
(loop (-3 1) (* 10 10))
(loop (- 2 1) (* 10 100)) ...

» KonunyectBO wWaros nMHenHo. Namatb NocTosaAHHA



HennHenHoe ntepatnBHoe BO3BEeAEHME

B CTeleHb
(define (my-expt2 a n)
(define (loop a i result)
(cond ((=10) result)
((even? 1) (loop (*a a) (/1 2) result))
(else (loop a (-11) (* aresult)))))
(loopanl))

= (my-expt2 10 4)

(loop 104 1)

(loop (* 10 10) (/4 2) 1)
(loop (* 100 100) (/2 1) 1)
(loop 100001 1)

= KonuyectBo waroe O(log n). Namate nocTosaAHHa

15



NTepaTtneHbin HOL ¢ norapndmMmmnyeckmum

POCTOM
(define (my-gcd a b)
(if (=b 0) a
(my-gcd b (remainder a b))))

(my-gcd 4 12)

(my-gcd 12 4)

(my-gcd 4 0)

4

= Konunyectso waros O(log n). NamMaATb NOCTOSIHHA

16



ITorn nekummn 2

= PekypcuBHOe onncaHne oyHKUUN MOXET NOpoaAnUTb
PEKYPCUBHLIN NPOLIECC NN UTePAaTUBHbLIW NpoLecC.

= [lncatb nporpamMmmy Hago, oueHnBad CJII0>KHOCTb O waram u
No NMNaMATHN.

= XBOCTOBasi pekypcus — crnocod 3KOHOMUTb NamsaTb. B
PEKYPCMBHOM BbI30BE MOXXHO HE CO3[aBaTb HOBOE
OKpY>KEHMeE.

17



JNNEKUNA 3
OYHKUMM BbICLLErO Nopsaka



DyYHKUNA BbICLLUEro nopagka

. DyHKUMA, MaHMNyNMpYoLWas apyrumm yHKLMAMMU,
Ha3blBaeTCcA PYHKLUMNEN BbICLLErO Nopsiaka.

= [lpumep -- cymmnpoBaHue:
(define (sum-integers a b)
(if (> a b)
0
(+ a (sum-integers (+ a 1) b))))
(define (sum-cubes a b)
(if (> a b)
0
(+ (* a aa) (sum-cubes (+ a 1) b))))



DyYHKUNA BbICLLUEro nopagka

m CymmwuposaHue (npogorkenune) > 1/((4i-3)*(4i-1)):
(define (pi-sum a b)
(if (> ab)
0
(+ (/1.0 (* a (+ a 2))) (pi-sum (+ a 4) b))))
= [lpornagbiBaeTcs obLaa cxema
(define (<umsa> a b)
(if (> ab)
0
(+ (<Tepm> a) (<uma> (<cneayrowuii> a) b))))



DyYHKUNA BbICLLUEro nopagka

= Onuwem pyHKUNIO CYMMUPOBAHUS:
(define (sum term a next b)
(if( >ab)0
(+ (term a) (sum term (next a) next b))))
= Cymma KyboB 4yepes sum:
(define (sum-cubes a b)
(sum (lambda (x) (* x x X)) a (lambda (x) (+ x 1)) b))
= Cymma uernbix 4yepes sum
(define (sum-integers a b)
(sum (lambda (x) x) a (lambda (x) (+ x 1)) b))
= (define (pi-sum a b)
(sum (lambda (x) (/ 1.0 (* x (+ x 2)))) a (lambda (x) (+ x 1)) b))
«JTangxak»: MOXXHO MUCMNonNb30BaTh A-BblpaXkeHus! "



ITor no cyMMUpoBaHMIo

= Onucanun cxemy CyMMUPOBaHUA OYHKLIMEWN BbICLLErO
nopagka.

= [loBbicunu ypoBeHb abCcTpakunm.
m 3baBununck ot aybnmpoBaHusa Koaa.
= #BHO Bblpa3unu naero B nporpamme.

® SUM NOPOXOAET PEKYPCMBHBIN NPOLIECC, NEPENULLIEM:
(define (sum term a next b)
(define (loop a result)
(if (> ab)
result
(loop (next a) (+ (term a) result))))
(loop a 0))



[lepeMHOXeHune

= [lo aHanornm c cyMmmmpoBaHUEM MOXXHO YMHOXaTb:
(define (product term a next b)
(define (loop a result)
(if (> a b)
result
(loop (next a) (* (term a) result))))
(loop a l))
(define (sum term a next b) , €CTb YTO-TO OOLlee
(define (loop a result)
(if (> ab)
result
(loop (next a) (+ (term a) result))))

(loop a 0))



HakonneHue

= [loBbiCcMM ypOBEHbL abCTpaKumu:
(define (accumulate combiner null-val term a next b)
(define (loop a result)
(if (> a b)
result
(loop (next a) (combiner (term a) result))))
(loop a null-val))

(define (sum term a next b)
(accumulate + O term a next b))

(define (product term a next b)
(accumulate * 1 term a next b))



HakonneHue

= [lpumep ncnonb3oBaHua accumulate:
(define (enumerate-interval a b)
(accumulate (lambda (x y) (append y x))
'() (lambda (x) (list x)) a (lambda (x) (+ x 1)) b))

(enumerate-interval 1 10) =>(1234567 89 10)

= Ecnu B obpatHOM nopsaake, To npoiye
(accumulate cons ‘() (lambda (x) x) 10 (lambda (x) (+ x 1)) 20)

= (20191817161514 1312 11 10)

® ECIN BCE ELLE HYXXHO B NPSIMOM, TO CHMTAEM B OOpaTHOM U
nepeBopaymBaeM reverse, KOTOpbIU NIMHEUHbLIW.



HakonneHne ¢ uUnbLTPoOM

= Onuwewm filtered-accumulate:

(define (filtered-accumulate predicate combiner null-val term a
nextb) ...)

ecrnu o4epeaHoe a yaoBrneTBopsaeT UnbTPY, NPONCXoanT
HaKoMnmeHne, nHa4ye nNponyckaem n bepem cnegyoLee a.

(define (filtered-accumulate predicate combiner null-val term a
next b)

(define (loop a result)
(if (> a b) result
(loop (next a)
(if (predicate a) (combiner (term a) result)
result))))

(loop a null-val))



PYHKUMSA BbICLLErO Nopaaka Bo3BpallaeT
OYHKLNIO

= Onpegnenum B3sTUE NPOU3BOAHON OT OYHKLNN-
aprymeHra:

(define (derive f)
(lambda (x) (/ (- (f (+ x 0.00001)) (f x)) 0.00001)))
= Bbizosewm: ((derive (lambda (x) (* x x))) 10)
= [lo nogcTaHOBOYHOU MOOENMN:

((lambda (x) (/ (- ((lambda (x) (* x X)) (+ x 0.00001))
((lambda (x) (* x X)) x)) 0.00001)) 10)

(/ (- ((lambda (x) (* x X)) (+ 10 0.00001)) ((lambda (X) (* X
x)) 10)) 0.00001))

20.00000999942131 ~ 2x B To4ke x=10 10



DYHKLUMW BbICLLErO NOpSAaKa U CANCKM

= YMHOX€EHWNE 3NEMEHTOB Crnuncka
(define (scale-list Ist factor)
(if (null? |st)
()
(cons (* (car Ist) factor) (scale-list (cdr Ist) factor))))
= [lpupalleHne, Bo3BegeHNE B CTENMEHD ...
m OTobpaxkeHue cnucka (map <hyHKLNSA> <CrNNCOK>)
(define (map func Ist)
(if (null? |st)
()
(cons (func (car Ist)) (map func (cdr Ist)))))
(define (scale-list Ist factor)
(map (lambda (x) (* x factor)) Ist)) "



DYHKLUMW BbICLLErO NOpSAaKa U CANCKM

s CTtaHpapTHbIN map
(map <PyHKUMA> <CMMUCOK1> <Crmncok2> ... <CrMCOKN>)
(map +'(123) (10 20 30) (100 200 300))
=> (111 222 333)
= «bnnsHeu» map — for-each
(for-each (lambda (x) (println x)) (1 2 3))
=> 1
2
3

12



DYHKLUMW BbICLLErO NOpSAaKa U CANCKM

= [lpoceunBaHue filter

(filter <npeankaT> <CNMcok>)
(filter odd? (1 2 3 4 5))

=> (135)

(define (filter predicate Ist)
(cond ((null? Ist) “())
((predicate (car Ist))
(cons (car Ist) (filter predicate (cdr Ist))))
(else (filter predicate (cdr Ist)))))

13



DYHKLUMW BbICLLErO NOpSAaKa U CANCKM

= HakonneHwne
(accum <pyHKUMA> <Ha4y 3Ha4YeHue> <Crnncok>)
(accum + 0 ‘(1 23 4 5))

=> 15
(accum*1°(1234Y5))
=p 120

(define (accum func init Ist)
(if (null? Ist) init)
(func (car Ist) (accum func init (cdr Ist)))))
CTaHOapTHLIN CUHOHMM foldr
[lpaBoaccounaTmMeHasa cBepTKa

14



DYHKLUMW BbICLLErO NOpSAaKa U CANCKM

= JleBoaccouuaTnBHaga cBepTKa
(foldl <dpyHKUMA> <HaA4 3HAYEHME> <CMNCOK>)
(define (foldl func init Ist)
(if (null? Ist) init)
(foldl func (func init (car Ist)) (cdr Ist))))

(foldl cons '() '(1 2 3 4)) => (4321)
Ho (foldrcons'()'(1234))=> (1234)

(foldl list '() ‘(1 2 3 4)) =>  (4GQCAN))
(foldr list '() '(1 2 3 4)) S N vACICEV)))) 15



JleBO- 1 NpaBo- accounaTUBHbIE CBEPTKN

= CyMMa crmcka

(foldl + O Ist) ; Hamgem cymmy nogcnucka 6e3 nocriegHero
aremMeHTa n npnbaBum NocrnegHuin afieMeHT

(foldr + O Ist) ; HaMgEM cymmy XBOCTa cnucka un npnbdbasmnm
nepBbIN 3NEeMEHT

"= MUHNMYM CIMNCKa HeEOTpUMUaTelibHbIX YACET]

(foldl min O Ist) ; Hangém min B noacnucke 6e3 nocnegHero
arieMeHTa 1 BbIDEPEM MUHUMYM U3 HEFO W MOCIIEOHErO
arieMeHTa

(foldr min O Ist) ; HaMgém min B XBOCTE cnncka v BbIbepem
MUHUMYM M3 HETO M MEPBOro 3fieMeHTa

16



JleBO- 1 NpaBo- accounaTUBHbIE CBEPTKN

= (map func Ist)
(foldl (lambda (x y) (append vy (list (func x)))) ‘() Ist)

Hangém map nogcnucka 6e3 nocriegHero anemMeHTa u
Jonviem K HeMy crnmcok u3 func ot nocnegHero
anemeHTa

(foldr (lambda (x y) (cons (func x) y)) () Ist)

Hangem map OT XBOCTa CNMUCKa npunuilemM ero cnpasa
nocne func ot NepBoro anemMeHTa

17



DYHKLUMW BbICLLErO NOpSAaKa U CANCKM

= map, filter n cBepTKM NO3BOSMAIOT JNIENKO peanmi3oBbiBaTb
0bpaboTKy crmckoB

= NpousBedeHne KBagpaToB HEYETHbIX YMCEN Crncka
(define (product-of-squares-of-odd-elems Ist)
(foldr * 1
(map (lambda (x) (* X X))
(filter odd? Ist))))

(product-of-squares-of-odd-elems '(1 2 34 5)) => 225

18



DYHKLUMW BbICLLErO NOpSAaKa U CANCKM

= CMNUCOK KBagpaTtoB vucen PrnboHayum

(define (list-fib-squares n)
(map (lambda (x)
(let ((temp (fib x))) (* temp temp))
(enumerate-interval 1 n)))

[1/3 HanucaTtb NIMHENHO-UTEPALIMOHHO.

19



[Tpumep

= BbluucnnTb 3Ha4eHMe MHOroynieHa B To4YKe: KOS(MOULINEHTDI
MHOro4sieHa 3agatoTcsi CrMCKOM.

(define (gorner-| Ist x)
;8,, a1, ... Ay, 8 N0 YObIBAHMIO CTENEHEN

(foldl (lambda (a b) (+ (* b x) a)) 0 Ist))

(define (gorner-r Ist x)
; 8p, 84, -.. 4,1, &, 10 BO3paCTaHNIO CTENEHEN

(foldr (lambda (a b) (+ (* b x) a)) O Ist))

20



[1/3

= Ha Bxoa nopaeTtcsa CnMcokK CNMCKOB, Ha BbiXxoae
TpebyeTca NONy4YnUTb TOSTIbKO T€ CMUCKU, CyMMa
9NIEMEHTOB KOTOPbIX OOonbLLE MPON3BeAeHNsT ANEMEHTOB

NnepBOro Crincka.

21



Torm nekumm 3

DYHKUMKM BbICLLErO Nopsiaka — 9TO MOJSIE3HO.

ABCTpakLmsa NO3BONMSAET NPOrpamMMUCTY KOHTPONMMPOBATb
CNOXXHOCTb NMporpamMmbl 1 SBHO BblpaXkaTb B TEKCTE CBOU
noewu.

B Scheme pyHKUMA MOXET ObITb Kak apryMeHTOM Bbl30Ba
doyHKUNKN, TaK N pe3ynbTaToM.

map, filter, foldl, foldr nomoratot B paboTte co cnuckamw.
BooOLue roBopsi, ObiBalOT CBEPTKU A1 AEPEBLEB.

22



Pa3bop 3agay aHKeTbl OT 21 ceHTA0pA

m OyHKumA (sqlist n) ong HaTtypanbHOro n Bo3spailaeT
CNUCOK KBaApaToB NnepBbiX N HaTyparnbHbIX Yncen (14 9
... N?), a Ansg octanbHbIX LEenbIX N — NyCTOW CMUCOK.

(define (sqglist-rl n)
(if (<nl)'(
(append (sqlist-rl (- n 1)) (list (* n n)))))

BCMNOMHUM, 4YTO append — NMHENHbIN &



Pa3bop 3agay aHKeTbl OT 21 ceHTA0pA

= [lepenunwem c cons
(define (sqlist-r2 n)
(define (helper i)
(if (>1n)'()
(cons (*i1) (helper (+11)))))
(helper 1))
= Tenepb UTepatuBHbLIN
(define (sqlist-i n)
(define (loop i result)
(if (<1 1) result
(loop (-1 1) (cons (* 1 1) result))))
(loop n ()



Pa3bop 3agay aHKeTbl OT 21 ceHTA0pA

m OyHKuma (powlist n) ona HaTtypanbHOro n Bo3spailaet
cnucok nepsbix n+1 cteneHen 2 (124 ... 2"), a gns
OCTalbHbIX LenbIX N — NyCTON CNUCOK.

(define (powlist-r n)
(define (helper 1 pow-i)
(if (>in)"()
(cons pow-i (helper (+1 1) (* pow-i 2)))))
(iIf (<n1) ') (helper 0 1)))



Pa3bop 3agay aHKeTbl OT 21 ceHTA0pA

= Tenepb UTepaTtuBHbIN
(define (powlist-i n)
(define (loop | pow-i result)
(if (<1 0) result
(loop (-11) (* pow-i 2) (cons pow-i result))))
(if (<n1)'() (reverse (loop n1'()))))



NEKLUWNA 4
CTPYKTYpbl AaHHbIX



[ToTpeOHOCTL B CTPYKTYPaX AaHHbIX

= Paccmotpum npumep: apmdmeTrka pauuoHanbHbIX
yncen

m Peanunsauns 6e3 cTpykTypbl AaHHbIX

(define (num-of-sum num1 denl num2 den?2)
(+ (* numl den2) (* num2 denl)))

(define (den-of-sum numl denl num2 den2)
(* denl den2))

® HeOoCTaTKu:

m OoTcnexunBaHmne Kakme YNCIrinTerin COotBeTCTBYHOT
KakKUM 3HaMEHaTeENAaAM

m OOnbLIOE KONMMYECTBO apryMeHTOB (OYHKLNN

= BCe orepaunn n3 gByx YacTeun -- BblYUCIIEHNE
YynucrimtTenda n BblMUCIieEHNE 3HaMEeHaTeEl A



[TpoeKTUPOBAHNE CTPYKTYPbI AaHHbIX

= [lpnaymaem cnocob paboTbl C paunoHarnbHbIMK
yucnamu.

= OcHOBHble onepauunn (KOHCTPYKTOP U CeNeKTopsbl):
= (make-rat num den) — cosgaTb pay. YMcno
= (UM r) — NONY4YnUTb YNCNUTENDb YnNCna I
= (denr) — nony4nTb 3HaMeHaTenb Ynucna r

= [lonaras onepaunn peaslinaoBaHHbIMU MOXHO
onpenesintb CyMmmy, ripomn3segeHnme ...

(define (sum-rat a b)
(make-rat (+ (* (num a) (den b)) (* (den a) (num b)))
(* (den a) (den b))))
(define (mul-rat a b)
(make-rat (* (num a) (num b)) (* (den a) (den b))))
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|_|poeKTI/IpOBaHI/Ie CTPYKTYPbI OaHHbIX
= sum-rat TakoBa, 4Yto 1/2 + 1/6 = 8/12, a He 2/3
= MoxHO nepenucaTtb sum-rat, ncnonb3ysa gcd
(define (sum-rat a b)
(let* (n (+ (* (num a) (den b)) (* (den a) (num b))))
(d (* (den a) (den b)))
(9 (gcd n d)))
(make-rat (/ ng) (/d g))))

= MoxHo cneunanbHbiM obpasom onpeaennutb make-rat
(Mnn cenekTopsbl):

(define (make-rat a b)

(let ((g (gcd a b))) (cons (/ag) (/b g))))
(define num car)
(define den cdr)



UTo gana cTtpyktypa gaHHbIX?
= [lonyymnack cnouctasa cucrema:

nporpammebl, paboTtatoLine
C paumoHanbHbIMK Yncnamm

peanusauus nap



UTto gana cnoucrtas cuctema?

= /I3MeHeHUs nokannusoBaHbl HA YPOBHE

= [lepeonpenenum make-rat n cenekropsl:
(define make-rat cons)

(define (num x)

(let ((g (gdc (car x) (cdr x))))
(/ (car x) 9)))

(define (den x)
(let ((g (gdc (car x) (cdr x))))
(/ (cdr x) 9)))

= sum-rat, mul-rat paboTatoT, X He Hago nepenucbiBaTb

10



Cons

® CONS co3gaeT TOYeYHYo napy

® BHellHee npeactasrneHue (cons a b) => (a . b)

= Napa — He Bcerga Ccrnmcok!

% 5

N[

a

(cons a ())
® 3NeMeHTamMu napbl MOXET ObITb BCE, YTO Yro4HO, B TOM

yucne gpyrue napbi:
(cons (cons 1 2) (cons 3 4))

=1

(cons (cons 1 (cons 2 3)) 4)

m CBOUCTBO 3aMblKaHuUsA

Pl B g B 0 B
e
i I B B I I
. | o | [ =
L~ | T 4
/ I

1
y
| 2
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OTctynneHue. To4yedHble napbl N PYHKLNN

= C nomoLbio HOoTauMM TOMEYHOU NMapbl MOXHO
onpenenntb PyHKUUIO C HEPUKCUPOBAHHbLIM
KONMYeCTBOM NapaMeTpoOB:

(define (f . params)

(display params))
() => 0
(f12345)=> (12345)

(define (first+ x . tall)
(map (lambda (y) (+ x y)) tail))

(first+ 1012 3 4) => (11 12 13 14)
(first+ 10) => ()

12



OtctynneHue. Cons, car, cdr n yHKUnm
= PaccmoTpum koa
(define (cons x V)
(define (dispatch m)
(cond ((= m 0) x)
(GIUFYRY
(else (printin “owmndka cons™))))
dispatch)
(define (car x) (x 0))
(define (cdr x) (x 1))

= [lonyynnun «yHKUMOHAanNbHYO» peanusauuto nap.
= BooOLe roBops, MOXHO 4YMcna peann3oBaTtb QYHKLNAMU
= A 3HaA4uT -- N BCE OdaHHbIE. 13



OtctynneHue. Cons, car, cdr n yHKUnm
m [pyraa «pyHKUnMoOHanbLHaa» peannsaums nap
(define (cons x V)

(lambda (m) (m x y)))
(define (car pair) (pair (lambda (p q) p)))
(define (cdr pair) (pair (lambda (p g) q)))

(car (cons 1 2)) ==> (car (lambda (m) (m 1 2))) ==>
((lambda (m) (m 1 2)) (lambda (p q) p)) ==>
((lambda (p ) p) 1 2) ==>1

aHanorm4yHo cdr

14



[lepeBbA

= bynem paccmartpuBaTb OMHapHbIE OJepeBbS C JaHHbIMU
KaK B y3nax, Tak U B JIUCTbSIX.

= [lepeBo, 310 Takas abcTpakums, Anst KOTOPOW BEPHO:
= [lycToe nepeBo — 310 AepeBo. empty-tree

= HenycTtoe nepeBO COCTOUT U3 KOPHA U OBYX
nogaepesbeB. (Mmake-tree data left right)

= [lepeBo MOXHO NpoOBeEPUTL Ha NYCTOTY. empty-tree?
= CenekTopbl gepesa:

= NONy4nTb KOpeHb tree-data

= NONy4unTb NeBoe nogaepeso tree-left

= MNony41Tb NpaBoe nogaepeso tree-right

15



[lepeBbA

= [lonaras 6asoBble onepaunn peanm3oBaHHbIMU, MOXXHO
onpenensTb bornee CrnoXHble:

= MNPOBEPUTb, BCE N Y3Nbl YOOBMETBOPSIOT
onpenerneHHoOMy YCIOBUIO:

(define (all-tree p t)
(if (empty-tree? t) #t
(and (p (tree-data t)) (all-tree p (tree-left t))
(all-tree p (tree-right 1)))))
® CYLUECTBYET N1 y3en, yOOBETBOPSIOLLNNA YCIOBUIO:
(define (any-tree p t)
(not (all-tree (lambda (x) (not (p x))) t))

16



[lepeBbA
= [lony4nTb CNUCOK BCEX Y3IOB:
(define (flatten-tree t)
(if (empty-tree? t) ()
(append (flatten-tree (tree-left t))
(cons (tree-data t) (flatten-tree (tree-right t))))))
= [lony4ynTb CNUCOK NUCTLEB:
(define (fringe-tree t)
(cond ((empty-tree? t) ())
((and (empty-tree? (tree-left t))
(empty-tree? (tree-right t)))
(list (tree-data t)))
(else (append (fringe-tree (tree-left t))
(fringe-tree (tree-right t))))))

17



[lepeBbA
= [lony4ynTb CNUCOK y3NnoB, YOOBNETBOPSIOLLNX YCITOBUIO:
(define (collect-tree p t)
(cond ((empty-tree? t) ())
((p (tree-data t))
(append (collect-tree p (tree-left t))
(cons (tree-data t) (collect-tree p (tree-right t)))))
(else
(append (collect-tree p (tree-left t))
(collect-tree p (tree-right t))))))

18



[lepeBbA

= BbInonHNTbL oencrteue ong Kaxgoro ysna,
yOOBIIETBOPSAIOLLErO YCNOBUIO:
(define (with-all-satisfying p k t)
(define (rect)
(if (empty-tree? t)
#i
(begin
(if (p (tree-data t)) (k (tree-data t)) #f)
(rec (tree-left t))
(CERUEER ] 99)))))
(rect))

19



[lepeBbA

= Peannsyem 6asoBble onepauymu:

(define empty-tree ())

(define (make-tree data left right)

(cons data (cons left right)))

(define tree-data car)
(define tree-left cadr)
(define tree-right cddr)

(define (empty-tree? t)
(eq? t'()))

data
—r—
V| —— Pl
v_ v
? left right
| —> 7 | 1 3
v v /
2] Ly
! J
V)
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[lepeBbA

= MHorga paccmaTtpuBatloT JepeBbsi C AAHHbIMU TONBKO

B JINCTbSX:
(define empty-tree ‘())
(define (make-tree left right)
(cons left right))
(define tree-left car)
(define tree-right cdr)
(define (empty-tree? t)
(€q? t()))

(define (leaf-tree? x) (not (pair? x)))
(define (tree-data t)
(if (leaf-tree? t) t °()))

[ 11
v 3
left right
[ 1§
v ¥
[ | 1 [
v v
1] [2][3
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buHapHbIe oepeBba Nouncka

= B gepese noncka gaHHble yrnopsgoyeHsl (MeHbLUNE —
cnesa OT KOpHS, bornbLune -- cnpasa).

= basoBble onepauuu gepeBa noucka:
= empty-bst
= (empty-bst? t)
= (Insert-bst key t)
= (member-bst? key t)



buHapHbIe oepeBba Nouncka
= Peanusauum
(define empty-bst empty-tree)

(define (empty-bst? t) (empty-tree? t))

(define (member-bst? key t)
(cond ((empty-bst? t) #f)
((= key (tree-data t)) #t)
((< key (tree-data t))
(member-bst? key (tree-left t)))
(else
(member-bst? key (tree-right t)))))

23



buHapHbIe oepeBba Nouncka

= BcrtaBka (6e3 banaHCUPOBKW)
(define (insert-bst key t)
(cond ((empty-bst? t)
(make-tree key empty-bst empty-bst))
(GLEAUGCEREIEN)
)
((< key (tree-data t))
(make-tree (tree-data t)
(insert-bst key (tree-left t))
(tree-right t)))
(else
(make-tree (tree-data t)
UEERERY
(insert-bst key (tree-right t))))))

24



Torn nekumm 5

m CTpyKTYypbl A@HHbIX YNPOLLAOT NporpaMmmbl

= [1pn NpPoEKTUPOBaAHNN CTPYKTYP AaHHbIX NOME3HO
MCMNonb30BaTb CIIOUCTbIE CUCTEMBI.

= OcHoBa nepapxmyeckmx CTPYKTYyp OaHHbIX B Scheme —
To4yevHas napa (cons, car, cdr).

25



Pa3bop 3agay aHKeTbl OT 28 ceHTAbpS

= C nomouwbio oyHKUMIM BbicLLEro nopaaka map, foldl,
foldr, filter onnwmnTe doyHkumio (task28a Ist)
NPUHMMaAIOLLLYHO HEMYCTOW CNUCOK CMNUCKOB Yncen.
DyHKUMA HaxoOuT cpeaHee apndmMmeTnyeckoe
MaKCMMYMOB MOAYJIEN SNIEMEHTOB BITOXXEHHbIX CMUCKOB.

(define (task22a Ist)
(* 1.0 (/ (foldl + O (map (lambda (ls)
(foldl max O (map abs Is))) Ist))
(length Ist))))



Pa3bop 3agay aHKeTbl OT 28 ceHTAbpS

= C nomouwbio oyHKUMIM BbicLLEro nopaaka map, foldl,
foldr, filter onnwmnTe doyHkumio (task28b Ist)
NPUHUMAKOLLYIO HEMYCTOW CMUCOK CMNUCKOB YKMCEN.
DyHKUMA HaxoOuT MakcuManbHoe cpean BCeX CpeaHnx
apudpmeTnyecknx Mmoaynemn aneMeHTOB BINOXEHHbIX
CMMCKOB.

(define (task22b Ist)
(foldl max O (map (lambda (Is)
(if (null? 1s) O
(* 1.0 (/ (foldl + O
(map abs Is))
(length Is)))

) IsD)))



NEKUMSA 5
OcTaTto4Hble BbluncreHnda. Ctunb
rnepeiaydyl OCTarTO4yHbIX BblYUCIIEHUN



OcTaTo4YHble BblYUNCIIEeHUS

OcTtaTto4Hble BblumncrieHus (continuations) -- YTo-TO, YTO
XOeT 3HadeHune. C KaabliM MPOMEXYTOYHbIM 3HAaYEHNEM
CBA3aHO OCTaTOYHOE BbIYUCIIEHUNE -- BbIYUCIIEHUS,
KOTOpble AO0STKHbI ObITb BbIMOMHEHbI, KaK TONbKO
3Ha4YeHne CTaHET N3BECTHbIM.

Hanpumep: (sqrt (+ (read) 1)) >kgeT, noka
Nnosfib3oBaTeslb HE BBEOAET YNCIO.

OcTtaTto4Hble BbluMcrneHus ana pyHkumm foo B

BblpaxeHun (* (foo 1) (+5 1)) MOXXHO onucaTtb Yepes
lambda:

(lambda (X) (* x (+ 5 1)))



OcTaTo4YHble BblYUNCIIEeHUS

= OcTaTtoyHble BblMUCIIEHUSA — AMHaAMMNYeckne obbekTbl. Ha

KaXOOM Liare rnporpamMmbl CylecTBYHOT TEKYLLNE
OCTaTO4Hbl€e BbIHNCITEHUA

= Hanpumep:
(define (factn) (if (=n0) 1 (*n (fact (- n 1))))))

(fact 3)

(* 3 (fact 2))

(* 3 (* 2 (fact 1)))

(* 3 (* 2 (* 1 (fact 0))))

=> 0



dakTopuan B cTure nepengayu o. B.
[lepenuwem pakTopmnan B BuAe PyHKUUN C ONOSTHUTENbHbIM
napamMeTpoMm -- PyHKUMEN, NpeacTaBnsoLen cooon
OCTaTO4YHbIE BbIYUCIIEHUS:

(define (fact-cc n cc)
(iIf (=n0) (cc 1)
(fact-cc (- n 1) (lambda (x) (cc (* n x))))))
[lpnmep BbI3OBA:
(fact-cc 2 (lambda (x) X))
(fact-cc 1 (lambda (x;) ((lambda (x) x) (* 2 x1))))
(fact-cc O (lambda (x,) ((lambda (x;)((lambda (X)x)(* 2 x,))) (* 1

)
((lambda (x,) ((lambda (x,) ((lambda (x) X) (* 2 x,))) (* 1 x,))) 1)



dakTopuan B cTurie nepegayu o. B.
[lpogomnxkeHne

((lambda (x,) ((lambda (x,) ((lambda (x) X) (* 2 x,))) (* 1 X,))) 1)
((lambda (x,) ((lambda (x) X) (* 2 x,))) (* 1 1))

((lambda (x) x) (* 2 1))

2



reverse B CTurie rnepeanayn O. B.

= Onunwewm reverse B continuation-passing style
= CHavana onpegenum cxemy BblYUCITIEHUMN:

= Pesynbrat MOXHO NonyYnTb, BCTaBNASA 3NIEMEHTHI
MCXOHOro Cnncka no OAHOMY OT Ha4vana K XBOCTY B rofioBY
crnvcka-pesynsraTa.

= reverse B OObIYHOM CTUNE:
(define (reverse-simple Ist)
(define (loop | res)
(if (null? 1) res (loop (cdr I) (cons (car |) res))))
(loop Ist *()))
= npumep: (loop (list12 3) ())
(loop (list 2 3) (cons 1 %()))
(loop (list 3) (cons 2 (cons 1 ()))) ...



reverse B CTusie repeanaym oO. B.

= [lnwem B continuation-passing style
(define (reverse-cps Ist cc)

(if (null? Ist) (cc ())

(reverse-cps (cdr Ist) (lambda (x) (cons (car Ist) (cc x))))))

= YTO 0OLero ¢ obblYHbIM onMcaHnem?

(define (loop | res)

(if (null? 1) res (loop (cdr |) (cons (car |) res))))

= nNpumep paboThbl
(reverse-cps (1 2) (lambda (x) x))
(reverse-cps ‘(2) (lambda (x;) (cons 1 ((lambda (X) x) X,))))

(reverse-cps ‘() (lambda (x,) (cons 2 ((lambda (x,) (cons 1
((lambda (x) X) X)) x5))))



reverse B CTusie repeanaym oO. B.

(reverse-cps ‘() (lambda (x,) (cons 2 ((lambda (x,) (cons 1

((lambda (x) X) X,))) X,))))
((lambda (x,) (cons 2 ((lambda (x,) (cons 1 ((lambda (x) X) X;)))

X2))) '0)
(cons 2 ((lambda (x,) (cons 1 ((lambda (Xx) X) X,))) '()))

(cons 2 (cons 1 ((lambda (x) x) '())))
(cons 2 (cons 1()))

(cons 2 '(1))

(21)



BcTaBka B XBOCT B CTUJE nMepegayun o. B.

= Onuwem app-cps, AoOaBNAOLLYI0 3TEMEHT B XBOCT CrMCKa:
= CHavana onpegennm Cxemy BblYUCIEHWIA:

= PesynstaT MOXHO Mosny4vnTb, Npunucas rosioBy MCXO4HOIO
CMNUCKa K pesynbTaty BCTaBKM B XBOCT (PEKYPCUBHOWN).
BcTaBka B NyCcTOM CNUCOK Nony4yaeTca Kak CMCoK U3 HOBOIO
arfieMeHTa.

= NUWeM B OObIYHOM CTUSE:
(define (app-simple Ist e)

(if (null? Ist) (list e)

(cons (car Ist) (app-simple (cdr Ist) e))))

= Npumep paboThbl
(app-simple (1 2) 3)
(cons 1 (app-simple (2) 3))
(cons 1 (cons 2 (app-simple () 3))) ...



BcTaBka B XBOCT B CTUME rnepenayn O. B.

= Onuwem app-cps, 4ob6aBNsAOLLYIO ANIEMEHT B XBOCT CrucKa:
(define (app-cps Ist e cc)

(if (null? Ist) (cc (list e))

(app-cps (cdr Ist) e (lambda (k) (cc (cons (car Ist) k))))))
= Y10 obuiero c obbIYHON BEpcHen?

(define (app-simple Ist e)

(if (null? Ist) (list e)
(cons (car Ist) (app-simple (cdr Ist) €))))

= [Nlpumep:
(app-cps (1 2) 3 (lambda (x) x))
(app-cps (2) 3 (lambda (x,) ((lambda (x) x) (cons 1 x,))))

(app-cps () 3 (lambda (x,) ((lambda (x,) ((lambda (x) x) (cons 1
X4))) (cons 2 x5))))



BcTaBka B XBOCT B CTUME rnepenayn O. B.

(app-cps () 3 (lambda (x,) ((lambda (x,) ((lambda (x) x) (cons 1

X1))) (cons 2 X,))))
((lambda (x,) ((lambda (x,) ((lambda (x) x) (cons 1 x,))) (cons 2

X2))) '(3))
(((lambda (x,) ((lambda (x) x) (cons 1 x,))) (cons 2 (3)))
((lambda (x) x) (cons 1 (cons 2 (3))))
(cons 1 (cons 2 '(3)))
(cons 1 (2 3)))
‘(123)



Torn nekumm 5

= [lpeobpasysa nporpammy corfnacHo CPS Mbl JOCTUraeM OBYX
Lenew:

= Bclo pekypcuto genaem XxBOCTOBOW.

= B nHTEpnpeTtatope, BbIYUCIIAOLWEM B anmninkaTMBHOM
nopsake, peanuayem BblYUCITIEHNS B HOPMalibHOM
nopsiaake.
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HemMHOro noBTOpeHNd nepen aHKETON

= length-cps
® CHa4dana OOblYHbIN
(define (length-simple Ist)

(if (null? Ist) O

(+ 1 (length-simple (cdr Ist)))))

= pumep
(length-simple ‘(1 2 3))
(+ 1 (length-simple (2 3)))
(+ 1 (+ 1 (length-simple ‘(3))))
(+1(+ 1 (+ 1 (length-simple ‘()))))
(+1(+1(+10))
(+1(+11))
G 3

15



HemMHOro noBTOpeHNd nepen aHKETON

® roToBbl NucaTb length-cps
(define (length-cps Ist cc)
(if (null? Ist) (cc 0)
(length-cps (cdr Ist) (lambda (x) (+ 1 (cc x))))))

16



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

26



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 )
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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)))

49



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

50



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.
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NEKLUWSA 7
Scheme 1 06bEKTHO-OPUEHTUPOBAHHOE
NporpamMvpoBaHme

13



OO BbEKTHO-OPUEHTUPOBAHHOE
ApPOorpaMmMmnpoBaHmne

= AOCTpakumsa gaHHbIX, 00 beanHAKLWAasA COCTOAHME
N PyHKUNMK

= MexaHu3m nepegayvn coobLEeHNN

= OObBbeKkTHble moaenu
= Junarpamma KrnaccoB
= AmnarpaMmma o0bLEKTOB

= [lpumep: «KOCMUYECKME BOUHBI»

14



AbcTpaKkumn

[TpouenypHblie abcTpakymm
ABCTpaKkuun gaHHbIX

Ob6Lee npeaHasHa4YeHUe: BblpaXkaTb CIOXHbIE MOHATUSA
yepe3 bornee NpocTble, CKpbiBas geTanu.

Bonpockl:

Kak ny4ywe Bcero npeactaBuTb CUCTEMY HADOPOM
abcTpakyumn?

Kak coenaTtb NpoCTbiM pacLLUMpPeHne CUCTEMbI?
[o6aBnATb HOBbIE TUMbI AAHHbLIX?
[o6aBnaTb HOBble YHKLIMN?

15



[logoxon «OT AaHHbIX»

m CTpPYKTYpbl AAHHbIX
u CHopKa CNOXKHbIX CTPYKTYP C NOMOLLbIO CONS:
point, line, 2dshape, 3dshape

= Vichonb3oBaHue 3arnaBHOro 3BeHa — Tera,
yKasblBalOLLEero Tun gaHHbIX

(define (make-point x y) (list ‘point X y))
= Peanusauus cTpykTypbl AaHHbIX TpebyeT Habopa

doYHKLUMWN: KOHCTPYKTOpPA, CENEKTOPOB, MyTaTOPOB, .

= O60OLEHHbIE ONEpaL MK

(define (scale x factor)
(cond ((point? x) (point-scale x factor))
((line? x) (line-scale x factor))
((2dshape? x)(2dshape-scale x factor))

((3dshape? x)(3dshape-scale x factor))
(else (display "unknown type"))))

16



OBOO0OLLEHHBIE OnepaLnn

Point Line 2-dShape 3-dShape

scale point-scale line-scale 2dshape-scale | 3dshape-scale

17




OBOO0OLLEHHBIE OnepaLnn

Point Line 2-dShape 3-dShape
scale point-scale line-scale 2dshape-scale | 3dshape-scale
translate point-trans line-trans 2dshape-trans | 3dshape-trans

18




OBOO0OLLEHHBIE OnepaLnn

Point Line 2-dShape 3-dShape
scale point-scale line-scale 2dshape-scale | 3dshape-scale
translate point-trans line-trans 2dshape-trans | 3dshape-trans
color point-color line-color 2dshape-color | 3dshape-color
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OBOO0OLLEHHBIE OnepaLnn

= Npu gobasrieHnn HOBOM PYHKLINK

= NpocTo AobaBnsieM HOBYHO 0OOBLLIEHHYIO onepauuto

Point Line 2-dShape 3-dShape
scale point-scale line-scale 2dshape-scale | 3dshape-scale
translate point-trans line-trans 2dshape-trans | 3dshape-trans
color point-color line-color 2dshape-color | 3dshape-color

20



OBOO0OLLEHHBIE OnepaLnn

= Npu gobasrieHnn HOBOM PYHKLINK

= NpocTo AobaBnsieM HOBYHO 0OOBLLIEHHYIO onepauuto

Point Line 2-dShape 3-dShape
scale point-scale line-scale 2dshape-scale | 3dshape-scale
translate point-trans line-trans 2dshape-trans | 3dshape-trans
color point-color line-color 2dshape-color | 3dshape-color

new-op
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OBOO0OLLEHHBIE OnepaLnn

= npun gobaBneHnm HOBOW (PYHKLNK

= NpocTo gobaBnsemM HOBYH 0DOOOLLEHHYIO onepauunio
= npun ao6aBneHnmM HOBOro TUMa AaHHbIX
m Heobxoaumo nepenucaTb kax /1y 000OLWEHHYIO ornepaumio

Point Line 2-dShape 3-dShape curve
scale point-scale line-scale 2dshape-scale | 3dshape-scale | --5cgle
translate point-trans line-trans 2dshape-trans | 3dshape-trans | c-trans
color point-color line-color 2dshape-color | 3dshape-color | c-color

new-op
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[1Ba B3rndaga Ha mup

OOBbEKT AaHHbIX

Point Line 2-dShape 3-dShape curve
scale point-scale line-scale 2dshape-scale | 3dshape-scale | ~_5cgle
translate point-trans line-trans ! 2dshape-trans | 3dshape-trans | c-trans
|Eor point-color \ line-color Isthape-coIor 3dshape-color | c-color |
?ew-op I
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UTo Takoe o0beKT AaHHbIX?

= OTO CTPYKTypa AaHHbIX
® COEeNHEHHas ¢ HabopoM COBCTBEHHbIX Ornepauui

= Ons1 KOTOPOW ecTb obLee noHaTue (line), u
aksemnnsapsbl (Iinel7)

= 3K3eMNnsp XpaHUT CBOM CBOUCTBA (COCTOSIHUE)

= Mbl n3obpenn OOIT!

24



OQOI1 B Scheme: ®yHKLUWN N cOCTOAHNE

Y pyHKUNM eCTb
napameTpbl 1 Tero onmcaHHble B lambda-BbipakeHumn
OKpYXeHue, rae XpaHsaTca CBA3blIBAHUA €€ UMEH

MOo>XXHO ncnonb3oBaTb PYHKLUMIO ONA XPaHEHUS
(1 COKpPbITUA) AaHHbIX U NMPeaocTaBeHNsa OOCTyna K HUM.

[1pn BbI30BE (PYHKLKNN CO3O0AETCA HOBOE OKPYXXEHUE.
HYy>XHO UMeTb 4OCTYN K 3TOMY OKPY>XEHUIO.

019 OOCTyna HYXXHbl ornepaunmn (KOHCTPYKTOP,
CeneKkTopbl, MyTaTopsl, ...)

MYTaTOPbl NBMEHAKT COCTOAHUE

25



[Tpumep: MyTMpYyEMbIE Napbl KAk OO BbEKTbI

(define (mcons x y)
(lambda (msQ)
(cond ((eq? msg 'MCAR) x)
((eq”? msg ' MCDR) y)
((eq? msg 'MPAIR?) #t)
(else (display “wrong msg?)))))

(define (mcar p) (p 'MCAR))
(define (mcdr p) (p 'MCDR))

(define (mpair? p)
(and (procedure? p) (p 'MPAIR?)))

26



[Tapa-o06bekT ¢ Touku 3peHns MBO

(define foo (mcons 1 2)) @

(mcar foo) ====> (foo ‘MCAR) @

(define (mcons x y)
(lambda (msg)
(cond ((eq? msg 'MCAR) x)
((eq? msg 'MCDR) y)
((eq? msg 'MPAIR?) #t)
(else ...)

GE mcons:\ foo: \

p: Msg
body: (cond ...)

(mcar foo) | ge @

=> (foo ‘MCAR) | ,
=>

E3
«..] msg: CAR @

(cond ...) | g3
=>X | g3
=1
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MyTaLI,I/IFI [MNapbl Kak NISMEHEHNE COCTOAHUA

obbekKkTa

(define (mcons x y)
(lambda (msg)
(cond ((eq? msg ‘MCAR) x)
((eq? msg ‘MCDR) y)
((eq? msg ‘MPAIR?) #t)
((eq? msg 'SET-MCARY!)
(lambda (new-car) (set! x new-car)))
((eq? msg 'SET-MCDR!)
(lambda (new-cdr) (set! y new-cdr)))
(else ..)
(define (set-mcar! p new-car)
((p 'SET-MCAR!) new-car))
(define (set-mcdr! p new-cdr)
((p 'SET-MCDR!) new-cdr))

28



[1pymep mytaumm B MBO

(define bar (mcons 3 4)) @

) : (set-mcar! bar 0) | g
(set-mcar! bar 0) => ((bar 'SET-CAR!) 0) | g«

GE | bpar: @

? @ npucsansaeT x 0 B E4
p: XYy

body: (lambdg) ¢ ! (set! x new-car) |

ormsg e msg: SET-MCAR!

Ab

body: (cond ...) @ ....... new-car: 0 E7
cond ...) | g6 @
=> (lambda (new-car) p: new-car
(set! x new-car)) | g body: (set! x new-car)

AS



CTtunb nepenavy coobLleHnmn

= Jagum nmeHa lambda n cgenaem nx npmBaTHbIMA

(define (mcons x y)

(define (change-car new-car) (set! x new-car))

(define (change-cdr new-cdr) (set! y new-cdr))

(lambda (msg . args)

(cond ((eq? msg ‘"MCAR) x)

((eq? msg ‘MCDR) y)
((eq? msg ‘MPAIR?) #t)
((eq? msg 'SET-MCARY!) (change-car (first args)))
((eq? msg 'SET-MCDRY!) (change-cdr (first args)))
(else ...))))

= [1ieperimmem CeriekTop n Mytatop
(define (mcar p)

(p 'MCAR))
(define (set-mcar! p val)

(p 'SET-MCAR! val))
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CTunmn nporpaMmmMmnpoBaHnS:
OYHKUMOHasNbHbIN

N OO BEKTHO-OPNEHTUPOBAHHBIN

= OyHKUMOHaNbLHOE NPOorpaMMMUpPOBaHME:

= Cucrtema opraHusyetcst Habopom yHKLNMN,
obpabaTtbiBatloLLMX AAHHbIE

(do-something <data> <arg> ...)
(do-another-thing <data>)
= OOI:

= Cuctema opraHusyeTcsi Kak Habop 0OBLEKTOB,
oOMeHuBarLWmMxXca coodbLeHnamm

(<object> 'do-something <arg>)
(<object> 'do-another-thing)
m OBBLEKT MHKaNCynMpyeT AaHHblE U onepaumn
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OcHoBHble TepMUHbI OOT

= Knacc

= onucbiBaeT oOLLY0 CTPYKTYpPY 1 NoBedeHne
OOHOTUMHbIX SK3EMMMAPOB

= B Scheme knacc — 910 oyHKUMA — onepauyms-
KOHCTPYKTOP.

= JK3emMnnsp:
= OTOenbHbI OOBEKT HEKOTOPOrO Kacca

= B Scheme, 00BbEeKT — 3TO (PYHKLUUA-00paboTUMK
cooOLLEeHN, co3daHHasa onepaumen-KOHCTPYKTOPOM
HEeKOTOPOro Krnacca
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[Mpumep. «Kocmmnyeckme BONHGLI»

= B urpe yyacteytoT
= Kopabnwu
= NMaHeThl
= OOBbEKTbI APYrnx TUMOB

= [lpumepbl 9K3eMNNApOB KiaccoB
= Millenium Falcon
= Enterprise
= Earth

8



Kopabrb

(define (make-ship position velocity num-torps)
(define (move)
(set! position (add-vect position ...)))
(define (fire-torp)
(cond ((> num-torps 0) ...)
(else ‘fail)))
(lambda (msg)
(cond ((eq? msg ‘position) position)
((eq? msg ‘velocity) velocity)
((eq? msg ‘move) (move))
((eq? msg ‘attak) (fire-torp))
(else (display “wrong message to ship™)))))
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Knacc kopabsib

Knacc —-—
COCTOAHUE

L ——

coobuweHuns

Ship

position
velocity
num-torps

position
velocity
move
attak
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Onarpamma o6 LEKTOB

(define enterprise

(make-ship (make-vect 10 10) (make-vect 5 0) 3))

(define war-bird

(create-ship (make-vect -10 10) (make-vect 10 0) 10))

Ship
position:
velocity:
num-torps:

position
velocity
move
attak

Ounarpamma o6bEKTOB

enterprise : Ship

pos = (vec 10 10)
vel = (vec 50)
num-torps = 3

war-bird : Ship

pos = (vec -10 10)
vel =(vec 10 0)
num-torps = 10
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C TOYKM 3pEHNA MOAENN BbIYNCIIEHNN
C OKPY>XEHNSAMU

(define enterprise
(make-ship (make-vect 10 10) (make-vect 5 0) 3))

(enterprise ‘move) ==>

(enterprise ‘position) ==> ?

GE

enterprise:\

par: pos val num...

body: (defi

(2

BHYTPEHHNE attak:
onucaHus : : |

f

position: (vec 10 10)

velocity: (vec 5 0)

num-torps: 3
move:

par: msg

’

_A

\

(define (make-ship position velocity num-torps)

(define (move)
(set! position (add-vect position ...)))
(define (fire-torp)
(cond ((> num-torps 0) ...)
(else ‘fail)))
(lambda (msg)

(cond ((eg? msg ‘position) position)
((eg? msg ‘velocity) velocity)
((eg? msg ‘move) (move))

((eg? msg ‘attak) (fire-torp))
(else (display “wrong ...”)))))

body: (cond .. body (set! position ...)

37

(2



[1pogomknM HaMOMHATL MUP
KKOCMUYECKNX BOVHY

= [lobaBmm nnaHeTbl — Knacc Planet

= J[lo6baBum BbIBOA
= OTOBpakeHne o6bbLEKTOB Ha 3KpaHe
= JOMyCTUM, YTO BbIBOA YMEET AenaTtb YyHKUMA draw

= njobaBunm coobuieHune ‘display, obpaboTka KOTOPOro
3aKI04aeTCs B BbI30OBE (raw C HY>XXHbIMU
napameTpamMu.
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OBOHOBMNEHHAS AmnarpamMmma KiiaccoB

Ship

position:
velocity:
num-torps:

position
velocity
move
attak
display

Planet

position:

position
display
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Knacc llnaHeTa
(define (make-planet position)
(lambda (msg)
(cond
((eq? msg ‘position) position)
((eq? msg ‘display) (draw ...))
(else (display “wrong message to planet?)))))

(define earth (make-planet (make-vect 0 0)))
(earth ‘position) ==> ...
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3anycTtum BpeMS

[1BM>XeHne B KocMoce
nobaBmm 4achbl, OTCYUUTbIBAKOLLME BPEMS

Byaem oTcrexmnBaTtb MOSIOXEHNE OBMXKYLLIMXCS
O0BEKTOB

Yyacbl byayT nocbinartbe coobleHune ‘clock-tick
OBWXYLLUMMCA 0ObeKkTaMm, YTOObl Te OOHOBUITN CBOE
COCTOSIHME

[Nobasum knacc Torpedo
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IaMeHeHna Ha gnarpamMmmMe KraccoB

Ship

Torpedo
position:
velocity:

position:
velocity:
num-torps:

position
velocity
move
display
clock-tick
explode

position
velocity
move
attak
display
clock-tick
explode

Planet

position:

position
clock-tick
display
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Yackl ynpaBndoT BCEM

Clock

The-time:

callbacks:

the-time
tick
add-callback

14|
|

|

Callback

object:
message:
data:

activate

Object
state info

message

oTnpaenser
message 0ObLEKTY
object BmecTe C
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Yackl ynpaBndoT BCEM

Clock

The-time:

callbacks: ol - | ‘

the-time 1

tick

add-callback Callback
object:
message:
data-

activate
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Yackl ynpaBndoT BCEM

Clock

The-time:

callbacks:

the-time
tick
add-callback

|

Callback

object:
message:
data:

activate
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Peann3auus 4YacosB

(define (make-clock . args)
(let ((the-time 0)
(callbacks '()))
(lambda (msg)
(cond
((eq? msg ‘the-time) (lambda (self) the-time))
((eq? msg ‘tick) (lambda (self)
(map (lambda (x) (x 'activate)) callbacks)
CERGERIENCRUER T ENE)))
((eq? msg ‘add-callback)
(lambda (self cb)
(set! callbacks (cons cb callbacks))
‘added)))
(else (display “wrong message to clock?)))))
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Peanunsauusa callback

(define (make-clock-callback object message . data)
(lambda (msQ)
(cond
((eq? msg ‘object) (lambda (self) object))
((eq? msg ‘message) (lambda (self) message))
((eq? msg ‘activate) (lambda (self) (object message data)))
(else (display “wrong message to clock-callbak?)))))
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Topneaa

(define (make-torpedo position velocity)
(define (explode torp)
(display “torpedo goes off!”)
(remove-from-universe torp))
(define (move)
(set! position ...))
(define (me msg . args)
(cond
((eq? msg ‘position) position)
(eq? msg ‘velocity) velocity)
(eq? msg ‘move) (move))
(eq? msg ‘explode) (explode (car args)))
(eq? msg ‘display) (draw ...))
(else (display “wrong message to torp”))))
(clock ‘add-callback

(make-clock-callback me ‘move))
me) 00OBbEeKT coobLleHne

(
(
(
(
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[IpoMeXyToYHbIE NTOIW

= PaccmoTtpenn OO-ctunb nporpaMmmMmnpoBaHus:
® OTJINYHBbIN OT PYHKLUMOHANLHOrO
= Noaxo4dsLunn ana CUMYNATOPOB, CIIOXHbIX CUCTEM, ...

= PaccmoTpenu ob6bekTHble MoaeNu
= H/3 OT A3blka peanuaauunu

Knacc — WwabsioH CTPYKTYpPbI 1 NOBEAEHUS
O0BEKTOB

SK3EeMMIIAP — KOHKPETHbIM 00BEKT, CO3a4aHHbIN MO
LLabIoHy

AanarpamMmmMbl KIinaCccoB U anarpamMmmbl 0OBbEKTOB
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[Onarpamma c 0600LLEHNEM

(HacrnegoBaHmemMm)

cynepknacc

nogknacc
aTpunoyT

onepauus

Named-object

name:

name
change-name!(n)

T

Z : Book

Book

name = sicp
copyright = 1996

copyright:

year
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MHoOXXecTBeHHOe HacriegoBaHUE

A

B

ack

JaY

bar

JaY

cough

= Cynepkracc v nogknacc
= A —cynepknacc C
= C—-nogknacc AunB

= [logknacc HacnegyeTt aTpmbyThl
N onepauum CBOUX CyrnepKnaccos

= Y C Tpu onepauunn: ack, bar,
cough
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Knacc nveHoBaHHbIX OOBbEKTOB

Ownarpamma KnaccosB Ounarpamma o0beKkToB

X : Named-object

name = sicp
Kiacc Named-object
aTpunoyThbl name:
name
onepauunu change-name!(n) y : Named-object

name = rover
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YYeT HacnegooBaHug

» Knacc: onucblBaetTca oyHKLMEN, BO3BpaLLaloLLEN
KOHCTPYKTOP

 onpeaensieT obLyo CTPYKTYPY 1 NOBEAEHNE CBOUX
9K3eMMNMSIpoB

— Habop aTpudyToB
— 06paboTyMK coobLLEHNN

— onpeaensieT cynepkracchkl, HacnegyemMmyto CTPYKTypy
1 noBeaeHue.

« KopHeBou knacc: Root

— KopeHb nepapxum HacrnegoBaHus. Bce knacchbl —
HanpsaAMyt Ui KOCBEHHO ero HacnegHuKN.

* Tunmnsauyns:

— Kaxkgbiv Knacc OomkeH peannmi3oBbiBaTb onepawuto
type, Bo3BpallaroLulyto nyTb K Root B nepapxuu
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YYeT HacnegooBaHug

m DK3EeMNMSAP: NopoxaaeTca KOHCTPYKTOPOM (Hanpumep
create-named-object)

® BCE 9K3eMMNsispbl pasfindHbl B CMbICIie eq?
= HOBbIN bopmMaT OTrpaBKMU COOBLLEHUNA:
(ask <instance> ‘<message> <arg1> ... <argn>)
m Y BCEX 9K3EMMNISPOB eCTb onepaunu:
(ask <instance> ‘type) ==> (<type> <supertype> ...)

(ask <instance> ‘is-a <some-type>) ==> <boolean>
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OBOHOBNEHHAA Anarpamma

cynepknacc

nogknacc
aTpnoyT

onepauus

Root

self

type
IS-a

X : Named-object

Named-object

name = sicp

self =

name.

type
name
change-name!(n)

m Named-object HacneagyeT oT Root:

m aTpubyT self . y kaxxgoro obbekTa ecTb CChifika Ha cebs

m ornepauuto is-a
m Nnepeonpenensert onepauuto type




OOHOBrEHHasA anarpamma

cynepknacc

nogkracc
aTpuoyT

onepaums

Root

self:

type
Is-a(t)

T

Named-object

name.:

type
name
change-namel!(n)

x : Named-object €<

name = sicp
self =

(define x (create-named-object 'sicp))
(ask x 'name) => sicp

(ask x ‘change-name! 'sicp-2nd-ed)
(ask x 'name) => sicp-2nd-ed)

(ask x 'type) => (named-object root)
(ask x 'is-a 'named-object) => #t

(ask x 'is-a ‘clock) => #f

(ask x 'is-a 'root) => #t
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OBOHOBMEHHas anarpamma

cynepknacc

nogkracc
aTpuoyT

onepaums

nogknacc
aTpnoyT

onepauus

Root

self:

type
Is-a(t)

T

Named-object

name.:

type
name
change-namel!(n)

i

Book

copyright:

year

Z : Book

name = sicp
self =
copyright = 1996

(define z (create-book 'sicp 1996))

(ask z 'year) ==> 1996

(ask z 'name) ==> sicp

(ask z 'is-a 'book) ==> #t

(ask z 'is-a 'named-object) ==> #t
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TnnoBoe onmncaHme Knacca

= OnucaHue knacca no UMeHn <type> coaepxuT
= yKasaHue cynepkriaccoB
® COCTOsiHME (BKovawulee self)
o onpeaenarLwmn coodLLeHns n
= 00sa3aTensLHO obpabaTtbiBalOLWNM type Kak yKadaHO HUXKe

= nmetrowmm BeTBb (else (get-method ...)) anga coobuweHnn
cynepkrnacca

(define (<type> self <arg1> <arg2> ... <argn>)
(let ((<superl>-part (<superl> self <args>)
(<super2>-part (<super2> self <args>)
<other superclasses>
<other local state>)

((eq? msg type) )

<apyrue coobuleHus n >
(get-method msg <superl>-part <super2>-part ...))))))
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[TopoxxageHune ak3emnnsipoB. ObbEKTHI Instance

= [Ina knacca c umeHeMm <type> onucbiBaemM (PYyHKLNIO create-<type>
= OHa ucnonbayert create-instance — oyHKLMIO BbICLLErO NMopsiaka
= nopoXxaatowyro oobekT Instance

= Jobasnsawowyo o0bekTy Instance obpaboTymMK coodLLEHUI
Knacca <type>

= BO3BpalLlaloLLy0 CCbINKY Ha 00bekKT Instance

(define (create-<type> <arg1> <arg2> ... <argn>)
(create-instance <type> <arg1> <arg2> ... <argn>) )
m  Ob61BbeKkT co3gaéTtcs BbI30BOM Create-<type>

(define <instance> (create-<type> <arg1> <arg2> ... <argn>))
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[Mpumep. Knacc Book

KOHCTPYKTOpP Ana Book

(define (create-book name copyright)
(create-instance book name copyright))

0bpaboTymk coobLLeHnmn

aTpuodyTtbl Book
(define (book self name copyright) prby

(let ((named-object-part (named-object self name)))
(lambda (msg)
(cond
((eq? msg ‘type) (lambda () (type-extend 'book ‘named-object)))
((eg? msg ‘year) (lambda () copyright)) HOBO€E coobLLeHne
(else (get-method msg named-object-part))))))

cynepknacc cosgaHue obpaboTumnka cynepkracca

YHaclnegoBaHHbIE METOAbI
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Ewe npumep: knacc Named-object

(define (create-named-object name)
(create-instance named-object name))

(define (named-object self name)
(let ((root-part (root self)))
(lambda (msg)
(cond
((eq? msg ‘type)
(lambda () (type-extend 'named-object root-part)))

((eq? msg ‘name) (lambda () name))

((eg? msg ‘change-name!) (lambda (newname) (set! name newname)))
(else (get-method msg root-part))))))
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iIcnonb3oBaHe o0bekToB Instance

= [OWUCK MeToaa: ana <coobueHnsa> B <instance>

m ob6a wara cpasy: ask

(define <instance> (create-<type> <arg1> <arg2> ... <argn>))

(define sm-method ( ‘<coobLleHne> <instance>))

(ask <instance> ‘<coobuleHne> <m-arg1> ... <m-argm>)
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Mepapxunda Tunos

] |_|pl/l HacllieaoBaHNN Y 3K3EMIJIIAPA HECKOJIbKO TUMOB

Root
JAY
A
JAY
C

(define a-instance (create-a))
(define c-instance (create-c))

(ask a-instance ‘type) => (a root)
(ask c-instance ‘type) => (c a b root)

(ask c-instance ‘is-a ‘c)=> #t
(ask c-instance ‘is-a ‘b)=> #t
(ask c-instance ‘is-a ‘a)=> #t
(ask c-instance ‘is-a ‘root)=> #t

(ask a-instance ‘is-a ‘c)=> #f
(ask a-instance ‘is-a ‘b)=> #f

(ask a-instance ‘is-a ‘a)=> #t
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Toukun 3peHnsa Ha OOIl

Touka 3peHna mogenu
avarpamMma KnaccoBs U aunarpamma o0beKTOB

TEpPMUHOMNOrna: coodlleHus, onepauum, obobdLleHne,
cynepknacc, nogknacc, ...

Touka 3peHns NCroNb30BaHUSA
CornaweHuna o Tom Kak nucatb OO-koa Ha Scheme:
OonucbiBaTb Kracc
yKa3blBaTb €ro cyrnepkracchol
nopoXxaaTb 3K3eMNAsApPbI
MCNOJSIb30BaThb 3K3eMMAapbl (Bbl3blBaTh Onepawmnm)

[anee:

Touka 3peHunsa peanmsaunm
Kak peanusoBaHbl 9K3eMMrisipbl, KNnacchl, HacnegosaHine



BepHemc4a K npumepy

cynepknacc

nogknacc
aTpunoyT

onepauus

nogknacc
aTpnoyT

onepaums

Root

self:

type
is-a(t)

1

Named-object

Z : Book

name.

type
name
change-name(n)

name = sicp

self =
copyright = 1996

i

Book
copyright:

year
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C TOYKN 3peHNS MOLENN OKPYKEHNN
(define z (create-book 'sicp 1996))

GE

----------------------------------------------------------------------------------------------------------------------
. .
. s
o* ¢
S *
8 £
. .
.
& .
L -
= .
. u
.
.

self: self: self:

handler: name: sicp name: sicp

copyright:1996

t f

named- object- root-part:
E g‘ ( ) part: \
(0] cona ...
0ObEKT K g% \ \_@

Instance

06paboTumk p- Msg p: Msg p: msg

coobLLeHnN body: (cond ...) body: (cond ...) body: (cond ...)
........... 12 o A S WP
6036 0b6paboTumk
06paboTumnK QIR LS Root
Book Named-object
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Touka 3peHunsa peanusaummn. Instance

(define (make-instance)
(let ((handler #f))
(lambda (msg)
(cond
((eq? msg 'set-handler!)
(lambda (handler-proc)
(set! handler handler-proc)))
(else (get-method msg handler))))))

(define (create-instance maker . args)
(let* ((instance (make-instance))
(handler (apply maker instance args)))
(ask instance ‘set-handler! handler)
Instance))

Instance

handler:

set-handler!(h)
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To4yka 3peHnd peanmnsauyunn.
get-method n ask
= NOJTIYYUTb MEeTOo.

(define (get-method message object)
(object message))

"ask" — komOMHauma noncka metoaa 1 ero Bbi3oBa

(define (ask object message . args)
(let ((method (get-method message object)))
(if (method? method)
(apply method args)
(display “wrong method™))))

(apply op args) ==> (op arg1 arg2 ... argn)

68



B Mogenn okpy>XeHunm
(define z (create-book 'sicp 1996))

GE

/,sel-f:/

)
: root-part:
p- SEEL(E part: \
body: (cond ...) \
O0ObLEKT %
Instance N
; ‘me p: message
obpabo p: Message p: message >
cog6u4eT:|l|A|;|< body: (cond ...) body: (cond ...) body: (cond ...)
........... INSTANCE. ... ferrireressesee s e saesassns e sy ssesaessesnssnssessesssnsnssnsshansnesnnnss®™
06paboTumnk obpabotunk O6pggquMK
Book Named-object
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Touyka 3peHnda ncnonb3oBaHud. Self

= B kaxxgom knacce ectb atpmbyT self
m self — 3To cchbinka Ha Becb 3K3eMnnsp

m 3adem? Kak u korga ncnonbsyetcs self ?

= [1pn peanuzaumu onepaumm o6bLEKT MOXET NocnaThb
cooOLLEHME CBOEN HYaCTW: HaANpuUMep, BHYTPU ornepaumn
Krnacca Book, MOXHO

(ask named-object-part ‘change-name ‘mit-sicp)
= /IHorga HyXHO nocnaTtb COODLEHNE IKIEMMNAPY LESTUKOM:
Hanpumep
(ask self ‘year)

= B cutyauuun, korga onepaumsa nogkriacca
nepeonpegensieT onepaunio cynepkriacca HyxHa
BO3MOXXHOCTb YKa3aTb, Yblo onepaumio Mbl XOTUM
Bbl3BaTb: OObEKTa 1M yHacnegoBaHHOW YacTn ObbeKTa

= PaccmoTpum Ha npumepe
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Knacc Person

Person

name:
type
whoareyou?
SEVS)

(define pl (create-person 'joe))
(ask pl 'whoareyou?) ==> joe

(ask pl 'say '(the sky is blue)) ==> (the sky is blue)
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Person

Peanun3auusd Person
name:

(define (create-person name) type
whoareyou?

(create-instance person name)) say(s)

(define (person self name)
(let ((root-part (root self)))
(lambda (msg)
(cond

((eq? msg ‘type)
(lambda () (type-extend 'person root-part)))

((egq? msg ‘whoareyou?) (lambda () name))
((eq? msg ‘say) (lambda (stuff) stuff))

(else (get-method msg root-part))))))
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Person

name:

type
whoareyou?

say(s)

i

Professor

type

{nacc Professor

(define profl (create-professor 'fred))

(ask profl 'say '(the sky is blue))
==> (the sky Is blue)
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Person

name:

type
whoareyou?

say(s)

Professor

type
whoareyou?
lecture(n)

{nacc Professor

(define profl (create-professor 'fred))

(ask profl 'whoareyou?)

==> (prof fred)

onepauuna npodgeccopa ‘whoareyou?
MCNOJSb3YET onepawunto NepPCcoHb!
‘whoareyou?

(ask profl 'lecture '(the sky is blue))
==> (therefore the sky is blue)

onepaund lecture NCIOJ1b3yeT onepauunto

say
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Peannsauunsa Professor ?

Professor

(define (create-professor name)
(create-instance professor name)) vige

(define (professor self name) Ivnguarf(f))u
(let ((person-part (person self name)))
(lambda (msg)
(cond

((eq? msg ‘type)

(lambda () (type-extend 'professor person-part)))
((eq? msg ‘whoareyou?)

(lambda () (list 'prof (ask person-part ‘whoareyou?))))
((eq? msg ‘lecture)

(lambda (notes)

(cons 'therefore (ask person-part 'say notes))))

(else (get-method msg person-part))))))
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K{nacc Arrogant-prof

Person

name:

type
whoareyou?

say(s)

T

Professor

type
whoareyou?
lecture(n)

T

Arrogant-prof

type
SEVIO)

(define apl (create-arrogant-prof 'perfect))

(ask apl 'whoareyou?)
==> (prof perfect)

(ask apl 'say '(the sky is blue))
==> (the sky is blue obviously)
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Peannsaunsa Arrogant-prof ?

(define (create-arrogant-prof name) Arrogant-prof
(create-instance arrogant-prof name)) type( :
say(s

(define (arrogant-prof self name)
(let ((prof-part (professor self name)))
(lambda (msQ)
(cond
((eq? msg ‘type)
(lambda () (type-extend 'arrogant-prof prof-part)))
((eq? msg ‘say) (lambda (stuff)
(append (ask prof-part 'say stuff)
(list 'obviously))))
(else (get-method msg prof-part))))))
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UynakoBatocTb Arrogant-prof

Person

name:

type
whoareyou?

say(s)

T

Professor

type
whoareyou?
lecture(n)

T

Arrogant-prof

type
say(s)

(define apl (create-arrogant-prof 'perfect))

(ask apl 'lecture '(the sky is blue))
==> (therefore the sky is blue)

* [lovyemy B KOHLe dppa3sbl HET
“obviously”?

— lecture ncnonb3yeT say Kracca
Professor, a He say knacca
Arrogant-professor
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icnpaBneHHbIN Arrogant-prof

Person

name:

type
whoareyou?

say(s)

T

Professor

type
whoareyou?
lecture(n)

T

Arrogant-prof

type
SEVIO)

(define apl (create-arrogant-prof 'perfect))

(ask apl 'lecture '(the sky is blue))
==> (therefore the sky is blue obviously)
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[lepecmoTpeHHas peannsaund Professor

(define (create-professor name) ?
(create-instance professor name)) Professor
type
(define (professor self name) whoareyou?
(let ((person-part (person self name))) lecture(n)
(lambda (msg)
(cond

((eq? msg ‘type)
(lambda () (type-extend 'professor person-part)))
((eq? msg ‘whoareyou?) (lambda () (list 'prof name)))
((eq? msg ‘lecture) (lambda (notes)
(cons 'therefore
(ask self 'say notes))))
(else (get-method msg person-part))))))



(nacc Student (define s1 (create-student ‘bert))

Person (ask s1 'whoareyou?)
name: ==> pert
type
el (ask s1 'say '(i do not understand))
ZF ZF ==> (excuse me but | do not understand)
Professor I
Student
type
whoareyou?
lecture(n) type

? say(s)

Arrogant-prof

type
SEVIO)
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Student

Peanunszauunsa Student

type

(define (create-student name) say(s)
(create-instance student name))

(define (student self name)
(let ((person-part (person self name)))
(lambda (msQ)
(cond
((eq? msg ‘type)
(lambda () (type-extend 'student person-part)))
((eq? msg ‘say) (lambda (stuff)
(append '(excuse me but)
(ask person-part 'say stuff))))

(else (get-method msg person-part))))))

82




Onepaunmn question u answer
(define pl (create-person 'joe))

P .
nam;rson (define s1 (create-student 'bert))
type :
whcza;eyou? (ask s1 'question pl
say(S 1 .
quﬁsﬂon(p, 0 (why is the sky blue))
answer(p, ) ==> (bert | do not know about why is the
ZF D skyblue)
Professor I
Student
type
whoareyou?
lecture(n) type

? say(s)

Arrogant-prof

type
SEVO) 83




HoBaga peanusauma Person

(define (person self name)
(let ((root-part (root self)))
(lambda (msg)
(cond
((eq? msg ‘type)
(lambda () (type-extend 'person root-part)))
((eq? msg ‘whoareyou?) (lambda () name))
((eq? msg ‘say) (lambda (stuff) stuff))
((eq? msg ‘question)
(lambda (of-whom query)
(ask of-whom 'answer self query)))
((eq? msg ‘answer)
(lambda (whom query)
(ask self 'say
(cons (ask whom 'whoareyou?)
(append ‘(i do not know about)

query)))))
(else (get-method msg root-part))))))

Person

name.

type
whoareyou?
say(s)
guestion(p, q)
answer(p, q)
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Arrogant-prof — cneumanbHbIN OTBET

Person

name:

type
whoareyou?
say(s)
guestion(p, q)
answer(p, q)

7

Professor

type
whoareyou?
lecture(n)

i

Arrogant-prof

type
say(s)
answer(p, q)

(define s1 (create-student 'bert))
(define profl (create-professor 'fred))
(define apl (create-arrogant-prof 'perfect))

(ask sl 'question apl
'(why is the sky blue))
==> (this should be obvious to you obviously)

(ask profl 'question apl
'(why Is the sky blue))
==> (but you wrote a paper about why
IS the sky blue obviously)
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HoBaga peanunsaumnsa Arrogant-prof

(define (arrogant-prof self name)
(let ((prof-part (professor self name)))
(lambda (msgQ)
(cond

((eq? msg ‘type)
(lambda () (type-extend 'arrogant-prof prof-part)))
((eq? msg ‘say) (lambda (stuff)

(append (ask prof-part 'say stuff)

(list 'obviously))))
((eq? msg ‘answer)
(lambda (whom query)
(cond ((ask whom 'is-a 'student)
(ask self 'say
'(this should be obvious to you)))
(
(ask self 'say
(append ‘(but you wrote a paper about)
query)))

(else (ask prof-part 'answer whom query)))))

(else (get-method msg prof-part))))))
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Toru

= Mebl onnceiBaem nepapxmm knaccos

= NCMNOJ1b3yA CorfnalueHnme no CTpykrtype onnmcaHus
KIaccCa

= 1191 HacneaoBaHNSA CTPYKTYPbl U NOBEAEHUs
U3 cynepknacca

= YnpaBrfieHne NoBeaeHNeEM
= “ask” K cBOen yacTtu
= “ask” k self

= JlononHutensbHOe ynpasreHne Ha OCHOBE TUMOB
O0BLEKTOB
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[anbLie bonblue

= [lpocTO OOBLEKTHI
= cornalweHne o coobLLEHMSAX N onepaLnsix
= self

= HacnepgoBaHue (0OOMHOYHOE)
® BHYTPEHHME 4YacCTu OT CynepKnaccoB
= B onepauum MOXHO obpaTUTbLCS K BHYTPEHHEW YacCTu

= get-method onga cynepkracca HaxoauT HY>KHbIN
MeTona

m MHOXecTBeHHOe HacneaoBaHue €&
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Singer un Singing-arrogant-prof

Person

name:

type
whoareyou?

say(s)

Professor

type
whoareyou?
lecture(n)

T

Arrogant-prof

type
say(s)

[leBeL -- He nepcoHa.

OH roBopwuT, NpmMbaBnsasi B KOHUE
dopasbl "tra la la".

YMeeT netb.
Singer
type
SEV(E)
sing
S-a-p
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Peannsauusa Singer Singer

(define (create-singer)
(create-instance singer)) type
say(s)

sing

(define (singer self)
(let ((root-part (root self)))
(lambda (msg)
(cond

((eq? msg ‘type)
(lambda () (type-extend 'singer root-part)))
((eq? msg ‘say)
(lambda (stuff) (append stuff '(tra la 1a))))
((eq? msg ‘sing)
(lambda () (ask self 'say '(the hills are alive))))
(else (get-method msg root-part))))))

Singer — 6a30BbIX KNnacc (y Hero oanH cynepknacc -- Root)



Peannsauunga Singing-arrogant-prof

ARROGANT-
SINGER

L

(define (create-singing-arrogant-prof name) S-a-p
(create-instance singing-arrogant-prof name))

(define (singing-arrogant-prof self name)
(let ((singer-part (singer self))
(arr-prof-part (arrogant-prof self name)))
(lambda (msQ)
(cond

((eq? msg ‘type)

(lambda () (type-extend 'singing-arrogant-prof
singer-part
arr-prof-part)))

(else (get-method msg singer-part arr-prof-part))))))
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[Tlpumep ¢ Singing-arrogant-professor
(define sapl (create-singing-arrogant-prof 'zoe))
(ask sapl 'whoareyou?)
==> (prof zoe)

(ask sap1l 'sing)
==> (the hills are alive tra la |a)

(ask sapl 'say '(the sky is blue))
==> (the sky is blue tra la la)

(ask sapl 'lecture '(the sky is blue))
==> (therefore the sky is blue tra la la)

m onepauus say knacca arrogant-prof He pabotaet B sapl (HeT
B KOHUe dopa3s)

= get-method HaxoguT say B Knacce singer, ykasaHHOM nepBbIM
®  €CJI1 HaM HYXeH TOYHbIN KOHTPOIb,

= TO crnefyet peanuaoBaTb Say B Krnacce Singing-arrogant-professor
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Toyka 3peHnda peanusaumm.
MHoOXecTBEeHHOEe HacriegoBaHUE

m Kak peanunsoBaTb HOBbIU get-method?

m [IpOCMaTpUBaATb IK3EeMNIIAPbI MO NOPSAOKY, MOKa He
OydeTt HanaeH TOT, KOTOPbIN MOXeT obpaboTaTth
coolOLleHune.

(define (get-method message object)
(object message))

npeBpallaeTcs B

(define (get-method message . objects)
(define (try objects)
(if (null? objects)
(no-method)
(let ((method ((car objects) message)))
(if (not (eq? method (no-method)))
method
(try (cdr objects))))))
(try objects))



ELle npumep

Llenb npumepa: npoaeMOHCTPMPOBAaTb PasHULY MeXay
= ‘is-a’ (cBA3blo 0606LLEHNS)
= “has-a’ (accoumaunen)

[obaBum poaCcTBEHHLIE CBS3K K person!
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PoaocTBeHHble CBA3U

= = [obasum knacc Mother n paccmoTpum,
? YTO NONYYUTCS C TOYKN 3PEHUS
Named-object = [uarpamMMbl KNaccoB
? = noBeAdeHus
- = auarpamMmmbl OOBbEKTOB
Person

= ONncaHungd KinaccoB

? = MOOENN BblMUCIEHUN
Mother C OKPY>KEHNAMMU
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1

Onncanme Named-object

Named-object

(define (create-named-object name)

(create-instance named-object name)) name:

ENE
type

(define (named-object self name)
(let ((root-part (root self)))
(lambda (msg)
(cond

((eq? msg ‘type)

(lambda () (type-extend 'named-object root-part)))
((eq? msg ‘name) (lambda () name))

(else (get-method msg root-part))))))

(define (names-of objects)
(map (lambda (x) (ask x ‘name)) objects))
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Knacc Person

Named-object

A

Person
mother:
father: i
children: <4

has-a list of

type
say(s)
mother has-a
set-mother!
father
set-father!
add-child!
children

Moth'er <

type
have-child!(f, n)

Person nogknacc Named-object
COCTOSIHME: Tenepb Y NEePCOHHI. ..
= ecmb MaTb (9k3emnnap Mother)
m ecmb oTel (9k3emnnsap Person)

= eCcmb CMNUCOK AeTen
(3K3eMnAapoB person)

noseaeHue: gobasrieHbl onepaunm

Ons ynpasneHnUs COCTOAHNEM
Mother nogknacc Person

= [JobaBneHa onepauunsd
have-child!(father, name)
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[loBegeHue

Named-object

A

Person

mother:

father:

— has-a

children:

NA

—

type

say(s)
mother
set-mother!
father
set-father!
add-child!
children

a

Moth'er

has-a list of

has-a

type
have-child!(f, n)

(define a (create-mother 'anne))
(define b (create-person 'bob))
(ask a ‘'name) ==> anne
(ask b 'name) ==> bob
(ask a 'type) ==>
(mother person named-object root)

(ask b 'type) ==>
(person named-object root)

(define c (ask a 'have-child! b 'cindy))

(define d (ask a 'have-child! b 'dan))

(names-of (ask a 'children)) ==>
(dan cindy)

(names-of (ask b ‘children)) ==>
(dan cindy)

(ask d 'name) ==> dan

(ask (ask d 'mother) 'name) ==> anne o



Onarpamma o6bLEKTOB

Cc : Person

—

name: cindy_/

mother:
father:
children: null

d : Person

name: dan

mother: /

father:
children: null

a : Mother

name: anne
mother: null
father: null

children: —[13-[

b : Person

name: bob
mother: null
father: null

children: —>|:|:-|—'|:|Z
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OnuncaHne knacca Person P
(define (create-person name) mOthe_r:
(create-instance person name)) U
children:
(define (person self name) A
(let ((named-part (named-object self name)) S?y(s)
(mother null) mother
(father null) set-mother!
(children null)) father
(lambda (msg) set-father!
(cond add-child!
(eq? msg ‘type) (lambda () (type-extend 'person named-part)))L_children

(eq? msg ‘say) (lambda (stuff) (display stuff)))
(eq? msg ‘mother) (lambda () mother))
(eq? msg ‘father) (lambda () father))
(eq? msg ‘children) (lambda () children))
(eq? msg ‘set-mother!) (lambda (mom) (set! mother mom)))
(eq? msg ‘set-father!) (lambda (dad) (set! father dad)))
(eq? msg ‘add-child!) (lambda (child)
(set! children (cons child children))
child))

(else (get-method msg named-part))))))
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OnuncaHue knacca Mother JA

Mother
(define (create-mother name) type
(create-instance mother name)) reErielts 1)

(define (mother self name)
(let ((person-part (person self name)))
(lambda (msg)
(cond

((eq? msg ‘type) (lambda () (type-extend 'mother person-part)))

((eq? msg ‘have-child!)

(lambda (dad child-name)

(let ((child (create-person child-name)))

(ask child 'set-mother! self)
(ask child 'set-father! dad)
(ask self 'add-child! child)
(ask dad 'add-child! child))))

(else (get-method msg person-part))))))
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[lobaBrneHne obbekTa-pebEHKa

(define a (create-mother 'anne))

a : Mother

(define b (create-person 'bob))

name: anne
mother: null
father: null
children:

b : Person

(lambda (dad child-name)

(let ((child (create-person child-name)))

name: bob
mother: null
father: null
children:

(ask child 'set-mother! self)
(ask child 'set-father! dad)
(ask self '‘add-child child)
(ask dad 'add-child child)))
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[lobaBrneHne obbekTa-pebEHKa

a : Mother
name: anne
= mother: null
C . Person father: null
name: cindy children: —{ 1]
mother: "/
father:
children: null
b : Person
name: bob
mother: null
(lambda (dad child-name) it
(let ((child (create-person child-name)))

(ask child 'set-mother! self)
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B Moaenun okpy>XeHun

(create-person ‘cindy) =>

(create-instance person ‘cindy)

GE

C:
|
handler:

7

Instance

(define (make-instance)
(let ((handler #f))

)

(define (create-instance maker . args)
(let* ((instance (make-instance) )
(handler (apply maker instance args) ))
(ask instance ‘set-handler! handler)

instance))
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(define (person self name)

B MOOEJ1 Opr>KeH|/||7| (let ((named-part (make-named-object

(create-person ‘cindy) => self name))

(create-instance make-person ‘cindy) (mother nil)
(father nil)
GE (children nil))
C: (lambda (message)
f T (case message ...))))
self:
T pzré cindy
handler: !
mother: null
father: null
children: null
named-part:
Instance g (define (create-instance maker . args)
(let* ((instance (make-instance) )
P/ Msg (handler (apply maker
ody: (cond ...) instance args) ))
0b6paboTymk

Person instance))
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B Moaenun okpy>XeHun

(create-person ‘cindy) =>
(create-instance person ‘cindy)

(define (named-object self name)
(let ((root-part (root self)))
(lambda (msg)
( cond...))))

GE
C: \
1 i N
self: self:
! pzré cindy /—nﬁ cindy
handler: A
mother: null root-part:
father: null
children: null
named-part: >
PERSON :
Instance 2

P"mMSg
body: (cond...)

0b6paboTymk
Person

bedy: (cend ...)

0bpaboTymk
Named-object
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B Moaenun okpy>XeHun

(create-person ‘cindy) =>
(create-instance person ‘cindy)

(define (root self)

(lambda (msg)
( cond...))))

GE
C:

i i i
self: self: | selE—

! pzré cindy /M i il

/
handler: 1
mother: null root-part:
father: null \
children: null_ \\
named-part: >
Instance p: Msy p: msg
bedy: (cend ...)  boay: {cond ...)
P mMsg

body: (cond ...)

0b6paboTymk
Person

0bpaboTymk
Named-object

0b6paboTumk
Root
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BblLll/lC.l_leHl/le 2. B Person Het 3. B Named-object ecTtb

(ask ¢ ‘'name) | o6pabotku ‘name; obpaboTka
BbI30B get-method

1. BbI30B get-method B handler 8 named-part

GE\\
C.

---||,‘
?,
g )

body: (cond ...)

p msg

p msg

: : 'body;-(-cond--.-, “ Body:(cond-w)
: p: msg — '
..... body (mnd ) El:) msqg: name\
4. (lambda () name) | E1 ==> #proc ’ E2

5. (#proc) ==> name | E2 ==> cindy p: name | E%os

bod\y/: name



VITor nekummn (

Knacchbl: onucbiBaloT 06Uy CTPYKTYPY U NOBEOEHME
IK3eMnnapbl cogepar:

m «3arnaBHoe 3BeHO» (self)

® Liernoyky obpaboTymKoB

Mepapxua knaccos

= HacnegoBaHue CTPYKTYp 1 NOBeOEHUA CynepKnaccos

= MHOXecCcTBEHHOE HacnegoBaHMe: NpaBuia rnomcka
onepauunu

OOI1

= Moaenb: gnarpammsbl KfiiaccoB U OOBHEKTOB

= Ucnonb3oBaHue: crnocobbl ONMcaHns KnaccoB U
CO34aHNA SK3EMITIIAPOB

s Peanusauun: otobpaxenune noHatum OOl B Scheme
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JIEKLWA 8
[TOTOKIN



[ToTOoKK. Sauem?
= [lpegnonoXxmm, YTo HYXXHO NpoMoAdeNnMpPoBaThb NOBeAEHME

CUCTEMbI MAY + CTeHa

= MoXHO ncnonb3oBaTb OOBLEKTHI, Yacbl, YyPaBHEHUS

OBNWXKXEHUNA

Ball: Wall: Clock:
position: position: time:
velocity: elasticity:

L3

L3

y
2



[ToToKkn. 3ayem?

= CocTosIHMA cUCTEMbI ONUCBIBAKOTCSH 3HAYEHUAMM
aTpMbyTOB OOBEKTOB B pa3Hble MOMEHTbI BPEMEHM

Clock: 1 Ball: (x1 y1) Wall: el
Clock: 2 Ball: (x2 y2) Wall: e2
Clock: 3 Ball: (x3 y3) Wall: e2
Clock: 4 Ball: (x4 y4) Wall: e2

Clock: 5 Ball: (x5 y5) Wall: e3




[ToToKkK. 3ayem?

= Te e JaHHble MOXHO paccMaTpmBaTb C APYron TOYKU
3peHns

Clock: Ball: Wall:
1 (x1yl) el
2 (X2 y2) e2
3 (x3 y3) e2
4 (x4 y4) e2
5 (x5 y5) e3




[ToTOKM Kak anbTepHaTUBAa NpUcBanBaHUIO

= Kaxabln 00beKkT — UCTOYHUK NOTOKA JaHHbIX

= VlcTtopna nameHeHusa COCToAHUN MOAdEeNN npeacTaBneHa
NOTOKaAMWN OaHHbIX

S

X




JleHBbIe BblYMCIIeHnS

= HopmanbHbIN NOPSAA0K BbIMUCNEHNMN:

= BbIYUCIIEHNE HECTPOron PyHKLUM CTapTyeT Ao
Bbl4MCMEHUS apryMEHTOB

= NOABbIPAXEHNE BbIYUCIISAETCHA TONbKO, €CINN OHO
Heobxooumo

= 4119 BbIBOAA

= AN PYHKLUMU CTPOrom no aToMy apryMmeHTy
(anemeHTapHbIe DYHKUUN ODbIYHO CTPOrme)

= Ana nposepku (B if, cond, case ...)
= AN npuMeHeHns (1n anemeHT kKombuHaunm)

= Memousauma — SKOHOMUM BbIYUCNEHUS 3a CUYET
3anoOMUHaHUA BbIYUCNEHHBIX paHee pe3yribTaTos.

= [lopsaaok, onpeagensieMbli NPOrpaMmMmMCTOM: 00 BbABNASA
dOYHKLUIO YKa3biBaeM CTPOroCcTb Mo apryMmeHTam.



Kak yaHaTb NopagoK BblYUCTIEHNIN?

m OyHKUMA onsg BU3yanusauum:
(define (notice x)

(display x)

(newline)

X)

(+ (notice 2) (notice 3)) ==> 2

5



[ToTOK KaK JIeHMBbI CMNNCOK

m JleHmBbIN cons, car, cdr

(require racket/stream)

(stream-cons first rest) -- dpopmMmpyeT NOTOK U3 rofnoBbl U XBOCTA
(stream-first str) -- BO3BpaLLAeT rofnoBy NOTOKa

(stream-rest str) -- BO3BpaLLlaeT XBOCT MNOTOKaA

m Mbl Oynem ncnonb3oBaTtb NOTOKM Racket, ocHoBHas
pasHuLa B Ha3BaHUAX PYHKLMNMN:

Racket Scheme
Sstream-cons cons-stream
stream-first stream-car
Sstream-rest stream-cdr
Sstream list
empty-stream null

stream-empty? ... null?



YCTPONCTBO NOTOKA
= [loxox Ha napy, HoO 0be 4YacTu sieHuU8kIe

\sfream-cons
stream-first gg stream-rest

CaHK CaHK

m CaHk (thunk) — obewaHne BbIMUCIINTL 3HAYEHNE, KOrga OHO
bynet Heobxodumo.

m CaHKn MeMon3npoBaHHbIE (OpYyrne He paccMaTpUBaEM).

u [Mpumep

(define x (stream 99 (/ 1 0)))

(stream-first x) ==> 99

(stream-first (stream-rest x)) ==>/: division by zero



Buayannsnpyem BblYMCIEHNE NOTOKA

m PaccmoTtpum npumep
(define s (stream-map notice (stream 1234567 89 10)))
(stream-ref s 5) ==> 6
6
(stream-refs 7) ==> 8

38
B OCTallbHble 3J1EMEeHTbI NMOTOKaAa S J1NLb CaHKU

(stream-refs 7) ==> 8

(stream-refs 5) ==> 6
= Memou3auus B gencrtesuu!
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CTunb NporpamMmMmpoBaHnNS C MOTOKaMM

= [lpocTble onncaHua B npuBbIYHbIX TepMUHax fold, map,
filter ... + adpdpeKkTUBHbIE BLIYNCIIEHUS

CO CrNUCKOM (He adpPEKTMBHO)
(list-ref (filter (lambda (x) (prime? x)) (enumerate-interval 2 100000000)) 100)

C NOTOKOM (3(PdEKTUBHO)
(stream-ref
(stream-filter (lambda (x) (prime? x))
(in-range 2 100000000 1))
100)

AHanor in-range MOXHO peann3oBaTb CaMUM:
(define (stream-interval a b step)
(if (> a b) empty-stream

(stream-cons a (stream-interval (+ a step) b step)))
11



BeluncrneHnsa B npumMepe
(stream-filter prime? (in-range 2 100000000 1))

(stream-filter prime? ~—_ )

'

9 (in-range 3
10000000 1)
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BeluncrneHnsa B npumMepe
(stream-filter prime? (in-range 2 100000000 1))

(stream-filter prime? ~_ )

S

2 (in-range 3
10000000 1)
(stream-filter prime? )
(in-range 3
10000000 1)
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BeluncrneHnsa B npumMepe
(stream-filter prime? (in-range 2 100000000 1))

(stream-filter prime? ~_

2

S

)

(in-range 3
10000000 1)

(stream-filter prime? )
(in-range 3
10000000 1)

(stream-filter prime? ~__

3

)

(in-range 4
10000000 1)

=
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BeluncrneHnsa B npumMepe
(stream-filter prime? (in-range 2 100000000 1))

(stream-filter prime? ~—~_, )

S

2 (in-range 3
10000000 1)
(stream-filter prime? )
(in-range 3
10000000 1)

(stream-filter prime? ~__

\gp\? AR, )

(in-range 4
10000000 1)
3 (stream-filter prirde?
(stream-rest
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ELie oaHa BO3MOXHOCTb: beckoHeyHad
CTPYKTYpa AaHHbIX!

paccMOTPUM TaKoe onpeneneHmne
(define ones (stream-cons 1 ones))
(stream-first (stream-rest ones)) ==> 1

ones

\g BeckoHe4YHbIV psg eguHNLL!

ones:111111...

1 (stream-ref ones 1) ==>1

(stream-ref ones 1000) ==>1
(stream-ref ones 10000000) ==> 1
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OT KOHEeYHbIX CIINCKOB K OeCKOHeYHbIM NMoTOKaM

(define (streams-add s1 s2)
(cond ((stream-empty? s1) empty-stream)
((stream-empty? s2) empty-stream)
(else (stream-cons
(+ (stream-first s1) (stream-first s2))
(streams-add (stream-rest s1) (stream-rest s2))))))
(define ints
(stream-cons 1 (streams-add ones ints)))

HedaBHOe onucaHue Ints

ones: 1,111 1 1.
ints: 17223~ ..

(+ (stream-first ones) (streams-add (stream-rest ones)
(stream-first ints)) (stream-rest ints))
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ABHbIV cnocob 3agaTh INtS

(define (ints-from n) ; nopoXxagaroLwaa PyHKUMS
(stream-cons n (ints-from (+ n 1)))
(define ints (ints-from 1))

18



[ToToK Yncen PnMboHavY4n

(define fibs
(stream-cons O
(stream-cons 1
(streams-add (stream-rest fibs) fibs))))

(stream-restfibs): 1 1 2 3 5 8
fibs: 0112 35
fibs: 0112 35 8 13..
NIn:

(define (fibgen a b) ; nopoxaatowas pyHKUUS
(stream-cons a (fib-gen (b (+ a b))))
(define fibs (fibgen O 1))

19



Eweé ogHa pyHKUMSA AN HEABHOIO MNOPOXAEHUS

(define (stream-scale s f)
(stream-map (lambda (x) (* x f)) s))

HEABHOE OnmncaHne noTtoka crteneHen (1 x x2 x2 ...)
(define (powers Xx)
(stream-cons 1 (stream-scale (powers X) X)))

: 2 w3 4
powers: 1. X X5 X X" ...
powers: 1 Xx Xx? x3 x4 ..

[ (* (stream-first (powers X)) X)

20



[loTOK QpakTopmaroB

(define (streams-mul s1 s2)
(cond ((stream-empty? s1) empty-stream)
((stream-empty? s2) empty-stream)
(else (stream-cons
(* (stream-first s1) (stream-first s2))
(streams-mul (stream-rest sl) (stream-rest s2))))))
(define n!s (stream-cons 1 (streams-mul n!s
QUCEIRESES)))))
ints:1 2.3.4. ..
n!s: 1>2>6>24 ...

(* (stream-first n!s) (streams-mul (stream-rest n!s)
(stream-ref ints 1)) (stream-rest (stream-rest ints)))

21




[lonck BCeX MPOCTbIX YNCETT
2 3 45 6 7 8 9

11
21
31
41
51
61
/1
31
91

B341M nepsble Yucna ot 2 go 100

12
22
32
42
52
62
(2
82
92

13
23
33
43
53
63
73
83
93

14
24
34
44
o4
64
4
34
94

15
25
35
45
25
65
75
85
95

16
26
36
46
56
66
/6
86
96

17
27
37
47
57
67
[
87
97

18
28
38
48
58
68
/8
38
98

19
AS
39
49
59
69
79
89
99
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20
30
40
{0
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70
80
90
100



[lonck BCeX MPOCTbIX YNCETT

2 3 4 5 6 7 8 910
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50
51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 6/ 68 69 70
/1 72 /3 74 75 76 77 78 79 80
81 82 83 84 85 86 87 88 89 90
91 92 93 94 95 96 97 98 99 100

B3ASZIN 2 B OTBET N BbIYEPKHYINN BCE, YTO OENNTCA HaA 2



[lonck BCeX MPOCTbIX YNCETT

2 3 4 5 6 7 8 910
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50
51 52 33 54 55 56 57 38 59 60
61 62 63 64 65 66 6/ 68 69 70
/1 72 73 74 /5 76 77 /8 79 80
81 82 83 84 85 86 8/ 88 89 90
91 92 93 94 95 96 97 98 99 100

B34S 3 B OTBET N BbIYEPKHYNN BCE, YTO AENUTCA Ha 3



[lonck BCeX MPOCTbIX YNCETT

2 3 4 5 6 7 8 910
11 12 13 14 15 16 17 18 19 20
21 22 23 24 26 27 28 29 30
31 32 33 34 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50
51 52 33 54 56 57 38 59 60
61 62 63 64 66 6/ 68 69 70
/1 72 73 74 /5 76 77 /8 79 80
81 82 83 84 86 8/ 88 89 90
91 92 93 94 96 97 98 99 100

B34NM 5 B OTBET U BbIYEPKHYNN BCE, YTO AENUTCHA Ha 5



[lonck BCeX MPOCTbIX YNCETT

2 3 4 5 6 7 8 910
11 12 13 14 15 16 17 18 19 20
21 22 23 24 26 27 28 29 30
31 32 33 34 36 37 38 39 40
41 42 43 44 45 46 47 48 10,
51 52 33 54 56 57 38 59 60
61 62 63 64 66 6/ 68 69 70
/1 72 73 74 /5 76 /8 79 80
81 82 83 84 86 8/ 88 89 90

92 93 94 96 97 98 99 100

B3ANM 7 B OTBET W BbIYEPKHYNN BCE, YTO AENUTCA Ha 7



[lonck BCeX MPOCTbIX YNCETT

2 3 S I
11 13 17 19
23 29

31 37

41 43 47
53 59

61 67
/1 73 79
33 89

97

NONy4YUnKn CNMCOK BCEX MPOCTbIX Yncen, MeHbLunx 100



MeToq npocenBaHns

(define (sieve str)
(stream-cons
(stream-first str)
(sieve (stream-filter
(lambda (x)
(not (= O (remainder x (stream-first str)))))
QUCEEINEERE19)))))

(define primes
(sieve (stream-rest ints)))

( 2|(sieve (stream-filter (lambda ... 2...) (stream-rest ints))) |)

(2 3|(sieve (stream-filter (lambda ... 3 ...)

(sieve (stream-filter (lambda ... 2 ...) (stream-rest ints)))

)

28



CnngHue beckoHeYHbIX MOTOKOB

(define (interleave strl str2)
(stream-cons (stream-first strl)
(interleave str2 (stream-rest strl))))
(interleave ones Ints)

ones: 1 1 1 1 1 1 ..
INts: 1 2 3 4 5

11121314151 ..

AS



[ToTOK paunoHanbHbIX YNCEN

(define (div-by-stream n s)
(stream-cons (/ n (stream-first s))
(div-by-stream n (stream-rest s))))
(define (make-rats n)
(stream-cons n
(interleave
(make-rats (+ n 1)))))
(define rats (make-rats 1))

1/1

211 2/2 2/3 2/4 2/5
3/ 3/2 3/3 34 3/5
411 4/2 4/3 4/4 45

11 12 211 13 2/2 U4 31 U5 2/3 ...
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CTeneHHbIe psiabl Kak MOTOKU
g(x) = g(0) + x g’(0) + x3/2 g”(0) + x&/3! g”’(0) + ...

Hanpumep:
exp(X) =1 + X+ Xx%/2 + x3/6 + x4/24 + ...

cos(X) =1 —x?/2 + x4/24 - ...

sin(x) = x — x3/6 + x°/120 - ...

31



CTeneHHbIe psiabl Kak MOTOKU

(define (series-approx coeffs) ; pesynbTaT — PYHKLMNA KOHCTPYKTOP pAaa

(lambda (x)
(streams-mul
(streams-div (powers Xx) (stream-cons 1 n!s))
coeffs)))

g(x) =g(0) + x g’(0) + x4/2 g”’(0) + x3/3! g’’(0) + ...

(define (stream-accum str) ; pesynbTaT — psa4 YaCTUYHbIX CYMM
(stream-cons (stream-first str)
(streams-add (stream-accum str)
(stream-rest str))))
9(0) =S,
g(0) +x g'(0) = S,= S, + x g'(0)
9(0) +x g'(0) + x?/2 g7(0) = S, = S; + x*/2 g”(0)
g9(0) + x g’'(0) + x2/2 g”(0) + x3/31 g”’(0) = S; =S, + x3/3! g’”’(0)

R N
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CTeneHHble PAObl KaK NMOTOKU

(define (power-series g) ; 4acT PyHKUMIO OANA paga S,
(lambda (x)
(stream-accum ((series-approx g) x))))

(define exp-coeffs ones) ; NnoTok KoadpduuneHToB exp(X)

(define sine-coeffs ; noTok koadpdpununeHToB sin(x)
(stream 0 1 O (stream-cons -1 sine-coeffs)))

(define cos-coeffs (stream-rest sine-coeffs))

; MOTOK KOO (PULMEHTOB COS(X)

(define (exp-approx X) ; pag npmbnmxkeHumn exp(x)
((power-series exp-coeffs) x))

(define (sine-approx X) ; psg npudnmxeHnn sin(x)
((power-series sine-coeffs) x))

(define (cos-approx x) ; pag npudnmxkeHun cos(x)
((power-series cos-coeffs) x))

8



[loTOKOBLIV NOUCK KBAAPATHOIo KOPHSA

= Co3gagmm NoToK NPUOITMKEHUIN K KOPHIO
(define (sgrt-improve guess X); nonyyYeHue cnenyroLlero
(average guess (/ x guess)))
(define (sgrt-stream x)
(stream-cons 1.0
(stream-map (lambda (g) (sgrt-improve g X))
CL S EEIY)))

(define sqrt2 (sqrt-stream 2))

(stream-ref sqrt2 0) ==> 1.0

(stream-ref sqrt2 1) ==> 1.5

(stream-ref sqrt2 2) ==> 1.4166666666666665
(stream-ref sqrt2 3) ==> 1.4142156862745097
(stream-ref sqrt2 4) ==> 1.4142135623745899 ...

34



[ loTOKOBLIV MOUCK KBAAPATHOIoO KOPHS

= KreHepupytouien 4actn gobasmm NPoOBEPSIOLLYIO.
(define (stream-limit s tol)
(define (iter s)
(let ((f1 (stream-first s))
(f2 (stream-first (stream-rest s))))
(if (close-enough? f1 f2 tol)
f2
(iter (stream-rest s)))))
(iter s))
(stream-limit (sqgrt-stream 2) 1.0e-5) ==>1.412135623746899

= BbluncneHne onucaHo Kak reHepaums NpubnmxeHnin n nx
NnpoBepKa.

35



[loTOKOBOE HTErPUPOBAHNE

MeToA Tpaneumnm

a b

(define (trapezoid f a b h) ; cymma metoga Tpaneunn [P f(x)dx ¢ warom h
(let ((dx (* (- b @) h))
(n (/1 h)))
(define (iter j sum)
(If (>=]n)
sum
(iter (+] 1) (+ sum (f (+ a (* ] dx)))))))
(*dx (iter1 (+ (/ (fa) 2)
(/ (fb) 2))))))

36



[loTOKOBOE HTErPUPOBAHME

T = 4*arctg(1) = ,J* 4dx/(1+x2)

(define (witch x) (/ 4 (+ 1 (* x X))))

(trapezoid witch 0 1 0.1) ==> 3.1399259889071587
(trapezoid witch 0 1 0.01) ==> 3.141575986923129

= [lonyuunun npndnumxeHusa K T, KOTopble TeM fydlle, YeMm
MEHbLLE BbiCOTa Tpaneuun (Lar pasdonerHus).

37



[loTOKOBOE HTErPUPOBAHME

N3 MNpPakKa 1-ro KypCa M3BECTHO, YTO LLUAr Hy>KHO MEJIbYNTb
NnonoJsiam

(define (keep-halving r h) ; reHepaunsa noToka
(stream-cons (r h) (keep-halving r (/ h 2))))

Onsi NpoBEPKU noaxoauT stream-limit

(stream-limit
(keep-halving (lambda (h) (trapezoid witch 0 1 h)) 0.5)
1.0e-9)

==> 3.14159265343456

38



Torn nekuvm 8

= JleHuBble BbIYUCIIEHUS MONE3HbI.

= Memowusaunsa nonesHa NP NeHnBbIX BbIMUCITIEHUAX.

= [IporpammupoBaHmne ¢ NOToOKaMn — UHTEPECHbIN
anbTepHaTUBHbLIA METO/, ONNCAaHUA BbIYUCITEHUN.
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JIEKLIA 9
Makpochl



[lpumep makpoca. Swap

= YTOOblI NOMEHATb MECTaMM 3HAYEHUSA MEPEMEHHbIX a U b
HY>KHO:

(let ((c b))
(set! b a)

(set! a c))

® 4TOObI HE NUCAaTb NOAODOHLIN OparMeHT KaXabln pas,
onpenenmm Makpoc swap:
(define-syntax swap
(syntax-rules ()
((swap a b)
(let ((c b))
(set! b a)
(set! ac))

),



[lpumep makpoca. Swap
® Kak pabotaet swap?

> (define first 5)

> (define second 'a)

> (swap first second)

> first ==>"a

> second ==>5

> ¢ ==> owwunbka!

= Mpun NOACTAHOBKE C 3aMEHAETCS Ha BPEMEHHOE NMS:
> (define ¢ 10)

> (swap first c)

> first ==> 10

>Cc==>"'a

= paboTtaert!



[lpumep makpoca. Swap
= BO3MOXHbIW pe3ynbraT nogctaHoBku (swap first c):
(let ((__generated symbol 1 c))

(set! c first)

(set! first __generated symbol 1))
= OMuUcbIiBasi MakpocC, Mbl YKasanm nms.
(define-syntax
= yKasanu Tun npumMeHsemMoro npeobpasoBaHUs:

( 0

= yKasanu npaBuro, coaepkallee obpasel;

(

= U LWAOIOoH:

),



Swap c define

= nepenuwem swap 6e3 let, YTobbl yoeanTbCs, YTO
rmrneHy obecrieynBaet syntax-rules, a He let:
(define-syntax swap2
(syntax-rules ()
((swap2 a b)
(begin (define c b)
(set! b a)
(set! a c))
)
> (define ¢ 5)
> (define x 1)
> (define y 2)
> (swap2 X y)
> (swap2 X C)
> (display (listxyc))==>(512)



Tor npumepa
= Makpoc aTo:

= cneumanbHbIM 0O6pa3oM onucaHHas TpaHcdopmMauns
koaa

= TpaHcopmauus, ocywecTensgemMmas 6e3 Bbl4YMCIIEHNS
koga

] Tpchcbopmau,m:l, HE UCMNOJIb3yrLllaA JaHHbIE
BpeMEHWN BbINOJIHEHNA

= [pyron npumep cond-set!
(cond-set! (> test 4) var 15)

= [PV NoacTaHOBKe AaerT.

(cond ((> test 4) (set! var 15)))

® He BbIYMCIIAET CBOWN apryMeHTb!!



MakponoacTaHOBKa
[MpnbnmnanTenbHO NoACTaHOBKA NPOUCXOONT TakK

COMNoCTaBuUTESlb HaxXoaAnT BXOXAEHUNE NMEHU
MaKpOCa B TEKCTE

conoctaBuTernb nepedbnpaeT obpasLbl, onMcaHHbIE B
Makpoce

ecnun ygaeTcs conoctaBmTb ¢ 00pasLom, B LWabroH
NOACTaBMAITCS NapaMeTpbl MakpoBbI30Ba

KOHMNUKTYOLLME UMEHA M3 LabnoHa 3aMeHSII0TCA
Ha creHepupoBaHHbIE CUMBOIIbI

NMONYy4YMBLLUNINCA KOO BCTABMNAETCS HA MECTO
MaKpOBbI30Ba



Korga yMEecTHO MCronb30BaTb Makpoc?

ichonb3ynte Makpochl Ana U3SMeHeHUd nopagka

BblYMCNEHUN (OonpeaeneHna cCObCTBEHHLIX CrieLopm).
Hanpumep:

yCIrioBHbl€ BblYMcneHuna (cond, case, and, or)
umknol (do)

cBA3biBaHUA (let, let*)

He BblYMCligeMble MMeHa (=>)

Korga HeymMecTHO MCHOoJIb30BaTb Makpoc?
Bceraga, korga 6e3 Hero MoXxHo obonTucs!

Makpocbl B OTNindMe OT PYHKUMN He ABRAIOTCSA
oObekTamMn NeEPBOro Kracca.

Makpochbl 3aTpyaHAOT OTNaaKy.



cond-set!
= BepHemca k npumepy:
(cond-set! (> test 4) var 15)

= MoxHo nn onucatb cond-set! pyHKUnen?
(define (cond-set! test variable value)
(cond (test (set! variable value))))

= He paboTtaert!

> (define a 5)

> (define b 10)

> (cond-set! (<ab)ab)

>a==>5

= MeHSeTCcs 3Ha4YeHne nokanbHoOu nepemMeHHon oyHKLunn!



CneuuarnbHble PopMbl 1 MakpOCh!
= [lpnMUTUBHLIX (HacToALWMX) cneydopM Marso:
= lambda
m f
= Qquote
= set!

= Bce ocTanbHble onncatb MaKpoCaMH.

= XOTS B TPAHCNATOPE OHWU MOTYT ObITb peann3oBaHbl
HaNpPsAMYHO.

10



CneuuarnbHble PopMbl 1 MakpOCh!

= and Kak MaKpoc:
(define-syntax and
(syntax-rules ()
((and) #t)
(Cl R IR ESY
((and testl test2 ...)
(if testl (and test2 ...) #f))))

11



CuncrtemMmbl MakpocoB B Scheme

= PasHble peanusaumm Scheme nogaepxneatoT pasHble
CUCTEMbI MaKpOCOB

= defmacro (yHacnenosaHa ot Jlicna)

= syntax-rules (ctaHgapTHaa R5RS, «rMrmeHn4Has»)
m Syntax-case

= syntax-table

= Paccmotpum syntax-rules (oHa ectb B Racket!)

12



XapaKTEPUCTUKM CUCTEMBI Syntax-rules

Makpoc He NOPTUT OKPYKEHUSA, B KOTOPbIX
NPOUCX0aUT NOACTaHOBKA.

OKpy»XeHune, B KOTOPOM
npoucxoauT NoacTaHoOBKa HE MOPTUT MaKpocC.

MCNonb3yeTcsl AN ONMcaHUsa CTPYKTYpPb!
MaKpOKOMaH[,

Makpocuctema otaeneHa ot Scheme.
Bo BpemMsl noacTaHOBKM HESMb351 3aMyCTUTb Kakon-rnmbo
KOQ.

13



[ UITMEHNYHbIE MAKPOCHI

= Bce nokanbHble nepeMeHHble Makpoca aBTOMAaTUYECKU
nepenMeHoOBbIBaOTCA nepen NoAcTaHOBKONW, AN TOro
4TOObI NPeaoTBPaTUTL KOHMITUKT UMEH.

= [Nlpumep: swap. JlokanbHOe NMA C He KOHMIIUKTYET C C
N3 OKPYXXEHUA, B KOTOPOM NPOMUCXOAUT NOACTaHOBKA.

= [Ur'MeHNYHOCTb O3HAYaET, YTO BbI3OB MaKpOCa HE MOXET
HEOXNaHHO NOBNUATL HaA cBSA3bIBaHMA. Oxugaemble
N3MEHEHNA BO3MOXHbI.

(define-syntax shadow
(syntax-rules () ((shadow a b)
(begin (define a 5) b))))
> (define test 7)
> (shadow test test) ==> (begin (define test 5) test) ==>5
>test==>5  oxugaemoe U3MeHeHune c TakumM Bbl30BOM



[1po3payHOCTb CChINOK

= Bce cBoboaHbIE NeEpeMEHHbIE U3 LLabrioHa Makpoca
MMELOT CBA3bIBAHNS N3 OKPYXXEHUS, B KOTOPOM OMMcaH
MaKpoc.

= [lpumep:
(define-syntax dec

(syntax-rules () ((dec arg)

(set! arg (- arg 1)))))

> (define a 1)
> (define b 1)
> (let ((- +)) (dec a) (set! b (- b 1)))
>a==>0
>ph==>2

15



A3blk 0ObpasLoB
A3blk 0O6pa3suoB B syntax-rule npocrt:
obpasel — 3TO0 KOMOUHaUMS (CrMCOK)
nepBbIN ANIEMEHT — UMS MaKpoca

nuTepansl, a Takke CNUCKWU, BEKTOPbI NpeaCcTaBnaoT
camMu ceods

6bIBalOT CNELCMMBOSIbI 1 MHOTOTOYUS
oCTanbHoe — nepeMeHHble obpasua.
ObpaseLl conocTaBUTCA:
ecnu nuTeparbl, CMIUCKN, BEKTOPbI COBNagatoT TOYHO

ecnu Kaxkgas nepemMmeHHasi obpasLua cornocraBnuma
OJHOMY MOABbIPAXKEHMUIO MaKPOKOMaHbI.

16



A3blk 0bpasuoB. [Npumep
= [laH obpaseu:
(letl (name value) body)

= MakpokomaHaa:
(letl (x (read))

(cond ((not x) (display "you said no"))))
= Obpasel conocTaBUTCS:

= name = x
= value = (read)

= body = (cond ((not x) (display "you said no")))

17



A3bik 0bpa3suoB. ELle npumep
= [laH obpaseu:
(contrived #((first . rest) #(3 any)))

= MakpokomaHaa:
(contrived #((1 2 3 4 5) #(3 '(fo0))))

= Obpasel conocTaBUTCA:
m first=1
mrest=(2345)
= any = '(foo)

18



HA3bIK LLIAOMOHOB

LLlabnoH — 910 Ko Ha Scheme, onpeaenstoLwnmn BMecTe
c obpasuom, 4YTo byaeTt noacTaBrieHo.

nuTepansl, a Takke CUCKN, BEKTOPbI NPeaCcTaBnsaoT
camMmu ceobs

CUMBOIJbI, HE BCTpeYvatoLlinecd B obpasue,
npeacTaBnsaloT caMmu cebs

OCTaJibHOE — nepemMeHHbIE o6pa3ua.

[Mpn nogcTaHOBKE NPOUCXOAUT 3aMeHa BHYTPU LiabnoHa
nepeMeHHbIx obpasLa, Ha TO, C YEM OHM
COMOCTaBUINCH.

19



A3bIK WabrioHoB. [1pumep
= OO6paseu:
(letl (name value) body)

= abrnoH:
(let ((name value)) body)

= MakpokomaHaa:
(letl (X (read))
(cond ((not x) (display "you said no"))))

= [loacTtaHoBka:
(let ((x (read)))
(cond ((not x) (display "you said no"))))

20



MHorotTo4ymne

= Ecnu 3a nepemeHHol obpasua crneayer ... oHa
COMOCTaBMNAETCA C HECKONbKMMU NMOABbIPaXEeHUAMMU
MaKpOKOMaHAbI.

= [lpnmep obpasua:

(dotimes count body ...)

= [lpumep mMakpokomaHabl:
(dotimes 5 (set! x (+ x 1)) (display x))
= ConocrtaBneHue:

count =5

body ... = (set! x (+ x 1)) (display x)

21



MHoroTtoumne. [lpnumep

= B wabnoHe BxoxageHne nepemeHHon obpasua ¢
MHOrOTOMMEM 3aMEHSIETCA Ha BCE COMOCTaBMNEHHbIE EN
NoABbIpaXeHUs
= [lpumep:
(define-syntax dotimes
(syntax-rules ()
((dotimes count body ...)
(let loop ((counter count))
(cond ((> counter 0) (begin body ...

(loop (- counter 1)))))))))
> (define x 5)

> (dotimes 5 (set! x (+ x 1)) (display x))
= B pesynbsrarte Ko, neyaTtarowmm 678910

22



MHoroto4une. [pumep

= B wabnoHe BxoxageHne nepemeHHon obpasua ¢
MHOIOTOMMEM 3aMEHSIETCA Ha BCE COMOCTAaBMEHHbIE EN
NoaBbIpaXXeHUs

= B pesynbrarte Ko, neyaTtarowmm 678910
(let loop ((counter 5))
(cond ((> counter 0)
(begin (set! x (+ x 1)) (display x)
(loop (- counter 1))))))

23



MHoroTto4mne. ['lpnmep

=  MHoroTo4yne B WwabnoHe nocne noaBblipaXXeHUs C
nepemMeHHon obpasua ¢ MHOroOTOYMEM BbI3bIBAET
MHOFOKpPaTHYIO NMOACTAaHOBKY MOABbLIPAXEHUA C KaXKabiM
COMoCTaBneHneM nepemMeHHoN.
= [lpumep:
(define-syntax thunkify
(syntax-rules ()
((thunkify body ...)
(list (lambda () body) ...))))

= MakpokomaHAa:

(thunkify 5 (* x X))

= [locTaHoBKa

(list (lambda () 5) (lambda () (* X x)))

24



MHoroToumne. ELLe npumep
(define-syntax update-if-true!
(syntax-rules ()
((update-if-true! (condition variable) ...)

(begin (let ((test condition))
(cond (test (set! variable test)))) ...))))

= MakpokomaHaa:
(update-if-true! ((> x 5) x-is-big) ((zero? y) y-is-zero))
= [locTaHoBKa
(begin
(let ((test (> x 5)))
(cond (test (set! x-is-big test))))
(let ((test (zero? y)))
(cond (test (set! y-is-zero test)))))

25



MHoroto4uug. lNpumep

(define-syntax quoted-append
(syntax-rules ()
((Quoted-append (arg ...) ...)

(quote (arg ... ... )
= MakpokomaHga:

(quoted-append (1 2 3) (abc) (+ xy))
= [locTaHoBKa
'(123abc+xy)

26



[ pynnmpoBKa nap obpaseL-LiabrnoH

= OgHo makpoonpegerneHne MOXeT codepaTb HECKOMbKO
onnucaHnn nap obpasel-LLabnoH:
(define-syntax and
(syntax-rules ()
((and) #t)
(Cl R IR ESY
((and testl test2 ...)
(if testl (and test2 ...) #f))))

27



CneucnmBoribl B 0bpasiuax

= [lycTb Mbl X0aMMm, 4TODOLI MakpoOKoMaHAa:

(implications (a => b) (c =>d) (e =>f))

= JaBana NnogcTaHOBKY:

(begin (cond (a b)) (cond (c d)) (cond (e f)))

= nNpobrnema B TOM, KaK yka3aTb, YTO => -- He NepemMeHHas!
(syntax-rules ()

((implications (condition => consequent) ...)

(begin (cond (condition consequent)) ...)))

= NPMBOAUT K TOMY, YTO NMPU MaKkpoOBbI3OBE

(implications (test =. (set! testp #t)))

= [orfy4yaeTcs cornocTaBneHne

condition = test => ==,

consequent = (set! testp #t) 28



CneucnmBoribl B 0bpasiuax

= CneucunmBorsbl crieqyeT yKkasbiBaTh B CNMCKe nocne
syntax-rules:

(syntax-rules (=>)

((implications (condition => consequent) ...)
(begin (cond (condition consequent)) ...)))
= Tenepb Npu MakpoBbI30BE

(implications (test =. (set! testp #t)))

= He OygeT conocTaBneHus, Tak Kak CreLCcUMBOIT
COMOCTaBNAETCA TONIbKO caM ¢ coboun

= [PpYron cny4dau, korga cornoctaBfieHMe HEBO3MOXHO:
(let ((=>5)) (implications (foo => bar)))
=>

AS



MTorm no cneucmnmBonam B obpasuax

CreLcuMBOIbl U3 MaKpoornpeaeneHnust OTHOCATCSH K
OKPY>XEHUIO0 MaKpoonpeaeneHus.

CumBornbl 13 MaKPOKOMaHAbl OTHOCATCA K OKPY>XXEHUIO, B
KOTOPOM BCTPETNITIAaCb KOMaH4a.

CneucmmBOI COMOCTaBUTCH, TOSMbKO €CIN OH He
NnepeKkpblT B OKPYKEHNN MaKPOKOMaHAbI.

30



MTorm no syntax-rules

Co4yeTaHne rmMrmeHNYHOCTHU C NPO3Pa4YHOCTbHO CCbIJTOK
AellaeT MaKpOoCbl CUCTEMDI syntax-rules NeKCnN4ecKkmn

Oe30nacHbIMU.

MaKpOC He NopTuUT OKpY>KeHWe, B
KOTOPOM MPOUCXOAMT NOACTaHOBKA

OKpY>KEHMNE, B KOTOPOM NMPOUNCXOAMUT NOACTaHOBKA, He
MOPTUT MaKpPOC

,El,eVICTByeT «MnpaBuJio HaMMeHbLlEero yanBrieHuAa»
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BcnomHumMm dotimes

(define-syntax dotimes
(syntax-rules ()
((dotimes count body ...)
(let loop ((counter count))
(cond ((> counter 0) (begin body ...

(loop (- counter 1)))))))))
= YTO ecnu?

> (define counter 5)

> (dotimes 5 (set! counter (+ counter 1)) (display counter))
= B pesynbrarte Ko, neyaTtarowmm 678910

= MaKpoc be3onacHbi — counter’sl pasHble.
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PekomMmeHaaLUuny no CTUMo MakpoonpeaeneHnmn

® COpPTUpYMTE Napbl 0bpaseu-wabrioH (CHa4yana KopoTkue,
Kak B and)

® MMSA Makpoca B obpasLe MOXHO He nucaTb, a CTaBUTb
NpoYepK (Tak npoLue nepemMmMeHoBbIBaTb MakpOChI)

(define-syntax dec
(syntax-rules () (( arg)

(setl arg (- arg 1)))))

8



Torn nekumm 9

= Mebl paccmoTpenu He Bce. bbiBaloT:
m Cps-style makpochl
= 0bxon rurmeHnyHocTu (Petrofsky’s find-identifier)
= CUHTE3MpOBaHME CUMBOSIOB

= [oro, Yto pacCMOTPEHO, AOCTATOYHO.
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JNNEKLINA 10
A-VicuncneHve. TeopeTnyeckme oCHOBGI
dOYHKUMOHaNLHOro nporpaMmmvyupoBaHng



Jlambaa-ncumncrneHve

A-UcumncrneHme — ato
Habop dbopmanbHbIX
CUCTEM, OCHOBAHHbIX Ha
HOTaUMKn, KOTOPYIO
npugyman AnoHso Yepy
(A. Church) B 1930 .

cuncneHne aHOHUMHbIX
OYHKLUN



Jlamboa-ncyncneHme

X—Y MOXHO paccMaTpuBaTb, Kak yHKLUIO
f(x) n dyHKuno g(y)

f(x) = x-y g(y) = x-y
f: X -> x-y 9.y -> Xy

HoTauuna Yepua:
f= AX. X—y g = Ay. X—y



HacTosdwasa HoTauuda Yepya

Ha camom gene Yepd nucan ¢ «KpbilWKkony»:
y. X=y
EcTb Bepcus, 4To nNpun Habope ero ctaTby B

TMnorpamn He HaLOCb HYXXHOW NUTEPbI, MO3TOMY
HaneyaTtanm Tak:

Ny. X—y
Lanblie npu nepenevyaTke 3aMeHUNM 0ONbLUYIO
namoay Ha ManeHbKYIo:

Ay. X-y



Anninkauuns

Annnukaunsa (apply, komnosnuuns):

f= AX. X-y

f(0) = 0-y B HOTauum Yepua: (AX. x-y)0=0-vy
f(1) = 1-y B HOTaumm Yepya: (AX. x-y)1=1-vy

Kaxxgaa A-qyHKUMA — 3TO PYHKLUMA OT O4HOro aprymeHral



Anninkauuns

DyHKUMM OT ABYX N Doriee apryMeHToB B A-HOTaLUN:
f(x,y)=x-y ==>  AX. Ay. x-y

Annnukauusa nesoaccoumaTmBHas!

(AX. Ay. X=y) 7 2 => (Ay. 7-y) 2 ==>T7-2

apply
stu = ((st) u) gy

apply U

o

s t

Annnukauusa «3abepet Bce, 40 Yero AoOTAHEeTCA» ﬂ{-’f’fi
Ax. Ay, Xy X = M. (Ay- ((x y) X)) apply X




A-HOTaUUS

CBoboaHbIE nepemMeHHbleE N CBA3aHHbIE MNEepEMEHHDbIE

AX. X—VY

X — CBAA3aHHasi nepeMeHHas
y — cBOOOAHAs nepemMeHHas



dopmarnbHoe onpeaerieHmne

A-TepM (A-BbipaxkeHue) — aTo:
rnepemeHHas (Hanpumep, X);
KOHcmaHma (Hanpumep, c1);

KOMBUHauusa unn annnmkaums st yHKUNU S K apryMeHTy t,
roe sut— A-tepmel,

abcmpakuyus AX. s A-Tepma S no nepeMeHHomn x

BH® ona A-tepmos:
<A-TepMm> ::= <nepemMeHHas> | <KoHCTaHTa> |
<A-TepMm> <A-TepMm> | A <nepemeHHas>. <A-tepm>



CB0ODOO/OHbIE U CBA3AHHbIE MEPEMEHHbIE

BxoxxgeHne nepeMeHHON X B A-TepM t aBnsieTcst cBOOOAHbIM,
€CI OHO NEXUT BHe 001iacTu AENCTBUA COOTBETCTBYIOLLEN
abcTpakumu.

dopmanbHo FV(t) — MHOXeCcTBO cBOBOAHbLIX NEPEMEHHbIX
Tepma t, BV(t) — cBs3aHHbIX:

FV(xX) = {x} BV(x) =0

FV(c1)=0 BV(c1)=0O

FV(st) = FV(s) U FV(t) BV(s t) = BV(s) U BV(t)
FV(AX. s) = FV(s) — {x} BV(Ax. s) = BV(s) U {x}

[Tpumep: s = (AX. Ay. X) (AX. Z X)
FV(s) = {z} BV(s) = {X, y}



[logcTaHoOBKa

[TogcTaHoBKa t[s/X] — 9TO TepM, nonyvyaembin N3 Tepma t 3aMmeHou
nepemMeHHOU X Ha TEPM S.

[Mpumep: (Ay. x+y)[5/x] = Ay. 5+y

Ewe npumep: (Ay. X+y)[y/X] = Ay. y+y ??? = Aw. y+w !!!

[Tpy nogcTtaHoBKe crieayeT yunTbiBaTb CBOOOAHbLIE/CBSA3AHHbIE
NnepeMeHHbIE.

X[t/X] =t y[t/X] =y, ecniu x #y c[t/x] =c

(s W[t/X] = s[t/X] u[t/x] (AX. S)[t/X] = AX. S

(Ay. S)[t/X] = Ay. (s[t/x]), ecnn x #y, nnbo x¢ FV(s), nnbo yg FV(t)
(Ay. s)[t/X] = Az. (s[zly][t/X]), nHaue, npnyem z¢ FV(s) U FV(1)

10



[IpeocbpasoBaHms A-BbipayKeHUNN

= O-peaykumna «nepenmMmeHoBaHue CBA3aHHOW NepeMeHHOoN»
® €CNU V U W — NepeMeHHble, a t — A-Tepm, TO
Av. 1 -a-> Aw. t[v/iw], ecnu w ¢ FV(t)

m [Npumep: AX. Ay. X—y -a-> AX. Av. X-V

11



[IpeocbpasoBaHnsi A-BbipayKeHUN

= [B-penykumsa «BblMUCNEHNE YHKUMN ONst 3a4aHHOMO
apryMmeHTa»

m (AX. S) t -B-> s[t/X]
= [Nlpumep:
(AX. (AY. x=y)) 7 2 -B-> (Ay. 7-y) 2 -B-> 7-2

= BbiBaeT ellé n-peaykumnst, Ho Mbl €€ He paccmaTpuBaeEM.

12



[Tpumepsl B-peayKkumm

B (A(AY.yX)2)v-B->(A\y.yVv)z-p->zvVv
B (AX. X X) (AX. X X) -B-> (AX. X X) (AX. X X) -B->
(AX. X X) (AX. X X) -B-> ... -B-> (AX. X X) (AX. X X)

B (A X XY) (AX. X XY) -B-> (AX. X X Y) (AX. X X VY)Y -B->
(AX. XXY) (M. XXY)YyYy-B-> ...

13



OKBUBAlNIeHTHOCTb

= Tepmblt 1V 3KBUBANEHTHbI (3anucbiBaeTca t = V), ecnu ecTb
Lenoyka TEPMOB S, I, ..., Takasg YTo t ---> S ---> —--> ., --->
V, rae kaxpgas ---> aBnsetrcd nnbo -a->, nnbo -B->, nnbo
«obpaTHOoM B-peaykunen» <-f3-

= CnpaBegnumeo, 4To
t=1
ecnms =t 10t=S5
ecrims=tnt=v,7T0s=v
ecims=t, Tosu=tu
ecrms=t, Tous=ut
ecnmms =1, TOAX. S=AX. t
= OKBMBAJIEHTHOCTb — HE TOXXJECTBEHHOCTb:
AX. X = AYy. Y HO OHU He TOXOECTBEHHbI v



A-Pegykung
= A-peaykuus, 9TO «3KBMBANEHTHOCTb B OJHY CTOPOHY» (0e3
«obpaTHoM B-peaykunmny» <-3-)
t-->1
-eefs—tFet+—>5
ecnms -->tunt-->v, T0s-->v
ecnmms -->t, Tosu-->tu
ecnmms -->t, Tous-->ut
€Cnn s --> 1, TO AX. S --> AX. t

= TePMUH A-peayKuma COOTHOCUTCS C MOHATUEM «BblYUCIIEHNE
doyHK. nporpammbl»

15



HopmanbHaa dpopma

A-BbIpaXXeHne HaxoauTcHa B HOpPMasibHOM dhopMe, eCrln HUA
odHa B-peaykumsa He MOXET BbITb MPUMEHEHA.

= [na seipaxeHus (AX. (Ay. y X) z) v HopmarnbHas dpopma
ZV

= [1nga BbipaxeHus (AX. X X y) (AX. X X y) HOpMaribHO
doopMbl HET

16



HopmanbHaa dpopma

B kakom nopsake genatb peaykummn?

Hanpumep, 0603Haunm L= (AX. X X y) (AX. X X y)

Hangem H. . BbipaxeHusa (Au. v) L

= (AU. V) L =v, ecnn Ha4MHaeM cnesa

= HO MOXHO Bcerga genartb crpasa M 3auUKNnUTbCA:

(Au. V) L -B-> (Au. v) (Ly) -B->(Au.v) (LYyYVy)...

BoipaxkeHne (AX. X X) (AX. X X) HopmanbHOU POpMbl HE UMEET
(BbIDOp cTpaTerun He cracaer).

17



CTpaternm pegykumm

= Teopema: Ecnn s --> t, rae t UMeeT HopManbHYO popMy, No
nocriegoBaTenbHOCTb peayKumn, B KOTOPOU Bceraa

BblOMpaeTcs camoe fieBoe peayumpyemMoe BblipaXeHue
NpMBOAUT K TEPMY B HOpMarbHOU popMe.

m OTO HOpMarbHbIA MOPAOOK peayKumn

18



Teopema Yepya-Poccepa

Ecnmt-->unt-->w, T0 cyllecTByeT TEPM V:
Uu-->vVuw-->Vv.

19



Teopema 06 3KBMBANIEHTHOCTU

Ecnu p = g, TO cyLLecTBYEeT BblpaXXeHue t, Takoe 4To
p-->tuq-->t

Cxema gokasaTenbCcTBa:
q

BepxHun «3uraar» cyLecTByeT, Tak Kak p = (. Teopema 4.-
P. no3sondeT OOCTPOUTb HU3 KAPTUHKM.

20



EOVMHCTBEHHOCTbL HOpMaribHOW (OOPMb

CnencteBme: Ecnmt=v unt=w, NpU4EM V U W UMEIOT
HOpManbHY OPMY, TO V = W, NPUYEM LiENOYKa peayKumnm
COCTOMT TOJIbKO U3 a-peayKLUui.

3Ha4unT, ecnm HopmMmarnbHas oopmMa CyLLEeCTBYET, TO OHa
eJMNHCTBEHHA C TOMHOCTb 40 a-peayKkumn!

21



KombuHaTopbl

KombuHaTtop — A-Tepm 6€3 cBOOOAHbLIX MEPEMEHHbBIX.
[Tpumepsi:

m | = AX X (TOXXOECTBEHHOCTb)
m SEAMAgAX (fX) (gx) (BblOeneHue)
m K= AXAy. X (kKoHcTaHTa: K a --> Ay. a)

YTBepxaaeTtcd, Yto Ans nodoro A-tepma CyLeCcTBYET €ro
9KBUBANEHT 6e3 A-abcTpakuun, ABMALWNNCS KOMNO3ULIMEN
|, S, K U nepeMeHHbIX.

|=S KK

KomburnHaTopbl MOXXHO paccMaTpmBaTh Kak aHanor
MaLLUMHHOIro Koda Ansa A-BblipaXeHUM.

22



KombuHaTop HENOABMXXHON TOYKN

m Y — KOMOMHaTOp HEMOABUMXHOW TOYKKU, €Crnn, NPUMEHUB
ero K pyHkumn f , Mbl NONYy4MM HENOABWMXKHYHO TOYKY X AN
f, To ecTb Takoe X, Yto f (X) = X. [ing Bcex f nmeem:
f(Yf)=Yf

m Y-kombuHaTtop Kappu Af. (AX. f (X X))(AX. f (X X))

= [pyron Y-komouHatop npugyman A. TetopuUHr

® Y-KOMBMHaTOpbl — OCHOBA AN PEKYPCUBHLIX PYHKLUNA.
OH Ja€eT BO3MOXXHOCTb OnncaThb A-BbipaXXeHNeEM
aHOHUMHY0 PEKYPCUBHYIO OYHKLMIO.

23



ApUdMETUKa B A-UCHNCIEHUN

m 0 :=Af. AX. X

m 1 :=ALAX X

m 2= M. AX f(fX)

m 3:= A AX. T (f (f X))

24



ApUdMETUKa B A-UCHNCIEHUN

m SUCC = An. M. AX. T (n f X)

m PLUS ;= Am. An. AMf. AX. m f (n f X)
T. e. PLUS := An. Am. m SUCC n

= MULT :=Am. Af. m (n f)

T.e. MULT :=Am. An. m (PLUS n) O

25



[Tpumep

PLUS 2 3 == (Am. An. Af. AX. m f (n f X))
(Af. AX. T (f X))

(An. Af. AX. (Af. AxC T (T x)) £ (n fx))

(An. M. AX. (- Ab. (b)) (nfXx))

(An. A AX. (0 T(F ) )

(. AfCAX T (T )

(Af. AX. T (T ) -->

(Af. AX. T (T )) =>

(Af. AX. T (T )) -- 3TO0 5

26



Jlornka B A-ucymcrieHmnmn

TRUE = AX. Ay. X

FALSE ;= AX . Ay.y

AND :=Ap.Aq.pQp
OR:=Ap.Ag.ppg

NOT :=Ap.Aa. Ab.pba
IFTHENELSE (= Ap. Aa. Ab.pab

27
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