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
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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
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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) => ()
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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
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[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
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[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))
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[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))))))
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[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))))))
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[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))
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[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—
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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)))))
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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))))))
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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).
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